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ABSTRACT

Since 1975 a cooperative effort between the United States Depart-
ment of Energy, United States Geological Survey, Geological Survey of
Wyoming, the Geology Department, University of Wyoming, and various in-
dustry groups has resqlted in the discovery of a series of Qranium-
thorium- and gold-bearing conglomerates in Late Archean and'EarIy Pro-
terozoic metasedimentary rocks of southern Wyoming. The mineral de-
posits were found by applying the fime and strata bound model for the
origin of uranium-bearing quartz-pebble conglomerates to favorable rock
types within a geologic terrane known from prior regional mapping.

No-mineral .deposits have béen discovered Lhdl aie of current
(1981) economic interest, but preliminary resource estimates determined
by the Kriging method of ore reserve estimation and an; ore-grade cut-
off of 100 ppm indicate that over 3hl8.tons of uranium and over 1996
tons of thorium are present in the.Medicine Bow Mountains and that
over 440 tons of uranium and 6350 tons of thorium are present in the
ASierra Madre. Sampling has been inadequate to determine gold resources.
High grade uranium deposits (deposits over 2 meters thick and averaging
over 1000 ppm uranium) have not been detected by work to date butilocal

beds of uranium-bearing conglomerate contain as much as 1380 ppm uran-

\

ium over a thickness of 0.65_meters.A This pfoject has involved geolog-
ic mapping at scales from 1/6000 to 1/50,000 detailed sampling, and the
evaluation of 48 diamond drill holes, but the area is too large to ful-
ly ésrabllsh Lhe economic potential with our pre%ent information.
Uranium-thorium-gold bearihg quartz-pebble conglomerate is present

in the Jack Creek Quartzite of the Late Archean Phantom Lake Metamorphic



Suite and the MagnoliaiFormation of the Early Proterozoic Deep Lake
Group in the Sierra Madre and Medicine Bow Mountains respectively. The
"best developed ana most continuous beds of quartz-pebble cénglomerate

are in the Jack Creek Quartzite of the northwest Sierra Madre, where
radioactive conglomerate crops out in the overturnad limh nf a major

fold for a distance of 13 kilometers. Unfortunately, the well-develop-
ed quartz-pebble conglomerates of the Late Archean Jack Creek Quartzite
are a thorium rather than a uranium resource with thorium to uranium
ratios averaging 6.99. The geochemistry of primary thorium-uranium
minerals in the Jack Creek Quartzite indicate that these minerals are
mixtures of é thorium-bearing monazite and the thorium sllfcaté huttonite.
These minerals along with monazite, zircon, and pyrite are fhe principal
heavy minerals in the Jack Creek Quartzite. The thorium-uranium minerals
of the Jack Creek Quértzite,afe believed to have been derived from 2800
m.y. or older Archean gneiss and granite of the Wyoming Province.
?aleocurrent determinatfoqs in the Jack Creek Quartzite suggest a northerly
source.

In contrast'to the Jack Creek Quartzite, the Early Proterozoic

. quartz-pebble conglomerate of the Magnolia Formation of the Deep Lake
Group of the Medicine Bow Mountains contains minerals richer in uranium
and has an average tho?ium to uranium ratio of 2.49. The most promising
deposits in the Magnolia Formation are in a three square mile area near
the village of Arlington in the northeastern Medicine Bow Mountains.

Here uranium-bearing qpartz-pebble conglomerate is in the squthwest

plunging nose and in the complexly folded and overturned northwest limb-



of a major syncline. The principal uranium minerals in thé'Arlington
]6cality are uranothorité and coffinite and uranium is also present in
lesser amounts in.monazite, zircon, and monazite-huttonite mixtures
similar to the principal uranium-thorium-bearing minerals of ﬁhe Sierra
Madre. The heavy mineral suite is much more complex in the Magnolia
Formation than in the Jack Creek Quartzite and contains minerals such as
ilmenorutile and columbite that are almost certainly from a granitic
source. Pyrite is tﬁe most abundant heavy mineral in both the Medicine
Bow and Sierra Madre occurrences. No reliable paleocurrent measurements
have been obtained in the quartz-pebble cbnglomerate beds of the Magnolia
Formation but paleocurrent determinations in overlying quartzites suggest
a northeast to north source. Inasmuch as the Magnolia Formation is be-
lieved to have been deposited after intrﬁsion ofﬁuranium-rfch Late Archean
granites (2500~2600 b.y.) of the Wyoming Province, these granites of cen-
tral and eastern Wyoming are considered to be the source of uranium-
bearing minerals of the quartz-pebble conglomerafe. The different source
‘rocks of the Late Archean quartz-pebble conglomerate and Early Proterozoic
quartz-pebble conglomera;e are critical in ;hat they determine the econo-
mic potential of the conglomérate.

In both'the Sierra Madre and Medicine Bow Mountains radioactive
quartz-pebble conglomerate is either at, or near, thé base of a sedi-
mentary succession that lies uhconformab1y on older rocks. The ﬁuartz-
pebble conglomerate is believed to have been deposited in braided
streams and rivers that developed in the vicinity of tectonic (fau]t-

controlled)'highlénds. Radioactive quartz-pebble congloherate‘layers



are individual beds or compound beds in coarse-grained quartzite and

they occur at different levels in quartzite units that are up to 800
meters thick.

The Jack Creek Quartzite of the Sierra Madre is the basal unit
of a Late Archean vélcano-sedimentary succession, the Phantom Lake
Metamorphic Suite, that has a maximum thickness of 4780 meters.

The lower part (Jack Creek Quartzite) of the Phanfom Lake Metamorphic
Suite is a transgressjve'succession, which is fluviatile at its base

and grades up-section into marine quartzite, schist, and marble; ghé
middle part of the Phantom Lake Metamorphic Suifé consists of volcani-
cally-derived gfaywacke, paraconglomerate, and flows and tuffs of basaltic
and andesitic composition; and the upper part of the Phantom Lake Meta-
morphic Suite is largely quartzite of marine origin. The Phantom Lake'
Metamorphic Suite is present {n both the Sierra Madre and Medicine Bow
Mountains, but radioactive quartz-pebble conglomerate is well developed
only }n the Sierra Madre.

The Phantom Lake Metamorphic Suité rocks are overlain unconformably
by the Magnolia Formation which is the basal formation of the Early Pfo-
terozoic Deep Lake Group. The Deep Lake Group cdnsists pf five forma-
tions which are mostly of continental origin in the Medicine Bow Moun-
tains and are mostly of marine origin in the Sierra Madre. The upper-
most formation of the Deep Lake Group in the Medicine Bow Mountains and
Sierra Madre is the glaclémarlné Vagngr Formation. Radioactive quartz-
pebble conglome(ate of the basal Magnolia Formation is best developed
in the eastern Medicine Bow Mountains; there are local lenses of radio-
active quartz-pebble conglomerate in the basal Magnolia Formation of

the Sierra Madre.



A younger Proterozoic rock succession, the Libby Creek Grogp, is
in fault contact with older rocks ranging from Archean Basement to
rocks of the Deep Lake Group in both the Medicine Bow Mountains and
Sierra Madre. The Libby Creek Group is divided into lower and upper
parts which are separated from each other by major.faults. The basal
formations of the Lower Libby Creek Group, the Rock Knoll Formation
and Headquarters Formation are g1aciomariﬁe deposits; these beds are
overlain by a quartzite-dominated rock succession that is interpreted
as varidus facies of a major delta. The entire Lower Libby Creek Group
is well-developed in the.Medicine Bow Mduntains, but.in.the Sierra Madre
the only beds present are quartzites of the delta facies.

Thé Upper Libby Creek Group consists of three formations, the Nash
Fork Formation (stromatolitic dolomite and graphitic phyllite), Towner
Greenstone (marine metavolcanic{?) rocks) and the French Slate (normal
marine slate and phyllite). These fqrmationg which are believed to
represent a marine carbonate bank and‘marine deposits laid down well
of f-shore, are in fault contact with underlying rocks of the lower Libby
Creek Group and are thought to have been transported tectonically some
distance from their original site of depbsition. None of the formations
of the Libby Creek Group contain significant uranium; and inasmuch as
local beds ofvhematitic quartzite are in the French Slate and.other
formations of the Libby Creek Group, it seems probable that uraninite
could not have been transpo}ted as a detrital mineral when beds of the
Libby Creek Group were debosited.

Archean granite cuts the rocks of the Phantom Lake Metamorphic
Suite locally, but -the most important igneous rocks in the Phantom Lake

Metamorphic Suite and the Early Proterozoic Deep Lake and Libby Creek



Groups are sills and dikes that are tholeiitic in composition. These
sills and dikes range in composition from ultramafic to mafic and make
up 10-15 percent of the area underlain by metasedimentary and metavol-
canic rocks.

There is a rough relationship between deformation, metamorphism,
and age of the variou; rock successions. The rocks of the Phantom Lake
Metamorphic Suite are isoclinally folded and metamorphosed to amphibolite
facies. In both ranges beds are overturned and are generally recumbent
in the Sierra Madre. Rocks of the Phantom Lake Metamorphic¢ Sulte are
also affected by later deformational events that affected younger rocks
so that they show evidence of multideformation in most areas. Rocks of
the Deep Lake Group are generally less deformed than Phantom Lake Meta-
morphic Suite rocks, for example, in the central Médicine Bow Mountains
they are in broad,‘open folds. Deformation of the Deep Lake Group rocks
is not uniform; in some areas these rocks are more severely deformed
and faulted, perhaps as a result ot events related to island arc colli-
sion with the craton during Early Proterozoic time. Libby Creek Group
rocks are in a steeply dipping homocline which may be the northern lfmb
of a major syncline or simply a homoclinal succession, faulted at its
southern border. In general, Deep Lake Group rocks and Libby Creek
Group rocks are less metamorphosed than rocks of the Phantom Lake Meta-
morphic Suite, in fact, these rocks are greenschiét facieslin the cen-
tral Medicine Bow Mountains, but are higher rank in other areas.

In order to understand the geology and structure'of the Proterozoic
metasedimentary rocks of the Sierra Madre and Medicine Bow Mountains it

is necessary to point out that these rocks terminate abruptly against a



major east to northeast striking shear zone located in southeastern
Wyoming and that south of this shear zone metaﬁorphic rocks are eugeo-
clinal facies. We believe that this shear zone is an area where island
arcs located in what is now Colorado collided with a rifted margin of
the Wyoming Province about 1700 m;y. ago. This collision is the major
cause of deformation of the miogeoclinal Proterozoic mefaSedimentary
rocks described above. The Proterozoic metasedimentary rocks were
thrust over the older Phantom Lake Metamorphic Suite and Archean base-
ment and finally were rotated to steeply dipping attitudes when the col-
lision occurred. The rock succession is thus telescoped in this area
and this factor along with syndepositional rifting accounts for the
thick (maximum of 17,000 meters) metasedimentary and metavolcanic suc-
cession preserved in southern Wyoming.

The Late Archean-tarly Proterozoic rocks of southern Wyoming are
strikingly similar to the Thessalon-Livingstone Creek ?ormations and
rocks of the Huronian Supergroup of southern Ontario, Canada. The
stratigraphic position of uranium-bearing quartz-pebble conglomerate is
about the same in both areas, and we suspect the geologic history is
somewhat similar. The Huronian Supergroup contains the econdmically~
significant Blina Rerr-EIliot Lake uranium-bearing quartz-pebble
conglomerate, and the possibility that a similar deposit might beApreST
-ent in the United States, is of course, exciting. Such anvoccurf
rence in Wyoming cannot be ruled out; it was not possible for this
investigation to evaluate large areas covered by glacial drift where
favorable targets might be present, and drilling programs completed

for this report were not adequate to test all possible targets.



However, a reasonable appraisal based on cﬁrrent information is that
although the radioactive quartz-pebble conglomerate of the Phantom

Lake Metamorphic Suite represents the right depositional environment,

it i1s of the wrong age and source for economic uranium deposits.

The radioactive quartz-pebble conglomerate of the Magnolia Formation is
the right source and age, but deposits found to date are not as broximal
a facies or perhaps not of a high enough energy environment to have

economic concentrations of uranium minerals.
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INTRODUCT ION

This project was undertaken to evaluate the uranium potential of
- quartz-pebble conglomerates in Early Proterozoic metasedimentary rocks
of the Medicine Bow Mountains and Sierra Madre of southeastern Wyoming.
This areé was chosen for study because regional geologic mapping and geo-
chronologic studies (Houston and others, 1968; Hills and others, 1968)
demonstrated that these metasedimentary rocks had many similarities to
uranium-bearing metasedimentary rocks in the Blind River-EIIlot.Lake
area of Canada and that they were deposited at a time in the earth's
history, and in tectonic and sedimentary environments, favorable for
the concentration and preservation of fossil placer uranium deposits
(Roscoe, 1969; Pretorius, 1976a, 1976b; Houston and Karlstrom, 1980).
This study includes the following:
.(l) detailed geologic mapping of metasedimeﬁtary rocks of both the
Medicine Bow Mountains and Sierra Madre, an area of about 2000 kmz;

(2) stratigraphic and sedimentological studies witﬁ emphasis on
units containing radioactive quartz-pebble conglémerates;

(3) regional observation of mesoscopic structures thréughout the
aréa and structural analysis of the geometry of major fold systems;.

(4) paleocurrent meagurements in key stratigraphic units to aid in
stratigraphic study and to determipe source areas of minerals iﬁ radio-
"active quartz-pebble cong]omerétes;

(5) regional rock sémpling §n an approximate one mile or smaller
grid and analysis of assays for uranium, thorium, and other selected

elements for 2989 surface and subsurface samples;
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(6) petrographic and mineralogical studies of selected samples to
aid in genetic studies;
(7) geologic support of drilling programs done on favorable horizons.

This included: selection and monitoring of Bendix drilling sites; logging

—

and sampling of drill core; and detailed geologic mapping and radiometric
surveying of drill site areas. Bendix drilling programs drilled approxi-
mately 5932 m (19,448 feet)'bf rock; and private sector groups providea
8088 m (26517 feet) of core and cuttings. |

(8) stétf;tica] analysis of surface and subsurface geologic and geo-
chemical data from areas of potential economic interest and determination
of uranium and thorium resources.

The above program is a substantial geologic success in that all the
objectives were met and the southeastérn Wyoming conglomerates now rank
as an important new occurrence of Precambrian uranium-bearing conglomerate,
among relatively few such occurrences on our planet. However, the program
has broven to be only a questionable economic success because grades of
uranium, thorium, and gold mineralization are moderate and radioactive zones
are relatively thin.

Major sets of radioactive quartz-pebble conglomerate beds were dis-
covered and mapped in both the Sierra Madre and Medicine Bow Mountains. In
the Sierra Madre, radioactive conglomerate beds (the Deep Gulch Cnn.glomerate)
were discovered at the base of the Jack Creek Quartzite of the Phantom Lake
Metamorphic Sulte and were traced about 13 km in surface outcrop. Geosta-
tistical work suggests that these beds contain 442 tons of U308 at a cut-off
of 100 ppm and 6353 tons ThO2 at a cut-off of 100 ppm. The deposits there-

fore represent a thorium resource but are not a uranium resource for the near
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future. In the Medicine Bow Mountains, beds of radioactive conglom-
erate were discovered in both the Rock Mountain Conglomerate of the
Phantom Lake Metamorphic Suite and the Magnolia Formation of the Deep
Lake Group. Examination of surface outcrops of quartz-pebble conglom-
erate and information from drilling suggests tﬁat radioactive zones in
the Rock Mountain Conglomerate are discontinuous, limited in extent,

and are of no economic interest. On the other hand, radiocactive quartz-
pebble conglomerate beds in the Magnolia Formation of the Deep Lake
Group have been located in isolated outcrops from Onemile Creek in the
northeastern Medicine Bow Mountains to South Brush Creek in the west-
.central Medicine Bow Mountains. These radioactive conglomerate beds

of the Magnolia Formation probably underly an area 35 km long and 5-10
km wide. Within this area the most radioactive conglomerate beds arel
present in the Onemile Creek area of the northeastern Mediciné Bow Moun=
tains, in an area approximately 2.7 km long and one km wide. This area
contains conglomerates with up to 1620 ppm U and 1143 ppm'Th, Two
other areas contain radioactive conglomerates. The Threemile »

Creek area (EMB-11) haé conglomerates with up to 365 ppm U and 344 ppm
Th and the South Brush Creek area (MB-9&) has conglomerates with up to
’77:8 ppm U and 52 ppm Th. However, in both of these areas the radio-
active zones are thin and discontinuous with a few isolated exceptions.
Examination of outcrops and limited drilling in other parts of the Medi-
cine Bow Mountains did not reveal uranium- or thorium-bearing beds with
more than 100 ppm uranium or thorium. Based on this information, the
only area in the Medicine Bow Mountains of poteﬁtial economic interest

is the Onemile Creek area, but other areas underlain by radioactive .con-
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glomerates of the Magnolia Formation cannot be rejected entirely because
outcrop and drilling data are too limited for economic appraisal.
The Onemile Creek area of the Medicine Bow Mountains is estimated

to contain 1801 tons U 08 and 1106 tons Th02. The mineralized beds have

3
been mapped in detail on the surface and 10 holes have been drilled to
support surface study. Mineralized beds of quartz-pebble conglomerate are
believed to be relatively continuous throughout the study area and average
about 310 ppm U308 and 290 ppm Th02, but beds or composite beds containing
more. than 1000 ppm uranium with a thickness of 6 to 10 feet are not present.
.Although this area has substantial uranium resources that may be exploited
in future years, the current low price for uranium (1980) and high costs

of mining in-a hard rock area of this structural complexity suggests that
these reserves will not be exploited in the near future.

Because of the large scope of this project, and the realization that
different readers will be interested in different levels of detail, we have
chosen to present a somewhaf segmented report utilizing as many summariza-
tions as was practical. In fact, the entire first section is entitled:

YA sumhary of the geology and uranium potential of Precambrian conglom-
erates in southeastern Wyoming." This section is designed to stand

alone and to point out the highlights of the southeastern Wyoming conglom-
erates -- both geological and geochemical. This section combined with the
introductory material, should be sufficient for the more_césual feader.
Sections Il and |il are more detailed discussions of the qebloqy of the
Medicine Bow Mountains and Sierra Madre respectively, which emphasize the

radioactive units. Presentation and discus<ion of results from the drilling

program, plus geochemical data are presented im greater detail in a

separate volume entitled Volume 2: Drill-hole data, drill-site geology and
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geochemical data from the study of Precambrian uraniferous conglomerates
of the Medicine Bow Mountains and Sierra Madre of southeastern Wyoming.
Details of our geostatistical analysis of uranium and thorium resources
in southeastérn Wyoming conglomerates are presenfed in Volume 3: Uran-
ium assessment for Precambrian pebble conglomerates in southeastern

Wyoming.’

HISTORY

Geologic study of the Medicine Bow Mountains and Sierra Madre began
prior to the turn of the century with reconnaissance. work done by the
Territorial Surveys (Hague, 1877). The first mapping and stratigraphic
studies were by A. C. Spencer in the Sierra Madre (Spencer, 1904) and by
Elliot Blackwelder (1926) in the Medicine Bow Mountains. Both of these
were reconnaissance studies, but Spencer's work was a remarkable accom-
plishment in thét he made a regibnal map of almogt the entire Sierra
Madre and his report included geologic maps of all important mines of
the district as well as a perceptive classification of and review of
the genesis of the copper-bearing mineral deposits. Sbencer did his
work in one field season .July-October, 1902.

Blackwelder made several visits to the Medicine Bow Mountains from
1916 to 1925, but his primary work was done in brief (6 weeks) visits
during these two seasons. Blackwelder mapped the distribﬁtion of meta-
sedimentary rocks in the central Medicine Bow Mountains and made a care-
ful study of the stratigraphy of the major metasedimentary rock sequence,
now refefred to as the Libby Creek Group. Blackwelder's description of
the metasedimentary rocks was détai]ed and he was the first to recognize

the glacial origin Qf rocks of the Headquarters Formation and the
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similarity of rocks of the Libby Creek Group to the Huronian Supergroup
of the Lake Superior Region.

Significant mining operations in both the Sierra Madre (copper) and
Medicine Bow Mountains (gold) ceased in the 1930s and, with the decline
in intergst in mines and prospects, geologic studies were discontinued.
In the early 1950s H.D. Thomas, State Geologist of Wyoming, recognizing
that the primary gap in geologic mapping in the State of Wyoming was in
the rocks of Precambrian age, proposed to the Wyom?ng Legislature that
funds be appropriated to map the rocks of Precambrian age, in the belief
rthat new mapping might stimulate prospecting for mineral deposits or that
knowledge of Precambrian geology might help in understanding the structure
of oil-bearing strata of the Wyoming basins. This proposal was apprbved
and geologic maﬁping began in 1957 under the direction of R. S. Houston.
This mapping program was undertaken by Houston and graduate students at
the University of Wyoming and some 8000 square kilometers were mapped be-
tween 1957-1968. The primary effort was in the Medicine Bow Mountains and
Sierra Madre and a geologic rebort on the Medicine Bow Mountains, which in-
cluded a map at a scale of 1:63,360, was published in 1968 (Houston and
others, 1968). In addition, University of Wyoming theses were available
on other Precambrian areas and most thesis maps could be obtained as open-
file maps of the Geological Survey of Wyoming. The most detailed maps
of the Sierra Madre were those of Ebbett (1970) wh%ch were eventually sum-
marized along with other Sierra Madre studies in two reports (Houston and
Ebbett; 1977, and Houston and others, 1975).

A companion geochronologlc study of the Medicine Bow Mountains was
undertaken by F. Allan Hills of the University of Minnesota and Yale Uni-
versity.‘ The results of this study were summarized in two reports (Hills
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and othe?s,4l968) and Hills and Houston (1979). Further geochronolog-
ical and geochemical studies of rocks of the Sierra Madre were made by
Allan F. Divis of the University of California, San Diego (Divis, 1976,
1977) .

The above work established the framework of the Precambrian geology
and geochronology of soytheastefn Wyoming and bracketed the age of thick
metasedimentary and metavolcanic successions in the northern part of
both the Sierra Madre and Medicine Bow Mountains as younger than about
2700 m.y. and older than about 1700 m.y. As Thomas had anticipated, the
geologic studies did lead to renewed interest in the mineral resource po-
tential of the area and exploration programs were undertaken By several
mining companies in both ranges.

In the 1970s more detailed geologic and geochemical-studies were
initiated in the Medicine Bow Mountains under the auspices of the United
States Geological Survey. Geologic mapping of four 7% minute quadrangles
was begun as part of a program to evaluate the platinum potential of the
southern Medicine Bow Mountains. This new mapping was under'the direc-
tion of R. S. Houston, University of Wyoming? and M. E. McCallum, Colo-
rado State University -- McCallum had been responsible for a significant

‘part of the geologfc mapping of the Medicine Bow Mountains in the 1960s.
Of the four geologic quadrangles, Lake Owen is published (Houston and
Orback, 1976), Albany is in editorial stages, and mapping is comp]ete
for Keystone and Overlook Hill. The United States Geological Survey
has also spohsored studies of the Sheep Mountain (Houston, in press)
and Savage Run (McCallum, in preparation) areas of the Medicine Bow

Mountains, as part of proposed Wilderness Surveys.
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At the time of completion of the 1968 report (Houston and others,
1968) on the Medicine Bow Mountains it was known from a number of prior
studies (Joubin, 1954; Roscoe, 1957) that Precambrian conglomerates in
rocks of about the same age as those in the Medicine Bow Mountains con-
tained economic concentrations of gold and uranium. Furthermore, Houston
and others (1968), like Blackwelder before them (Blackwelder, 1935), were
impressed by the lithologic resemblance between the rocks of the Deep
Lakq Group and Libby Creek Group of the Medicine Béw Mountains and meta-
sedimentary rocks of the Huronian Supergroup in Canada -- mefasedimentary
rocks that contained uranium-bearing quartz-pebble conglomerate. For this
reason, Houston and others (1968, p. 159) suggested that the better sorted
conglomerates of the Deep Lake Group (the rocks that most closely resembled
ore-bearing horizons in Canada) should be examined as a possible source of
gold and other heavy minerals. This suggestion.received little attention by
American geologists (an exploration program of Gulf 0il Company in 1969-
1970 is reported to have involved examination of quartz-pebble conglomerate
of the northern Medicine Bow Mountains, but geologists were sent to more
promising Canadian prospects before the work was completed), but Canadian
geologists familiar with the Huronian (Young, 1970) also suggested the cor-
relation. In the early 1970s Stewart Roscoe, of the Geological Survéy of
Canada, who had done mu;h of the detailed geologic study of the Blind River
area in Canada, examined some conglomerates brought to his attention by one
of the authors (Houston) and determined that they were slightly radioactive.
To our knowledge, Roscoe was the first person to recognize the pfesence of

radioactive conglomerates in southeastern Wyoming.
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In the éierra Madre report of 1975 (Houston and others, 1975)
a point was made of the faét that miogeoclinal metasedimentary rocks of
the Sierra Madre are lithologically similar to rocks of the Deep Lake
Group of the Medicine Bow Mountains. At the time of the Sierra Madre
report it was Qidely accepted that uranium-bearing minerals in Pre-
cambrian pyritic, quartz-pebble conglomerates were presérved because
of the lower oxygen pre55ure‘in the Precambrian atmosphere that existed
prior to about 2,000 m.y. (Cloud, 1968; Roscoe, 1973). Houston and
others (1975) again emphasized the lithologic resemblance of the Sierra
Madre and Medicine Bow miogeoclinal rocks to the Canadian Huronian, and
suggested that a more definitive correlation might come from additional
isotope studies (at that time the metasedimentary rocks were known to
be younger than 2500 m.y. and older than 1700 m.y. so a more closely
bracketed age was needed to demonstrate thét the metasedimentary rocks
‘were older than the '"'magic'' 2000-2200 m.y. oxygen pressure'limit) or
from proof that pyritic, quartz-pebble conglomerate that seemed to char-
acterize>the Early Proterozoic (2500 m.y.-2000 m.y.) are present in the
Wyoming succession. |

By 1975 proposals had.been made to the United States Geological
Survey to undertake geologic mapping programs in béth the Medicine Bow .
Mountains and Sierra Madre specifically designed to search fér heavy
metal-bearing (uranium gold, and thorium) conglomerates. .These proposals
were approved and work was begun in the Sierra Madre as a cooperative
program with the Geo]ogiéal Survey of Wyoming in which Forrest Root of
the Geological Survey of Wyoming was principal investigator and Paul

Graff, graduate student at the University of Wyoming, was responsible
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for field studies. In the Medicine Bow Mountains funding was obtained
by the United States Geological Survey from the Department of Energy to
expand a wilderness study in the Snowy Range region of the Medicine Bow
" Mountains and to emphasize the search for heavy metal-bearing éonglom-
erate. The Medicine Bow study was under the direction of R. S. Houston
and the major portions of the field work were done by Karl Karlstrom and
Raymond Lanthier, then graduate students at the University of Wyoming.
Houston's geologic work has had continued support from the U. S. Geolo-
gical Survey from 1975 to the present.

These programs were successful in that radioactive quartz-pebble
conglomerate was discovered by industry groups in the Onemile Creek
area of the Medicine Bow Mountains, in several areas of the central
Medicine Bow Mountains by the Wyoming group (Miller and others, 1977;
Houston and others, 1977; Karlstrom, 1977; Karlistrom and Houston, 1979a)
and in the northwestern Sierra Madre by the Wyoming group (Graff and
Houston, 1977; Houston and others, 1979).

In June and July of 1978 the Bendix Field Engineering Co?poratioﬁ; prime
contractor for the Grand Junction office of the U. S. Department of Energy,
initiated a subcontract (78-222-E) to the University of Wyoming, under the
direction of R. S. Houston, to study uranium in quartz-pebble conglomerates.
This subcontract was part of the National Uranium Resource Evaluation Program
(NURE) and was part of a program (called 'Topical Studies,' 'World
Class,' and !"'Special Projects' over the years) to examine the world's
most important uranium ore deppsits and to assess the favorability of
finding such 'world class' deposits in the United States.

Specifically, the subcontract called for a summarization, mainly

from the literature, of a model for the genesis of Precambrian uranium-
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bearing conglomerates and a discussion of the southeastern Wyoming oc-
currences with respect to this genetic model. The results were pre-
sénted by Houston and Karistrom (1980).

Discoveries of surface radioactivity in conglomerates were very
promising but were not proof of the presence of uranium-bearing con-
glomerates of the B}ind River-Elliot Lake or Witwatersrand type be-
cause all outcrops are leached of uranium and pyrite and the best
surface samples collected by the Wyoming group contained no more than
150 ppm uranium and 1000 ppm thorium. Numerous cubic cavities could
be detected in the conglomerate matrix of the more radioactive samples
and the conglomerate was iron-stained, suggesting thét pyrite had been
leached from the surface and that both pyrite and uranium‘minerals
might be abundant at depth.

It was therefore essential thqt drilling programs be undertaken té
determine if these were indeed pyrific quartz-pebble conglemerates anrd
if they contained enough uranium to be of eéonomic interest. In the summer
~of 1977, a private company began a drilling program in the Onemile Creek
area of the~Medicine Bow Nountéins, drilling six holes (EMB-1, 2, 3, &4,
5, 6) and intersecting strongly radioactive, pyritic conglomerates in three
of them (EMB-1, 2, 6). At aSout the same time, drilling was undertaken
(four holes) by a private sector company (BOWS-1, 2, 3, and GH-1) on
pheir.properties in the central Medicine Bow Mountains. Their holes
intersected only mildly.radioactive conglomerétes. At least one hole
1 was also drilled in the cedtral Medicine Bow Mountains by Rioamex,

a division of Rio Algom Corporatidh (who own extensive interests in the
Bfind River-Elliot Lake deposigs) during either the 1977 or 1978 season
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but the details of this hole are not available to us. In 1978, an
additional five holes (EMB-7, 8, 9, 10, 11) were drilled in the Onemile
Creek area, intersecting strongly radioactive conglomerate in all of

them.

In" 1979, Bendix initiated a second subcontract with the University
of Wyoming, with principal investigators R. S. Houston, K. E. Karlstrom
and L. E. Borgman, toAcontinQe geologic work in southeastern Wyoming,
to provide geologic support for a helicopter supported; drilling pro-
gram and to use geostatistical ore-reserve calculation techniyues Lo
come up with an estimate of the uranium resources present lh‘#recam-
brian conglomerates of southeastern Wyoming. The Bendix drilling program
had a slightly different emphasis than industry dril]ing programs. A;
part of the National Uranium Resource evaluation brogram, Bendix was
charged by the U. S. Department of Energy to assess the potential uranium
resources in Precambrian rqcks of southeastern Wyom}ng at grades over
100 ppm U308 and to formulate and test genetic and exploration models
for this type of uranium.deposit. This necessitated drilling even
mildly radioactive surface rocks to determine if they might contain
over 100 ppm U30g in subsurface. It also required that drillling test
out regional unconformities, especially the basal Proterozoic uncon-
formity, which had been identified'by geologic mapping. In 1979, Bendix
drilled Tifteen hules in the Sierra Madre where no subsurface informa-
tion was yet available, and six holes (MB-4, 5, 9R, 11, 13, 14) in

the Medicine Bow Mountains. ~ Of these, 7 holes in the Sierra Madre
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intersected pyritic and anomalously radioaétive conglomerate (SM-1,
1A, 2,3, LA, 4B, 9) and one hole in the Medicine Bow Mountains {MB-
9R) intersected strongly radioactive conglomerates. The Bendix drill-
ing program went uncompleted in 1979 due to bad weather and several

proposed holes were left either undrilled or incompleted.

Private mineral companies were also active in the Sierra Madre
during the summer and fall of 1979. They drilled four holes (JP-1,
2, 3, 4) in the Deep Gulch area of the northwest Sierra Madre on
land which they had acquired in a winter staking effort shortly after the
-discoveries of radioactive conglomerates near Dexter Peak and Deep
Gulch were announced by Graff and Houston (1977) through'theAU. S.
Geological Survey. All of these holes intersected pyritic conglomerate

-but uranium contents were generally low.

In the summer of 1980, Bendix completed their drilling program,
broviding additional funding to the Wyoming group for geologfc‘support
of the drilling program and‘additional time so that Qeological and
geostatistical studies could include results from the 1980 program.
One addilional hole was drllled Inh the Slerra Madre (SM-2U), tour new
holes (MB-10, 15, 16, 17) were drif]ed in the Mediéine Bow Mountains
and two uncompleted holes (MB-4, 11) were deepened in the Medicine Bow
Mountains. Of these; the hole in the Sierra Madre (SM-2D) and one
hole in the Medicine Bow Mountains (MB-16) intersected pyritic and

radioactive conglomerates.
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Additional data on Precambrian rocks in both mountain ranges were
obtained from two deep holes drilled to test for oil and gas. In
the winter of 1979, a 4573 foot deep hole was drilled in the northeastern
Medicine Bow Mountains spudding in Quaternary deposits which conceal
Precambrian rocks of the Vagner Formation in the hanging wall of the
Arlington thrust fault and hoping to penetrate the thrust and test
Mesozoic reservoirs in the footwall. Drilling was discontinued at
L4573 feet in Precambrian duartzites.

Another deep oil and gas test was drilled by C and K Petroleum
on the west flank of the Sierra Madre during the summer of 1980.
Apparently from seismic intecrpretations they also hoped to pass through
an otherwise undocumented Precambrian fhrust sheet and into sedimentary
rocks. This hole was spudded in Tertiary deposits, drilled 580 feet of
Tertiary sandstone and conglomerate, Ihhé feet of Paleozoic and Mesozoic
sedimentary rocks (Flat-head through Chugwater) then 3831 feet of Pre-
cambrian rock including schists and quartzites of the Singer Peak For-
mation of‘the Deep Lake Group and intrusive metagabbro. Cuttings were

logged from this hole and down-hole logs were provided.
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In contrast to some other scientific disciplines where much brior
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certainly greatly benefits from prior work. The foundations for the
field work for this study were laid by A. C. Spencer in the Sierra Madre
'and Eiiot-Blackwelder in the Medicine Bow Mountains. In general, geo-
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gional to detailed, but we have constantly referred to earlier studies
‘to check and augment the more detailed mapping of the past five years.

We have béen espec}ally fortunate at Wyoming because manuscript maps,

rock samples, and thin sections from most previous mapping in southeast
Wyoming are available'for study here at the University of Wyoﬁing; In-
dividuals whose work was of great value in this study include McCallum
(1964), King (1963), Childers (1957), Lanthier ()978) and Blackstone

(1973, 1976) in the Medicine Bow Mountains and Ebbett (1970), Graff (1978),
Lackey (1965), Gwinner (1979), Short (1958), Hughes (1973), Weid

Ferris (1964) and Miller (1971) in the Sierra Madre. Detailed mapping by
Laithier (1978) in the.Snowy Range area of the Medicine Bow Mountains and‘
detailed oulcrop mapplng;by'Graff (1978) of quédfangles in the Sierra
Madre was.. the basis forﬁdur study of.the area mapped by these indfvidua]sﬁ
w¢ found Graff}s and Lanthier's mapping to be 6f'excepfional.quality and
to require relatively little revision oniour part.»l |
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OVERVIEW: A SUMMARY OF THE GEOLOGY'AND_URANlUM POTENTIAL;OF'PRECAMBRIAN

CONGLOMERATES IN SOUTHEASTERN“WYOMINGi

PRECAMBRIAN GEOLOGIC SETTING

Precambrian rocks of Wyoming are exposed in the cores of uplifts
formed during the Late Crétaceogs-Early Tertiary Laramide Orogeny (Fig-
ure 1.1). These-up]ffted blocks were eroded during the Laramide Orogeny
and all major uplifts were stripped of -their Paleozoic and Mesozoié sedl-
mentary cover exposing a core of Precambrian rocké which were also erod-
ed. The orbgeny produced an Early Tertiary topography o%-north to north-
west striking anticlinal uplifts cored by rocks of Precambrian age and
synclinal basinsAfloored with Paleozoic-Mesozoic and Early Tertiary éedi-
mentary rocks. . The anticlines were tobpgraphically high, with relief
from 2 to 3 km between basin and uplift.

These anticlinal uplifts are commonly bounded on oﬁe or both- sides
by major thrust faults some of which have been shown to dip at low
angles (30°i) and to extend nearly to the base of the crust (Smithson and
.others, 1978) . The displacement of some major thrust faults is therefore
substantial and Precambrian rocks exposed on one or both sides of up]iffs
may be displaced vertical distances of more than 10 kilometers from their
basin counterparts in the larger Laramide uplifts. This can be of critical
economic importance because it may limit mining in rocks of Precambrian age
entirely to thrust hanging walls.

The tarly Tertiary topography of north to northwest striking anticlin-
al uplifts and basins was subsequently buried by continued erosion of the
topographically high areas and By aggradation of vast amounts of yolcanic
debris in thé basins. The magnificant mountains and basins of the Early

Tertiary were almost entirely buried by the end of the Miocene. Fortunately
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for Precambrian geologists, uplift in the Pliocene and Pleistocene,
which was accompanied by a decrease in the supply of volcanic debris
to this area, resulted in erosion of much of the cover of Tertiary
sedimentary rocks, re-exposing the Early Tertiary topography. Today
Wyoming is once again an area of topographically high anticlinal up-
lifts and topographically low synclinal basins, but the relief from
valley floor to mountain top (Figure 1.2) is not as great as it must
have been in the Early Tertiary.

The Precambrian rocks exposed in the cores of uplifts only con-
stitute about 10-15 percent of the total area in Wyoming because the
basins are much larger than the uplifts (Figure 1.1). Therefore Pre-
cambrian geologists must make regional interpretations based on limited
outcrop areas for which, until recently, there has been only limited
geologic mapping. The last 15 years have brought major strides in
mapping of rocks of Precambrian age in Wyoming. About one-third of the
Precambrian exposures have been mapped at scales of 1:48,000 and re-
connaissance mapping has been done in other areas. Much of the work in
the Wyoming Precambrian is unpublished but because over 60% has been
done by University of Wyoming personnel and because geologists of the
United States Geological Survey have made information available for
this study we are in a reasonably good position to interpret the region-

al Precambrian geology.

THE ARCHEAN WYOMING PROVINCE: A DISCUSSION OF POTENTIAL SOURCE ROCKS
FOR URANIUM AND THORIUM MINERALS
Since Engel (1963), it has been widely recognized that the majority

of the Precambrian rocks in Wyoming are Archean and that the Wyoming
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Figure 1.2. Air photograph taken with hand held camera by Skylab astronaut
showing uplift and basin topography of central Rocky Mountains. View
looking southwest. Lower right one-quarter of photograph is southeastern
Wyoming; Laramie Mountains (L) in lower center (not snow covered); Medicine
Bow Mountains (MB) lower right (snow covered with two small mountains
(Pennock Mountain and Elk Mountain to right); and Sierra Madre (SM) in right

center (snow covered and striking at an angle to main mass).
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area includes some of .the oldest rocks in North America. Engel proposed

the name Superior-Wyoming Province for what he considered to be a contig-

uous Archean shield area containing both the Wyoming rocks and the Superior

Province of the Canad(an Shield. However, as shown in Figure 1.3 this con-

tinﬁity has not been'substantfated by more recent subsurface data in North

and South Dakota and southern Canada. Instead, it now appears that Archean
tocks in Wyoming are separated from the main mass of Archean rock in the

Superior Province by rocks of the Churchill Province which were strongly

deformed during the Hudsonian Orogeny, about 1700 m.y. ago (Goldich and

others, 19bb; Lidiak; 1971, King, 1976, Figuré 17). More recent workers

(Houston and others, 1968; Houston, 1971; Condie, 1976; Houston and Karl-

. strom, 1980) have used the name Wyoming Province fér the geochronological
province in Wyoming and parts of Montana, ldaho, Utah and South-pakota
(Figure 1.1) which contains Archean rocks ranging in age from 3300 to
2500 m;y. The Wyoming Province is therefore much like the Slave Province
and North Atlantic craton: . a continental nucleus within the Precambrian
platform of North America which has remained stable for the last 2500
m.y. == i.e., which has not been affected by tectono-thermal events of
strong enough intensity to obscure earlier geologic history by rejuvenat-
ing Rb-Sr and U-Pb isotopic systems (Houston and others,1968; Houston
and Karlstrom, 1980) .

Geochronological studies are not yet detailed enqugﬁ in the ‘Archean

.to establish tjme stratigraphic subdiyisions and such subdivisions may
never be possible in much of the Archean'terrane because of maskiné of
earlier events by later ones. Most of the 3000 m.y. or older dates have

beeh obtained in the central part of the Province -~ Beartooth Mountains,
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Wind River Range; Bighorn Mountains, and Owl Creek Mountains (Figure

1.1). There are several explanations for this observed distribution:

it could be an artifact of still 1imited.geochronoiogical data; it may
represent a central part.of the provincé Wbich'was least affected,by Late
Archean and Early Proterozoic érpgenies; or it may indeed rebresenf an
ancient cratonic nucleus or core zone in the Wyoming Proviﬁce. The
latter two interpretations are not mutually exclusive and we believe

both may be true. The second is discussed in léter sections; the third

inferpretation is discussed below.

Ancient Core

The three billion(+) m.y. old rocks in the central part of the Wyo-
ming Province have some characteristics that lend support to the,;oncept
that this area is indeed an ancient cratonic nucleus. Like other Archean
areas worldwide it is composed of a granitic gneiss terrane with associ-
ated greenstone belts. As is the case iﬁrvirtually all other Archean
areas, the age relationships between the gneissic terrane and the dom-A
inantly volcanic rocks of the greenstone belts is uncertain. Undoubtedly
there |s a ranye ol ayes Tur bulh yneissic rocka and greenstono bolte.

On geologic evidence alone it'appears that the gneissic terrane is older
than two of the major greenstone belts, one located in the Atlantic City
area of the Wind River Mountains (Bayley and others, 1973) and one locat-
ed in the Owl Creek Mountains (Thaden, 1980a, 1980b, 1980c, Granath,
1975) . However, there are also remnants of very old gfeenstone belt
rocks scattered through the gneissic terrane that may be older than most
of the rocks of the gneissic terrane as evidenced by the fact that belt

remnants are invaded by migmatite and mobilized gneiss.
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Gneissic Terrane

The gneissic terrane desérves the term ''basement complex'' in that
it consists of interlayered paragneissés and orthogngisses of varying
compoéition,'agmatite, and migmatite, all of which are quartzo-feldspath-
ic rocks with varying grain size and proportion of mafic minerals such as
biotite and amphibole. The quartzo-feldspathic rocks may be complexly
folded on mesocopic scales or the strike of foliation may be consistent
over large areas. These rocks are predominently white, gray, or grayish
pink in color. Rare layers of amphibolite, hornblende gneiss, yuartzlte,
iron formation, marble, and calc-schist may he present in the bascment
complex éither as individual bodies of one rock type or in irregular
patches which consist of several rock types. These rocks.of the basement
complex are cut by diabasic dikes and sills of Qarying ages. Mafic dikes
and sills may be deformed and converted to amphibolite or they may be
relatively fresh, exhibit chilled borders, and have diabésic textures.

The basement complex also contains large masses of ''granite'' which
Is essentially a more homogeneous phase of the gneissic complex which can
be ﬁapped as a separate unit. The ''granite' may range in composition frém
quartz diorite to true granitevand exhibits a variety of structural and
textural relationships to the gneiss; most commonly the type referred to
as catazonal by Buddington (1959).

Clearly this is a complex rock sequence with a long history of igneous
activity, sedimentation, volcanism, and deformation. All roéks are in-
tensely deformed and metamorphosed and most are upper amphibolite facies.
There are, however, pockéts of granulite facies rocks in a number of aFeas
(Worl, 1968, and Worl, R., personal communication, 1980), and we suspect that
much of .this core area may have been subject to granulite facies metamorphism

at some stage in its development.
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So far as the writers are aware the Archean core area does not con-
tain rocks with greater than normal primary uranium. We héve not ob-
served gneiss or granite to be unusually radioactive in reconnaissance
studies done by Wyoming UnivérsityAgeolpgists and no abnormally radio-
-active rocks are reported by_geélogists of the United States Geological
Survey (Worl, R., personal cémmunication, 1980, on Wind Riyer Mountains) .
These rocks may well be depleted in K, Rb, Th, and uranium as is typical

of basement gneisses older tHan 3000 m.y. (Tarney, 1976).

Greenstone Belts

Majuir greenstonc bolte of the Archean core area are in the southern
Wind River Mountains and in the Owl Creek Mountains (Figure 1.1). The
greenstone belts include metavolcanic rocks and metasedimentary rocks.
In the Wind River Mountains (Béyley and others,1973) metagraywacke is
the most :common metasedimentary rock type, but pelitic schists, conglom-
erate, quartzite and iron formation are also present. Metavolcanic‘
rocks of the Wind River greenstone belt are metabasalt (both pillow ba-
salt and amygdaloidal basalt), metatuff, meta-andesite, as well as
hornblende-schist and amphibolite of probable volcanic origin. The base
of the greenstone succession in fhe Wind River Mountains has not been
recpgnized, becausé the characteristic younger granite intrusion that
typicé]ly invades greenstone belt margins is present in the form of the
Louis |Lake Batholith, Bayley and othersl(J973, p. 6) suggested that
the amphibole schist, metagabbro, and serpentinite inclusions in the
border phases of the granite where it is in contact with rocks of-the
greénstone belt may represént mafic volcanics that were the original

base of the greenstone belt succession. There are no reliable dates
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to establish the age of the Wind Rivét greenstone belt succession. The
Louis Lake Bathoiith has been datéd as 2680 m.y. by Naylor and others,
(1970) so the rocks of the Wind River greenstone bélt are older than

about 2700 m.y. but we cannot be certain how much~older nor do we have
evidence to indicate whether the greenstone belt rocks are older or young-:
er than the gneissic terrane of the Wind River Mountains. The great ma-
jority of the rocks in the Wind:River greenstone belt successfon have

been metamorphosed to amphibolite grade; only a small area of greenschist
tacies rocks is preserved in a faul t-bounded block in the northern area

of outcrop (Bayley and others, 1973, p. 26-27). There is no report of
uranium or thorium occurrences in the rocks of the Wind River greenstone
belt, but gold-bearing quaftz veins and_gold-bearing quartz-calcite veins
are present in a zone of gabbroic intrusions in the northwestern paft of
thegreenstone belt and theée veins contain accessory pyrite; arsenopyrite,
and chalcopyrite as well as native gold. Galena and pyrrhotite.have also
been repérted in the veins (Spencer, 1916) but fhese mfnerals are apparent-
ly uncommon (Bayley and others, 1973, p. 29).

The Owl Creek greenstone belt is less well known than the Wind River
greénstone belt. It consists of a northeast-trending body in the north-
central Owl Creek Mountains (Houston, 1973, p. 50-51; Thaden, 1980a, 1980b,
1980c) and a similar and probably related body of metasedimentary and meta-
volcanic rocks in the Wind River Canyon to thc west (Granath, 1975). The
rocks of the Owl Creek greenstone belt are isoclinally folded, are of am-
phibolite grade and are engulfed by a younger granite. This deformation,
metam§rphism, and granite invasion has destroyed the great majority of

primary structures in the metasedimentary and metavolcanic rocks making it
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difficult to establish a stratigraphié section and interpret the structure.
Both Gliozzi (1967, p. 14) and Bayley and Others:(1973,‘p. 28) have sugéeSt-
ed that the greenstone belt rocks ﬁay.lie'on~an older gneissic basement. The
gneissic basement consists of interlayered quartzo-feldspathic gneiss,
amphibolite, amphibole schists}'and“amphibole,gneiss. If Gliozzi's

(1967) tentative stﬁétigraphic succession is correct, the lower unit of

the greenstone belt is a quartzite and quartz-rich gneiss succession

which is overlain in turn by ﬁelitic schists, and by an iron-rich group‘_i
of rocks that include iron formation, ferro-amphibole schists and am- |
phiboiife, quartz-amphibole schists, biotite-garnet schists and a few beds
of chert, marble,'andApelitic schists. The overall rock succession of the
Owl Creek greenstone belt is similar to thé lower pért of the greenstonev
belt succession in the Wind River Mountains. An interesting feature of the
Owl Creek greenstone belt rock is an absence of rocks that can be positivéj
ly identified as volcanic. Granath (1975, p. 89) has suggested that mas-
sive amphibolites exposed in the Wind River Canyon are probably mafic
volcanic rocks but, even here, no primary struétures are present. .There
are numerous mineralized fracture systems in the greenstone belt of the

Owl Creek Mountains. Native gold, scheelite, chalcopyrite, galena, bis-
muthinite, and pyrite have been reported in these mineralized fractures.

The area has been extensively prospected and a number of mines were de-

veloped that operated over short time spans.
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Younger Granites

The Louis Lake batholith that intrudes the northern and western mar-
gin of the Wind Rivét greenstone belt cuts’ both gneissic rocks of the Wind
'River Mountains and the rocks of the greenstone belt. The batholith con-
tains mainly a gray, foliated, rather uniform granodiorite (Bayley and
others, 1973, p. 18) that has several granitic satellite plutons and num-
erous pegmatite dikes. As reported above, the age of the Louis Lake batho-
lith has been established as about 2700 m.y. (Naylor and others, 1967).

No mineralized fractures have been reported in the Louis Lake batholith
and the pegmatites are not mineralized although small amounts of beryl,
lepidotite, columbite-tantalite and spodumene are present in some. Bayley
and others, (1973, p. 31) have suggested that the Louis Lake batholith may
be the source of gold and other metallic elements in the vein systems of
the greenstone belt, but the lack of mineralization in the satellite stocks
and pegmatites of the batholith suggests to us that this is unlikely.

The late granite that cuts greenstone belt rocks of the Owl Creek Moun-
tains and Wind River Canyon is distinctly different from the L0uis Lake
granodiorite. It is a pink, medium- to coarse-grained alkali-rich granite
which is not foliated except where sheared or near contacts with country
rocks. It appears to have been a highly mobile body that literally engulfed
the greenstone belt (see maps by Thaden, 1980a, 1980b) sending hundreds of
veins, stringers, dikes, and satellite pegmatites into the metamorphic rocks
of the greenstone belt. From the uranium geology viewpoint this granite is
extremely interesting because fracture systems in the granite contain urano- :
phane, uraninite, and coffinite (Yellich and others, 1978). Yellich and

others, 1978, p. 35) state that the preferred theory for formation of the
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uraninite is supergene, but they also state that a potential does exist

for hydrothermal deposits. Inasmuch as the uraninite in these veins has
been dated as 40 m.y. (personallcommunication, J. F. Davis, 1980), it
appears that the uranium is not Precambrian hydrothermal mineralization
relatedvto the granite, but is instead a mineral deposited from ground-
water solutions during the Eocene. ‘A key question that has yet to be
answered is the source of the uranium ==~ was it leached'froh Eocene sedi-
mentary and volcanic rocks or was it derived frpm the Precambrian granite
by leaching of lower grade veins and veinlets? The Owl Creek grénite'is

a legitimate source of uranium despite the fact that no uraninite of Pre-
cambrian age has been identified. Stuckless (1979) has determined the
thorium, uranium, and lead isotope content‘of a number.of granites in
central Wyoming including the Owl Creek Granite. Stuckless (1979) finds
that the Owl Creek granite has a uranium content of about 3 to 5 ppm
whiéh‘is about normal for granite but his Pb/U concordia diagrams (Stuck-
.Iéss, 1979, p. 174, Figure 2) show; that if uranium- less during the Ceno-
zoic is considered, the granite was originally-anomalously high in.uranium.
Stuckless (personal cohmunication, 1980) has recently pointed out that

the Owl Creek granite is not as uranium-rich as granites of the Granite
Mountains in Wyoming but is.still anomalous. - The Owl Creek granite,
tHefefore, could be the source of uranium deposited in fractures during the
Eocene, and thus may also have been a source of uranium minerals in any
placer deposit younger than thé graﬁite. The age of the Owl Creek granites
‘has not been precisely detérminéd,. Minerals from two pegmatites of the
Wind River Canyon that may be differentiatés of the Owl Creek granite have
been dated by Gilletti and Gast (1961) as 2640 m.y. and 2720 m.y. by the

Rb/Sr method. These age determinalions squest~that the Owl Creek yranite
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is about the same age as the Louis Lake batholith. On'geologic‘grounds
we suspect that the Owl Creek granite is intermediate in age between
~granite of the Louis Lake type and younger granites of central Wyoming -

that will be discussed below.

A Geochronologic Boundary within the Wyoming Province

Figure 1.1 shows a line, roughly concentric to the Wyoming ProQince
boundary, outside of which fe]dépar and mica mineral dates, and .some whole-
rock dates, were reset by the Hudsonian orogeny and éubsequent cooling
1800-1400 m.y. ago, and inside of which mineral dates were generally not
reset and retain their 2500 m.y. values. |In the southern WYOming Province,
where this line is best defined (Peterman and Hildreth, 1978; Hills and
Armstrong, 1974), the iine treﬁds‘east-West through the greehStone ferranés
of the Wind River and Granite Mountains and betWeen Casper Mountain and the
Laramie Mountains (ngure 1.]). A somewhat similar geochronoiogic boundary,
separating partially rejuvenated (1700-1800 m.y.) rocks from Archean rocks
exists in souwaestern Montana (Gilletti, 1966).

The major significance of both of these boundaries abpears to be re-
lated to Proterozoic tectonic events. These aspects are discussed by Gil-
letti (1966), Peterman and Hildreth (1978), Hills and Hous ton (1979) and
Houston and Karlstrom (1980) and are summarized in a later section of this
report on Proterozoic tectonics. However, this boundary also approximate]y
concides with the boundary between an older Archean core of the Wyoming
Province and probable younger Archean rocks near the margins of the province

(Figure 1.1).
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Archean Rocks South of the Geochronologic Boundary

South of the geochronologic boundary (and presumably south of the
ancient core of the Wyoming Province) but north of the Wyoming Province
boundary between Archean and Proterozoic rocks .in southern Wyoming (heavy
line in Figure 1.1) is'a zoﬁe qf'Archean rocks .about 200 km wfde and over
SOO'km long which may be part.oﬁ a éoméwhat'younger Archean margin tb the
Wyoming Province. ~The Archean rocks are similar to rocks ofAthe core area
in that both areas contain a gneissic terrane with associéted'greenstone
belts and both are cut by younger granites (Figure 1.1). The principal
differences between this marginal zone and the ‘Archean core area are:

(1) Late Archean granites of this marginal zone are distinctive

radiogenic igneous rocks, anomous1y high in uranium.

(2) Some Archean metasedimentary. and metavolcanic successions within
the marginal zone that are in cyose proximity to the sogtheastern
and eastern margin of the Wyoming Province contain abundant,quartz-
ites and other shelf-type sedimentary rocks that are not typical
of greenstone belts.

(3) K/Ar ages in the marginal zone record evidence of a severe thermal
disturbance approximately 1400-1700 m.y. ago. The disturbed area
extends to the southeast limit of the Wyoming Province.

{s this marginal zone of Archean rocks in southe}n Wyoming one in which
ArcHean rocks are actually younger than those of the core area or do we
simply deal with a zone of Archean rocks not signiftcantiy different from
the core in age, but which have been disturbed during later tectonothermal

events?
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Gneissic Terrane and Greenstone Belts

First we will consider the character of the gneissic terrane and green-
stone belts south of the geochronologic boundary. As stated above, the
gneissic terrane does not differ in lithology from that of the core area,
but the gneisses of this area may be éomewhat younger. Rocks of the gneissic
terrane have been dated as 2860+ 80 m.y. by Peterman and Hildreth inAthe
Granite Mountains (a metamorphic date -- the gneiss may be 200-300 m.y. old-
er) and 29601 220 m.y. by Johnson and Hills (1976) for thé nortﬁern Laramfe
Mountalns. Both of these geochronoipgical studies of the gneiésic terrane
have given dates of metamorphiém so the gneiss protoliths may be older, but,
in comparison with the Archean core gneisses which give metamorphic~dates
of 3100 m.y. (Reid and others, 1975 for Beartooth Mountains) and older than
3000 m.y. (Barker, 1976 for Bighorn Mountains), these gneisses of the Gran-
ite Mountains and northern Laramie Raﬁge still may be several hundred mil-
lion years younger than their counterﬁarts to the northwest. We admit
that tHe distinction is not ve}y compelling at this point, espeéially.given
the relatively large uncertainties in dating rocks fhis old. A much better
defined age difference can be seen between the gneissic terranes of the cen-
tral Laramie Range, northern Medicine Bow Mountains, and northeastern Sierra
Madre and all of the areas mentioned above.‘ Metamorphic dates of 2535+ 45
m.y. for the central Laramie‘Range (Hi1ls and Armstrong, 1974), 2500+ 50
m.y. for the northern Medicine Bow Mountains (Hills and others, 1'9AR) and
around 2600 m.y. (Hills and Houston, 1979 and Divis, 1977) for the north-
eastern Sierra Madre, are about 500-600 m.y, younger than gneisses of the
core éreq, Granite Mountains or northern Laramié Mountains and these southern
_gneisses are probably younger, but we must again emphasize that these meta-

morphic dates do not necessarily define the age of the protoliths.
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Aside from geochronology, the only other significéﬁt difference be-
tween gneiss of the Archean core area and gneiss south of the geochrono-
logical boundary is métamorphiq grade. The Archean gneissic rocks south
of the geochronological front are all amphibolite grade and, so far as
is known, no granulite facies rocks are present. It is thus possible
that these Archean gneisses south-of thebgééchronologica] boundary may have
a.higher uranium and thorium:content than. Archean-core area gneisses. How-
ever,:reconnéissance.studies of background-radicactivity of these rocks by
University-of Wyoming-geologists has not been adequate to demonstrate.such

.a.diffefence between the Archeén core area .gneiss and that south of the
geochronologica] front.

As shown {n Figure 1,1, greenstone belt roéké are present in the Gran-
ite Mountains (Hpuston, ]973), Casper Mountain.(B¢¢kwfth, 1939; Burford
and others, 1979), Seminoe Mountains (Bishop, 1963; Bayley, 1968)., and in
the central and northern Laramie Range (Graff and others, personal com-
munication, 1980). The greenstone belt rocks of the Granite Mountains and
Casper Mountain are poorly known buf contain amphibolitic and ultramafic
igneous rocks of probably volcanic parentage, quartzite, iron formation
and layered schists that may have been graywacke. No uranium or thorium
have been reported in these rocks. The greenst;ne belt of the Sem}noe
Mountains has been mapped by Lovering (1929), Bishop (1963) and Bayley
(1968) and is thus much better known -than the Granite or Casper Mountain

~greenstone belts. Even so, the straﬁigraphic succession of the Seminoe -
greenstone belt remains uncertain. The base of the stratigraphic succes-
s%on fn the Semfnoé Moﬁntains is not exposed; the lower most exposed rocks

are probably a series of slates and metagraywackes, with interbedded chert,
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graphite schist, quartzite and thin iron formation, this succession is
overlain by a well-developed_quartz-magnetite-grunerfte iron-formation
that may be up to 100 feet thick. The top of the greenstone belt con-
sists of amphibolite, hornblende gneiss and schist of probable volcanic
origin. The Seminoce greenstaone helt rocks have numerons quartz veing
and mineralized fractures that contain chalcopyrite, pyrite, and native
gold. Bishop (1963, p. 40) reported that ‘his X-ray emission spectro-
graph analysis of dump samples detected copper, bismuth, lead, gold, sil-
ver, uranium and iron.

About eight miles north of the Seminoe greenstone belt, at a localf—
ty on Heath's Peak, there is a large inclusionvof metasedimentafy and
metavolcanic rocks fhat appears to be a fragment of the Seminoe greenstone
belt engulfed by younger granite. The inclusion consigté of amphibolite,
quartz-muscovite-graphite schisg, chlorite schist, calc-éilicate rock, and
quartzite. This inclusion is of pérticular interest fo us because it is
mineralized and contains uraninite that is Precambrian in age (Love, 1970,
p. C126). Uraninite occurs [n the border phase ot the granite asnd in
chlorite-biotite schist of the inclusion which is in contact with granite
Harshman and Bell, 1970). The mineralized border also has‘pyritc, pyrrho-
tite, molybdenite, marcas{te, chalcopyrite, sphalerite, and galena -- pyrite
is the most abundant mineral in the area. The quartz-muscovite-graphite
schist 1s also mineralized and contains pyrite, pyrrhotite, marcasite, chal-
copyrite, and sphalerite; but it does not contain uraninite, Sulphide min-

erals are also present in shear zones in the inclusion.
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The Heath's Peak occurrence proves that uranium was present in young-
er granites of this area and was transported and deposited fn rocks of as-
sociatedigreenstone belts in Precambrian time. BisHop's analysis of the
mjneralized fractures of the Seminoe greenstone belt sqggests that uranium
may_also have been deposited in veins and fracture systems. The presence
of abundant pyrite in association with the Heath's Peak uraninjte'may also
be significant in terms of réconstructing a source of heavyAminefals fqr
later, Proterozoic-type fossil placéer deposits.

In the Laramie Range, greenstone belt-type rocks are present both
within the gneissic terrane and as large xenoliths within late granite
“batholiths. In the Esterbrook area of the northern Laramie Range (Spen-
“cer, 1316; Segerstrom and ‘Qthers, 1977), greenstone belt-type Focks‘occur
as large xenoliths in the Laramie batholith, a late granitic intrinon of
the northern Laramie Range (Condie, 1969). The greenstone belt‘rocks in-
clude amphibolite, hornblende gneiss and schist, fine*gréfned qUartzite,
muscovite biotite quartz schist, graphite échist and ifon'formatfonf
Spencer's (1916, p. 5877) descriptions of mines and prospects of the
Esterbrook area demonstrate that there-are numerous mineralized zones within
the greenstone belt rocks.  Essentially we deal with widespread ]ow—grade
mineralization consisting primarily of pyrrhotite and pyrite; but with lo-
cal enrichment of galena, chalcopyrite, and sphalerite -~ no significant
_ gold or silver has been reported either by Spencer (1916) or by Segerstrom
and others (1977). | |

Abnormal radioactivity was détected by geologists of the United States

Atomic Energy Commission in the Esterbrook-Laramie Peak area during the 1950s

63



(Guilinger, 1956; Smith, 1954),

According to Guilinger (1956) primary and secondary uranium
minerals are in Precambrian igneous and metamorph{c rocks of the North
Laramie Peak district. The principle uranium occurrences are in shear
zones that cut schists near the margins of granite masses. yPitch
blevel, ufaninite, coffinite, and uranophane were listed by Guilinger
(1956, p. L) as present in the minerallzed area. A key occurrence of
uranium minerals was at a locality referred to as the Trail Creek
Group of claims hy Spencer (1916, p. 70-71).

South of the Laramie batholith and north of the Laramie anorthosite
(Figure 1.1) greenstone belt-type rocks have been recognized in a number
of places and recent reconnaissance studies by Paul J. Graff, James w. 
Sears, and Greg Holden of Researéh Associates of Wyoming and by
Cassandra K. Sever, graduate student at thé Univefsity of Wyoming,'have
given us a better understanding of the geology and uranium mineraliza-
tion of this area.

Recent mapping by Graff and others (1981), based in part on earlier
studies by graduate students of the University of Wyoming (Fields,

1963; Hodge, 1966; Bothner, 1967; Toogood, 1967, and Smith, 1967) de-
monstrates that a classic greenstone belt succession is present in the
area north of the Laramie anorthosife (see Figure 1.1 where eastern one-
half of greenstone belt is shown in black). The greenstoﬁe belt, refer-
red to as Elmer's Rock greenstone belt, has a basal amphibolite group
which consists of mafic and ultramafic amphibolite that grades up-séc-
tion into mafic amphibolite with local pillow structure. This is over-

lain by a felsic amphibolite that perhaps was a pile of andesitic flows
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originally. The basal amphibolite group of Elmer's Rock greenstone
belt contains local layers of gneiss (probably ﬁetagraywacke) banded
iron formation continuous and thin beds of ultramafic rocks that were’
probably flows and matrix supported conglomerate. Overlying the amphi -
'bolite group is a‘succeséfoh of clastic metaéedimentary rocks that
includes graywacke, pelitic schist, graphite schist, and minor quart-
zite, marble, and calc;si1icate rocks.

The El&er's Rock greenstone belt is underlain by a granitic gneiss
terrane that is believed to have been'partly mobilized so that gneissic
domes up-welled through the greenstone belt successioﬁ and so that mo=
bilized phases of the gneissic terrane invaded the rocks of the green-
stone belt. This complex gneissicA”basement” in the cores of domes |
contains early biotite gneisses and gray granite which is invaded by
younger pink and red granite. Accor&ing to Graff (personal éommunica-
tion, 1980) the pink granites are the most radioactive of the;e various
""basement'' units and where large masses of pink granite have developed
(as on Squaw Mountain) the units give a distinct radioactive anomaly for
the area.

Compared with the Estérbrook area there are relafively few mines and
prospects in the Elmer's Rock greenstone belt or in underlying granitic
gneiss terrane. Most prospects have been for non-metallic mineral de-
posits such as marble, graphite, and vermiculite, th veins and shear
zohes containing pyrite and chalcopyrite are present in a number of
areas and Wilson (1966, p. 217) reported anomalous radioactiv{ty in
graphite schist at one locality in the Cooney Hills. Reconnaissance
surveys of the Elmer's Rock greenstone helt hy the writers and Alan
Hills of the United States Geological Survey (1977-1979) and more
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detailed examination of the rocks of this area by Graff and others
(1981) have demonstrated that there are several units that display
above background radiocactivity. These include paraconglomerate,

coarse-grained quartzite, and the previously mentioned pink granite.
None of these units appear to contain radioactive elements in economic
quantity.

Greenstone belt-type rocks are also exposed in the vicinity of

Garret (black area in southwest corner of Laramie batholith, Figure
1.1), where the rock units are referred Lo informally as the Potato
Creek sulte. The Potato Lreek suite consists of amphihnlite, hoarnhlende
gnefss, biotite gneiss and schist, iron formation, calc-schist and
quartzite. The greenstone belt rocks are enclosed withn a '"basement''
of migmatite, agmatite, and grahite. The ''basement'' granitic gneiss is
probably older than the greenstone belt-type rocks of the Potato Creek
suite, but contacts with the ''basement'' gneisses were not observed.

A preliminary study of uranium and thorium content of the ''basement"
gneisses, greenstone belt rocks of the Potato Creek suite, and red
granite sills, dikes and large intrusives. that cut both of the

above units was made by Cassandra Sever. Table 1.1 shows that uranium
and/or thorium may be locally concentrated in some metasedimentary
rocks of the greenstone belt (i.e. metagraywacke and quartzite), but
these elements are not present in significant amounts in either the
greenstone belt rocks or the gneissic rocks and gray granite that are
considered basement. Uranium and thorium are, however, enriched in the

youny pink granite and are notably enriched in sheared and altered pink

granite (Table 1.1). It is also apparent from this study that fractured
rocks rich in epidote and biotite are more radioactive than other rocks.
This is apparently true of all rocks but fractured and altered pink
granite has areas up to 100,000 counts per minutc or abogt 50 times

local background.

Greenstone belt-type rocks are also present in southern Wyoming in

the northeastern Medicine Bow Mountains, the central Sierra Madre, and in a
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TABLE 1.1 GEOCHEMISTRY OF ARCHEAN ROCKS FROM THE POTATO CREEK AREA, LARAMIE MOUNTAINS, WYOMING; ANALYSES BY STEVE BOESE, UNIVERSITY
CF WYOMING

% % % % % % % % % % ppm- ppm
Sampole No. Description SiO, Al,05 Ca0 = MgO TiO, Na,O K50 Fe,03 MnO P,03 Sum U30g Th**
GRANITIC ROCKS
PC-79-2 Gray gneissic granite 75.8 12.8 0.74 0.10 0.1 3.51 499 1.27 0.03 0.04 99.3 7.1 1
PC-79-7 Sheared 2ink granite sill, 68.5 14.1 5.31 0.16 0.1 - 3.05 3:29 3.35 0.06 0.12 98.1 34.1 40

epidote-enriched . ' )
PC-799 Fine-grained pink granite sill 75.9 2.2 0.87 0.19 0.2 2.71 583 1.34 0.04 0.03 99.3 12.3 11
PC-79-10A Red (batholithic) granite, 68.6 8.7 2.41 0.32 0.4 2.45 3.19 115 0.05 1.52 99.1 75 535**
- very radioactive ) '

PC-79-108 Red granite . 71.7 8.8 4.87 0.31 0.2 2.72 261 3.52 0.04 3.55 98.3 .96 250"
PC-79-10C Red granite (altered) 46.4 10.2 0.42 0.13 1.0 2.54 423 35.0 0.03 0.10 100.0 184 41
PC-79-12 Gray gneissic granite 738 135 1.81 0.31 0.3 4.79 283 1.66 0.04 0.06 99.1 1.6 5

METASEDIMENTARY AND METAVOLCANIC ROCKS .
PC:79-1 Metabasz It 50.9 7.4 145 14.8 0.6 0.53 0.19 1. 0.20 0.04 100.3 0.2 15

PC-79-3 Layered amphibolite 523 13.3 103 5.70 1.1 1.83 083 14.9 0.23 0.10 100.6 0.9 16

PC-784 Epidote quartzite 915 3.1 2.07 .0.04 0.1 0.48 007 1.38 0.02 002 - 988 35 5

PC-78-5 Quartzite 66.8 13.7 119 0.13 . 0.1 - 0.33 009 4.29 0.03 0.02 97.3 13.4 7

PC-736 Iron formation 52.7 19 2.18 1.33 0.1 0.18 0.18 43.7 0.06 0.07 - 1025 42 . 4

PC-788 Sheared biotite gneiss 63.1 15.9 3.00 1.81 08 4.08 236 7.6 0.07 0.11 98.8 113 43

PC-73-11 Biotite gneiss 705 125 2.50 0.89 0.8 4.24 - 146 5.01 0.08 0.17 98.2 4.2 15
{metagraywacke?) :

*Thorium values are accurate to 5 ppm except those diszinguished by ** which are within £25 ppm,



number of areas in the western Medicine Bow Mountains and eastern Sierra
Madre. One of the largest masses of greenstone belt-type rocks.in south-
ern Wyoming is in the Arlington area of the eastern Medicine Bow Mountains
where eight square km are uﬁderlain by amphibolite, hornblende gneiss and
schist, lesser amounts of felsicAgneiss, quartzite, and paraconglomerate.
These rocks are referred to as the Stage Crossing Gneiss. They are in
fault contact with younger(?) metasedimentary rocks and are cut by granitic
rocks ranging from tonalite to pink granite.

A similar, and probably correlative, assemblage is tound in a 10-15
square km area in cirques north of the continental divide in the central
Sierra Madre. These rocks, called the Continental Divide Metavolcanic
Rocks, include amphibolite, garnet amphibole schist, hornblende gneiss,
quartzite, marble, and two outcropsbof beautifully preserved pillow basalt
(Figure 1.4). The Continental Divide assemblage is intruded by a gréy tona-
lite to (granodiorite), shown in Figure I.S,‘which has yielded a date of
2700 m.y. (Carl Hedge, personal communicatfon, 1979) and appears to be con-
formable with underlying granitic paragneisses and overlying quartzites of
the Phantom Lake Metamorphic Suite,

Remnants of metasedimentary and metavolcanic rocks are present in small
masses within a dominantly granitic gneiss terrane in a number of areas of
the western Medicine Bow Mountains and eastern Sierra Madre. These rocks
range from individual layers of quartzite or marble in felsic gneisses to
areas with enough amphibolite, hornblende gneiss, paragneiss; quartzite,
marble, and various mafic schists to be éeparated as a metasedimentary-
metavolcanic suite in geologic mapping (Plate 5). |

The relationship between these metasedimentary and metavolcanic rocks

and the much more widespread Archean granitic gneiss terrane is generally
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Figure 1.4. Pillow basalt of the Continental Divide Metavolcanic
Rocks near South Spring Lake; Sec. 10, T. 14 N., R. 86 W., Sierra
Madre. Outcrops right side up.

69



Figure 1.5. Archean granite cutting amphiholitic paraconglomecrate
layer in lower beds of Phantom Lake Metamorphic Suite. Note clast
in paraconglomerate, near nickel right center of photograph. Photo-
graph looking south; located in center of Sec. 5, T. 14 N., R. 86 W.,
in arca north of Jack Creek Mine, central Sierra Madre.
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structurally conformable; that is, adjacent bodies of felsic gneiss

or foliated granite are in conformable contact with these units or appear
to grade into them. These metasedimentary-metavolcanic rocks may ha?e
been part of a Iarger bodf that once cénstituted a greenstone belt, but

this remains conjectural.

Proterozoic-type Metasedimentary and MetavolcanicnRocks of Archean Aae

In the northern SierraiMadre,'northern Medicine ‘Bow Mountains, Hart-
ville Uplift, and Blaék Hills (Figure 1.1), there are rock sequences that
contain either a preponderance of, or significant amounts of quartzite
of continental or marine origin, normal marine slate, metadolomite, and
other units that suggest shallow marine or continental environments of
deposition. These rock types are more typical of metasedimentary succes-
sions of Eaf]y Proterozoic age than of typical volcano-sedimentary Archean
greenstone belt successions. They may répreéent a transition from the
greenstone belt environment to the more modern Proterozoié-type sedimen-
tary successions (Houston and.Karlstrom, 1980).. This transitional nature is-
further supported by the facf that these Early Proterozoic-type Archean
successions do contain graywackes and metavolcanic rocks in greafer pro-
portion than a typical Early Proterozoic metasedimentary successfon.

In the northern Sierra Madre and northefn Medicine Bow Mountains the
'Archean; Early Proterozoic-type succes;ion i; referred to as the Phantom
Lake Metamorphic Suite. The stratigraphy of the Phantom Lake Metamorphic
Suite is shown in Figure 1.6 and will be discussed in more detail later,
but rock types include quartzite, marble, paraconglomerate, quaerépebble
conglomerate, slaté,'grayWacké (probably in goéd part volcaniclastic)

tuffs, basalt, and andesite. These rock types are partly'of continental
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and partly marine origin. We estimate that 60-70% of these rocks are
continental or near shore marine. The total rock su;cessioﬁ includes
40 percent (or less) rocks of volcanic origin, and a significant portion
of these volcanic rocks is considered continental. .The rocks of the
Phantom Lake Metamorphic Suite.Were'deposited on a continental platform
or continental margin. Clear]y there was a well-developed continental
laﬁd mass prior to deposition of these rock types which contributed
detrital quartz and granitic rock fragments and they are more like Pro-
terozoic and Phanerozoic sédimentary‘rocks than rocks of the greenstone
belts.

We consider rocks of the Phantom Lake Metamorphic Suite to be Archean
in age because the older strata of thersufte are cut by tonalite (Eigure 1.5)
dated as about-2700 m.y. (€ar} E. Hedge, personal communication, 1979) and
younger strata of the suite are cut by sﬁmilar; but undatedﬂgran?tic rocks.

The continental sedimentary rocks of the Phantom Lake Metamorphic
Suite, in particular, were a source of heavy minerals thaf could be re-
worked and deposited in conglomerates of Early Proterozoic age. In fact,
the Phantom Lake Metamorphic Suite contains significant deposits of uran-
ium and thorium minerals in quartz-pebble conglomerates that were un-
doubtedly dépdsited in braided étreams and rivers. These Archean quartz-
pebble conglomerates differ significantly from their Early Proterozoic
counterparts of this area becaﬁse they contain a much higher proportion of
thorium than urénium. 1t is thus clear that the Early Pfoterozoic conglom~
erates were not simply reworked [rom Late Archean deposits,

Recent geologic mapping by George L. Snyder of the United States
Geological Survey (Snyder, 1980) in the Hartville uplift of southeastern

Wyoming (Figurc 1.1) has clarified the Prccambrian stratigraphy of this»
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area. Snyder's (1980) stratigraphic succession of the Whalen Group in-
cludes a lower (base unknown) unit consisting of quartzite thét grades
upward and laterally into a tremolite dolomite with local stromatolites.
This unit is overlain by amphibolite (some derived from pillow basalt)
and chlorite schist units that were probably largely metavolcanic rocks.
These rocks are, in turn, overlain by a schist which was paftly derived
from normal shale and partly derived from graywacke. The uppermost unit
of this succession is largely dolomite with local stromatolites. Essen-
tially, the Whalen Group is a lower shallow marine unit, overlain by a
deeper water unit of submarine volcanic rocks, shale, and graywacke, and
an upper shallow marine unit. This sequence is quite similar to the tri-
partite sequence of the Phantom Lake Metamorphic Suite which has a basal
continental and near-shore marine quartzite succession, overlain by a
continental and near-shore marine volcanic succession, with a near-shore
marine quartzite succession at the top. New geochronological studies by
Z. E. Peterman of the United States Geological Survey (Snyder, 1980, p. 4)
support this correlation by demonstrating that granite cutting the Hart-
ville section is older than about 2600 m.y. To our knowledge, the Whalen
Group does not contain uranium- or thorium—begring rocké.

The final Proterozoic-type metasedimentary-metgvo]canic succession
which may be of Archean age is in the Black Hills of South Dakota where
a lower platform-type succession consisting of quartzite-iron-formation,
ortho- and paraconglomerate, arkose and slate is succeeded by a thick
eugeosynclinal graywacké-métavélcanic rock group (Redden, 1980). Part.of
the lower platform-type rocks aré probably Archean in age (Redden, 1980,

p. 19) but all that is known about the bulk of this rock group is that it
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is older than the 1700 m.y. Harney.Peak granite that cuts it. Part of
the lower platform-type succession may correlate. with Phantom Lakte Meta-

morphic Suite rocks but dating is inadequate to verify the correlation.

Late Archean Granites
It is clear frdm the above‘dfscussfon tnat pink granite is wide-
spread south of the geochrono]ogieal boundary and that tnis late intru-
sive rock is distinctively radioactive as conpared:nith mos t older rocks.
We haQe noted above background radioactivity in pink gtanites of the
Granite Mountains, Seminoe Mountains. Freeieodt Hills, and north central
Laramie Range. In addition, Stuckless (1979) has demonstrated through
detailed isotope studles, that plnk granltes of the Granlte Mountalns
and Laramie Range have anomalous]y hlgh thor;um content and that, were it
not for uranium loss during the Cenozonc, these same dranltes would have
anomalously hlgh uranium contents as we]l |
The pink granltes are part of'a Late Areheanlgranite-fotming etent

that took place in the Wyomfng érovince netneen 2,h50;2,600 m;9. (Peter-
man and Hildreth, 1978, p. 14). Peterman and Hfldreth (i978, p. 14) 1list
granites of Lankin Dome and Tincup Mountain in the Granite Mountains, the
Bears Ears pluton in the Wind River Mountains, Mount Uwen quartz monzoni te
in the Teton Range, Baggot Rocks dranlte of the Med|C|ne Bow Mountains,
Baggot Rocks granite of the Slerra nadre, and Laramle granlte of the Lar-
amie Mountains as belonging to thJS group, and we suggest that pink gran-
2ites of the Seminoe Mountains andereezeout Hills'alsd belong to this
group. |

' We are not certain if all Qranites belongingvtd the 2,450-2,600 m.y.
age group contain thorium and uranium values in greater than normal

amounts. But, most of the ones in southern Wyoming do and these granites
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are certainly a logical source for the uranium and thorium ﬁinera]s in
Early Proterozoic quartz-pebble conglomerates. - |f so, minerals and
granite clasts derived from such a source should not.appear in meta-
sedimentary rocks older than about 2@00 m.y.

Both Late Archean quartz-pebble cong]dmerates of the Phantom Lake
Metamorphic Suite and Early Proterozoic quartz-pebble conglomerates of the
Deep Lake Group of the Medicine Bow Mountains and Sierra Madre have as-
sociated paraconglomerate that contains granite clasts. We have not made |
a statistically valid study of‘granife cIasts in paraconglomefate, But our
field observatlons in the MédicinelBow Mountains and Sierra Madre suggests
that the percentage of-pink and red granite and grénité gneiss clasts is
inversely related to age of the paraconglomerate. Therefore, fhere may . be
a relationship between the formathn of a Léte Aréhean granité source rock
and the depositfon of uranium minerals in quartz-pebble conglomerates. The
quartz-pebble conglomérétes of the Late Archean Phantém'Lake Metamorphic
Suite probably originéted prior to formatién of thehuranium-rich pink and
red granites, and this may account for the pau;ity of uranium in these con-
glomerates, whereas the Early Proterozoic quartz-pebble conglomerate of the
Deep Lake Group in the Medicine Bow Mountains probably originated after for-
mation of the uranium-rich pink and red granites and this may account for
the relative abundance of uranium in khese conglomerates as compared with
the Late Archean type. Obviously, local source will also play a role in de-
termining the mineralogy of quartz-pebble conglomerate and, in a given area,
quartz-pebble conglomerate or the right age may have been formed in a drain-

age basin with no granite source and thus show a different heayy mineral suite.
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Model for Evolution of the Archean Wyomigg Provin;e

The granitic gneiss térrane éf the Archean core area of the Wyoming
Province probably was formed prior to 3000 m.y. ago. The formation of
this crustal block may have involved granulite facies metamorphism over
much of the area and must have involved re-working of older granite or
felsic igneous rocks and formétion of new granite bodies. Pre-existing
metasedimentary and‘metavolcahjc‘rocks were largely reconstituted leaving
rare rémnants in a larger body of granitic gneiss. Uraniuﬁ; thorium,
rubidium énd potassium were probably depleted during the various meta-
morphic and granite forming events.

Southeast of the core area, a granitic gneiss terrane very similar
to that of the core area was subjected to hetamorphism and about 2800-
2900 m.y. ago in an .area including the Granite Mountains and nothern Lar-
amie Mountains aﬁd later, about 2500-2600 m.y. ago in the centra}'Lara-
mie Mountains, Medicine Bow Mountains and Sierra Madre. These metaﬁorphic
events may simply be evidence of later re-working of the southern parts
of the Archean core; if so, the re-working may have resulted in a further
depletion in U, Th, Rb, and K in the granitic gneiss terranes. Another
possiblity is that the two ''younger' strips of granitic gneiss may have
been added to the older core by a process resembling modern arc~arc
collision. This latter possiblity would probably mean that younger granitic
_gneiss terrane would have a highgr uranium content than the core area.

Archean greenstone bélts have Been interpreted to'héve formed in a
variety of ways: as rifts within granitic gneiss terranes that are limited
in extent (Anhausser and others, 1969), as ‘foundered shield volcanoes de-

veloped in a granitic gneiss terrane (Condie and Hunter, I976), as portions
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of early mafic crust (Glickson, 1976) and as basins formed iﬁ a similar
manner to modern intefarc basins {(back-arc basins) of the wegtern Pacific
(Goodwin, 1973; Windley, 1977).

We suspect that thére is a relationship between the development of
the greenstone belts and the granitic gneiss terrane south of the Archean
cbre of the Wyoming Province. The age of the rocks of the greenstone belts
is unknown although all are older than 2500-2600 m.y. The gfeenstone belt
rocks may have developed in a back-arc basin or basins and in intra-arc
basins that developed be;ween the Archean core area and a block of Archean
core that moved southeast (Figure 1.7A). The Archean core area may have
extended to the northwest margin of the southern Wind.River gfeenstone belt
and to the southern Owl Creek MoUntains:(Figure 1.1); the block of Archean core
that separated may be Eepesented by rocks of the northern and central Lara-
mie Range, northwestern Medicine Bow Mountains, eastern Sierra Madre and
perhaps the Hartville Uplift (Figure 1.1). Closure of these back-arc basins
or basin could have resulted in deformation of the rocks of the back-arc
basins, island arcs and any remnants of Archean crust remaining in the‘back-
arc basins.

If some subducted plafes dipped southeast a substantial mass of K-rich
granite might have formed under the southeastern Archean block. This might
account for the formation of the Late Archean potassium; and uraniUm*riﬁh

granites discussed ahave.
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Inasmuch as the platform-type metasedimentary and meta?olcanic
rocks (Phantom Lake Metamorphic Suite of the Sierra Madre and Medicine
Bow Mountains, metasedimentary and metavolcanié rocks of the Hartville
area, and possibly some older metasedimentary rocks of the Black Hills)
are older than the Late Precambrian K- and U-rich granites, they were
undoubtedly depositéd'prior to closure and may be broadly contemporaneous
with development of the back-arc basins. These mgtasédimen;ary and meta-
volcanic rocks are regarded as platform or continental margin deposits of
the fragment of original Archean core which moved southeast.

The above model is over-Simpjified and highly speculative, bﬁt it
is cbnsfstent with some of the previous work*done.in this area. For ex-
ample, geochemical studies of both the Laramie batholith (Condie, 1969)
and Late Archean granites of the Granite Mountains (Peterman and Hildreth,
1978) suggest origin by partial melting of lower crust or ubper mantle
with lower crust contamination. A plate tectonic concept somewhat like
the one suggested here has been proposed previously by Condie (1972, p.
104-112) for the éreenstone belt of the southern Wind River Mountains and
Condie cites some parallels between the chemistry of rocks of this green-

stone belt and modern island arc systems of the South Pacific.

Summary: Probable Source for Uranium and Other Heavy Minerals in Early

P.roterozoic Conglomerates

It is quite clear from the review of the ArcHean source ‘area that the
" most probable source of uranium and thorium minerals is the Late Archean
_granites, and their associated contact zones, and shear zones either in
the gran}te or in metasédimentary and metavolcanic rocks near the granite.

It is also obvious that other minerals such as gold, pyrite, and other
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sulphide minerals could have come from_a variety of sources in the Archean
greenstone belts, and that these minerals are not fn any way tied to a

Late Archean granite source rock.

~ Therefore, in the Wyoming Province, quartz-pebble conglomerates older
than about'2700 m.y. probably will not contain significant uranium minerals
whéreas quartz-pebble conglomerates younger than 2600-2700 m.y. have a

high probability of containing uranium minerals. The presence of uranium
minerals in quarthpebblé conglomerates is also limited by the develop-
ment of a more strongly oxidizing atmosphere by about 2000 m.y., so that

the search for uranium bearing quartz-pebble conglomerate can best be

confined to the 2600-2000 m.y. old deposits in this area.

PROTEROZOIC

There are two Proterozoic terranes in southeastern Wyoming, north-
eastern Utah and northwestern South Dakota (Figure 1.1). One contains
a combination of platform and continental margin metasedimentary and
metavolcanic rocks and is essentially miogeoclinal; another contains marine
volcano-sedimentary rocks and is essentially eugeoclinal. As shown in
Figure 1.1, the miogeoclinal rocks crop out in two small areas of the
northeastern and southwestern Black Hills, the northern Medicine'Bow Moun-
tains, northern Sierra Madre, and northeastern Uinta Mountains of Utah.
These miogeocl inal metasedimentary rocks lie on Archean basement and are
located north of and within 30-50 km of an irregular east-northeast to
northeast striking zone of cataclastic rocks referred to as the Cheyenne
Belt (Houston and others, 1980) which marks the southern boundary of the
Wyoming Province (Figure 1.1). There are no known rocks of Archean age

south of this boundary.
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Stratigraphy and Paleogeography of Early Proterozoic Miogeoclinal

Metasedimentary R ocks

The most complete sections of miogeoclinal metasedimentary and meta-
volcanic rocks are in the Medicine Bow Mountains and Sierra Madre. In
both of these ranges the basal Proterozoic rock succession is referred to
as the Deep Lake Group, but formations within the Deep Lake Group of the
Sierra Madre and Medicine Bow Mountains are not identical (Figure 1.6).

In fact, it has been necessary to utilize different formation names in
the two ranges because of facies changes between sections less than twenty
miles apart (Figure 1.6). H

In both the Sierra Madre and Medicine Bow MountainsAthe basal forma-
tion of the Deep Lake Group is thé Magnolia Formatioﬁ which lies uncon-
formably on older metasedimentary and metavolcanic rocks of the Archean
Phantom Lake Metamorphic Suite qnd, in the Medicine BownMothains,'on
greenstone belt;type rocks of the Stage Crossing Gneiss and associated
pink granitic gneiss of the Baggot Rocks-type granite.

The Magnolia Formation is divided into a basal Conglomerate Member
and an upper Quartzite Member (Karlstrom and Houston, 1979a, 1979b). The
Conglomerate Member is a discontinuous basal conglomerate which contains
pebbles and cobbles of quartz, quértzitel granite, and metavolcanic rocks
in varying proportions in a subarkosic to arkosic matrix. In the Medicine
Bow Mountains granite clasts are common in the northeast whereas meta-

_ volcanic-rock clasts are more common inlthe southwest probably reflecting
differences in local source areas. Lithologies in the Conglomerate Member
include arkosic polymictic paraconglomerates which are only slightly radio=

active,'strqngly radioactive quartz-pebble conglomerates, and pebbly and
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granular quartzites. These rocks are complexly interfinggred’but, in
places, are s;stematically’ordered in fining-upward su;cessions of prob-
able fluvial (alluvial fans?)'oﬁigin. Strongly radioactive quartz-pebble
conglomerates have been noted within arkosic paraconglomerates in many
areas of the Mediciné'Bow Mountains .but- the Onemile Creek aréa of the
northeastern Medicine'Bow MouﬁtainS'is the only known area where quartz-
pebble conglomerates are th}ck enough, extens}ve enough, and contain
enough uranium and thorium to be of potential economic interest. The
Conglomerate Menber has not been mapped as a separate unit in the Sierra
Madre but slightly~radi5acfi§é qﬁéﬁtz*pebb]e conglomerates are present
at the base of the Mégholfa Formation in the western Sierra Madre.

The Conglomeréte Member of the Magnolia Formation grades up-section
into very coarse-grained quartzites and qﬁartz-granule conglomerates
referred to as the Quartzite Member in the Medicine Bow Mountains (Karl-
strom and Houston, 1979a, 1979b). These rocks are also interpre;ed by
us to be fluvial in origin but they appear to havevbeen deppsited at a
greater distance from the source than rocks of the Cohglbmerate Member.

Paleocurrent measurements of the Magnolia Formation in the Medicine
Bow Mountains, primarily from the Quartzite Member, suggest deposition in
a QOuthwesterly-directed braided river system.(Plate 2). -Paleocurrents
from the Magnolia of the Sierra Madre are dirécted south and southeast.

The Magnolia Formation in the Medicine Bow Mountains, is overlain
conformably by thé Lindsey Qﬁartzité which is a fluyial aeposit similar
in most respects to the Magnolia Formation. The Lindsey Quartzite is
finer-grained than thé Magnolia Formation, but is composed of finiﬁg-

upward sets which have conglomeratic bases. The Lindsey Quartzite,
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however, has numerous shale partings in the quartiite sgggesiing a more
distal source and lower-energy fluvial deposition. Paleocurrent measure-
ments suggest continuing southwest-directed rivers for deposition of the
Lindsey Quartzite.

in the Sierra Madre the Magnolia'Formation is overlain by the Sihger'
Peak Formation (Graff, 1979) which.is a muscovite, chlorite garnet phyl-
lite with thin beds of'quartzite in the upper part. Locally, poorly
sorted granite-clast paraconglomerate is present in the upper part of the
unit. The Singer Peak Formation is thought to be a ma}ine facies of the
Lindsey Quartzite of the Medicine Bow Mountains (Figure ],7}3)_,

In the Medicine Bow Mountains the Lindsey Quartzite is overlain dis-
conformably by the Campbel] Lake Formatibn which is a two-fold unit with
a basal paraconglomerate an& an upper phyllite. The paréconglomerate beds
in the upper part of the Singer Peak Formation of the Siéfra Madre may
correlate with the Campbell Lake Formation (Figﬁre'1-6)-.‘The Campbell
Lake Formation and upper Singer Peak paraconglomeraté beds may represént
glacial diamictites or alluvial fan debris flow deposifs.

The Cascade Quartzite overlies thé Campbell Lake Formation unconform-
ably and is a distinctive quartzite succession which is widespread in both
the Medicine Bow Mountains and Sierra Madre. In the Medicine Bow Mountains
the basal beds of the Cascade lie unconformably on beds as old as Archean.
The Cascade Quartzite is a much more mature quattzite than any of the quart-
~zites that underlie it, it contains abundant stable cla;ts such as quartz
and chert and has very small percentages of phyllosilicates compared with
olderAquartzite successions. The sedimentary structures of the Cascade in-

clude both planar and trough crossbedding and can be interpreted as fluvial
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or near-shore marine; the great lateral extent of the unit and its con-
sistent lithology suggesf a marine origin.

The Vagner Formation lies unconformably on the Cascade Quartzite
and is present in both the Mgdiciﬁé Bow Mountains and Sierra Madre.
The Vagner Formation.is a paraconglomerate-marble-phyllite-quartzite
succession interpreted to be glaciomarine ‘in origin (Figure r;7cj;

Overall, the Deep Lake Group is a transgressive succession. The
lower part records fluvial sedimentation on a continental platform; the
upper part records shallow marine and glaciomarine sedimentation on a -
continental shelf. Unfortunately, it has not been possible to directly
date rocks of the Deep Lake Group. However, the basal beds of the Deep
Lake Group in the Medicine Bow Mountains unconformably overlfe granitic

rocks similar to the 2500 m.y. old Baggot Rocks Granite (Hi1ls and

others, 1968) so the Deep Lake Group is Proterozoic. An upper limit is
given by a 2000 m.y. date on the Gaps Trondhjemite (Carl Hedge,(perséna]

communication, 1980) which crosscuts the Lewer Libby Creek Group in .the

Medicine Bow Mountains.

As shown schematically in Fjgure 1.6, the upper part of the Deep Lake
Group in both the Sjerra Madre and Medicine Bow Mountains is truncated by
major thrust faults which bring younger roéks of the Libby Creek Group
against older rocks of the Déep Lake Group and ‘Archéan basement. |In the
Medicine Bow Mountains a complete section of the Libby ﬁreék Group (over
6 km) is exposed whereas only a partial section (2 km). is exposed in the
Sierra Madre. The Libby Creek Group is dividéd in this report into an

upper and lower part. The lower part consists of continental margin-type



siliciclastic rocks (primarily marine quartzite) whereas thé upper part,
which is thrust over the lower, is a carbonate bank, shale, submarine
volcanic succession that was probably deposited well.off-shore.

fhe basal formation of the Lower Libby Creek Group in the Medicine
Bow Mountains is the Rock Knoll Formation which is a quartzite-phyllite
succession with local layers of conglomerate. The Rock Knoll quartzites
are plagioclase-rich arkoses and subarkoses which are similar to quartzites
interlayered with paraconglomerates of the underlying Vagner formation of
the Deep Lake Group and the overlying Headquarters Formafion of the Lower
Libby Creek Group, both interpreted to be glaciomarine. We believe, there-
fore, that the Rock Knoll Formatibn is also glaciomarine in origin. There
is no Rock Knoll equivalent in the Sierra Madre.

The Rock Knoll Formation of the Medicine Bow Mountains is overlain by
the Headquarters Formation which is comprisea of paraéonglomerate; quartz-
ite, and ]amiﬁated schists and phyllite. These rocks are interpreted to
be glaciomarine in origin on the basis of lithologic characteristics such
as poor sorting and only faint stratification in the paraconglomerates, the
presence of angular dropstone clasts in the paraconglomerate, the associa-
tion of paraconglomerates and laminated (probably marine) phyllites, and
chemical similarities between rocks of the Headquarters Formation and other
Early Proterozoic glacial-related units. The HeadquarFers Formation has not
been identified in the Sierra Madre.

Inashuch as the Vagner Formation, Rock Knoll Formation and Headquarters
Formation are all regarded as glaciomarine, they may be related to the same
depositional episode and may not be séparated by a major time break. How-

ever, our tectonic interpretation indicates that the Vagner Formation was
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deformed into broad folds prior to the thrusting which brought the Rock
Knoll and Headquarters Formations against rocks of the -Vagner Formation.

In the Medicine Bow Mountains the Headquarters Formation is over-
lain conformably by the Heart Formation which is composed chiefly of
argillaceous quartzite. The Heart Formation is interpreted to have been
deposited in a macrotidal delf;ic environment ranging from prodelta sedi-
mentation at the base to delta front at the top. No beds equivalent to
the Heart Formation have been identified in the Sierra Madre.

The Heart Formation is conformably overlain in the Medicine Bow Moun-
tains by the Medicine Peak Quartzite which is a 1700 m thick succession
of aluminous (kyanite and pyrophyllite) quartzarenite. S$imilar quaftzites
(1400 m thick) in the Sierra Madre are called the Copperton Quartzite
(Graff, 1978). Sedimentological sthies of the Medicine Peak.Quartzite
indicate that, like the Heart Formation, it was deposited on a macrotidal
delta (Figure 1.7D). The base of the Meéicine Peak Quartzite is.thought
to represent subtidal sand shoats on a macrotidal delta plain, the middle
Medicine Peak Quartzite is bglieved to be deposits laid down in subtidal
tb infertidal delta plain channels and bars and the upper Medicine Peak
Quartzite, like the lower, is considered to be subtidal sand-shogls on the
delta plain. The Copperton Quartzite of the Sierra Madre is much more
highly deformed than the Medicine Peak Quartzite and has not been studied
sedimentologically. However, it too, probably repneseﬁts~de]taic sedimen-
tation..

The Medicine Peak Quartzite is overlain by the Lookout Schist in the
~ Medicine Bow Mountains (Figﬁré 1.6). The Lookout Schist, a compléx suc-
cession of interlayeréd quartzite, phyllite, and schist, is interpreted

as a delta front (upper and lower Lookout Schist) and prodelta deposit
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(chemical sediments of the middle Lookout Schist). Similar rocks in the
Sierra Madre are lumped with the Copperton Quartzite.

The uppermost formation of the Lower Libby Creek Group in the Medi-
cine Bow Mountains is the Sugarloaf Quartzite which lies conformabiy on
the Lookout Schistf The Sugarloaf Quartzite is believed to consist of
deposits laid down in subtidal to intertidal delta plain enVironments.v

Considered together, the deposits of the Deep Lake and Lower Libby
Creek Group are related to a prolonged period of Early Protérbzoic silici-
clastic sedimentation in which detritus was derived from the Wyoming
Province and carried by major river systems. Early deposition in the Deep
Lake Group took place in high-energy alluvial fan and braidéd river environ-
ments on the continental platférm (Figure 1.7B); upper Deep Lake and Lower
Libby Creek Group sedimentation was deltaic‘and took place on the contiﬁ-
ental margin where mérine tides and.currents~cou1d influence sedimentation
(Figure 1.7D). Processes of deltaic sedimentation was interrupted at least
once and perhaps several times by glacial episodes, which Aestited glacio-
marine sediments in the uppermost Deep Lake and lowermost Libby C.eek
Groups (Figure 1.7C).

In the Medicine Bow Mountains, where we have sufficient paleocurrent
measurements to aid in interpreting depositional environments, it is clear
that the major current direction throughout the depositional episode was
southwest (Platé 2). If the overall shoreline trend of the Early Proter-
ozoic of this area was northeast, as implied by the present Aay orienta-
tion of the Cheyenne Belt, both non-marine and marine deposits of the Medi-
cine Bow Mountains must have been laid down in major rivers and river-delta

systems in which clastic transport was sub-parallel to the Wyoming Province
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shoreline. We feel that the best explanation for this situation is that
lthe clastic deposits of the Medicine Bow<Mountains'wéke Iaid down fn
~grabens or a graben oriented sub;parallel to an EarTy Proterozoic rifted
margin (Fjgure 1.7), perhaps like grabenS'degcribed by Bufke (1976, p.
92-112) that developed during the initial stages of rffting of the Atlan-
tic Ocean in the Mesozoic. However; another valid interpretation might
postulate a large embaymént.in the shoréline in this area of the Wyéming
Province in the Early Proterozoic.
There are a number of depositional environments that might be favor-
able for deposition of clastic uranium or uranium;thorium minerals in the
Deep Lake and Lower Libby Creek Grduﬁs. These inclhde.the braided stream
environments of the Magnolfa Formatién ana Lindsey Quaftiite, and the del-
taic channel deposits‘of the Caséade Quarfzite and mfddfe part of the Medi-
cine Peak Quartzite. |In fact, radioactive conglomerate beds hav¢ been
found in all of these units although the only exteﬁ#ive uranium‘concentra-
tions found so far are in the Magnolia Formation.
The.Upper Libby Creek Group represents a méjor change in palqueog?
raphy in southern Wyoming. |In both the Medicine Bow Mountains and Sierra
Madre, the Upper Libhy Creek Group is separated from At,he Lower Libby Group -
_by a major thrust.fault that brings rock types of an entirely different
facies over the beds of the Lower Libby Creek Group (Figure 1.6). The

Upper Libby Creek Group, from oldest.to youngest, consists of the Nash

'Fork Formation, Towner Greenstone, and French Slate. These depogits are
marine and are believed to represent a carbonate bank (Nash Fork Formation),
submarine volcanics (Towner Greenstone), and normal shales (French‘Slate)

deposited well off-shore from the chiefly deltaic deposits of the Deep
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Lake and Lower Libby Creek Groups. As shown in Figure f.7E; these deposits
may have developed along a rifted margin of the Atlantic-type (Dewey and
Bird, 1970). We believe the depositsAof the Upper Libby Cfeek Group must
have extended for many milés along the Early Proterozoic continental margin
perhaps into the Minnesota-Michigan area where the stromatolitic dolomites
similar to those of the Na;h Fork Formation are found in the Trout Lake For-
mation of the nguna Range, the Bad kiver Dolomite of the Gogebic Range,
and the Kona Dolomite and Randville Dolomite of the Marquette Range Super-
group of Michigan (Houston and Karlstrom, 1980) .

We must embhasize that, in southeastern Wyoming, the comp]efe Upper
Libby Creek Group is preserved only in fhe Medicine Bow Mountains. In the
Sierra Madre a marine carbonafe succession named the Sléughferhouse Gulch
Formation is correlated with the‘Nash Fork qumation (Figure 1;6), but no
beds equivalent to the Towner Greenstone oerrench Slatéw have been iden-
tified. The Slaughterhouse Formation of theASierra Madre is more highly
deformed than the Nash Fork Formation of the Medicine Bow Mountains, stro-
mqtolite§ have not been recogni;ed and the Slaughterhouse Formation contains
a higher proportion of interbedded slates and phyllites than the Nasthork
Formation. We suggest that the Slaughterhouse Formation was deposited in
deepér water than the Nash Fork Formation.

The age of rocks of the Upper Libby Creek Group is uncertain. We
suspect that they correiate with the Marquette Range Supergroup of the Lake
Superior Region and, if so, are betwéén ébout 2100 m.y. and about 1900 m.y.
old. As shown in Figure 1.1, there are no migeosynclinal rocks equivalent
fo those of the Slerra Madre and Medicine‘Bow Mountains in the Laramie
Range or Hartville Uplift wheré metasedimentary and metavolcanic rocks are

dated as Archean. However, in the northeastern Uinta Mountains of Utah and
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in the Black Hills of South Dakota there are metasedimentary rocks that
we believe correlate with some parts of_the miogebsync]inal succession
of the two southern Wyoming mountain ranges.

Redden (1980) describes a successibn of métasedimentary rocks in
the Nemo area of the northeastern Biack Hills of South Dakota that he
classes as platform-type in contrast to the eugeosynclinal ﬁetasedimen-
tary and metavolcanic rocks of most of the central Black Hills. These
rocks include paraconglomerate, quartz-pebble conglomerate; quartzite,
phyllite, dolomite, and iron formation. ﬁedden (1980, p. 34-35) demon-
strates that these deposits were formed in an area undergoing extensional
tectonics and suggests deposition in small shallow basins (grabens?).
The environments of deposition range from fanglomerates near faults to
fluvial deposits in streams or rivers, to deeper water (marine?) de-
posits of iron formation and dolomite. Radioaétive uranium-thorium-
gold bearing quartz-pebble conglomeratés are present in the fluvial de;
posits of the Tomahawk Tongue of the Boxelder Formation of this area.
The geochemistry and mineralogy of the fluvial deposits of the Tomahawk
Tongue resemble those of the Onemile Creek area of the Medicine Bow
Mountains, and it is possible that these rocks are the same age. Redden
(1980, p. 78-79) cites evidence that the minerals in the fluviatile con-
glomerate are derived from the 2500 m.y. old Little Elk granite of this
area and he shows that the depositsAare older than the Blue Draw metagab-
bré dated as about 2100 m.y. |If our concept of a rifted margin can be
extended to the Black Hills, Redden's platform-type rocks may have been

_formed in grabens developed during early stages of an aulacogen. Plat-
form-type metasedimentary rocks may also be present in the western

Black Hills in the Bear Mountain Dome (Kleinkopf and Redden, 1975).
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In the northeastern cornerof Utah a group of rocks referred to as
the Red Creek Quartzite crop out below the Late Proterozoic Uinta Moun-
tain Group (Graff and others, ]986) and lie on a basement of granitic
gneiss of Archean age. The Red Creek Quartzite is primarily massive
quartzite but it contains at least three subdivisions that consist of al- )
ternating schist, quartzite and graywacke, with an occasional bed of marble.
The Red Creek Quartzite is probably a marine facies of some part of the
Lower Libby Creek Group of the Medicine Bow Mountains and Sierra Madre.
It is more like rocks of the Sierra Madre than rocks of the Meditine Buw
" Mountains suggesting that marine fncursions moved form west to east along
the Early Proterozoic continental margin and that there is less probability

of extensive fluvial deposits west of the Sierra Madre.

E'ugeoclinal Metasedimentary and Metavolcanic Rocks of Proterozoic Age

Eugeoclinal metasedfmentary and metavolcanic rocks that may have been
deposited at about the same time as the miogeoélinal rocks discussed aBove
are present in the southern Siérra Madre, séuthern Medicine Bow Mountains,
southern Laramie Mountains, the Black Hills of South Dakota, and in the
Front Frange and Park Range of northern Colorado.

These rocks are so highly deformed and metamorphosed in southeastern
Wyomiﬁg and northern Colorado that their origin is hard to decipher. In
local areas where deformation is not extreme, marine graywacke-turbidite :
successiéns and both marine and continental volcanlcs can be recognized.
Inasmuch as these eugeoclinal rocks are located south of the Cheyenne Belt,
it has been suggested that they developed in island arcs and accreted to

the Wyoming Province about 1700 m.y. ago (Hills and Houston, 1979).
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The Black Hills aulacogen has better preserved metasedimentary and meta-
volcanic successions than those of southeastern Wyoming. and northern
Colorado and metavolcanic rocks are believed to be much less common than
in the other two areag. The most commdn rock types in the B[ack‘Hills

are graywacke, phyllite, slate, basalt, chert, iron formatipn, graphitic
slate, and various iron and aluminum-rich slates. These rocks are not,ré-
~garded as island arc deposi;s. “Instead, we inter&yet them to be marine
sediments deposited in a narrow ocean basin duringﬁEarly Proterozoic rift-

ing.

‘Pfgtérpgqic Igneous Rocks

The most common igneous rocks of Proterozoic age north of the Cheyenne
Belt are gabbroic sills and dikes. These intrusives crosscut Archean base-
ment and all ;hree metasedfméntarf sucééssions énd undoubtedly range'in age
From Arcﬁean to late Early Proterozoic (1600 m.y.). Unfortunately, we have
béen unable to separate Archean from Proterozoié intrusives by mapping.
However,«limitea géochemical data ‘does suggest at least three different com-
positions which may reflect different age intrusives. Figure 1.8 shows
three chemical fields on both the alkali-silica plot (Figure 1.8A) and the
AFM plotL (Figure 1.88): 1) two ultramafic bodies which crosscut Archean
"basement' in the Sierra Madre form one field; 2) large gabbroi¢ sills in
'the Phantom Lake Suite and Deep Lake Group from both the Sierra Madre and
Medicine Bow Mountains from another?'closelx grouped, field; and 3) the
dikés and sills from the Libby Creek Group in both ranges form a third.
The first two aré distinctly tholéittic; the last is highér in alkalies
and lower in silica and is transitional between tholeiite and calc-alkalic

rocks.
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Figure 1.8. Geochemistry of mafic intrusive rocks from the Sierra Madre and Médicine Bow Mountains.
A. Alkali-silca plot; the alkalic rock-tholeiite boundary is from MacDonald (1968). B. APM plot;

A =Na,0+K,0; F=Fe,0; +FeQ; M= MgQ; tholeiite-calc-alkalic rock boundary from Irvine and
Baragar (1971).

94

INTRUSIVES CUTTING

GROUP AND PHANTOM.



Geochronologic studies done elsewhere in the w9oming Province
(Stueber and others, I97é;rPeférman and Hildreth, 1978, Reed and Zart-
man, 1973) have defined episodes of intrusion of gabbroic magma around
2500 m.y., 2100-2009 m.y., and 1700 m.y. and we tentatively correlate
these ages with the fields discussed above: rocks of field 1 are prob-
ably Archean; rocks of field 2 are believed to be 2100-2000 m.y.; and
rocks of field 3 may be either 2000 m.y. or 1700 m.y. or some of each.

The 2000-21C0m.y. age for many of‘the lafge sills in the Deep Lake Group‘
and Phantom Lake Suite is reasonable on geologic grounds. These intru-
sives are located within about 30 km north of the Cheyenne Belt and are
believed to have been emplaced during a rifting episode. The most logi-
cal time for rifting ié about 2100 m.y. -- thelage of tensional tectonics
(rifting?) andAemp]acehent:of the Nipissiﬁg Diabage in tﬁe Canadian Shield
(Fairbairn and ofhers, 1969) énd the age of the emplacement of the Bfue
Draw Metagabbro in the Black Hills (Redden, 1980). |

Many uranium—thorium‘bearing quartz-pebble conglomerate beds are in
contact with major sills of gabbroic composition. The uranium has clearly
been redistributed near dike contacts and there is some enrichment locally.
Wé have found no evidence, however; that these mafic intrusive bodies were
a source of uranium in the quartz4pebble'conglomefates.

The only felsic igneous rock of Proterozoic age north'éf fﬁe Cheyenné
Belt is the Gaps Trondhjemite. This unit crops out‘ip-several small intru-
sive bodies which mainly crosscﬁt rocksAof‘the Lower?Liﬁﬁy Creek Group but
“which also appear to crosséut-the'upper‘Deep Lake'Group'iﬁ the Sierra Madre.
THe frbndhjemite is always associated in outcrop with gabbroic dikes and
sills .and it plots on thé AFM diagram in about.the same field as the gab-

broic intrusives which crosscut the Libby Creek Group (Figure 1.8). .

9 5 ) )



Therefore, we believe that-the Gaps Trondhjemite is co-genetic with
(but a felsic differentiate)of these gabbroic intrusives. The Gaps
Trondhjemite has recenply been dated as 2000 m.y. oid (Carl Hedge, per-
sonal commuﬁication, 1980) which implies that it and at least some of
the gabbroic intrusives in the Libby Creek Group were related to the
proposed 2100-2000 m.y. rifting event in southeastern Wyoming.

The Gaps Trondhjemite is also of intéregt with respect to uranium.
Outcrops near Lewis Lake contain fracture systems locally filled with
uraninite. So far, the maximum thfckness of minéra]ized fractures found
is on the scale of millimeters and maximum rock assays yie]dAIGOO ppm U.
However, we have not extensively prospgcted all outcrops of Gaps Trond-
hjemite and we have no subsurface information so that more éxtensive and
richer u;aninite veinlets may conceivably be found in the future. The
source of the uranium is not clear but we assume it wés concentrated from
low-grade sedimentary rocks during ascent of the felsic magmas.

Proterozoic ignebus rocks of a much greater variety are present
south of the Cheyenne Belt. The oldest intrusives are a series of large
layered mafic complexes of the southern éier;a Madre and Medicine Bow Moun-
tains which are dated as about 1800 m.y. (Synder and Hedge, 1978). Granitic
granodioritic, adamellite and tonallte fntruéives are present that range
in age from about 1750 to 1600 m.y. and late anorthosite (1500 m.y.) and
~granite ( 1400 m.y.) arc also common south of the Cheyennc Belt (Hills
and Houston, 1979). The layered comp]éxes and various felsic intrusives
which range in age from about 1800 m.y. to 1700 m.y. may be comagmatic.
with volcanic rocks (now hornbleﬁdé gneisses) believed to have been formed
in Proterozoic island arcs. The younger intrusives of granite and anortho-

site are post-tectonic and their origin is not known.
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SUMMARY OF REGIONAL GEOLOGIC AND TECTONIC HISTORY AND THEIR SIGNIFICANCE
IN URANIUM PROSPECTING

Figure 1.9 is a summary of our fnterpretation of the Precambrian
geologic history of southeastern Wyoming. As Shdwn, an Archean basement
of gneissic rocks o]der than about 2700 m.y. existed in southeasterﬁ Wyo-
ming, or in a locality near southeastern Wyoming, prior to deposition of
rocks of the Phantom Lake Metamorphic Suite. The basement consisted of
gneissic rocks and greenstohe belts with the former predominating in the
Sierra Médre and Medicine Bow Mountains. These gneissic rocks of Archean
age had a well developed fabric which probably formed during an episode
of isoclinal folding and metamorphism §f:protolith§ of the gneisses. The
earliest folds recognized in the Archean gneisses are folds of fhis early
foliation that trena north (Hougton and others, 1968).

Sedimentary and volcanic rocks of ;he Phantom Lake Metamorphic Suite
were deposited on this basement probabl? between 2900 m.y. and 2700 m.y.
Initial clastic sedimentation took place in braided rivers and streams on
a we]l-deve]qped'landmass contemporaneous with subaerial volcan}sm in
other parts of the basfn.

The minerals and rock fragments in quartz-pebble conglomerates of the
lower Phantom Lake Metamorphic Suite were derived from a gneissic terrane
containing foliated gray gneisses and'granbdiorites. The thorium to uranium
ratib of constituents of the graniticAsource was high, as is reflected in
high Th/U in the Archean cqng]omerqtes. The shape and extent of the land-
mass and the original depositional sasin are unknown,

Paleocurrent data and lithfacies variations in the.fluvial rocks of
the lower Phantom Lake Sﬁite suggest a northern sourcé for the sediment.

The paleocurrents in the Deep Gulch Conglomerate of the northwestern Sierra
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Figure 1.9. Precambrian geologic hisbry of the Medicine Bow Mountains.
solid box =geochronological data, showing analytical error; vertical lines=preferred -
interpretation; solid line=possible range of timing of event. See Table 2.27

for. references and justification of dates shown.
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Madre were mainly directed south (Plate 7), although the complexity of
folding in this area makes these directions somewhat questionable; and
the Rock Mountain Conglomerate of the northgastern Medicine Bow Moun-‘
tains passes south into volcaniclastic rocks suggesting a southward
prograding alluvial fan system. Both of these areas were probably close
to the margins of the Phantom Lake Suite depositional basin. Fluvial
rocks in both.ranges are of limited lateral extent and grade quickly
(over several hundred metérs) upward into shallow marine quartzites (and‘
marble in the Sierra Madre) with.bimoda1-bipolar paleocurrents directed
northeast and southwest. These paleocurrents presumably represent ebb
and flood currents in intertidal depositional séttings and suggest either
a northweét-tfending shorel ine jn this area orldeposition in a northeast-
trending embayment or trough (similar to the later; Proterozoic, rift
basin) in which seas could transgress and regress.‘ Depdsition of ﬁarine
quartzites was interrupted during middle Phantom Lake Suite deposition
by widespread. volcanism anq deposition of thick, mginly subaerial, volcano--
clastic sediments. Qppermoét Phantom Lake Suite deposition was again of
marine quartzites which exhibit northeast-southwest bimodal-bipolar paleo-
current distributions. |

The maximum thickness of the‘sedimentary-and volcanic rocks of the
Phantom Lake Metamorphic Suite is unknown because of erosion and cover of
younger rocks, but it must have exceeded 4780 meters. 1t is conceivable
that the sedimentary succéssion may havé been thick enough to cause local
mel ting éf granitic material at the base of the sedimentary wedge at a
:time éf higher heat fIOW'er[ng the Archean because-granitic intrusives

dated as about 2700 m.y. intrudes the lower part of the succession in the
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Sierra Madre. However, it seems more probable to us that the granite
may have formed during the deformation and metamorphism‘of the Phantom
Lake Metamorphic Suite, which are the most highly deformed and meta-
morphosed of any mipgéoclinal rocks in southeastern Wyoming. {n the
Sierra Madre and Medicine Bow Mountains Phantom Lake Metémorphic Suite
rocks have been deformed into tight to isoclinal folds and metamorphosed
to amphibolite facies.
In the Sierra Madre, isoclinal folds and axial plane schistosity
of the earliest recognizable fold system (F] of Figure l.9iaﬁd Plate 6)
have been complexly refolded and now dip at relatively shailow angies
south in the central Sierra Madre, west in the western Sierra Madre, and
northwe§£ in the northwestern Sierra Madre (Plate 6). F] appéars to be
a nappe system but we are unsure of the initial direction of vergence.
As shown in Figure l.lOA,F] folds in the Medicine Bow Mountéins now strike
generally northeast and are overturned, with axial planes dipping north-
west (southeast vergence; Plate 3). Deformation of rocks of the Phantom
Lake Metamorphic Suite in both ranges was sévere enough fn this'first epi-
sode to destroy many primary sedimentary structures so that our interpre-
tations of the stratigraphy and structure of these rocks are less well-
constrained than those for the Early Proterozoic metasedimentary sequences.
Deformation and metamorphism of rocks of the Phantom Lake Metamorphic
Suite was probably part of a general episode of Late Archean orogeny in
the Wyoming Province or it may have been part of several episodes of orogeny
spanning the time from about 2700 m.y. to 2500 m.Yu Granite intrusives
Hdatéd as about 2700 m.y. (Sierra Madre, Hedge, pérsonal communication;.
1980), 2600 m.y. (Hartville Uplift, Snyder, 1980), 2500 m.y.-(Lara-

mie Mountains, Hills and Armstrong, 1974) and 2500 m.y. (Medicine Bow
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Mountains, Hills and others, 1968) crosscut the varidus sédimentary and
metavo]canic successions in southeastern Wyoming. The 2600 to 2]00 m.y.
granites appear to be more mafic_(granodiorites and.tonalites predomin-
ate) and the younger, 2500 m.y. old granites appear to be richer in K-
feldspar (quartz monzonites and granodiorites predominate). The granitic
rocks may have formed by different processes or from différent types of
source rocks (I-type older'granites versus S-type youngér granites?).
Or, Archean granitic rocks in southeastern Wyoming may refleqt an in-
creasing component of upper crustal contamination of mantle or lower
crust derived magma, with time. These problems would bé a Truitlul
area for further:research. Certainly‘by about 2400 m.y. the éeheral.out-
line of the Archeén Wyoming Province with granit}q-gneiss terrane, in-
folded greenstone belts, infolded miogeoclinal éuccessions, and Late
Archean granitic intrusions were.established énd a perfod 6f'up]ift,and
erosion began. | |

By about ZAOO m.y., a oﬁce more extensive Wyohing Province iﬁ south-
eastern Wyoming began to rupfure and‘iﬁtracontinfal rifts ana aulocogens
developed. Prior to rifting and in the initial stages of rifting, al-
luvial fans and braidéd river systems developed on the eroded Archean
landmass in the Sierra Madre, Medicine Bow Mountains, and probably in the
Blaék Hills of South Dakota. The river systems must have extended over a
- wide area because the present outcrop areas extended over a lateral dis-
tance of over 420 kilometers. It is these Early Proterozoic fluvial sedi-
ments tﬁat contain uranium and thorium minerals in high enough concentra-
tions té be of possible economic interést. The lower thorium to uranium

ratio of these deposits compared to the Phantom Lake Suite fluvial rocks
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is thought to reflect the presence of uraniuﬁ;rich,‘LatelAréhean granites
(~2500 m.y.) in the source area that was Being eroded at this time.

As riffing and break-up of the Aréhean continental ﬁassvcontinued,
narrow ocean basins formed in sohtheastern Wyoming and the Black Hills.
Marine incursions took place from the southwest in Wyoming (Figure 1.78B)
where the rifted margin trended northeast to east, and from the southeast
in the northwest-striking Black Hills aulacogen. Upper Deep Lake Group
deposition included both fluvial and marine sedimenfs‘and pfobably repre-
sents predominantly deltaic sedimentary environments. Superimposed on this
-deltaicvdeposition was an episode of glaciation whiéh deposited glécio-
marine sediments in the Sierra Madre and Medicine‘Bow Mountains.

The beds of the Deep Lake Group were folded probébly during and cer-
tainly by the end of deposition of the Vagner Formation, the uppe}most
"formation of the Deep Lake Group. Deformation was not severe and.broad
open folds (F2 of Fngre 1.9 and Plate 3) with axesystriking northeast
were formed. During and/or after this deformation basaltic magma of |
tholeiitic affinity was introduced in the'rifted areas‘forming,large
~gabbroic sills and dikes in the Sierra Madre, Medicine Bow Mountains
(Figure 1.10C) and the Black Hills. A sill in the northeastern Black
Hills referred to as the‘Blue Draw Metagabbroic and dated as about 2100
m.y. (Redden, 1980) may have formed during this rifting episode.

-Continued or renewed glaciation took place iﬁ the initial stages
of deposition of rocks of the Lower'Libby Creek Group. This glacial
period probably correlates with a glacial episode recorded in southern'
Canada and represented by the Gowganda Formation of the Huronian Super-

group. This glacial episode may have been part of a continental .
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~glaciation over much of the Canadian Shield at that time_(qung, 1970) .
As the glaciers withdrew, a major delta was re-established in the Médi'
cine Bow-Sierra Madre‘area and marine sandstone and.shale of the Red |
Creek Quartzite were deposited {n northéastern‘Utah. In the.BIack Hilfs,
the preserved rocks which may correlate with the Lower Libby!Creek.Grbup
are a deeper water faciés marked by "iron formation. |

Basaltic magma continued to be'intrdduﬁed to form sills and dikes
in formations of the Lower Libby Creek Group of the Sierra Madfe and
Medicine Bow Mountains. A differentiate of 6ne of the mafic intrusions,
the Gaps Tfondhjemite, is dated as about 2000 m.y. (Carf Hedge, personal
communication, 1980) and thus places an upper limit on the age of the
rocks of the Lower Libby Creek Group:

During the latteF part of Lower Libby Creek timé,‘the southern con-
4 finenta] block had separated.from the Wyoming ProQince entirely (Fiéure
1.10D and the aulacogen of the Black Hills had devéloped into a substan-
tial northwest striking seaway, by parfié! separation of thé Wyoming
Province from the Canadian Shield. Extensive carbonate bank; developed
on the continental margin of southeastern Wyoming and along similar
rifted-margins in Minnesota and Michigan as well. Inhthe Black Hills,
deep water facies marked by turbidiﬁe structures in graywacke, subgray-
wacke, and shale were déposited.

By about 1900 m.y., island arcs were forming south of the Cheyenne
Belt while marine depositionccontinued'on the continental margin. Ulti-
“mate]y the island arcs began to move or be subducted towards (southeagt
dipbing subduction zones) the Atlantic-type margin of southeastern Wyo-

ming (Figure 1.10D). As the island arcs are moved toward the continent,
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marine successions of the Upper Libby Creek Group were thrust over rocks
of the Lower Libby Creek Group and a series of parai]el1thrusts weré
formed in the .Libby Creek Group of the Sierra Madre and Medicine Bow
Mountains (Figure 1.10E). A similar event probably was taking place in
northeastern Utah (Graff and-others,ﬁl980), Ultimately the island
arcs were partially thrust over the continent and welded to the continent
resulting in severe deformation and metamorphism énd juxtaposition of two
very ditterent Proterozoic metasedimentary terranes (Eigure 1.10E, F). We
believe that the Black Hills aulacogen hegan to close at about this samc
time so that there was complex interference of structures developed dur-
ing closure of the northwest striking Black Hills fréugh and the collision
of island arcs with the east- to noftheast-striking continental marjin of
southeastern Wyoming.. |

Deformation during collision of the island arc(s) and the Wyoming
Province was. undoubtedly extremely complex aﬁd not confined to the rift
area where we see Early Proterozoic metasedimentary rocks preserved today.
Available evidence permits our interpretation that initial sub-horizontal
thrusting in the miogeocline formed.an extensive foreland thrust belt which
may have extended hundreds of kilometers onto the Wyoming craton. Then,
continued compressional stresses caused rotation of thrusts to steep atti-
tudes in the marginal a}ea and accompanying northeast-trending F folds in
the Libby Creek Group (Figure 1.9). This rotation may have been due to a
temporary shift in direction of subduction during collision (Figure 1.10E).
Rocks of the underlying Deep Lake Group and Phantom Lake Metamorphic Sui;e
were refolded and further compressed at this time (F3 folding In,DeepALake
and Phantom Lake, Figure 1.9). The metasedimeﬁtary rocks of the Deep Lake

Group and Libby Creek Group were metamorphosed to greenschist facies during
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thfs episode, about 1700.m.y. ago, as indicated by l700.m.y..metémor-
phic dates for the Lookout Schist of‘the-Lowef Libby'Cfeék'Group of the
Medicine Bow Mountains.(Hills and others, 1968). 4

In the Sierra Madre and Medicine Bow Mountaﬁhs; as well as elsewhere
in the Wyoming Provincé (and Rivéf Mountains, Wdri, 1968; Owl Creek Moun-
tains, Gliozzi, 1967; Black Hills, Kleinkopf and Redden, 1975), late folds
with northwest trends and late penetrative S-surfaces that strike northwest
are superimposed on earlier structures. This northwest-trending deforma-
tion (Fh/FZ folding in Deep Lake Group/Libby Créek‘Group of Figure 1.9)
must have téken place prior to about 1740 m.y., if it is synchronous with
Black Hills folding, because the'metasedimentarf ana metavolcanic rocks of
' the Black Hills that have northwest fold axes are cut by Harney Peak Gran-
ite dated as about. 1740 m.y. (Riléy,'l970). The northwesk oriented Fh/FZ
folds are best deveToped in zones which areAsépérated4from each ofher by
large blocks relatively unaffected by the event. |In the Medicine Bﬁw Moun-
tains northwest-striking penetrativé surfaces aré best developed iﬁ the
northeastern margin of the mountains .and are cdincideﬁtal with and prob-
ably controlled théAlocation of the northwest-striking Aflington fault
of Laramide age. | The. development of these late northwest folds and S-
surfaces is believed to be related to closing of the Blaék Hi]ls-aU1acpgen
which may have been triggered by collision of island arcs against the Wyo-
_ming Province. This correlation might depend on the angle of approach of
“island arcs to the continent or the coﬁfigﬁration of the continent at time
of collision == both unknown.

AFollowing the dévelopmént of the northwést structures north of the
Cheyenne Belt, there appears to have been a éhange from compressive stresses

to shear stresses across the Cheyenne Belt. FS/F3 folds in the Deep Lake
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Group/Libby Creek Group have vertical fold axes and ahé presumed to repre-
sent rotational forces and theSeVappear'tofhave‘forméd'during intense cata-
clasis and shearing in the Cheyenne Belt shear anes. These deformations
appear to reflect initiation of transform (left-lateral) motion along the
plate suture. Granitic and gabbroic intrusives invade the shear zones and
local melting occurred in the shear zone to develop migmatite. -In the--
Sierra Madre, the Sierra-Madre granite of Divis (1977) cuts across the
sheared rocks of the Cheyenne Belt and is ifseif sheared. This granite is
dated as about 1635 m.y. (Hills and Houston, 1979) and abouf 1645 m.y.
(Divis, 1977) and is thouyhil Lo have bLeen rurmed.durlnj thé late Stagéé nf
the collision event. |If so, it suggests tﬁat~most of‘thé collisional oro-
genesis took place: before about 1640 m.y.

The Mullen Creek-Nash Fork shear zone of the Medicine Bow Mountains,
“which is the major manifestation of the Cheyenhe Belt, can be traced
- northeast to the Laramie Range where it crops out in the Richeau Hills
then to an area south of the Hartville Uplift where sheared Precambrian
rocks are brought up along Tertiary normal faults. The Muller Creek-
Nash Fork shear zone can also be traced soutHwest into Sierra Madre where
it changes strike to a more westerly trend. This sHear'éone was.probably
the site of strike-slip movement in the late stages of collision, as dis-.
cussed above, but it also may have continued to move .later in the Protero-
zoic as a transform fault (Warner, 1978), -after the collision. In any
event, the Proterozoic movement on. this fault is probakly the last event
of a fascinating Late Archean-Early Proterozoic history of southeastern:
Wyoming. B - i

The above sequéncé of .events suggests that at'oné time much .of the
southeastern part of thé Wyoming Province was covered»by sedimentary rocks

of Early Proterozoic age. |t suggests. that an Early Proterozoic landmass
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of about 2400 m.y. had a series of Sraidéd sﬁ;éams and rivéfé tﬁat flerd
across abdeeply weathered Archéan terrane of‘felatively Tow reiief and oc-
cupied graben-like rift valléy basins. [t implies that uranium-thorium
bearing quartz-pebble cqnglomeraté might have been deposited over a far
~greater area than the threé localitie§ in which they have been found. From
an explorationists viewpoint this‘séems promising, but there are two lines
of evidence that argueAagainsf it. | |

(1) The best chance of prese;vation of sedfmentary and volcanic.rocks
of Early Proterozoic age that have been exposed to erosion periodically
for the last 1600 m.y. would be in rifts, grabens, or infolded synclines.
These structures are probably uncommon, and their most probable occurrence
is near a continental margin where they havé aiready been located.

(é) The geochfonological boundary in the Aréhean terrane 6f southéast
Wyoming, as defined by Hills and Armstrong (1974) and by Peferman and
Hildreth (1978), is a line extending roughly eastward from fhe southern
Wind River Mountains to the northern Laramie Range (Peterman'and Hildreth,
1978, p. 18, fig. 8) south of which mineral ages decrease to between lhob
m.y. and 1600 m.y. Peterman and Hildreth (1978, p. 20) suggest that this
‘age pattern could have been generatéd by vertical uplift of this southern
block between 1400-1600 m.y. The area affected by this "uplift' may have
been the area covered by a foreland thrust belt containing Early Protero-
zoic mefasedimentary rocks. The total thickness of metasedimentary rocks
of Early. Proterozoic age in the Mediéiné Bow Mountains is on the order of
10 kilometers. The metasedimentary rocks of the craton were probahly |ess
than one-half this thickness.but woﬁld have beén tectonically thickened by

thrust faulting. Peterman and Hildreth (1978) suggested’that an uplift of
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ten kilometers or so was required to cause a 300°C.température change of
mineralé and thus alter mineral ages downward. This is about the right
amount of erosion to rémové the entire Early Proterozoic cover of the
southern Wyoming Province craton and is ind?reqt support for total re-:
moval of Early Proterozoic sédihents-of southernAwYoming, except. in cra=* .
tonic margin areas.

If Early Proterozoic sgdimentary rocks were deposited north of the
~geochronological boundary in the central Wyoming Province their potential
of preservation might bé greater, but unfortunately this area has rela-
tively few Late Archean granites that are the best source of uranium and
thorium minerals. Thus it.appears.that the Wyoming Province is not a
promising area to prospect for additional uranium-thorium bearing quartz-

pebble conglomerate of Early Proterozoic age.

DISTRIBUTION, ST&UCTURE.AND U, Th ASSAYS OF RADIOACTIVE CONGLOMERATES
Plate 5 shows the distribufion ot radioactive conglomerates in the
Sierra Madre (Deep Gulch Conglomerate of the Jack Creek Quaftzite and
Magnolia ﬁormatlon) aﬁd Plate 1 shows the distribution of radioactive
conglomékates in the Medicine'Bow Mountains. In both ranges, radioac-
tive conglomerates occur in fluvial metasedimentary rocks of Late Archean

and Early Proterozoic age.

Wanium- and Thorium-Bearing Conglomerates of Archean Age

Sierra Madre
In the Sierra Madre, uranium- and thorium-bearing conglomerates of
Late Archean age occur in the Jack Creek Quartzite of the Phantom Lake

Metamorphic Suite, which crops out in the central and northwestern Sierra
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Madre (Plate 5). The Jack Creek Quartzite is the'basa1 subdivision of
the Phantom Lake Metamorphic Suife (Eigure 1.6) and is in the hinge of

an overturned and faulted synclinorium that has been. traced throughout
the northern and western Sierra Madre. The struttural'intefpretétion of
Plates 5 and 6 shows a complex synclihofium (the Rudefeha Synclinofium

of Plate 6) with an east-striking axial plane overturned aﬁd‘dipping
south at a low angle in the central Sierra Madre. The Jack Creek Quartz-
ite is exposed on the north 1imb of the synclinorfum in thé central Sierra
Madre and.is covered on the south, where the Early Proterozoic Magnolia
Formation lies unéonformably~on rocks of the Phantom Lake‘Metamorphic
Suite and covers much of the south limb of the synclinorium. In Section
27, T. 15 N., R. 87 W., the axial plane of the synclinorium is rotated

so that it strikes north and here botﬁ 1imbs of the overturned.syncline
arelexposed and the Jack Creek Quartzite is éxposed on‘both thé western
and eastern limb of the fold (Plate 5). Thé eastern limb of the.fold in
Section 26, T. 15 N., R. 87 W. contains several intraiimb folds in the
Jack Creek Quartzite; the western limb is partly engulfed by a lairge gab-
broic sill (Plate 5).

In Section 22, T. 15 N., R. 87 W. the trace of the axial plane of
the synclinorium is offset by an east-west fau]f, the Vulcan Mountain
fault of Plate 6, which is interpreted to be a north-verging thrust fault
which disrupts the continuity of the major synclinorium (Plate 5). The
syncl inorium reappearé north of the fabit (now called the Divfde Peak Syn-
cinlorium in Plate 6) in Section 18, T. 15 N., R. 8] W. where the axla]

plane strikes northeast and is overturned toward the southeast (Plate 5).
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The Jack Creek Quartzite is expoééd in the northwest and southeast 1imbs
of the synclfnorium and the southeast limb of the syncffnorium'has four
intralimb folds that caﬁse repetition 6f the Jack Creek Quartzite (Plate’
5).

Farther northweﬁt, the traée'of the axial planec of the synclinorium
is again offset by a left lateral fault of major proportions (the Sévéry
Creek fault) that strikes.notthwest:and~exténds.somé 30‘kmufr0mnséctioﬁl-
36, T. 16 N., R. 88 W. in the northwest to Section-22, T. 14 N., R. 85 W',
in the soulheast, where 1t runs Into the Quartzite Peak fadlt. The "axial
plane of thc synclinorium reappears on the norLheast side of the fault in
NE% Section 6, T. 15 N., R. 87 W. where it strikes northeast and 'is over-
turned toward the southeast. 'In this northernmost exposure of the Divide
Peak synclinorium, the overturned fold gradually changes strike to east-
northeast in Section 26, T. 16 N., R..87 W. (Plate 5).

The complexity of the synclinorium is best shown in this northern
outcrop area where the northwest limb is faulted (northwest side up) and
the southwest 1imb is thrown into a series of folds that result in repe;
tition of the Jack Creek Quartzite (Plate 5). This compound folding and
faulting shown in the northern outcrop area probably- is present in other
parts of the synclinorium, but indications of stratigraphic tops are lack-
ing and it has not been documented.

_Radioactive, uranium- and thorium-bearing quartz-pebble conglomerates
have been recognized in several places in the northwestern Sierra Madre.
Radioactive beds of the Deep Gulch Conglomerate can be traced for about 2
km at the Carrico Ranch (Sec. 12; T. 15 N;, R, 83 W, and Secs. 6, 7, T.

15 N., R. 87 W), about 1.5 km at Deep Gulch (Sec. 36, T. 16 N., R, 88 W.)
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and about 1.5 km at the Manning Ranch (Secs. 29, 30, T. 16 N., R. 87 W).
This represents a 7.5 km long, semi-continuous trend of‘the Deep Gulch
Conglomerate. Surface assays for U and Th rahge up -to 72 ppm U and 1100
ppm Th at the Carrico Ranch; 205 ppm U and 840 ppm Th at Deep Gulch; and
21 ppm U and 410 ppm Th at the Manning Ranch; Drilling yielded up to 720
ppm U and 2600 ppm Th at Carrico Ranch (Sm-2); ub to 490 ppm U and 483 ppm
Th at Deep Gulch (JP-1); and 48 ppm U and 653 ppm Th at Manning Ranch
(JP-4) . Weakly radioactivé outcrops of the Déep Gulch Conglomerate occur
on the north side of a fault in Sec. 19, T. 16 N., R. 87 W.; in isolated
outcrops iﬁ the N¥, Sec. 4, T. 15 N., R. 87 W.; and at the extreme eastern
iimit of outcrop of the Jack Creek Quartzite in the Divide Peak synclinorium,
Sec. 35, T. 16 N., R. 87 W. (up to 14 ppm U and 130 pp% Th).

Strongly radioactive conglomerates also occuf in the upﬁef Jack éreek
Quartzite near Dexter Peak. One outcrop of.quartz-pébble coﬁé]omerate near
the top of Dexter Peak, Sec. 21, T. 15 N., R. 87 W;, y;elded up to 131 ppm
A U. However, two drill holes spotted south, aipné strike, yielded maximum
values of only 8.2 ppm U and 66 ppm Th. Mildly radioacfive cong lomerates
(11 ppm U and 23 ppm Th) of the Jack Creek Quartzite also-crob out in Sec.
25, T. 15 N., R. 87 W., but méximum values in the subsurface (SM-6) were
only 31 ppm U and 24 ppm Th.

Local beds of radioactive conglomerate are also present in units that
overlie the Jack Creek Quartzite. Paraconglomerates of the Silver Lake
Metavolcanic Rocks contain thin zones of quartz-pebble conglomerate which
appear to be a better-sorted facies of the paraconglomerates. These occur
in fhe SE4, Sec. 27, T. 15 N., R. 87 W.; in the S%, Sec. 31, T. 15 N., R.

87 W.; in the SW&, Sec. 11, T. 14 N., R. 86 W.; and in drill hole SM-9
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(0.8 ppm.U, 9 ppm Th). nyitfc quartz-pebble conglomerate was also inter-
sected at the ‘base of the Bridger Peak Quartzite in SM-9 and this conglom-

erate yielded 35 ppm U and 40 ppm Th.

Medicine BOW Mountains

In the.Medicine BowVMantains radioactive quartz-pebble conglomerate
beds of Late Archean age occur in the complexly folded units of the Stud
Creek Volcaniclastic Rocks anq Rock Mountain Conglomerate of the Phantom
Lake Metamorphic Suité. Mildly radioactive cqng]omeratés are also locally
present in the Colberg Metavolcanic Rocks and in the Conical Peak Quartzite
which aré the uppermost subdivisions qf the PHantom Lake Metamofphic Suite.

The Sfud Creek Volcaniclastic Rocks contains thin beds of arkosic
paraconglomerate and quartz-granule cong{omeféte'interbedded with the vol~-
caniclastic rockg. The most ‘extensive bed (about 1 km long and 100 m wide)
is located on the north side of Stud.Creek,'in Secs. 10, 15, T. 18 N., R.
79 W. These rocks contain 20 ppm U and 37 ppm Th. Another radioactive
conglomerate found in fhe Stud Creek Volcaniclastic Rocks was a one-meter .
thick paraconglomerate in SE¥ Sec. 11, T. 18 N., R. 79 W. thcﬁ contained
6.3 ppm U and 58 ppm Th. |

More strongly radioactive conglomerates are found in the overlying
Rock Mountain Conglomerate, which crops out in two main areas in the
nor thern Me&icine Bow Mountains. Slightly radioactive (3 times background)
quartz}granulc conglomerates of the Rock Mountaln‘CQnglomerate crop out in
a northeast-striking layer from the East Fork of wagénhound Creek (NEZ,
“Sec. 5, %. 18 N., R. 79 W.) to the west ¥ Sec. 27, T. 19 N., R, 79 W.,
a distance of about 3 km (Pléfe 1). Maximum grades from this zone:were
less than 5 ppm U and Th. The second outcrop area, near Rock Mountain

(SWt, sec. 1, T. 18 N., R. 79 W.), is more promising. These radioactive
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beds occupy an area of about one km2 in fhé S%JFSeer 2, T. f8 N;, R. 79
W. Most of the conglomerate outcrops are only mildly radioacfive (10
ppm U and 10 ppm Th) but some layers contain up to 270 ppm U and 95 ppm
Th in outcrop. However, thése zones afe quite iénticular and thin (centi-
meters thick) and two drill holes, MB-10 and MB-15, failed fo intersect
strongly radioaﬁtive rocks. Maximum subsurface values were ]90 ppm U and
86 ppm Th in MB-15.

Radioactive conglomerates in the Colberg Metavolcanic Rocks are.like
those found in.the Silver Lake Metavolcanic Rocks of the Sierra Madre.
They are the cleaﬁer and better-sorted facies of the péracoﬁgldmerate.
The best example is a quartz-pebblé conglomerate in a prospécf'pit in
SW#, Sec. 10, T. 18 N., R. 79 M. which contain 3 ppm U and 17ppm Th. A
more weakly radioactive rock is the C&]befg Metavoléanic‘kéckstln'a |
quartz-granule conglomerate in SWi, Sec. 26,.T. 19 N., R. 79 W. which
contains 2.6 ppm U and 14 ppm Th.

Slightly radioactive quartzites in the Confcal Peak Quartzite crop
out in NEZ, Sec. 14, T. 17 N.,R. 80 W. These coarse-grained quartzites
occupy small troughs and scours and contain ué to 1 ppm U and 4 ppm Th
in outcrop. These rocks are not the upper part of a fluvial succession
beéause MB-13 drilled a thick gection of non-radioactive fine-grained
quartzites in this area. They may be coarser-grained beach sands, within
the shallow marine Conical Peak Quartzite., Radioactive beds of uncertain
origin are also present in the Conical Peak Quartzite in the SEZ, Sec. 1,

T. 17 N., R. 80 W.
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Uranium - and Thorium-Bearing Conglomerates. of Early;Proferozoic Age

Sierra Madre ;

Radfoactive quartz—pebble cqnglomeréte beds are present locally in
basal beds of the Early Proterogoic Magnélia»Formation of the Deep Lake
Group in the Sierra Madre. The Magnolia Formafion'is not as well de-
fined in the Sierra Madre as in the Medicine Bow Mountains. It crops
out mainly in the western part of the Sierra Madre where Magnolia beds
are interpreted to lie unconformably on the Phantom Lake Metamorphic
Suite. The presence of an unconformity cannot be verified at the west
margin of the Sierra Madre but along the section line between Sec. 34,
T.15 N., R. 87 W. and Sec. 27, T. 15 N., R. 87 W. (Plate 5) beds of tﬁe_
Magnolia Formation sfrike east almost at right anglgs to the trace of
‘the axial plane of the overturned Rudefeha synclinorium of the Phantom
Lake Metamorphic Suite (see Graff, 1978 for an alternative interpretation
of this structufe). The Magnolia Formation and *ounger formations of the
Deep Lake G;oup are folded into broad, northeast-trending folds in the SE
parts of T. 15 N., R. 87 W. and the NW parfs of T. 14 N., R. 87 W. (Plate
5), and are severely disrupted'by a large gabbroic intrusion. THe Mag-
nolia Formation can be mapped to Sec. 18, T. 14 N., R. 86 W. (Plate 5)
where the strike of the beds begfns to change from northwest to east-west
and the Magnolia Formation then is mapped on a consistent east strike for
a.dfsrance ol about 20 km, almost to the east limil of vutcrop of meta-
sedimentary rocks in the Sierra Madre.

Radiocactive quartz-pebble conglomerate beds in the Magnolia Forma~
tion are best devéloped in the western outcrop area; in NE4 Sec. 33, T.

15 N., R. 87 W};VSW% Séc. 27, T. 15 N., R. 87 W.; N% Sec. 34, T. 15 N.,
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R. 87 W.; and in SEX Sec. 35, T. 15 N., R. 87 W., but even {n these lo-
calities cqngfomeratg beds are lenticular and only weakly radioactive

and two drill-holes (SM-5 and SM-11) failed to detéct significant min-
exalizétion in the cénglomerate layers intersgéted at depfh‘(maximum
values are 3 ppm U, 7 ppm Th in'outcrop and 27 ppm U, 110 ppm Th in

drill core). East of thése outcrops, the Magnolia Formation is poorly
exposed but in the NEX Sec. 16, T. 14 N., R. 85 W. beds of slightly radio-
active (3 ppm U, 33 ppm Th in outcrop) quartz-pebble conglomerate are
exposed and east of this outcrop, congiomerate layers have been mapped

for about 6 km to Sec. 18, T. 14 N., R. 84 W. These conglomerate beds

are flner gralned and more feldspathic than beds in the 'wes.t and two drill
holes (SM-12 and SM-8) that intersected these conglomefate layers at depth
did not reveal significant mineralization (up to 3 ppm U, 33 ppm Th).

The above interﬁretation, that a basal Proterozoic Magnofia Formation
unconformably overlies the Phantom Lake Suite; is one that'attempts‘to
bring the better defined stratigraphy of the Medicine Bow Mountains into
the Sierra Madre. We believe that there is good qutification for the cor-
relation between ranges because beds of the Deep Lake Group and Libby
Creek Group that overlie the Magnolia Formation of the Sierra Madre can
be correlated with eqqivalent units‘in the Medicine Bow Mouﬁtains with a
high degree of confidence. It is possible,'however, that thevMagnolia
. Formation of the Medicine Bow Mountains is missing in the Sierra Madre
and that beds we have called Magnolia in the Sierra Madre ére actually
part of the Jack Creek Quartzite and Silver Lake Metavolcanic Rocks of}
the Phantom Lake Metamorphic Suite (this is a preferred interpretation

of Douglas Charlton of Resource Associates of Alaska who had done detailed
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mappiné in this areé). Additional depailea mapping with particular at-
tention to.fgpping criteria m}ght-help solQé thig-prbb]em, However,

frém an'écondmic vféwpoint, this dées not appear to be a critical problem
inasmuch>;§ no conglomerates of eco;omic.iﬁterest have been detected in

thls unlt.'

Medicine Bow Mountains
In the'Medchné Bow Mbunfalns radiééétivé quartz-pébb]é cong]dmérates

of Early Proterozoic age have been found in the Maqnoiia Formation. Lind-
sey Quartzite, and Cascade QuéftzitevOf the'Deep~Lake Group and in the
Medicine Peak Quartzite of the Libby;Creek Group. o '

‘The distribution of the Magnolfa Formatién is shown in Plate 1. In
the central Medicine Bow Mounfains, T. 16 N., R. 80 and 81 W., the Mag-
nolia Formation crops out in a northeast-trending antfciine along Arras-
tre Creek, where it lies unconformably on tHe‘Phantoﬁ Lake'MetamorpEic
Suite, and in a faulted syncline near the confluence of Little Brush Créek
and Brush Creek. Outcrops oflthé Magnolié Formation are quite podr in
these areas, but the best and most cqntinuous 6utcrops are north of Arras-
tre Lake (Sec. 10, T. 16 N., R. 80 W)." Here-lenticulér beds of radioactive
quartz-pebble conglomerate occur within a thick section of "arkosic para-
conglomerates near the base of the Magnolia Formation. This zone of para-
cqnglbmerate can be traced laterally about 1000 m on the east limb of the
anticline but does not crop out on thevwest Jimb, Maximum surface Qalues
are 8 ppm U and 38 ppm Th. A private company drilled one hole to try to
intersect these conglomerate beds below. the zone of weathering (PL-1) and
failed to' encounter radioactive quartz-pebble conglomerate at depth (maxi-

mum values were 11 ppm U and 36 ppm Th). Another drill hole (GH-1) was
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drilled by a company in the privaﬁe sector, on the northeSt flank

of the Arrastre anticline (W& Sec. 3, T. 16 N., R. 80 W.) to a

depth of 1212 feet, but this hole failed to penetrate the basal beds

of the Magnolia Formation and did not encounter radioactive quartz-
pebble conglomerate (maximum values were 32 ppm U and 48 ppm Th).

Two holes were.also drilled in the syncline near Brush Creek (Secs. 14,
23, T. 16N., R. 81 W). One, MB-9R, encountered thick sections of mildly
radioactive arkosic paraconglomerate (maximum values 6f 78 ppm U,

52 ppm Th). The other hole, MB-17, had caving problems due to the thick
glacial overburden and did not reach éongldmerates of the Magnolia
Formation.

The Magnolia Formation also crops out over large areas in ?he central
Medicine Bow Mountains, in T. 17 N., R. 79 W. (Plate 1). Outcrops are
poor throughout the central Medicine Bow Mountains but tHere are ééveral
areas where basal Magnolia beds are exposed. In Sec. 22, T. 17 N., R.
79 W., quartz-pebble conglomerates overlie metabasalts of the Phantom Lake
Metamorphic Suite. These basal beds contain up to.3.2‘ppm U and 13 ppm
Th in outcrop and 14 ppm U and 36 ppm Th in drill hole MB-11. In the
NEL, Sec. 14, T. 17N., R. 80 W., similar mlldly radloactive quartz-
granule conglomerates contain 1.8 ppm U and 16 ppm Th in outcrop. In
the Crater Lake area (Sec. 35, T. 18 N., R. 79 W.), quartz-granule con-
glomerates containing 1 ppm.U and 26 ppm Th unconformably overlie the
Colberg Metavolcanic Rocks. "In general, the basal Magnolia Formation in
the Central Medicine Bow Mountains is a quartz-granule\conglomerate éf
the Quartzite Member and the Conglomerate Member does not appear. Thus,

this area is of limited economic interest for uranium-bearing conglomerates.
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A complex synclinorium is exposed in the northern bart of T. 17 N.,
R. 78 and 79 W. and in T. 18 N., R. 78 and 79 W. (Plate 1). This syn-
clinorium is disrupted by faulting and its east Jimb is mostly removed
by faults. However, a small piece of the Magnolia Formation is preserved
on the east limb in Secs. 28 and 33, T. 18 N.,'R. 78 W. In this area,
the Magnolia Formation coﬁtainS'a;few quartz-pebb]e.cqngiomerates with up
to 13 ppm U and 490 ppm Th in outcrbp and up to 14 ppm U and 30‘pbh Th
in drill hole MR-, - | |

A more completelsection of the Magnolia Formation is exp§5edA0n the
northwest 1imb of the fold where Magnolia conglomerafes uncontormably
overlie rocks of the Phantom Lake Metamorphic Sulte. Radioactive quartz-
pebble conglomerates have been detected on the northwest Ifﬁb.of this
syncline from the SE4 Sec. 5, T. 17 N., R. 79 W., to Sec. 6, T. 18 N., R.
78 W., a distance of 10.5 km. In the southwest, the‘Magno]ia Formation
cénsists of a polymictic arkosic paraconglomeréte overlain by quart;-
~granule conglomerate. Paraconglomerates ﬁontain up to 20 ppm uranium
. and 190 ppm thorium in outcrops. Several holes have been driiled to
intersect the conglomerates below the zone of weathering in the general

area south of Rock Creek (Plate 1). These are BOWS-1, BOWS-2, and BOWS-3

and MB-5 (Platel). Rocks encountered in these drill holes were, in
general, only mildly radioactive (up to 10 ppm U, Th) but values up to
64 ppm U and 27 ppm Th were obtained.in BOWS-1 and values up to 110 ppm
U and 41 ppm Th were found in BOWSf3. These data suggest that radio-
active éong]omerates are present in-this area but grades are too low
and the conglomerates too limited in,thiékness and extent to warraﬁt

further exploration.
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North of Rock Creek, the Magnolia Formation i; composed of récks simi-

lar to those found south of Rock Creek: a basal péracqnglomefate unit

and an upper granular quartzite unit. Most of tﬁese'roéks are‘only

weakly radioactive. However, in the NW&, Sec. ]9,zT! 18 N., k- 78 W.,
strongly radioactive éuartz-pebble conglomerates océur in the upper part
of the paraconglomerate unit, near the gradational contact with the over-
lying quartzites. Thesevconglomerates contain up to 20X backgrouna ra-
dioactivity and surface samples collecfed in this area contain up to 51
ppm U and 130 ppm Th. EMB-5 and EMB-11 were desighed to intersect these
radioactive beds below the zone of weathering. EMB-5 encountered a major
fault, then was terminated before it reached the tafgét horizons. EMB-11
intersected a number of layers of radioactive'quaft?-ﬁebble conglomerate
that were interbedded with an arkosic and chloritic parﬁconglomerate‘con—
taining large clasts.(up to 10 bm) of vein quartz, quartzite, pink granite,
granite-gneiss, and chlorite schists. Several of these‘zonés contéined iﬁ
excess of IOO ppm U and Th. THe subsurface extension of the most radio-
active conglomerate found in outcrop contained up to 365 ppm U anu 34k

ppm Th. This suggests that this radioactive zone is continuous in a
down?dip direction for at least 300 m.

North of the above locality (NWi Sec, 19, T. 18 N., R. 78 W) the
Magnofia Formation is folded and cut by a major sill of‘gabbro (Plate 7).
However the Magnolia Formation is exposed on £he east flénk éf a8 minor
fold between SW& Sec. 18, T. 18 N., R. 78 W., and NEX Sec, 7, T. 18 N.,
R. 78 W. (Plate 1). Exposﬁrés aré not continuous but beds of radioactive

conglomerate are exposed on the surface in a number of areas. The average
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tenor of surface samples of éheAradioactive quartz-pebble conglomerate

of this area is 5 ppm uranium and 10-30 ppm thorium and maxiﬁum assays are
21 ppm uranium and 67 ppm thorium. Thése fadioéqfi&e quartz-pebble con-
glomerate beds are less bromising'than those to the soutﬁ (and north) and
are believed to be too lenticular and too lbw gfade to be of economic in-
terest. No dffll holes have'beén located inAthis area.

The most pfomising economically of any radioactive conglomerates in
the ﬁedicine Bow Mountains, and in southern Wyomiﬁg in general, crop out in
the Onemile Creek area,Secs., 6 and 7, T. 18 N., R. 78 W. Figures 1.11 and
1.12 ilfustiate Lhé distribution of radivactlive CuquumelaLe layefb pr
this area. The radioactive conglomerate layers are in the faultedbénd
ove?turned nose of a tightly folded syncline. The Magnolia Formation has
" been deformed, at least twice, and metamorphosed to ambhfbolite facieé,
but tops of beds can still be recpgnized‘and ten holes, nine drilled by
a private chpany and one drilled by Bendix as part ofAfhis study (Figure
1.11) allow us to make a more'comprehensive anaf?sis of this area than any
other in southeast Wyoming.

The radioactive quartz-pebbl¢ conglomerate units of this area are in
the lower conglomeratic part of the Magholia Formation. The basal unit
is a partly open- and partly closed-framework conglomerate with clasts
of pink granite, (up to 35 cm in float), vein quartz,bquértzite, and rare
chforite schist in an arkosic matrix. This is overlain by coarse-grained
sericitic quartzite with local thin layers of quarthpebEIe cqngl§merate.
Next is a phyllite with layers of paraconglomerate, and at the top, is a
éoarsefgrained sericitic quartzite with well-developed beds of radioactiVe

quartz-pebble conglomerate. The radioactive quértz—pebble conglomerate
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beds in the upper unit of fhe Magnolia Formafion in this aréé are in-
terpreted to be continuous layers through most of this area (Figu}e 1.11).
There are two principal beds of radioactive cqng]oherate (5a and 5b) that
are variable in thickness but may be up to 20 meters thick. .5a and 5b

are compound units composed ﬁbst]y of radioactive quartz-pebble conglom-
erates but with interlayered quart;-granule:éqnglomerate and coarse-
grainéd quartzite. Typical uranium assays for fhe radioactive quartz-
'pebble conglomerates in the upper unit are about 100 ppm and thorium
assays are about 80 ppm. Uranium values up to 400 ppm over a thickness

of three mefers are present in EMB-6. The maximum:uranipm Qalue iﬁ this
area is 1620 ppm from-a 5 cm zone‘in ME—IG and the max imum thoéium value
is 1380 ﬁbm over 20 cm in EMB-6. 'AccordingAto Borgman and others (1980),
estimated uranium resources aré about 1801 toﬁs U308 at an average gfade of
310 ppm U308 and estimated thorium resdﬁrces are about 1j06. t.Qns'ThO2

at an average grade of 290 ppm ThO,. This resource estimate is from geo-

2
statistical'analysis‘of‘core and surface samples and is discussed in detail
in Volume 3.

The Lindsey Quartzite and Cascade Quartzite of the Deep Lake Group
and the Medicine Peak Quartzite of the Libby Creek Group all contain well-
developed quartz-pebble conglomerate beds, but very few of these quartz-
pebble conglomerate beds are radioactive. The Lindsey Quartzite has weakly
radioactive quartz-pebble conglomerate beds in the northeastern Medicine
Bow Mountains. Some of the best develoﬁed and most radicactiye quartz-

pebble conglomerate beds are at the base of fining-upwards sets in the

Lindsey Quartzite in exposures in NE4 Sec. 30, T. 18 N., R. 78 W., on the
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north side of Rock Creek. THis is in the area where the:Liﬁdsey Qﬁaffzite
thins to zero thickness, presumably due to unconformable overlap»of ghe
Cascade duartzite (Plate 1). Maxiﬁum.values’are.zh ppm U and 630 pbm Th
in'the Lindsey Quartzite in this area. Radioactive conglomerates of the
Lindsey also crop out on a cliff face on the Qest side_of the North Fork
of-Rock Creek‘(NEk, Sec. 1, T. I7AN., R. 79 w.);' Maximum values obtained
from these beds was 6 ppm U and 7 ppm Th.

Radioactive cénglomefate béds have been reported in the Cascadé
Quartzlte near Cascade Lake (Sec. 35, T. 17 N.,‘Rn. 80 W) and Rio Amex Com-
pany is reporfed to have drilled in this area, but the results of this
drilling program are not available to us, and we have not detgcted strongly
radfoactive bedsvat any locality in the Cascade Quartzite. Rio Amex. re-
ported several assays of 3-5 ppm Au from the Cascade. |

Quartz-pebble conglomerate beds are common in the midale and upper
Medicine Peak Quartzite, but surface outcrops with above normal radio-
actipity have not been detected. dn the other hand, one glacial boulder
of quartz-pebble conglomerate from the Medicine Peak Quartzite, col lected
from an area south of the Gap in the central Medicine Bow Mountains, con-

tained 7.4 ppm uranium and 330 ppm thorium.
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MINERALOGY AND PETROLOGY OF URANIUM- AND THORIUM-BEARfNG UNITS

Uranium- and thorium-bearing units inthe Sierra Madre and Medicine
Bow Mountains include quartz-pebble conglomerates, arkosic paraconglom-
erates, and subarkosic to arkosic granular quartzites. fhe most radio-
active rocks in the Sierra Madre are subarkosic moscovitic quartz-pebble
conglomerates of Unit 3 of the Deeb Gulch Conglomeréte (Plate 7) and the
most radioactive rocks in the Medicine Bow Mountains are subarkosic, mus-
covitic small-pebble (quartz, granite, and quartzite) conglomerates 6f
Unit 5 of the Magnolia Formation (Plate 4). Although these beds differ
in age, the major constituents are basically the same (except granite
fragments are rare in the Sierra Madre). These cénstituenté include
quartz, rock fragments of granite and quartzite, K;fe]dspar, plagio-
clase, muscovite, chlorite, biotite, pyrité and a Heavy mineral suite
(which is discussed in detail lafer). Arkosic and subarkosic quartzites
were originally bimodal, argillaceous sandstones and quartz-pebble con-
glomerates were originally trimodal, argil]acééué conglomerates. Tables
1.2 and 1.3 show modal analyses of the sand and granule size fractions
from the main radioacfive units in the Medicine Bow Mountains and Sierra
Madre.

Pebbles in the conglomerates'are well rounded, generally moderately
sorted, and tightly packed. The most radioactive conglomerates appear
to be pebble-supported in both ranges, although stretching of pebbles in
the Onemile Creek area of the Medicine Bow Mountains makes it difficult
to dccipher original packing densities. Clasts in the Deep Gulch Con-
glomerate are entirely quartz and quartzite, with an average size range
of 0.7 to 3.7land maximum size of 5 cn. Clasts in Unit 5 of the Mag-

nolia Formation are quartz, quartzite, and granile. They range in size
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TABLE 1.2 SUMMARY OF THE PETFOGRAPH™ OF THE MAGNOLIA FORMATION ARRANGED APPROXIMATELY NORTHEAST TCF) TO SOUTHWEST (30TTOM).

MAGNOLIA FORMATION CONGLOMZRATE MENMBER

ONEMILE CREEK AREA
Unit 1, mean and range
of 9 samples
Unit 2, mean and range
of-7 samptes
Unit 3, mean and range
of 2'samples
Unit 4, mean and range
of 4 samples
Unit 5, mean and range
of 43 samples
Grand Mean of 65 samples

THREEMILE CREEK ARE® (EMBS & 11)

Mean and range of
17 samples

Qt:.

22
1470
£1
30€2
€7
4667
#

T B3E2

=

. 27&0

€79

3
1068

ARRASTRE ANTICLINE AREA. (P _-1]

Mean and range of
10'samples

BRUSH CREEK AREA (MB-9)

Mean and range of
3 samples

T €S
4582

3]
4562

Qtzte.

1.5
010
2
010
included
w/qtz.
4
-8
14
0-16
1.6

10
06-23
6.5

0-25

0-20

MAGNOLIA FORMATION QUARTZITE MEMBER

Q=

THREEMILE CREEK AREA (EMB11)

Mean and range of
5 samples

MB4 ARZA
Mean and range of
8 samples

NORTH FORK ROCK CREZK
CRATER LAKE AREA (ME-11)

Mean and range of
10 samples

51
2C-7€

0

3:-9C

39
4.9z

Jtzte.

J-20

320

4.3
0-15

ARRASTRE ANTICLINE aRES (FL-1 & GH-1)

Mean and range of
8 samoles

Modal percentages represent emtiret,, ci poorly sorted rocks, granul2 and subgranule matrix for Bimadal canglomerates.

35
6282

5
0-20

K-spar

K-spar

0-10
9.31

0-20

1.6
0-10

0-7

Plag.

1.5
0-10

0-20
56

0-1
13

23
0-10

Plag.

0-20
4.3

0-13

45
0-10

8
0-30

Cranite

38
0-26
5
0-20
0-75
28
1 0-32
29

3.3

. 024

Granite

010

3
-2

23.3
075

214
1-30

16
020

Musc.

205
550

2415

12.0
3-25

11.3
0-25

Chior.

156
015
1.2

24
0-10

4.1
0-15

5.6
0-10

Chlor.

2.1
0-5

1.8
05

3.3
0-10

Biot.

10
0-70

7
0-3

0-14
.26

4.2
0-20

22
0-5

Biot.

1.2
0-5

15

07

Pyrite

Pyrite

6.4
0-15

Her

Heavies

Apatite
Zircan

12 Garnet

~ Zircen
Tourmaline

5 Zircon
Amphibole

Garnet

Heavies

Zircon
Apatite .

Zircon
Amphibole
Aparite

Amphibole
Calcite
Apatite
Zircon

Tourmaline
Zircon
Calcite
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TABLE |.3. PETROGRAPHY OF UNIT 3, DEEP GULCH CONGLOMERATE. PERCENTAGES ARE FROM POINT-
COUNTED THIN SECTIONS OF QUARTZ-PEBBLE CONGLOMERATES.

Drill Hole Micro-  Ortho-
Depth Qtz. Qtzite Plag. Perthite cline clase Musc. Chlor. Biot. Opaq. Zircon

SM-1 ' '
1754 61 6 - 1 7 3 23 = — 1 -
SM-1 .
175.7 45 24 - - 10 3 10 - - 7 1.
SM-1 '
192.8 67 1 - 9 3 - - 17 - - 2 -
SM-1 ' . . _
207 66 6 Tr 8 - 11 7 |- - Tr Tr .
SM-1A ' :

" 5416 60 13 Tr 9 3 8. 6 — - 1 -
SM-2
149 ¢ 53 13 2 7 8 12 . 6 - - Tr Tr
SM-2
150.1 57 10 Tr Tr 6 6 17 — - 4 . Tr
SM-2 - .
187 63 14 1 10 Tr 3 Tr 9 Tr Tr Tr
JP-1 i . A
408.7 70 2 Tr 2 21 - 2 - - 2 -

_JPA . ) i
410 56 25 - - 13 - 3 - - 5 Tr
JP-1 . .
412 61 15 - Tr 19 - .5 - - 1 -
JP-1 i .
416.5 62 6 1 - 23 - 4 - - 2 Tr
JP-1 ‘ _
421 71 1 1 1 19 - 4 - - 3 Tr
JP-2 : .
311 ol 4 1 I'r 11 9 9 - - 3 1
Jra .
284 62 9 1 Tr 9 9 1 - Tr 2 Tr
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from granules to boulders 7.5 c¢m in diameter but are most commonly 1-3
cm in diameter. Many of the congiomerates contain 100 percent quartz
pebbles; other contain up to 20Apérceht quartzite and granite pebbles.

>

‘The matrix of the ‘conglomerates Fs composed of quartz, feldspar,
and phyllosilicates. The phyllosil{cates, muscovite, chlorite, and
biotite, are considered fo be métémofﬁﬁic minerals formed by recrystal-
lization of an argillaceous matrix. However, we }ecognize that a bart
.of the phyllosilicate fraction could he pfimary. Micas make np ahant
25 percent of the matrix of most cong1omefates and some samb]es contain
as much as 50 percent. The most radiocative conglomerates tend to be
rich in muscovite and sericite, but poor in biotite and chlérite.‘ In-
dividual grains of quartz and feldspar are too deformed to determine
their original shape; most are strained and exhibit suturéd contacts
(Figure 1.1385 and extreme flatténing is a feature of thélmore highly
deformed rocks (Flgure 1.13C). We be]'ieve, liowe ve , Lhat most of the
sand-sized grains are original and were not formed during metamorphism.
Some small clear qrains of plagioclase and microcline in the muscovite
"matrix'' may be metamorphic minerals. Quartz generally exhibits un-
dulatory extinction and some gralns have trains of fluid inclusions.
K-feldspar occurs ' as microéline or perthite, in about equal amounts,
and individual grains are usually clear although cloudy and altered
K-Fc]dspar grains are present in some samples. Plagioclase grains

are variable in composition and are commonly more deformed than K-
.feldspar (Figure 1.13). Pyrite is present in the matrix in highly
radioactive conglomerates. In arkosic and subarkosic guartzites,

pyrite is present as euhedral grains scattered through the rock and

it makes up less than one percent.
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Non~Radi - | Mi 1

A number of heavy minerals are concentrated in the matrix of the
radioactive conglomerates. Where we have convincing top criteria, the
heavy minerals can be shown to be concentrated near the base of conglom-
erate beds and this is further verified by radioactivity scans of layers
which contain high uranium and thorium values. We will divide the heavy
mineral suite into non-radioactive and radioactive heavy minerals and
discuss the non-radioactive minerals first. We have relied, in part,
on the microprobe studies of selected samples of conglomerate from the
Onemile Creek area of the Medicine Bow Mountains by Desborough and Sharp
(1979, p. 38-39) but Desborough and Sharp are not to be held responsible
for our conclusions regarding origin of these heavy minerals.

Pyrite is the most abundant heavy mineral in radioactive conglomer-
ates of both ranges. It is typically found as euhedral grains and in
masses of aggregates inlayers with other heavy minerals (Figure 1.14).
The general characteristics of the pyrite are like those of other min-
erals of the conglomerate. |In less deformed samples, pyrite is in
equant or even subhedral grains whereas in deformed and flattened sam-
ples pyrite is stretched and flattened in much the same manner as
quartz or feldspar (Figure 1.13). Although uncommon, some pyrite
fills fractures and individual grains or aggregates of pyrite may be
connected by veinlets (Figure 1.15A). |n some pyrite aggregates,
and in a few individual grains, the pyrite is subhedral and has a
partly rounded shape . These grains appear to have a secondary py-
rite overgrowth (Figure 1.15B). This same feature has been noted
in some quartz grains in less deformed Sierra Madre specimens. This

may be a metamorphic texture or it may be local preservation of an
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Figure. 1.13. Photomicrographs in transmitted polarized light, crossed nicols, showing degree of flattening

of sulphide (black) and silicete grains (shades of gray) in quartz pebble conglomerate. Black grains are
pyrite, gray grains mostly quertz, fiberous grains muscovite and biotite. A. shows pyrite-muscovite layer
with subrounded and sutured qrartz grains in upper left (quartz grain, upper left ‘s 0.40 mm in diameter).

B. shows flattened and suturec guartz and pyrite (pyrite grain upper left is 0.22 mm wide). C. shows extreme
flattening; elongate black mass in center is pyrite (0.08 mm wide), irregalar black mass in right center is

recrystallized mixture of urarothor te and monazite. Samples from Onemilz Zreek locality, Medicine Bow
Mountains.
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Figure 1.14. A. Photomicrograph showing heavy minerals in quartz peb-
ble conglomerate from Carrico Ranch locality, Sierra Madre. White
grains are pyrite, euhedral gray grains showing zoning are zircon,
dark gray grains with specks of white pyrite are monazite-huttonite
(?) mixtures. Euhedral zircon grain in lower left center of photo-
graph is 0.15 mm in diameter. B. Photomicrograph showing subhedral
grains of pyrite (white) in pyrite-rich layer of quartz pebble con-
glomerate from Onemile Creek locality, Medicine Bow Mountains. Gray
grains are silicate minerals--mostly quartz and feldspar. Grain dia-
meters of pyrite are about 0.22 mm.
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Figure 1.15. A. Photomicrograph showing individual grains and
veinlets of pyrite (white) in quartz pebble conglomerate.
Length of large pyrite grain is 0.25 mm. B. Pyrite grain
showing clear overgrowth of pyrite on subrounded grain with
numerous inclusions. Width of pyrite grain is 0.33 mm. Photo

micrographs of samples from Onemile Creek locality, Medicine
Bow Mountains.
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original form. There is, however, no entirely convincing evidence that
the pyrite in these samples was originally rounded.

Other non-radioactive heavy minerals are ilmenorutile, apatite,
galena, chalcopyrite, bornite, marcasite, sphene, ilmenite, columbite,
magnetite, anatase, rutile, and spessartine garnet. There is also a
nickel-cobalt-iron sulphide identified by Desborough and Sharp by micro-
probe study that may be a member of the linnaeite group.

Chalcopyrite and bornite are uncommon and are present as small ir-
regular masses in the muscovite '"matrix' or as inclusions in pyrite ag-
gregates and as individual grains attached to pyrite. Marcasite is also
sparse and is present as an alteration product of pyrite. Galena is
present in two habits: as small masses in pyrite and as crystals attached
to pyrite aggregates and as minute crystals in uranium-thorium minerals.

| Imenorutile is a relatively abundant oxide in the heavy mineral
suite and is present in round spherical or elliptical grains with 20 to
30 percent interstitial quartz. As suggested by Desborough and Sharp
(1979, p. 38) the ilmenorutile may be a recrystallized Nb-rich detrital
mineral, but we believe it has retained its original form. Other oxides
that are considered detrital by the authors are magnetite, ilmenite, and
columbite. These minerals are very uncommon constituents of the heavy
mineral suite, however.

Zircon is common in the conglomerate but volumetrically minor be-
cause of the small size of the grains. Rounded and subrounded zircon
grains are clearly detrital. Some zircon grains appear metamict and
others are, in part, extremely fine aggregates perhaps developed during
metamorphic recrystallization. Garnet and apatite are typically well

rounded and are detrital in origin.
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Particular mention is made of graphite which is present in round
grains but is sparse. The graphite may be of organic origin inasmuch as
sulphur was identified by microprobe studies of Desborough and Sharp in
one specimen.

Rutile is present as deep red, rounded grains and as very fine ag-
gregates with anatase that have developed through alteration of titanium-

bearing minerals such as sphene, ilmenorutile, and ilmenite.

Radioactive Heavy Minerals

Radioactive heavy minerals are coffinite, thorite, thorogummite,
monazite, huttonite(?), and zireon. According to Desborough and Sharp
(1979, p. 39) the uranium-thorium silicates, coffinite and thorite vary
widely in composition. The coffinite contains 45-61 weight percent
uranium and up to several weight percent thorium and lead whereas the
thorite contains 30-45 weight percent thorium and up to several percent
uranium, lead, and yttrium. These uranium and thorium minerals are in
masses that may have been rounded originally bhut now appear recrystal-
lized and to have developed irregular borders or overgrowths (Figure
1.16). We are uncertain if the uranium-thorium silicates are recrystal-
lized detrital grains or metamorphic minerals.

Some of the uranium and thorium in the quartz-pebble conglomerate
is present in zircon and monazite. As noted above, some zircon appears
mefamict or recrystallized and most of the monazite is believed to he
recrystallized and therefore 18 a metamorphic mineral (Figure 1.17).

_ These two minerals contain up to six weight percent thorium (Desborough
and Sharp, 1979, p. 38).
Minute crystals of uranium and thorium silicate (coffinite) are in

graphite and in nickel-cobalt-iron sulphide grains.
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Figure 1.16. A. Photomicrograph showing recrystallized masses of

pyrile (white) and subrounded diffuse masses of metamict urano-
thorite (two dark gray masses center and lower left) with patches
of pyrite as minute inclusions. Uranothorite mass in center is
0.25 mm diameter. B. Photomicrograph of coffinite (gray grain

in center of photograph). White is pyrite, dark gray is quartz
and feldspar. Coffinite is veined with a dark material with
orange internal reflections which is tentatively identified as
uranothorite. Length of coffinite grain is 0.15 mm. Samples
from Onemile Creek locality, Medicine Bow Mountains.
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Figure 1.17. A. Grain belieaved to be metamict and a mixture of mon-
azite and huttonite (7). Element ratios as determined by X-ray
spectrograph are Al=2, Si=20, P=89, Th=81, Ca=50, S=16, Fe=k§, Ti=
2, U=52, Ce=2, and La=3. Ftuhedral white grains aire pyrite, other
lighter gray grains are quartz and feldspar. Metamict grain is 0.13
mm in diameter. B. Dark grain in center of photomicrograph is
monazite-huttonite (?) mixture with element ratios as determined by
X-ray spectrograph of Al=2, Si=50, P=83, Th=53, U=28, Ca=20, S=24,
Fe=19, Ce=4, and La=2. White grains are pyrite. Width of dark
grain is 0.10 mm. Samples from Carrico Ranch locality of Sierra
Madre.



Comparison of Heavy Mineral Suites of the Medicine Bow Mountains and

Sierra Madre

In polished section, the principal uranium-thorium minerals are
similar in the Carrico Ranch area of the Sierra Madre and the Onemile
Creek area of the Medicine Bow Mountains.. Théy are dark gray masses

~ that are subrounded in the‘leés deformed rocks and are flattened and
clearly recrystallized in more deformed rocks. However, in spite of
apparent similarities, geocﬁemical data and geostatiétical‘anélysis of
uranium and thorium mineralization in the two areas suggested that the
Sierra Madre conglomerates were richer in thorium and the Onemile Creek
conglomerates were richer in uranium. The geéchemical difference sug-
gests a difference in the heavy mineral content of fhe two rocks and we
initially assumed that the Sierra Madre conglomerates contained sub-
stantially ‘larger quantities of zircon and monazite. and that these min-
erals accounted for the preponderance of thorium over urahium in the
Sierra Madre. This view préved to be essentially cor}ect.

A comparative study was made of radioactive heavy minerals in thé
two areas by selecting and marking individual grains in polished thin
section and making a semi-quantitative chemical analysis of these grains
using an X-ray spectrometer attached to a scanning electron microscope.
This particular analytical procedure does not make determinations of
'weight percentages of elements in minerals and cannot detect elements of
an atomic weight less than sodium. Instead, the ratios of elements in
minerals are determined and this is useful in mineral identifications

“especially if mingrals of known composition are determined along with
the unknowns. Twenty-seven mineral grains were analyzed from the Carrico

Ranch locality of the Sierra Madre and sixty-one samples were analyzed
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from the Onemile Creek locality of the Medicine Bow Mduntains. As many
as ten to fifteen analyses were made on selected grains from each area
to test methods and the homogeneity of the.grains,

These analytical results are in Tables 1.4, 1.5, 1.6, and 1.7. In
the Sierra Madre (Table 1.4) the uranium- thorium;bearing minerals are
monazite, a mineral tentatively identified as huttonite, . and mixtures of
these two minerals. In polished section these mineral phases and mixed
phases have a rather diffused appearance and are ﬁonsidered metamict (Fig-
ure 1.17). They dre darklgray and may have an -orange Internal reflection.
The uranium-thorium minerals are ‘arranged 'in Table 1.4 to show general
increase in silica from: left to.right. Note that monazite from Blind
River, Canada and from Onemile Creek, Medicine Bow'Mountains are included
for comparative purposes. Inasmuch as monazite and huttonite are:con-
sidered isostructural (Deer, Howie, and Zussman, 1962, p. 340-341) we
suspect that the tabie shows a>systematic cHange in composition from a
thorium monazite to the grains with a higher proportion of the thorium-
cerium silicate, huttoﬁite. The huttonite phase has not been verified
by X-ray however. From an economic viewpoint it is clear that these
minerals and mixed mineral phases of the Sierra Madre are high thérium
and low uranium. The thorium/uranium ratio of the 10 grains analyzed
from the Sierra Madre is about three. Note also in Table 1.5 that zir-
con which is far more abundant in the Sierra Madre than in the Med%cine
“Bow Mountains contains small amouﬁts of uranium and thorium.

The major uranium-thorium bearing mineral phases of the Onemile
Creek locality of the Medicine Bow Mountains are believed to be urano-

thorite, thorogummite, and coffinite (Table 1.6). There are probably
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TABLE 1.4. RATIOS OF ELEMENTS, DETERMINED BY A X-RAY SPECTROMETER AT;TACHED TO A SCANNING
ELECTRON MICROSCOPE, IN MINERAL PHASES FROM THE CARRICO RANCH, SIERRA MADRE, WYOMING
(FROM KARLSTROM AND.OTHERS, 1981). ’

Element 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Al - - 2 27 2 4 10 7 1 6 2 - - - -
Si ' 5. 4 20 33 50 58 80 90 8 90 84 88 90 91 3
P 86 87 89 90 83 88 77 54 33 61 - - - - -
S 2 1 16 14 24 16 21 9 5 32 37 11 10 9 -
K 2 - - - - - - - - - - - - - -
Th b 1 81 12 54 51 3/ 31 20 Ki-] - u.4 u.Z — -
u 5 2 52 3 28 32 2 06 12 .5 0.1 - - - -
Ca - - 50 35 20 18 . 8 8 10 18 — 3 4 1 -
Fe T 10 14 48 41 19 15 26 1 8 16 5 8 6 5 5
Ce 21 20 2 1 4 3 - - - 2 - - - - |
La . 14 12 3 05 2 2 - - - | - - - - -
Mg » * * * - * * * L3 »* — —_ — —_ —
Ti * * * * » » - - - - — —_ — — 9‘/
Zr * »* »* * » »* * . »* * * 91 71 63 96 —_

*not reported
—not detected

Monazite, Carrico Ranch, Sierra Madre

Monazite, Carrico Ranch, Sierra Madre
Monazite-Huttonite(?), Carrico Ranch, Sierra Madre
Monazite-Huttonite(?), Carrico Ranch, Sierra Madre
Monazite-Huttonite(?), Carrico Ranch, Sierra Madre
Monazite-Huttontie(?), Carrico Ranch, Sierra Madre
Huttonite(?), Carrico Ranch, Sierra Madre
Huttonite(?), Carrico Ranch, Sierra Madre
Huttonite(?), Carrico Ranch, Sierra Madre

10. Huttonite(?), Carrico Ranch, Sierra Madre

11. Zircon, Carrico Ranch, Sierra Madre

12. Zircon, Carrico Ranch, Sierra Madre

13. Zircon, Carrico Ranch, Sierra Madre

14. Zircon, Carrico Ranch, Sierra Madre

15. Rutile, Carrico Ranch, Sierra Madre

OI~NOO~LN =
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OTHER HEAVY MINERALS

Element 1 2 3 4 8 a8 7 8 9 10 11
Al 2 39 - - - 3 2 - - - -
Si 13 ug - - - 95 84 88 90 91 3
S - 9 96 97 97 - 3 11 10 9 -
K 18 19 - - - = = — . - -
Th 4 3 - - - 0.1 04 0.2 - -
U 34 22 - - - 0.1 0.1 - - - -
Ca 3 - - - - - 3 4 1 -
Fe 6 24 21 28 1 5 8 6 S 5
P - 7 — - - - - - - - -
Ce - - - - - - - - - - 1
La : - - - - - - - - - — -
Mg - 1 — - — - — - - - —
Ti 95 60 - - - - . — - — - 97
Zr - - - - - 66 91 71 63 96 -

1. Brannerite, Blind River, Canada

2. Brannerite (?}, Onemile Creek, Medicine Bow Mountains

3. Pyrite, Onemile Creek, Medicine Bow Mountains

4. Pyrite, Onemile Creek, Medicine Bow Mountains

5. Pyrite, Onemile Creck, Mcdicinc Bow Mountains

6. Zircon, Onemile Creek, Medicine Bow Mountains

7. Zircon, Carrico Ranch, Sierra Madre

8. Zircon, Carrico Ranch, Sierra Madre’

9. Zircon, Carrico Ranch, Sierra Madre
10. Zircon, Carrico Ranch, Sierra Madre
11. Rutile, Carrico Ranch, Sierra Madre

TABLE 1.5. RATIOS OF ELEMENTS DETERMINED BY X-RAY SPECTROMETER ATTACHED TO A SCANNING
ELECTRON MICROSCOPE IN MINERAL PHASES FROM THE SIERRA MADRE AND MEDICINE BOW
MOUNTAINS, WYOMING.
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URANOTHORITE;THOROGUMMITETCOFF|NITE
Element 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 .18

Al 3 15 2 § 13 - 16 4 24 5 11 3 - 11 3 6 3
Si 61 81 88 73 73 42 82 70 78 45 52 55 32 19 21 ‘78 25 41
S 7 g9 .11 14 15 1t 22 22 27 12 17 16 - 14 7 32° 40 10
K 13 - 8 13 25 10 8 10 31 10 5 N 34 6 10 41 44 58
Th ' 87 42 41 77 64 87 87 '80 82 ‘85 85 89 50 92 87 - -— - 1
U 72 36 43 71 68 63 63 61 83 68 57 70 82 80. 77 74 64 94
Ca 3 - - 1 2 - 3 2 32 2 2 6 - 4 - - - -
Fe 3 6 4 4 5 3 6 5 9 2 4 - 6 5 2 - 3 9
P 6 - 12 6 20 21 24 25 32 26 16 16 - 15 19 1M - -
ce - 1 - - - - - - 2 1 1 1 - 5 058 — - -
La - - - - -2 - - - 15 05 05 05 - 2 1 - - -
Mg - 9 - - e = - = - - _ = - - - - - -
Ti - — - - ! - - - - - - - - - - - - 17

‘1. - Uranothorite, Blind River, Canada

2. Uranothorite, Onemile Creek, Medicine Bow Mountains
3. Uranothorite, Onemile Creek, Medicine Bow Mountians

4. Uranothorite, Onemile Creek, Medicine Bow Mountains

5. Thorogummite, Onemile Creek, Medicine Bow Mountains

6. Thorogummite, Onemile Creek, Medicine Bow Mountains

7. Thorogummite, Onemile Creek, Medicine Bow Mountains

8. Thorogummite, Onemile Creek, Medicine Bow Mountains .

9. Thorogummite, Onemile Creek, Medicine Bow Mountains

10. Thorogummite, Onemile Creek, Medicine Bow Mountains

11. Thorogummite, Onemile Creek, Medicine Bow Mountains

12. Thorogummite, Onemile Creek, Medicine Bow Mountains

13. Mixture, Onemile Creek, Medicine Bow Mountains

14. Mixture, Onemile Creek, Medicine Bow Mountains

15. Mixture, Onemile Creek, Medicine Bow Mountains i

16. Coffinite, Onemile Creek, Medicine Bow Mountains

17. Coffinite, Onemile Creek, Medicine Bow Mountains

18. Coffinite + brannerite (?), Onemile Creek, Medicine Bow Mountains

TABLE 1.6. RATIOS OF ELEMENTS DETERMINED BY X-RAY SPECTROMETER ATTACHED TO A SCANNING
ELECTRON MICROSCOPE IN MINERAL PHASES FROM THE MEDICINE BOW MOUNTAINS, WYOMING.
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some admixtures of monazite and huttonite inasmuch as these uranium-
thorium silicates contain a higher proportion of phﬁsphate than might be
expected. These three minerals are also belfeved to be largely metamict
and are typically dark gray (Figure ].16)'in-polished section, and rarely
show the orange internal releect‘ion hoted In the Slerra ‘Mad,re. Note,

in particular, that the thor ium/uranium ratio of 17 grains analyzed

in the Onemile Creek samples is about one. In addition to  the thorium
and uranium, in silicates, Table 1.5 shows that zircons contain small
amounts of uranfum. Also, a titanium-rich phase that may be brannerite

is present in the Onemile Creek locality.

Multiple analyses were made of eleven grains from the Sierra Madre
and Medicine Bow Mountains to determine if the grains were homogeneous.
We wished to consider the possibility that the uranium-thorium silicates
might have developed by replacement of another minerél such as uraninite
and we believed that a remhant of the vriginal mineral might be detected
or that some systematic chemical.change might be detected that would in-
dicate replacement. Of the eleven grains analyzed five were surprisingly
homogeneous (Table 1.7) when we consider the fact that they are metamict
and probably have adsorbed catlions such as potassium and iivon. Six
grains proved to be mixtures of various minerals such as monazite, apa-
tite, rutile, iron-spinels as well as the uranium-thorium silicates.
These mixed grains, however, werellarqely uranium-thorium silicates,

We believe, therefore, that the primary uranium-thorium minerals
are uranothorite and coffinite tn the Onemile Creek locality of the Medi-

cine.Bow Mountains and thorium monazite and huttonite(?) .in the Sierra

Madre. All of these minerals are now largely metamict, the uranothorite
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is altered to thorogummite, and other grains are changed compositionally
by -adsorption and hydration. We are not certain if coffinite is an
original mineral in the Onemile Creek locality because we do not know

of any detrital mineral suites with coffinite.

Element 1 2 3 4 5 6 7. 8 9 10 11 12 13 14 X  Range
Al 4 a4 3 2 2 1 2 3 3 12 18 14 2 2 s 1-18
si 43 33 47 37 41 38 36 42 56 66 52 42 46 44 45 3666
P 29 24 26 28 23 25 19 28 29 31 20 12 34 29 26 1234
. 6 .12 13 10 13 16 12 12 10 11 14 9 11 12 12 9-16
K g8 10 12 3 5 8 2 11 16 14 121 4 9 10 2:21
Th 77 86 81 86 82 82 87 87 87 84 88 8A RA R/AK =13 7788
u 58 71 71 62 67 63 73 75 78 69 68 70 64 66 68 5878
Fe 3 2 3 2 3 1 05 1 3 3. 1 s 2 4 2 055
Ce 05 05 1 3 1 05 05 1 2 — 1 1 2 05 1 nd3
La - 05 06 1 1 05 1 - 05 - 05 05 05 05 05 nd1
Ca 2 1 2 2 2 05 1 2 1 3 3 1 2 3 2 053

TABLE 1.7. RATIOS OF ELEMENTS IN FOURTEEN ANALYSES OF A SINGLE URANIUM-THORIUM SILICATE
GRAIN FROM THE MEDICINE BOW MOUNTAINS, WYOMING AS DETERMINED BY X-RAY SPECTROMETER
ATTACHED TO A SCANNING ELECTRON MICROSCOPE.

" We emphasize that thé mineral identifications are from chemical
analyses by microprobe and X-ray épectrograph combined with opticéL
studies. Other mineral phases might be found by X-ray study and some
tentative identifications might be changed. It is clear, however, that
the mineral suites of the Onemile Creek. locality of the Medicine Bow
Mountains aﬁd'the Carrico Ranch local}ty of the Sierra Madre are dis-
_tinctly different and that the Onemile Creek area is a uranium prospect

whereas the Carrico Ranch area is a thorium prospect.

Metamorphism and Source of Radiocactive Minerals

Radioattive'conglomerates from both the Onemile Creek area of the

Medicine Bow Mountains and..the Carrico Ranch area of the Sierra Madre
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have been affected by amphibolite facies regionai metamorphism and by
contact metamorphism adjacent:to‘gabbroic intrusions. Vlnaémuch as we
have found no weakly metamorphosed countefparts of.these conglomerafes
in southern Wyoming, we are unable to demonstrate that any of the prin-
cipal uranium-thorium minerals are definitely detrital. At present,
theré is not enough information on heavy minerals in potential source
rocks such as Late Archean‘grahites of the Wyoming Province to predict
hineral stltes ;hat might be present in conglomcrates derived from them.
We do kihow that uraninite is present in some vein dcposits and in con-
tact metamorphic depnsits associated with the Lafe Archean granites so
thét uraninite may have been an original mineral of the cong]omerates.
"If so, it has been fecpnstituted during amphibolite facies metamorphiém.
[t is also possible that coffinite and thorite were the primary detrital
minerals, but these minerals have not been identified so far jn the po-
tential soutce rocks.l |
Where radioactive conglomerate is in contact with gabbroic intru-

sives, as in some localities of the Onemile Creek area, the uranium has
been.mobilized and precipitated in veinlets. We have néted veinlets of
uranbphane in samples from the Onemile Creek area, but only in close

proximity to gabbroic intrusions.

SEDIMENTOLOGY OF URANIUM-BEARING leTS

Uranium-hearing bedéiin the $ierra Madre and Medicine Bow Mountains
are of two types: lenticular beds of quartz-pebble conélomerate inter-
layered with various types of paraconglomerates and basal successions
containing interbedded quartz-pebble conglomerates, coarse-grained
quartzites and arkosic paraconglomerates which uhconformably overlie

older ''"basement''. The first type is of little economic significance
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because of lack of continuity of the radioactive zones. The second type
shows the greatest continuity and may, in the long run, constitute mine-
able deposits.

Lenticular beds of quartz-pebble conglomerate interlayered with
paraconglomerate occur in various units in the Medicine Bow Mountains
and Sierra Madre. In the Sierra Madre, these rocks are found in the
Silver Lake Mctavolcanic Rocks of the Phantom Lake Metamorphic Suite.

In the Medicine Bow Mountains, they are found in the Stud Creek Meta-
volcanic Rocks, Rock Mountain Congloherate, and Colberg Metavolcanic
Rocks of the Phantom Lake Suite.

The paraconglomerates in the Stud Creek Volcaniclastic Rocks and
Rock Mountain Conglomerate crop out in the northern Medicine Bow Moun-
tains (Plate 1). The units are highly deformed and few primary sedi-
mentary features are preserved (bedding is often uhrecanizable) so our
lnterpretationé of sedimentology and depositional environments are spec-
ulative. The Rock Mountain Conglomerate is a thick unit containing ar-
kosic matrix paraconglomerate and granular.arkose which crops out only
in the northernmost Medicine Bow Mountains. To the south, the conglom-
erates are absent as a mappable unft but similar conglomerates occur as
lenses in the underlying Stud Creek Volcaniclastic Rocks. This facies
relationship, and the 1ithology of the paraconglomerates, suggests that
the Rock Mountain Conglomerate was being deposited in alluvial fans in
the north part of the basin at about the same time volcaniclastic sedi-
ments with minor alluvial deposition, took place to the south.

The thin zones of radioactive quartz-pebble conglomerate within

arkosic paraconglomenate in these units are interpreted to be fossil
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placer accumulations of radicactive minerals which represent small

areas on ailuvial fans whiéh experienced significant sediment reworking,
i.e., whefe compound Qravel bars, representing multiple periods of depo-
sition and erosion, were relatively long-lived; However, the evidence
for penecontemporaneous volcanism suggests unstable tectonic conditions
which would favor répid, debris flow, deposition (e.g. the paraconglom-
erates) instead of widespread braided stream-type deposition. {n addi-
tion, the presence of the marine Bow River Quartzite gradationally(?)
overlying the Rock Mountain Conglomerate suggests that fluvial condi-
tions were superceded By marine conditions. as seas transpgressed. Thus,
Venviroﬁments'favorable for fluvial, fossil:placeruac;umuiations were

- apparently of limited extent and duration and we don't expect to find
thick or continuous radioactive quartz-pebble coné]omerates within these
units.

Thin quartz-pebble conglomerates also occur within paraconglomerates
of the Colberg Metavolcanic Rocks of the Medicine Bow Mountains and the
Silver Lake Metavolcanig Rocks of the Sierra Madre. These paraconglom-
erates.are open framework conglomerates which have a matrix of chlorite
and amphibole or arkose, and clasts, up to one meter in diameter, of
graﬁite, quartzite, and mafic rock fragments. Some of these paraconglom=
erates ére of voléano-sedimentary origin and contain a predominance of
clasts of mafic volcanic rocks and in some areas where paraconglomerates
are interbedded with metabasalts, the conglomerates are interpreted as
. metamorphosed flow breccias. |In other areas, the paracdng]omerates have
. taken an arkosic matrix and the majority of the clasts are granife and
quartzite. These paraconglomerates are interpreted to be alluvial or

submarine debris flows.
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in Ts. 18 and 19 N., R. 79 W. of the Medicine Bow Mountains, thick
beds of paraconglomerates in the Colberg Metavolcanic Rocks are inter-
bedded with basalt (amphibolite) and rocks considered to be metatuffs.
The paraconglomerate beds thin to the north where they.are interbedded
with quartzite, mica schist, garnét-staurolite-m‘ca'schists and amphi-
bolite (basalt?). The paracongloherate is slightly-radféactive (5-3x
background) locally,-and contains associated lenticular beds of radioac-
tive quartz-pebble conglomerate'fn two areas: as thin lenses }n para-
conglomerate in the south, where the cong]omerate is beét developed, and
as more continuous quartz-pebble conglomeraté layérs in the north, where
the paraconglomerate is thin and quartzite and schist more common. The
racibactive quartz-pebble conglomerate layers'are not of eqonomic inter-
est in either of the above localities (maximum uranium is about 3. ppm and
maximum thorium is about 14 bpm), but the.churrences hay be signifiéanf
as far as the.depositional environment is concerned. The paraconglom- |
erates are interpreted as alluvial fan deposits with a source in a vol-
cani? highland because of the abundance of mafic volcanic rocks as clasts
in the paraconglomerate and the fact that interlayered flows and tuffs
are present. The paraconglomerate also contains large rounded granite
clasts, granite gneiss, quartzite, and phyllite which could have been de-
rived from underlying metasedimentary rocks -of the Phantom Lake Metamorphic
Suite and granite-gneiss basement, The source area, therefore, was prob—
ably an Archean highland with activé volcanoces. The paraconglomerates may
have been high viscosity mudflows deposited relatively close to source and
fhe lenticular radioactive quartz-pebble conglomerate layers in the para-
conglomerate are interpreted as fluvial channels in the upper reaches of the

alluvial lan. The radloactive quartz-granule conglomerate layers north of
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of the thick well-developed paraconglomerates are intefbédded with
quartzite and schist and are interpreted as stream channel deposits
at the distal end of the fan.

Sierra Madre occurrences in ‘the Phanfom Lake Metamorphic Suite
Care strikingly similar to those of the Medicine Bow Mountains but in
some areas exposures are better and structures are hreservéd in the
paraconglomerate that have not been recognized in the Medicine Bow
Mountains. The best exposufes and best developed paraconélomerate‘beds
of the Sierra Madre ére in the cirques north and east of Bridger Peak
(Secs. 11, i2 and 13, T. 14 N., R. 86 W.). Here, beds of paraconglom-
érate exceed 200 meters in thickness. Clasts, up to one meter in di-
ameter, are éranite, quartzite, phyllite, and metavolcanic rocks and the
matrix is either arkosic or amphibolitic graywacke (Graff, 1978, p. 24).
This paraconglomerate succession is richer in volcanic clasts in the
lower part and has a greater abundance of granitéland other non-volcanic
rocks up-section. According to Graff (1978, p. 25) boulder conglomerate
layers grade upward into yritstone containing widely spaced, angular
clasts.of granite. Channels of cross-bedded arkose cut the conglomerate
and, in general, the unit is better sorted~ﬁp-section. In the well-
exposéd sections, the conglomerate unit displays both fining-upward and
coarsening upward sequences (Figure 1.18).. Lenticular beds of radio-
- active quartz-pebble conglomerate have been mapped In the paraconglom-
erate of the Sierra Madre and, aslin the Medicine Bow Mountains, we in-
terpret them to be part of major alluvia] fan sequences.

Paraconglomerates of the Silver Lake Metavolcanic Roucks and the

Colbert Metavolcanic Rocks, and associated volcanics, are interpreted
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Figure 1.18. Photographs showing graded bedding in conglomerate of
the Silver Lake Formation, central Sierra Madre. Note deformed
laminae in graywacke layer of A.
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to be mainly non-marine. However, in both areas, these rocks overlie

and are overlain by marine quartzite successions. It is possible that
some interbedded quartzites and phyllites at the distal ends of the para-
conglomerate succession are marine and therefore the deposits may be of
the fan-delta type (Wescott and Ethridge, 1980) where alluvial fans and
related deposits are developed along active continental margins or island-
arc systems and are partly non-marine and partly marine. The thin zones
of radioactive conglomerales are poustulated to be fluvial deposits but,
as in the Rock Mountain Conglomerale and Stud Creek Volcaniclastic Rocks,
fluvial environments favorahle for placer accumulations were not wide-
spread or long-lived and, therefore, these units are not a promising
exploration target for uranium- and thorium-bearing conglomerates.

The second type of radioactive quartz-pebble conglomerates, those
that occur in basal conglomerate-quartzite successions above unconformi-
ties, are present in both the Sierra Madre and Medicine Bow Mountains.

In the Sierra Madre, strongly radioactive rocks of the Deep Gulch
Conglomerate occur locally at the base of the Phantom Lake Metamorphic
Suite and unconformably overlie older Archean gneisses. In the Medicine
Bow Mountains, strongly radioactive rocks occur at the base of the Early
Proterozoic Magnelia Formation which unconformably overlies the Phantom
Lake Suite and Archean granitic rocks.

The Sierra Madre occurrence is best developed at the farrica Ranch
locabity, See. 12 1 5 N "Ry BS M. and Secs. 6 and 7, T, 18 N H.

87 W., but extends northeast of that locality to Sec. 29, T. 16 N., R.
87 W., a distance of approximately 7 kilometers. At the Carrico Ranch

the Deep Gulch Conglomerate lies on a gneissic basement which is both
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paragneiss (isoclinally folded locally) and orthogneiss. In most areas
examined, metadiabase sills are intruded between the basement gneiss
and the basal beds of the Deep Gulch Conglomerate, but in several areas
the basal beds of the Deep Gulch Conglomerate lie on a quartz muscovite-
rich rock which may be a regolith. |If this is a regolith, it is de-
formed and metamorphosed and has developed a planar structure locally.
The basal 200 meters of the Jack Creek Quartzite has been divided
into five units that can be recognized in most outcrops of the Carrico
Ranch area (Plate 7). The lower unit (Unit 1 of Plate 7) is an arkose
which is medium- to coarse-grained, poorly sorted, and is interbedded
with muscovitic-rich arkose, thin quartz-pebble conglomerate layers, and
thin arkosic conglomerate layers. The arkose conglomerate layers of
Unit 1 contain abundant granite clasts and angular K-feldspar pebbles.
Both the arkosic conglomerate and quartz-pebble conglomerate layers are
slightly radioactive (2-3X background). Unit 1 is overlain by an arkose
and subarkose (Unit 2 of Plate 7) 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 arkosic conglomerate. These conglomer-
ates are also slightly radioactive (2-5X background). Unit 3 (Plate 7)
contains pyritic and radioactive quartz-pebble conglomerates (up to 60X
background) interbedded with granular to pebbly subarkosic quartzites.
These conglomerates occur at the base of the fining-upward stratifica-
tion sequences and pass up-section into coarse-grained subarkose with

well developed trough and planar crossbeds. Beds of quartz-pebble con-

glomerate are from 17 to 75 cm thick (Figure 1.19) and individual beds
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Figure 1.19. Layers of quartz pebble conglomerate in Deep Gulch Con-
glomerate member of the Jack Creek Quartzite, Carrico Ranch locality,
northwest Sierra Madre. Note dark color of conglomerate layers due
to oxidation of pyrite.
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can be traced for a distance of two kilometers in the Carrico Ranch
area and one bed may extend thrqughithe entire outcrop aréa of‘Unit 3,
a distance of 7 kilometers (Plate 7). Units 1, 2, and 3, together,
form the Deep Gulch Conglomerate.

Above the Deep Gulch Conglomerate in the northwestern Sierra Madre
is a succession of fine- to medium-grained, planar crbssbedded quartzites.
Near Carrico Ranch, the lower parts of this quartzite succession were
mapped as Unit 4, a medium-grained, planar crossbedded, well sﬁrted sub-
arkose, and Unit 5, a black phyllite with lenses of arkose (Plate 7).
in other afeas, the quartzite §uccessi§n of the Jack Creek Quartzite
was not subdivided, but includes lenses of highly deformed metalime-
stone, metagraywacke, phyllite, and paraconglomerate. ‘Paréconglomerate
is not present interbedded with units of the Deep Gulch Conglomerate
at the Carrico Ranch locality, but lenses of paraconglomerate have been
identified in Unit 4 at the Deep Gulch locality (Plafe 7) and as ais-
continuous lenses higher in the Jack Crgek Quartzite succession. Highly
deformed paraconglomerates are also present in the ''basement'’ rocks be-
low the Deep Gulch Conglomerate at Deep Gulch.

The Deep Gulch Conglomerate (Unit 1 to Unit 3) is interpreted to
be a fluvial succession deposited in a braided river system. Unit 1 is
a finingfupward sequence which represents a reworked grus which was de-
posited - in channels and braid bars unconformably on gneissic basement .
Unit 2 generally coarsens-upwards and éontains abundant trough'crossbeds
gnd fining-upward stratification sequences. Unit 2 is interpreted to.
représent aggrading channels in a braided river system. Unit 3 contains

the major radioactive conglomerate zones in the Deep Gulch Conglomerate.
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These are interpreted to represent deposition of:gravels on longitudin-
al bars in braided rivers, which developed on prograding wet alluvial
fans. The coarsening-upwards succession represented by Units 2 and 3
appears to represent faulting and uplift along the basin margins and
the most radioactive conglomeraté layers of Unit 3 are interprgted to
represent cqmpound longitudinal gravel bars which were relatively long-
lived. Continued reworking of sediment in these bars, in response-to
progradation of the fan gySteh, caused heavy minerals to Ee concentrated
in these bars. |

Alternate interpretations of the depositional environment of units
of the Deep Gulch Conglomerate are feasible énd include a glacial con-
nection. It is possible that the braided riQer system developed be-
cause of the excess of clastic material present in a glaciated source
area. We have no evidence of glaciation at the time of deposition of
the Deep Gulch Conglomerate but it is quite possible that a glécia;ed
area existed north of the present outcrop area. |

Units of the Jack Creek Quartzite above the Deep Gulech Conglom-'
erate are interpreted as a marine transgressional succession. In the
Carrico Ranch locality, fluvial rocks pass up-section into marine
quartzites, phyllites, and thin metalimestone. In other areas, the
basal, fluvial rocks of the Deep Gulch Conglomerate may be entirely
absent and fine-grained, marine quartzites appear to rest directly on
basement rocks. The transgressioné] character of the Jack Creek
Qﬁartzite-is unfortunate from an economic viewpoint. |t suggests
that fluvial deposition was not long-lf?ed enough to produce reélly

thick or extensive alluvial systems and it suggests that the basal
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Phantom Lake Suite unconformity f§ not ﬁecessarfly-a favéfable e*plor-
ation target.

In the Medicine Bow Mountains, the most radioactive,conglomefates
occur at the base of the Magnolia Formation. 'This.unit contains
anomalously radiocactive zones thrégghbut the'Mediéihe Bow Mountains
but fhe thickest and most radioactive conglomératés found so far c}op
out in the Onemile Creek area ofAthe northern Médicine‘Bow Mountaing.A
The Onemile Creek area (Sécs. 5, 6, and'7,‘T. 15 N., R. 78 W.) has many
characteristics in common with the Deep Gulch area of the Sierra Madre.
At Onemile.Creek, however, the units of interest are in the lower con-
glomgrate hember of the Magnolia Formation~of‘the Deep Lake Group and
are Early Proterozoic insteéd of Late Aféhean. Paraconglomerate is
also more prevalent than in the beds of the Lower Jack Creek Formatipn.
Before discussing théAdepositional éﬁQironment of radioactivé;beds at
Onemile Creek it is desirable to review the genéral stratigraphy and
regional distribution of beds of the Magnolia Formation. In the Medi-
cine Bow Mountains it has been possible to subdivide the‘Magnolia Forma-
tion into two mappable units which are referred to as the Conélomerate
‘Member and Quartzitc Mcmber of the.Magnolia Formation (Karlstrom and
Houston, 1979a, 1979b). The Conélomerate Member ranges in thickness
from 0 to 330 meters and is composed of paraconglomerate, quartz-pebble
cqnglomérafe, and interlayered pebbly and granular quartzite. The
quartzite member ranges from 400 to 600 meters in thickness and is
coarse-grained quartzite composed of rounded granules of quartz (Karl-
stroﬁ, 1977) .

The Congloﬁerate Member of the Magnolia Formatidnvis of particular

interest in this study because it is the host of all significant
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uranium-thorium deposits in the Medicine Bow Mountains. |n general,
the Conglomerate Member has paraconglomerate at the base which grades
upward into conglomeratic quartzite. The paraconglomefate at the

base of the Conglomerate Member is variable in thickness and contains
beds that range from true paracqnglomerate.(open-framework) to beds of
orthoconglomerate (closed or largely closed framework). Clasts range
in size up to tens of centimeters in diameter, and are granite, granite
gneiss, phyllite, quartzite, amphibolite,'hornbiende gneiss, sericite
schist and garnet biotite schist in a matrix of arkase. Thick heds of
paraconglomcratc arc present at the base of the Conyluimerate Member at
localities west of the confluence of Brush Creek and Little Brush Creek
(Sec. 22, T. 16 N., R. 81 W.) and in outcrops east of the Arrastre
Creek (Sec. 10, T. 16 N., R. 80 W.) Paraconglomerate beds have not been
recpgnizéd in the limited exposures of the Conglomerate Member at the
North Fork Rock Creek (although an outcrop of paraconglomerate in Sec.
19, T. 18 N., R. 78 W. may be part of the basal Magnolia Formation) or
on the ﬁedicine Bow River. Thick beds of paraconglomerate are again
present in the Conglomerate Member in outcrops on the north side of
Rock Creek (Sec. 19, T. 18 N., R. 78 W). These beds thin to the north-
east towards Onemile Creek and to the southwest, towards Deep Creek
(Plafe 1). In general, the paraconglomerates are best developed on

the northwest limbs of synclines and are believed to thin to the
southeast. We believe that the paraconglomerates represent alluvial
fans that had a sou}ce (perhaps a fault scarp) some distance northwest
- of their principal outcrop areas; i.e..north of Rock Creek and Qest of

- the confluence of Little Brush and Brush Creeks. The paraconglomerates
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grade up-section and along strike into the Quartzite Membef wHich is
interpreted as braided stream or river deposits. The Conglomerate
Member succession is therefore transgressive or it may represent a de-
crease in tectonic activity in the source area through time.

The Magnolia Formation paracqngfomerate'is radioactive and, in con-
trast to paraconglomerates of the Phantom Lake Metamorphic Suite, it
has nadioactivity -above background in virtually every outcrop examined.
The uranium and thorium content- of the paraconglomerate is geﬁerally
low, however, averaging 10-20 ppm uranium and 20-30 ppm thorium. In
local areaé, beds.of quartz-pebble conglomerate are interlayered with
paraconglomerate and some beds of paraconglomerate are quartz-rich
and better sortea than typical paracqnélomerafe -- tHese beds normally
contain a higher percentage of uranium and thorium, up to 545 ppm
uranium and 1143 ppm thorium in the Brush Creek‘area (ﬁB-9) and 110
ppm U and 190 ppm Th near Rock Creek (BOWS-],-2,43). Also, a zone of
uraqium-'and thorium-rich paraconglomerate north of Rock Creek, in drill
hole EMB-11, which has local layers of quartz-pebble conglomerate and

zones of quartz-rich paraconglomerate, is nearly 200 feet thick and

~averages over 100 ppm uranium, and as such constitutes a low-grade

uranium resource.
The paraconglomerate of the basal Magnolia Formation obviously had
a different source than paraconglomerates of the Phantom Lake Metamorphic

Suite. . Magnolia paraconglomerates have fewer clasts of volcanic rocks,

more quartz, and an arkosic rather than a phyllitic or amphibolitic

matrix. The paraconglomerates were derived from a mixed source consist-

ing of Archean granite, gneiss, metasedimentary and metavolcanic rocks.
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The proportions of these various rocks in the local sdur;e area, within
about 10-15 miles of the alluvial fan system, we assﬁme, fs reflected
in clasts of the paraconglomerate. |In the area west of the confluence
of Brush Creek and Little Brush Creek and at Arrastre Lake, typical-
clasts in the paraconglomerate are phyllite, quartzites, mafic volcanics,
and vein quartz. Granite clasts are uncommon in these localities (al-
though they are present in'two of eight localities‘studied). In contrast,
granite is a common constituent of paracdnglomerates of the basal Mag-
nelia Formation in outcrops extending from the south side of Dccb Creck
to Onemile Creek (Plate 1), and it i§~in these Iocélities where the most
uranium-rich paraconélomerafes (and quartz-pebble conglomerates) are
found. |

The Conglomerate Member of the Magnolia Formation gets progressive-
ly more radioactive as one .goes north ffom Rock Creek and this ;hange
is accompanied by a change in lithology, from dominanfly paraconglomer-
ate in the south to dominantly quartz-pebbie conglomerate in the north.
The best developed quartz-pebble conglomerates are in the vicinity of
Onemile Creek (Secs. 5, 6, and 7, T. 18 N., R. 79 W.) where the Mag-
nolia Formation is exposed in the nose of an'overturned syncline (Figure
1.11). Only the Conglomerate Member of the Magnolia Formation is ex-
posed in the Onemile Qreek area and here, it has been subdivided into
five units (Figures 1.11 and 1.12).‘ Unit 1 is an arkosic paracongiom-
erate with abundant large granite clasts interlayered with subarkose
(Plate 4). Unit 1 grades up-section into a trough cross-bedded sub-
"arkose with thin lenticular beds of radfoactive quartz-pebble conglom-

erate referred to as Unit 2. Unit 2 grades upward into a granular
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subarkose (Unit 3) with thin lenticular beds of radioactivé quartz-
pebble conglomerate.. Unit 3 is overlain by biotite chlorite schist with
paraconglomerate lenses (Unit h), snd Unit 4 is overlainiby muscovite-
rich subarkpse with thick and continuous beds of radicactlive quartz-
pebble conglomerate (Unit 5, Figufes.T.lT and 1.12). The radloactive
quarfz-pebble conglomerate beds of Unit 5. are the most radloactive and
most persistent of any In the Medicine Bow Mountalns. As Illustratéd

In Figure 1.11, there are two main zones (sa‘and 5b) In Unit 5 that con-
tain radloactive quartz-pebble cthIOmerate. Indlvidual zones of }adid-
actlve quaftz-pebble conglomerate are up to 20 m thick. However, these
radloactive zones are not single beds of conglomeraté b;t aré lnteralé
of eoarse-gralned quértzlte with nume rous qué;tz-pebble cSnélomerate
layers. The Individual layers of quartz-pebble coﬁglome;été réﬁgé in
thickness from that of a single pebble to composite zones tens 6? féet“<
thick. Unfortunately these quartz-pebble conglomerate béds are ;of uni-l
formly minerallzed and may range from as_llttle as 10 ppm:to over 1060
ppm uranium. The varlation In uranium values Is bélleved to be related

to the location within a channel, with generally'hlgher values at the
“bage of IndIvidual channels, - |

We Interpret the basal Conglomerate Member of the Magnolla Forma-

tion as deposits of an alluvial fan system with the paraconglomera;e
representing more proximal, mudflow deposits; the mixed paréconglomerate-
quartz-pebble conglomerate represent[né mid-fan deposits; and the éqarSe-
ngralned quartzite with beds of quartz-pebble conglomerate representing
part§ of the distal fan. Overall, the Conglomerate Member of the Mag-

nolla Formation Is transgressional but there are obvious local episodes
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of progradation superimposed on the transgressional event. The presence
of the most uranium- and thorium=-rich quartz-pebble conglomerate at One-
mile Creek is thought to be related to proximity to a source under-

lain by Late Archean granites as suggested above, but we must emphasize
that this is also the only area of outcrop of the Conglomerate Member -
which contains thick quartz-pebble conglomerates so that tHe uranium

and thorium minera]izationvmight also be related to favorable deposi-
tional conditions. We cannot rule out the possibi]ity of'finding other
thick and persistent beds of quartz-pebble conglomerate in unexplored
subcrops of the Conglomerate Member elsewhere in the Medicine Bow Moun-

tains, even in areas at some distance from known granitic source areas.

GEOCHEMISTRY OF URANIUM-BEARING ROCKS

A variety of geochemical techniques have been used to study
uranium-bearing rocks of the Sierra Madre and Medicine Bow Mountains
and to prospect for additfonal deposits. Uranium and/or thorium énaly-
ses have been made of rock chips, stream sands and silts and water
samples. Radon analyses have also been made of water samples to test
this method in exploration. The results of the geochemical analyses
have been considered in two ways: as a prospecting tool and as an
aid in understanding geologic features of the rocks such as surface

alteration, mineralogy, and geochemical changes through time.

Geochemical Prospecting

Water
Uranium content of surface waters was studlied as part of a hydro-

~geochemical reconnaissance study of the United States Department of
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Energy (Weaver and others, 1978) and as part of a more detéifed geo-
chemical study of the United States Geological Survey'in a key area

of the Medicine Bow Mountains. (Miller and others, 1977). Neither

of these studies was successful in délineatihg uranium concentra-

tions in quartz-pebble cdnglomerate. The‘reéonnaissanceiwatér samp-
ling-prpgram of the Rawlins NTMS quadrangle (Weaver and others, 1978)
was undertaken by sampling about every 5 square mile interval, and
water samples Were collected from rocks ranging in agelfrom Precambrian
to Recent. The striking'Feature of the reconnaissance study was the
low uraniuﬁ values obtained in water from rocks of Precambrian age as
compared with those obtained in younger rocks. The Qranium concentra-
tions in water of the Rawlins NTMS quadrangle ranged from less than the
detection limit of 0.2 parts per billion (ppb) to dhs ppb uranium; with
a mean value of 6 ppb (Wéaver and others, 1978, p. IO-iB). Anomaly .
thresholds were set at 50 ppb for the wafer samples (Weaver and othérs,
1978, p. 11). Not only were there no values of 50 ppb in the aréas
underlain by rocks of Precambrian age, these areas had the lowest uran-
ium values of any water samples (Weaver and others, 1978, pl. 3); maxi-
mium hetween 2.01-5.00 ppb. WaterAsamples from known uranium=boaring
quartz-pebble conglomerate loaa!ftie; did not show an increase in uran-
ium over otﬁer rocks of Precambrian age.

Chemical analyses of waters collected from streams, lakes, springs,
and éeeps of an area of about 30 km2 néar Arrastre Lake of the Medicine
Bow Mountalns (Miller and others, 1977) were made at intervals of two.
samﬁlés every 2.5 kmz. The waters of the Arrastre Lake area are ex-

tremely dilute sodium bicarbonate types and, according to Miller and
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others (1977, p. 17), the small amount of disso]Qéd solids in these
waters suggests an exfremely short contact time between waters and
rocks of the area. Dilute waters of this type would not be expected
to contain high uranium concentrations anq this appears true inasmuch
as the mean uranium content of 24 samples is 0.25 ppb, and the maximum
value is 0.50 ppb. There is no clear relationshib found between the
uranium values in waters draining areas of known low-grade radioactive
quartz-pebble conglomerates of thec Arrastfc Lake arca and waters drain-
ing other areas.

These two studies suggest to the writers that the determination of
uranium in water is a poor method of prospecting for uranium in quartz-
pebble conglomerates or in other crystalline rocks of Laramide uplifts.
Two factors are involved: the short contact time between rocks and
these dilute waters, discussed above, and the extreme leaching of uran-
ium from surface outcrops, which.will be discussed below. Obviﬁusly,
this conclusion applies to typical occurrences of the Rocky Mountains

and may not be valid in other geologic and topographic situations.

Stream Sediment Sampling

Stream sediment sampling should be a more useful exploration tech-
nique than water sampling in high-relief crystalline areas ot the type
invespigated here, but the reconnaissance sampling of Weaver and others
(1978) and detailed sampling of Miller and others (1977) in the Medi-
cine Bow Mountains and Charleton (personél communication, 1980) in the
Sierra Madre did not show any correlation between known uranium-bearing
quartz-pebble conglomerate occurrences and abnormally high concentra-

tions of uranium in stream sediment.
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In contrast to water éampleé, where no uranium concentratibns above
normél weré defected in the mountain areas uﬁderlain by rocks of Precam-
brian age, a number of uranium anomalies were obtained in this area in
stream sediment studies of Weaver and others (1977). The samples con-
taining high uranium values were primarily'along.tﬁé Mullen Creek-Nash
Fork shear zone of the Medicine Bow Mountains and in the vicinity of
the confluence of Billie Creek éﬁd the Encampment River of the Sierra
Madre; none were near occurrences of uranium-bearing quartz;pebb]e con-
glomerate (Weaver and others,1977, pl. 4). Sediments of these two areas
consist of reworked Pleistacene- -glacial Aeposits as well:=as-sediments de-
rived from bedrock. However it is also true that rock samples from out-
crop and drilf core in this afea are not especially rich in uranium (up
to 11 ppm U and 38 ppm Th).

Charlton's sampling in the west-central‘Siérré Madre, réported in
detail in Volume 2 of this report, showed uranium values iﬁ stream sedi-
ment .up to 12 ppm, with mean values about 3-5 ppm. There was no obvious
correlation between uranium values and local rock type, although his
sampling did not extend into the nqrthwestern Sierra Madre where known
radioactive conglomerates occur.

The apparent lack 6f a correlation between uranium values in stream
sediment and outcrops of uranium-bearing quértz-pebble conglomerates has
several bossible explanations. First, available data are mainly from
areas which}contain only mildly radioactive conglomerates and the two
major areas of outcrop of radioactive quartz-pebble conglomerate were -
not extensively sampled, so it may be a sampling problem. Second, deep
leaching of conglomerates prior to recent e}osion and alluvial transport

appears to have removed much of thé uranium from outcrops so that the
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resulting stream sediment would not be expected to contain appreciable
uranium. We suspect a thorium assay might be a more useful tool than
a uranium assay in trying to identify radioactive anomalies from stream

sediment in the Medicine Bow Mountains and Sierra Madre.

Radon

Miller and others (1977) obtained interesting results by deter-
mining the radon gas conceptrations in 50-ml samples of water stored
in glags containere. This work was done in the Arrastrc Lake area of
the.Medicine Bow Mountains where there are known low-grade occurrences
of uranium-bearing quartz-pebble conglomerate. The radon study was
strictly reconnaissance in that the‘amount of radon gas dissolQed in
water was determined on oﬁly seven water samples (Miller and others,
1977, p. 20, Table 4).

The.radon studies showed that the highest radon values were in.
areas which contained the most radioactive quarfz-pebble conglomerate
and that the radon content of waters near occurrences of radioactive
quartz-pebble conglomerate is extremely high for dilute waters. Ac-
cording to Miller and others (1977, p. 17-21), the equivalent amount
of uranium-238 needed to produce the amount of radon-222 In the waters
of the Arrastre Lake area greatly exceeds the uranium content of sur-
face rocks. Inashuch as the surface samples are leached of uranium, -
Miller and others (1977) hypothesized that the radon gas might be gen-
erated in the subsurface and mig;ate upwards in ground water.

After the radon study was made of. this area, we postulated. that
uranium-bearing quartz-pebble conglomerates would be encountered by

drilling to intersect beds below the zone of weathering. Only one
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drill hole pehetrated the conglomerate layer and it was barren (maxi-
mum values were 12 ppm and 36 ppm Th). Obviﬁusly there has not been
enough exploration in the Arrastre Lake area to test the validity of
the radon survey, and we believe that additional exploration is war-
ranted. Nevertheless, other workers have shown that radon anomalies
can be generated in areas that do not.have significant concentrations
of uranium. Andrews and Wood (]972)Ahave demonstrated that signifi-
cant radon can be concentrated byAground water circulation in fractured
rocks despite the fact that the uranium content of the rocks is not

much greater than average.

Rock Chips

The most cohprehensive geochemical.sufvey'done in the Sferra Madre
and Medicine Bow Mountain§ was uranium and thorium analysés of rock
chips collected'dufing the current study and also on roﬁk samples éol-
lected durfng prior studies‘at the-Uﬁ}versity.l632 rock sémples were ana-
lyzed in the Sierré Madre and 1324 rotkjsamples‘Were analyzed in the Medi-
cine Bow Mountains for uranium by neutron éctivation; delayed- neutron- count
‘at the Oak Ridge Gaseous Diffusion Plant, Oak Ridge,Tennessee.

Random rock sampling has several uses as a prospecting tool. In
relatively homogeneous rock massés, such as felsic intrusions, anomalous
‘ areas may be outlined and examined in greater detail. And, on a regional
scale, random rock sampling is useful in establishing background values
of elemental abundances, for use in evaluating anomalies and in defining
[ggional metaeiogenic provinces. However, where a-great Variety of rogk
types are exposed, as in the Sierra Madre and Medicine Bow Mountains,

random geochemical sampling cannot be used alone to outline anomalous
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areas. Meaningful interpretation of geochemical results requires detail-
ed geologic information on rock types, rock ages, and geologic history.

Table 1.8 shows that in this area rock analyses are not useful in
outlining lithologic subdivisions that have greater potential as a
source of uranium. Uréﬁium values are no greater in quartzite of the
Deep Lake Group than in quartzité of the Phantom Lake Metaﬁorphic Suite,
and Libby Creek Group, Archean Granite, or rocks south of fhe‘MuIlen
Creek-Nash Fork shear zone. 'ln fact, when quarfzite alone is analyzed,
the Phantom Lake Metamorphic suite appears to be a more promising tar-
get féf uranium exploration than the Deep Lake Group which contains
the most significant deposits (fable 1.8).

A comparison of mean uranium values in known congloﬁgratic members
such as the Magnolia Formation, Rock Mountain Conglomerate and Deep
Gulch Congiomerate is useful in determining which of these units
is the most favorable Host rock for uranium_(Table 1.8), but these re-
sults are biased by selection of sémples from radioactive horizons.

The Archean granites of the Sierra Madre and Medicine Bow Mountafns
do not .have uranium or thorium values (Table I.8}greater than crustal
averages which are about 3 to 5 ppm uraniﬁm and 10-20 ppm‘fhorium
(Rogers and Adams, 1969). These Archean granites are not anomalous in
terms of Th/U ratios which are 5.7 for these Archean granites as compared
with a range of 3 to 5 for most granites (Rogers and Adams, 1969). We
suspect, therefore, that the uranfum minerals in quartz-pebble cqﬁglom-
erates were not derived lo;ally, and thus the fact that an Archean granite
'might be located near a quartz-pebble conglomerate locality does not

indicate that this locality is a better area for prospecting.
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TABLE 1.8. STATISTICAL SUMMARY OF MEAN URANIUM AND THORIUM VALUES FROM VARIOUS
GEOLOGIC UNITS OF THE SIERRA MADRE AND MEDICINE BOW MOUNTAINS.

Unt . Th

Max. Mean Min. Max. Mean Min.
Value ’ Value Value Value
Medicine Bow Mountains & Sierra-Madre
Archean granitic rocks 6.10 1.97 0.10 45 11 <2
Fine grained quartzites of the 48.60 3.83 0.10 395 14 1
Phantom Lake Metamorphic ;
Suite )
Quartzitgs of the Deep 18.9 171 0.30 42 8 ND
Lake Group : . o
Quartzites of the Lower 5.00 1.55 0.20 328 - 22 1
Libby Creek Group ’
Mafic intrusives 8.3 - 0.89 0.0 129. 13 <2
Rocks south of the 22.60 2.18 0.0 29 8 . <2
Cheyenne Belt
Medicine Bow Mountains
Rock Mountain Conglomerate 194.50 11.80 060 86 12 . <2
Magnolia Formation 1620.00 ©74.13 0.50 1143 89 1
Magnolia Formation of the 1620.00 91.38 1.00 1143 108 1
Onemile Creek Area
Magnolia Formation of the 176.70 25.25 1.50 915 99 3
Onemile Creek Area
{Surface) .
Magnolia Formation of the 1620.00 . 125.90 0.35 1143 109 ) <2
Onemile Creek Area
(Subsurface)
Sierra Madre
Deep Gulch Conglomerate 718,00 2053 0.30 2596 109 <2
Deep Gulch Conglomerate 205.50 10.19 0.30 839 94 <2
(Siirface) . :
Deep Guich Conglomerate 718.00 26.77 0.40 2596 118 <2
(Subsurface} )
Magnolia Formation 76.90 3.68 0.50 667 46 1
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CONCLUSIONS FROM GEOCHEMICAL PROSPECTING

Some -of the geochemical studies outlinéd above are useful tools in locat-
ing favorable areas to prospect for uranium, but their usefulness
varies with terrane and a variety of other factors. We believe that
stream sediment and rock sampling are more useful in the areas studied
and that the radon method is not yet fully evaluated.

None of these methods substitute for geologic mapping or geologic
exploration concepts. We doubt that any of the uranium-bearing quartz-
pebble conglomerates would have been discovered without the application

of the quartz-pebble conglomerate model in exploration.

Surface Leaching

It was c]ear from the beginning of this study that surface out-
crops had been leached and oxidized because there was discoloration of
quartz-pebble conglomerates (red and brown staining) and, in maﬁy ld-
calities, numerous cubic cavities could be recognized in quartz-pebble
conglomerates that were believed to be voids left after oxidation and
dissolution of pyrite. No true gossans have been found although a few'
quartz-pebbie conglomerate samples had limonite (geothite) pseudomor-
‘phic after pyrite.

The radicactivity of the quartz-pebble conylumerdtes was inltlally
attributed to thorium, becauge we assumed that‘uranium minerals had been
Ieached:from surface outcrops along with.pyrite. Therefore we did not
believe‘that assays from surface outcrops would be an adequate measure
of the uranium content of the rocks'and we sdspcctcd that airborne radio-

metric surveys might not be as useful a tool here as they are in Wyoming
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basins, where primary uranium minerals are dissoived but are re-deposited
as oxidized minerals in the vicinity of sandstone-type debosits. Neither
the anions necessary ‘for the formation of inso]db]e oxidized uranium
species (carbonate, sulphate, arsenate, silicate) nor elements such as
potassium, calcium, or vanadium:neceséary to form insoluble carnotite

- or tyuyamunite are abundant in quartz-pebble conglomerates. Therefore,
the uranium in these deposits was thought to be removed from soluble
uranium mineral species at the surface and transported in dilute grouﬁd
and surface Qaters to the adjacent basins. The fact that precipitation
in the mountains Is two to three times greater thén that of the basins

is undoubtedly another factor-contributingAto the thorough leaching of
~uranium from the quartz-pebble éqng]omeréte outcrops. What is more, we
believe that oxidation and leaching of quartz-peﬁbie conglomerates migﬁf
.Ahave occurred at several periods dﬁring the Terffary (Miller and others,
1977, p. 9) so that the amounf of surface ]gaching is not dependent on
the amount of time since the'ééhglomérates were iést exéosed, which Qas
probably Late Pliocene or Early Pleistocene.

The concept of leaching of uranium from surface outcrops led to the
proposal that drilling below the zone of oxidation would be necessary be-
fore these quartz-pebble conglomerates occurrences could be adequately
evaluated (Miller.and others, 1977). We knew of no tried way to pre-
dict from surface mineralogical'orAgeochemical studies whether a uranium-
bgaring mineral species would be present at depth in the quartz-pebble
cong lomerates.

However, one technique which may be useful ‘in the future in'evalu-
ating uranium loss due to leaching and in predicting the presence of

appreciable uranium in subcrop is lead isotopes. Lead isotope studies
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of some granites in central Wyoming (Rosholt and others, 1969; Stuck-
less, 1979) showed that Pb208 and its ?arent isotope Th232 are present
in approximately equal amounts whereas Pb206 is generally present in

excess of the amouﬁt-necessary for equilibrium with its parent isotope

238 o L :
. If it is assumed that Pb208 and Pb206 are essentially immobile,

y238

U
the excess of Pb206 as compared with can be attributed to uranium
loss from weathering. After the initial holes were driiled in the
Onemile Creek area, it was defermined~that unaltered pyfite was

present in the subsurface and that Th/U ratios below a dépth of about

30 meters were about | in most samples as combared with ratios of ébout
2-6 on the surface. |t was obvious from this that leaching of uranium
minerals had taken place. Samples were tHen submitted to geochemists' of
the United States Geological Survey to determine if leéd-isotope studies
could be used to predict uranium loss and thus aid in ﬁaking decisions on
whether or not to drill in other localities. These studies were completed
in 1979 but were not conclusive (F.A. Hills, 1979, peréohal communicafion)
enough to be used for decision making in drilling programs. We antfcipate
that this typé of study will be continued and may be of great value in
_prospecting.

One key objective of the drilling program was to try to quantify the
depth and degree of surface leaching of uranium in order to make accurate
uranium resource estimates.” A statistical study was made by BoFgman and
others .(1980) in two key areas, where Arilling coverage was most complete:
the Onemile Creek area of the Medicine Bow Mountains, and the Carrico.
Ranch area of the Sierra Madre. The results of the statistical study
were surprising in that they showed a striking difference in chemistry be-

tween the Sierra Madre and Medicine Bow deposits and they demonstrated
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that uranium loss was not consistent Qith aepth. By using a multivari-

ate stepwise regression method (Borgman and others, 3980, p.'h7), it was de-
termined that leaching was negligible below a deptﬁ of about 47 meters.

The surprise was that equations at substantial depth (& 47 meters) re-

duce to the relations for no leaching of

Sierra Madre (depth = =)
U/Th = .56Th™-26
Medicine Bow (depth = «)

U/Th = 4.99Th™-34

Note that the exponent for thorium is about the same in both areas,
but the multiplier is nine times larger in the Medicine Bow Mountains than
in the Sierra Madre. This indicates that most of the radfoactivity in the
Sierra Madre area is from thorium, whereas the.Mediqine Bow Mountain area
has proportionally much more uranium. In othef words, there was far less
uranium to leach in the Sierra-Madre and a method such as the lead isotope
méthod discussed above, to predict this from study of surface samples might

save substantial drilling cost in the future.

A second finding of the leaching study was that the aﬁount of uranium
leaching increases with depth to about the first ten meters and then de-
creases steadily to 50 metérs below which leaching is absent. This finding
remains speculative largely because drilling was designed to intersect
radioactive rocks below about 30 m so that sampling control at shallow depths
is poor and the regression equations are essentially based on surface
samples and samples from below 30 m. Nevertheless, Borgman énd others,
(1980, p. 52) found this relationship in scatter plots of uranium versus
‘depth in both the Sierra Madre and Medicine Bow Mountains and they be-

lieved it to be real and not a peculiarity of the statistical analysis
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procedure. Borgman and others (1980, p. 52) suggested that the leach-
ing behavior may be affected by thevlgngth of time moisture stays in
contact with ore as it percolates downward. That is, surface moisture
might move down rapidly at first.and. then slow down with increasing
depth. Other processes may also be involved. For example, two pefiods
of léaching may be involved -- one in the Tertiary and a second in the
Pleistocene. In any event, the leaching process is not é simple straight
line relationship and it will reéuire additional study to understand it

and to devise methods.of‘predicting,uraniqm,concentrations at depth.

GéOCHEMISTRY AND SEDIMENTOLOGY

- 1t has been shown by Theis (l979),that there:is a rélationship be-
tween the size of clasts and fhe percentages of various elements in the
quartz-pebble conglomerates of the Blind River uranium district of Canada.
The variation in percentages 6f elements in the qUartz-pébble cong]dmer-
ates reflects the mineraldgy and the size of clasts is related to sedi-
ment carrying capacity of the streams of rivers of Early PFoterozoic time.:
The éoncebt of hydraulic equivalence (Rittenhouse, 1943) states‘thét
_ grains‘carried in suspension and deposited as current velocity decreases
'should have the same settling velocity (Rubey, 1933). That is, \arée
light grains should beAdepOSited along with small heavy grains to main-
tain hydraulic equivalence, and there should be a relationship between
size ana specific gravity of heavy minefals deposited with a given sizg
of quaftz clasts. [If heavy minerals aré approximately the same size, a
‘heavy mineral of high specific gravity will be deposited with the larger
quartz clasts and a heavy mineral with lower specific‘gravify will be
deposited with smaller quartz clasts. There are a number of other vari-

ables involved such as transport by traction vs. transport in suspension,

174



re-entrafnment (Hand, 1967), and infiltration (Minter, 1979) but, if a
relationship between grain size and mineralogy (reflected in.chemistry)
can be shown, it certainly sqggests that hydraulic factors were opera-
tive.

In the Blind River quartz-pebble conglomerates, quartz is the
primary lightrminergl énd the‘principal‘heavy minerals ére pyrite,
uraninite, brannerite, zircon, and monazite. When tHe diameter of
quartz clasts'is p]ottedragainst cerium-and lanthanum (elements that
refleéf the presence of monazite) there fs'ah inverse fe]ationship
between the pefcentaée df these eleﬁenfs and the size of quartz clasts
with highest concentrations iﬁ‘fihér-grainéd coﬁglomérates (1heis,.
1979, p. llj. “Inésmuchvas.monazite is relatively sméil, has a 1imited
size range, and has a‘relétively Iéw sﬁéciffc gravity as compared with
other heavy minerals, this relationshib'sbggests that changes iﬁ mona-
zite concentratian Eeflééfé d}ffereat.depositional-energy conaitions.
The same inverse reiationshib befween'quéftz clast size and zircoﬁium
(element that reflects the presence of zircon) is noted at Bliﬁd River
(Theis, i979, p. 11), and that is undoubtedly controlled by similar
hydraulic factors. As further verification of the role of hydraulic
factors at Blind River, Theis (1979, p. 12) noted a direct relation-
ship between the'uranfum content of the coﬁglomerate and quartz clast
size and an inverse relationship between thorium content and clast
size. ‘This is interbreted as due to the high specific gravity uranin-
ite being associated with larger clast size and lower density thorium-
bearing minerals (monazite and thorite) .being associated with sﬁaller

quartz clasts. These relationships are shown more clearly by a strong
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correlation between U308/Th02 versus grain size, which sths that this
ratio is largest in the coarsést conglomerates.

When the same statistical tests used by Theis were épplied to
samples from the Carrico Ranch locality of the Sierra Madre and the
Onemile Creek locality of the Medicine Bow Mountains no Blind River-type
correlation was noted between grain sizeland key elements such as U,.
Th, Zr, Ce (Tables 1.9 and 1.10). This lack of correlation is ex-
plained by the fact that the specific gravity of uranium-thorium-
bearing heavy minerals in southerﬁ Wyoming conglomerates (uranothorite,
fionazite -huttdnite, monazite, zircon and coffinite) are alIAébout the
same (between 4 and 5) so that variations in deposftiona] energy condi-
tions did not significantly fractionate the heavy minerais. In'con-
trast, Blind River conglomerates contain uraninite (specific gravity 8-
10) and zircon and monazite (specific gravity 4-5) and these heavy min-
erals were effectively fractionated by hydraulic processes.

| f we assume that hydraulic factors were operative in formation
of the Wyoming deposits, as they must have been at Blind River, it seems
probable that the known deposits in Wyoming did not contain uraninite
originally. [If uraninite had been present, say at Onemile Creek, and
subsequently altered to uranium-thorium or uranium silicates, a grain
size correlation should be expected. That is, the uranium-rich samples
should have come from the cnarsest conglomerates. |Inasmuch as this is
not the case, we suggest that uraninite was not a detrital mineral in

the southern Wyoming localities.
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TABLE 1.9. IVIATRlX. OF PEARSON CORRELATION COEFFICIENTS FROM THE DEEP GULCH CONGLOMERATE.
CORRELATION COEFFICIENTS FOR ELEMENTS WERE COMPUTED USING LOG TRANSFORMATIONS BASED
ON DATA FROM 220 SUBSURFACE AND 200 OUTCROP SAMPLES.

Subsurface Samples

U(nt) ~  Th Th/U  Fe Ti Y  zr K Ce La*  Pb* P

U(nt) 83 —.05 .65 02 85 .81 -.16 .70 .53 .55 .38
Th 85 42 73 .04 91 92 -.19 12 48 47 46
Th/U .12 .56 24 .00 .26 36 -4 .16 17 - .02 .16

Fe .72 65 A7
Ti 42 .36 19 .39
Y 86 83 30 .65 40
85 82 31 - 68 .38 89
K A7 A2 09 .08 72 .06 .10
Ce .50 42 13 41 21 61 56
La* .51 56 - B0 37 -—.14 48 44
Pb* 64 —27 37 63 -39 33 .48
P 63 59 19 75 © .40 60 .61 - 23 46 44 54

11 74 71 -35 62 51 55 - 57
18 15 82 A7 09 —01 - . 47
89 ~13 .73 .49 48 55
—17 73 57 49 . 45

Subsurface Sampleé
N
Outcrop Samples

Outcrop Samples

* Approximately 80 analyses were available for La and Pb correlations.



TABLE 1.10. MATRIX OF PEARSON CORRELATION ZOEFFICIENTS FOR RADIOACTIVE CCNGLOMERATES OF THE MAGNOLIA FORMATION FROM THE 'ONEMILE
CREEK AREA. CORRELATION COEFFICIENTS FOR ELEMENTS WERE COMPUTED USING LDG TRANSFORMATIONS.

Subsurface Samples

Max.
Max. Peb. Mean
Peb. Size, Conc.

Ulnt) T ThiU. Fe Ti Y 2Zr K Ce La Pb P Ca Nb \a Size UnintS {ppn)

Ulnt) .70 -.38 37 .20 77 .53 .06 83 59 73 45 —.11 56 -—.12 » .02 —-.07 150.1

Th 63 - .40 . R .73 .09 .- .83 .84 74 .45 -37 15 =37 =21 -.25 1573

Th/U -27 - 27 .07 41 .14 -23 .01 -32 14 -3z -34 —-.26 1.64

Fe 57 A1 -.04 41 .52 55 .54 01 .46 .24 .20 249 .237*

Ti 43 33 41 .22 ' .28 07 .43 A7 .30 .6 -.09 -.16 1308
8 Y .66 .35 . 81 . B0 .61 -39 77 -2t -.19 -.30 214
g Zr 55 .75 .35 23 25 47 56 _22 53 -14 —14 —20 1211
2 K .00 .32 —-40 - .36 .74 02 -.03 -7 .04 32 -.18 -7 2.00*
g Ce 51 .88 54 . .23 -.02 b4 57 -.35 .70 —-4% -33 -4 1315
g La .45 .90 .58 31 .00 .80 1.0 47 -~.28 .80 0?7 -.15 —-.25 1256

Pb .61 .78 27 .38 .3 .57 50 -.15 .68 .69 24 -1 64 -1 .03 .05 79.23

P .69 .64 .07 55 2 73 61 —.09 .66 .65 .54 .10 -.23 © 167.0

Ca 19 21 .06 16 2 16 07 .10 A7 05 .28 .30 -.02 -.12 .096*

Nb .23 57 47 A3 .08 .55 44 .36 .57 54 .60 .36 -.16 -.33 259

\ : .29 .18 53 49 50 ~.10 . .06 .67 22 .04 .08 22 -.31 .36 339

Max. Peb.

Size 27 11 —.16 .35 24 .09 -.02 .33 .04 15 .08 .15 .09 .04 43

Mean

Conc.ppn 253 104.9 4.89 1.67* 1274 104 1278 1.93* 1618 163.0 63.1 2311 076* 223 37.02

*wt %

Qutcrop Samptes
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SUMMARY OF CONCLUSIONS

RESOURCE EVALUATION AND ECONOMIC POTENTIAL

This project has identified 3860 tons of U,0g with a cut-off of 100

3
ppm U308 and 8350 tons ThO2 with a cut-off of 100 ppm ThO2 in ?recambrian
quartz-pebble conglomerate deposits of the Sierra Madre and the Medicine
Bow Mountains of wyoming. There is an estimated .{0 probability that.the
éctual resources in the Sierra Madre are two or more times the estimates
given. Similarly, it is estimated that theré is a probability of .45 that
the resources in the Medicine Bow area are twice or more those .given. In
the Médicine Bow Mountains in particular, large areas éhat are ‘known to be
A underlain by radioactive quartz-pebble conglomerates have ﬁotAbeen drilled
and, aithough our geologic evaluation suggests that these areas do not have
the potential of the.Onémile Creek area of the northeastern Medicine Bow
Mountains, so much of the Medicine Bow -Mountains is covered with glacial
drift that it remains a good target for future explorétion.

The mogt important occurrence of uranium identifled in the Sierra
Madre and Medicine Bow Mountains is a 5 km2 area referred to as the One-
mile Creek area of the northeastern Medicine Bow Mountains. The One-

.mile Creek prospect which is located about 5 km south of the village-

of Arlington, contains 1801 tons U 08 and 1106 tons Th02. There are a

3
" number of horizons of quartz-pebble conglomerate that exqeed 2 meters
in thickness and average more than 100 ppm uranium, but drilling is
inadequate to determine-fhe'extent of these beds.

The current economic depression in uranium'prices (i_$25,00-per

- pound in 1981) makes it very unlikely that uranium of this grade could

be mined by subsurface methods at any time in the near future. However,
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tHe uranium in quartz-pebble conglomerates i{s present as coffinite and
uranothbrite which are metamict and obviously quite solusle, inasmuch
as the uranium has been strongly leached from surface outcrops to a
depth of about 50 meters. Therefore; the feasibility of chemical leach-
ing of uranium should be invegpigated as part of futqre economic ap-
praisals. The conglomerates are strongly foliafed and intensely
fractured which would make leaching more feasible.

Thorium reserves are significant in both the Sierra Madre and Medi-
cine Bow Mountains but until a ready market is developed for thoriuﬁ,
perhaps by greater use as a fuel in nuclear reactors, there is insuf-
ficient demand for thorium to develop these reserves. Furthermore,
large reserves of thorium are present in the United States (Staatz and
others, 1979; Staatz and others, 1980)‘in various other types of deposits
which can be mined at lower cost than the quartz-pebble conglomerates of
this area.

The detailed-sampling and analyseé necessary for the determination of
the amount of gold in the quartz-pesble Conglomefafes have not been doune
in either the Sierra Madre or Medicine Bow Mountains. 314 samples have Been
analyzed by neutron activation and 77 samples contained > 0.0 ppm gold. The range
in gold values was from0.01 ppm to 10.0 ppm with an average gold content of
0.37 ppm.In the Dexter Peak area of the Sierra Madre one sample coligcted
for studies made by the United States Geological Survey contained 10 ppm
. gold (Houston, 1979) which was the highest gold value determined In any
locality. The Sierra Madre was thus considered a promising area for ]arge'
sample tests. Two samples from the Carrico Ranch locality weighing 89 and

110-  pounds were disaggregated and: the heavy fraction analyzed for gold.
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The method of analyses took into account grain size and sample sparcity
factors (Clifton and others, 1969) and thus the values obtained were
considered an accurate measure of the gold content of the sample. Thése
twb sahples contained < | ppm and < 1 ppm gold. Therefore, results ob-
tained to date suggest that the quartz-pebble cong]omerates'of the Sierra
Madre and Medicine Bow Mountains are not promising as a source of Qold,
.but we again emphasize that neither sampling methods nor sample sige is
~adequate for statistically valid gold determinations.

At the present time (1981) none of the areas studied in either the
Sierra Madre or Medicine Bow Mountains contains enough uranium, thorium,
“or gold to be mined at téday's prices. Inasmuch as the primary reserves
are thorium, which is not in great demand at present, it appears that a
combination of all values (uranium, thorium, and gold) is also inadequate
to promote development. The deposits, however, do represent substantial

reserves for the future.

SUGGESTIONS FOR PROSPECTING

THere are two reasons to.consider additional prospecting in the
Sierra Madre and Medicine Bow Mountains: 1) higher grade deposifé of
‘uranium or gold may be found, or 2) a future price change for uranium,
gold, or thorium might make low-grade deposits mineable.' In addition,
this area is part of a uranium province (Houston, 1979; Stuckless, 1979)
and quartz-pebble cong]omerateg are certainly not the only type of uran-
ium deposit that may occur In Precambrian rocks. |

Deposit type, localities, and justifications for further preospect-
ing in the Sierra Madre and Medicine Bow Mountains are summarized in

Table 1.11.
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TABLE 1.11. SUGGESTIONS FOR PROSPECTING.

Type Deposit

Quartz pebble conglomerate

Quartz pebble conglomerate

Quartz pebble conglomerate

Quartz pebble conglomerate

Vein deposits

Unconformity

Tertiary Roll-type deposit

Uranium in faults

Graphite

Quartz pebble conglomerate

Duartz néhhle ronglamerate,

Unconfdrmity

Uranlum in faults

Graphite

Medicine Bow Mountains

Locality

Magnolia Formation from Rock Creek
to the confiuence of Little Brush
Creek and Brush Creek

Magnolia Formation west of confluence
of Little Brush Creek and Brush Creek

Magnolia Formation east of Arrastre Lake

Magnolia Formation headwaters of
North Fork Rock Creek

Felsic igneous rock west of Lewis Lake

Unconformity at base of Nash Fork
Formation from Rock Creek
Ridge to Sourdough Creek

Paleocene and Early Eocene arkosic
sandstones east and north of
Precambrian outcrops

In Shear Zons and related
faults north and south
of major fracture

(Graphite schist in Phantom Lake
Metamorphic Suite and in Nash
Fork Formation (MHouston and
others, 1968}

‘Magnolia Formation from Dexter Peak

east to Bridger Peak

Jack Creek Quartzite on north side
of synclinorium

At southern limit of outcrop of
metasedimentary rocks

In Shear Zong and related
faults north and south
of this major fracture

In Slaughterhouse Formation
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Justification

Surface outcrops scarce and drilling
inadequate to evaluate potential

Arkosic paraconglomerate of lower
Magnolia Formation radioactive.
Overlying quartz pebble conglom-

- erate not exposed, but can be
prospected by shallow drill holes

Radon anomalies suggest deposits at
depth, but nol verilied by one
driil hole

Radon anomalies suggest deposits at
depth, but not verified by one
drill hole

Sulphide veinlets in felsic igneous
rock contains up to 1000 ppm
uranium in several locslities
(Houston and others, 1979, p. 46)

l.ate Early Proterozoic unconformity.
Uranium-bearing sulphide veinlets
in felsic igneous rock occur at this
unconformity

Uranium leached from quartz pebble
conglomerate could be rede-
posited in Tertiary arkosic
sandstone

Radon, rock chip, and stream sedi-
ment anomalies in the vicinity of
shear zone and other faults. '
Probability good that remobilized
uranium might be found in late
faults inasmuch as quartz pebble
conglomerate constitutes a major
source for uranium

Graphite good collector for
mobilized uranium

Inadequate drilling to test potential—
gold possibility

|nadequate drilling to test potential—
gold and thorium best prospects

Unconformity at base of Nash Fork
Formation equivalent (Slaughter-
house Formation)

3ame as in Medicine Bow Mountains

Same as in Medicine Bow Mountains



COMPARISON WITH KNOWN DEPOSITS

Table 1.12 is a comparison of the various features of radioactive
conglomerates of southeastern Wyoming with a genetic model for Precam-
brian uranium-beéring fossil placers which is gased on data from known
deposits of uranium-, thorium- and gold-bearing quartz-pebble congloﬁ-
erates. As can be seen by inspection of Table 1.12, both Archean and
Early Proterozoic deposits of the Sierra Madre and Medicine Bow Moun-
tains are similar in basié characteristics to the model. All deposits
are within the correct age bracket and all were deposited in fluvial
énvifonments. The best fit to the model is the Magnolia Formation of
the Medicine Bow Mountains, where both source rock and environment of
deposition fit the model well. We suspect that fhese Magnolia Formation
deposits will ultimately be of economic interest, although from an eco-
nomic viewpoint it is unfortunate. that a more proximal or mofe completely
reworked facies does not crop out. A ﬁajor disappointment is the Mag-
nolia Formation of the Sierra Madre, where the beds are probably too
distal to.be of economic interest, or as dichssed above, our -strati-

_ graphic correlations between the Sierra Madre and Medicine.Bow Méuntaihs
may not be entirely correct.

The Deep Gulch Conglomerate of the Sierra Madre is considered a
classic example of the wrong source rock. Quartz-pebble conglomerates of
thg Deep Gulch Conglomerate are better developed and probably a more
proximal facies than those of the'ﬁagnolia Formation of the Medicine
Bow Mountains, but the percentage of uranium-bearing heavy minerals is
- too low to be of economic interest.‘ We believe that this congloherate
was deposited prior to the formation of uranium-rich Late Archean gran-
ites which we view as the primary source of uranium minerals qf the

Wyoming Province.
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TABLE 1.12. COMPARISON OF RADIOACTIVE CONGLOMERATES IN SOUTHEASTERN WYCMING WITH THE GENETIC MODEL FOR FORMATION
OF PRECAMBRIAN URANIUM-BEARING CONGLOMERATES;

MODEL (HOUSTON AND KARLSTROM, 198C)

| Age constraints
3) older than 2000 m.y.

11 Source area constraints
a} Late Archean granites provide U
b) greenstone belts provide pyrite, Au

11 Stratigraphic constralnts.

a} occur within Early Proterozoic-type
quartz-rich clastic successions

b} may occur above basal Proterozoic
uncontformity

c) may occur in Late Archean volcano-
sedimentary successions

d} may be related to cyclic stratification
sequences reflecting transgressions and
regressions

e) older than thick Proterozoic iron

i and iti

IV Sedimentological constraints

a) associated with fan deltas and braided river
deposits

b} pateocurrents unimodal in given areas bt
may vary over the depositional basin
refiecting different entry points

¢) mineralization is always related to regioral
or tocal unconformities

d) regressive depositional conditions are mest
tavorable for concentration and preserva
tior: of heavy minerals

V Lithologic characteristics

a) drab cotors, no redbeds

b) sericitic quartz-pebble conglomerates
contain the most uranium

<) moderately sorted, moderately mature
lithologically; the most radioactive
conglomerates are the most mature rocks
within the fluvial succession

V) Mineralogical characteristics
2} pyrite in matrix
b) uraninite is commonly the main uranium
minerat
¢} thorium minerals present
d) gold may be present
e} carbonaceous material may be present

VIl Tectonic setting
a} retated to intracratonic rift-valley basins
b} related to {younger) continental margin
sedimentation
VIl Preservation and metamorphism
* a) metamorphic grade should be no higher
than amphibolite facies

MEDICINE BOW MOUNTAINS

BOXES INDICATE IMPORTANT DISCREPANCIES.

SIERRA MADRE .

ROCK MOUNTAIP CONGLOMERZTE

1. Age
a) ofder than 250C m.y.
Il Source area
a) maiuly Archeareg-arodioritic gne sses,
no Liste Archeas granite to supply U
b} olde" quartiite and mafic volcanic rocks
also presen:

11 Stratigrashy

a) occurs near base cf Archean Phancom
Lake Metarorp iz Svite

b} occurs well elorv basal Proterozciz
uncenformizy

) Phartom Lake Suiteis 60% clastis rocks,
40% metavolcan racks

d) appears to be a corBNing-upware suc-
cessian which is Sver.ain by transgressive
sand: of Bow' Rirer Gitzite

@) oldes than lash “orf dolomites

IV Sedimenmlogy

8) proxumal albwvial fan depositiar:

b} no palegcurrent Bztaavailable; no
crossoedding preserved

c} cont: ct relationships poorly urdestood

d} rapic deposiz on ther burial by trans-
gress ve depdsitien pohibited extensive
conc:ntration ofplacers

V Lithology

a) outcrops oxidize [redd): subcroos drab

b} sericizic quartz-p- bble conglomerase and
arkosc pebtie tacobole polym cic
poraconglomerate

¢) poorly sorted, matrixsupportec, ar<ose
to subarkose conpasicion, rock fregments
of sckist and quatzits, fow cleanes quartz-
pebbl conglome 2ates

VI Mineralogw
a) pyrite occurs in crillcore, scattered
throughout the mariz: of congloms-ates
[£) ureniem minerals if present, uridentitied }
c) monaeite, zirzon
d) no god detezted
el ?

VIl Tectonic etting
a} alluviif fans T.ay se related to basi medge
deposition
b} tectosic sett g o Phuntom Labe Suite
depos tional basis unl nown

VIl Metamorgmism
a) amphibolite lacie:

MAGNOLIA FORMATION

| Age
a) 2500 - 2000 m.y.

Il Source area
2) Late Archean granites only kecally present
b) gneisses and Phantom _ake Siite rocks
were important source rocks.

11 Stratigraphy

3) basal unit of Proterozoic Deed Lake Group

b} directly above basal Proterozeic
unconformity

c) unconformably overlies Phan:om Lake
Suite

d) base of a fining-upwarc succession; Deep
Lake Group deposition appeas to reflzct
cyclic sedimentation

e} older than Nash Fork dolomi-es

IV Sedimentology

a} Congtomerate Member alluvia fans;
Quartzite Member braided river deposits

b} mainly southwest paleocurrerts; minor
modes directed west, ezst, or .outh
possibly reflecting basin-edge nfluence

<€) most radioactive conglcmerat :s uncon.
tormably overlie Late Archeaw granite,
conglomerates overlying Phancom
Lake Suite rocks less sadioactve

d) fluvial deposition was relative y short.
lived, giving way to trarsgress ve marine
sedimentation up-sectian and Jown-

v Lithology

a) reddish in outcrop due %o oxicized pyrite,
qgreenish in drillcore

b} sericitic quartz-granule ang -pabble
conglomerate; polymictic arkcsic para-
conglomerate

©) moderate to poor sorting; mox radioactive
rocks are quartz-pebble conglemerates;

are much tess radi

VI Mineratogy
a) pyrite may be up to 35% of matrix
(b} _coffinite is the only identitied U-minerat |
) thorite, monazite, zircon
d} maximum gold was 0.50 ppm
e} some carbonaceous material icentified

Vil Tectonic setting
a} intracratonic rift-valley deposizion
bl lowest units of platform and miogeoclinal
sedimentary succession an south margin
of Wyoming Province

VIl metamorphism
a) greenschist and amphibolite facies

DEEP GULCH CONGLOMERATE

| Age
a) older than 2600 n.v.

Il Source area

al mainly Th--ich grancdioritic »c tonalitic
gneisses

l

b) some older mezatedimerts and volcanics

111 Stratigraphy

a) basal unit af Phantors Lake S.it; overlain
by 800m ttick Jack Creek Quartzites

b) well below 3asal Prctzrozoic uaconfarmity

<) Phantom Lake Suite s 6% chit ¢, 40%
metavolcan ¢

d) appears to be s coari¢ ning-upwands
succession overfain by transgrasive
quartzite ard marbte of Jack Crezk Qizite

e) older than Slaugh tertouse dobomites

IV Sedimentology
a) broad, wet-alluvial far: depositien
b) paelocurrent pattzrnscompler due to
structural problens: cirection: are variable
but predominantly soatherly
) appears to LnconorTably overlie
. “‘basement’’ gneisses -

d) alluvial fan depos.ticr was shert-ived and
of limited fateral extent, giving way to
marine depositior lateral.y and up-section

V Lithology
a} rust-red in auter03, greer in subc-op
b) sericitic quartz-oebble conglomerates
interbedded wth quar z-granule
conglomerates
<) moderately iortec, mode-ately mature
lithologicalls {subarb.cse)

VI ineralogy
a) pyrite may be up [0 30% of marix

[ uranium minerals un centitied ]

c) manazite, ziscon |
d) maximum gold value was 10 pom
e} ?

Vil Tectonic setting
a) alluviai fans mav be related to Dasin-edge
deposition
b} tectonic setting of Phantom Lzh.e Suite
poorty unde-stood

VIl Metamorphism
a} amphibolite fac:es

MAGNOL A FORMATION

t Age
al 2600 - 2000 x.y.

11 Source area

[(at_mainty Therich gneisses ]

b Phantom Lake Su te rocks were important
local sources

I Stratigraphy
a: basal unit of Deep Lake Group
bl directly above basat Praterozoic
unconformitv
¢, unconformatly overties Phantom Lake
Metamorphic Suite

d# only tacally developed, not apparently
related to cyclic deposition

e; older than Shugh:erhouse dolomites

IV Sedimentology
3) perhaps afluvial fan sediments although
deposition not weit understood
b} pafeocurrents south and southeast

¢) presumably uaconformably overlies
Phantom Laks Suite although contact
relationships are complex {units inter-
finger or are infolced together); no
mineralized canglcmerates arc known

d} conglomerate-, if present at all, give way
rapidly up-sedtion and laterally to marine
phyllites of Singer Peak Fm,

V Lithotogy
a} outcrops oxid-zed, subcrops drab

b) granular quartzite and micaceous
quartzite; very few pebble conglomerates

c) moderately sarted, arkosic to subarkosic

VI Mireralogy

a) only scatterec pyrite

b) uranium mine-als vnidentified

c} tew monazite, zircon, and other heavies
d} no gold

el ?

VIl Teconic setting
a} rift-retated desosition but only limited -
subaerial sedimentation
b) lowest units o' miogeoclinal deposition on
south margin of Wyoming Province

VIl Metamorphism
a) greenschist and amphibolite facies
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GEOLOGIC RESULTS AND REGIONAL CORRELATIONS

Prior to this investigation, the general geology of Precambrian
rocks of the Sierra Madre and Medicine Bow Mountéins was as well khown
as for any large area of the Wyoming Province. During this study, ad-
ditional stratigraphic, sedimentological, and structural data plus new
information on geochronology have allowed us to make great strides in_
interpretfng the geologic history, and weAanticipate'that exploration-
.ists will be able to apply this information in the search for mineral
deposits.

The Sierra Madre and Medicine Bow Mountains have the most complete
succession of Late Archean and Early Proterozoic metasedimentary and
metavolcanjc rocks of any locality in the Rocky Mountains and, very
likely, in all of North America. We believe that this thick metasedi-
mentary succession is preserved here because this was the site of Early
Proterozoic rifting where thick wedges of clastic sedimentary rocks ac-
cumulated. This area also appears to be one whére cdllision occurred
between iéland arcs, that developed to the sodth, and the r?fted margfn
of the Wyoming Province so that the Early Proterozoic metasedimentary
rocks may have been carried to a deeper level in the crust at the col-
lision site, and thus preserved.’

Figure 1.20 is a summary of the stratigraphy of Late Archean-Early
Proterozoic metasedimentary and metavolcanic rocks of the Sierra Madre
and Medicine Bow Mountains asicompared with key areas of metasedimentary
rocks elsewhere in the Wyoming Province and in other pafts of North
America, Greenland, an@ Scandinavia. The Sierra Madre-Medicine Bow

Mountain section contains up to 16,540 meters of metasedimentary and
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metavolcanic rocks that range inage from about 2800 m.y. to about 1800
m.y. The closest lithologic analog that is time compatible with the
entire Sierra Madre-Medicine Bow section, from the base of the Phantoﬁ
Lake Metambrphié Suite to the top of the Sugarioaf Quartzite of the |
Lower LibBy Creek Group, is the Huronian Supergroup of southern Ontario.
Formations that are notably alike are the Matinenda Formation of southern
Ontario and the Magnolia Formation of southern Wyoming; the Gowganda
Formation of southern Ontério and the Headquarters Formation of southern
Wyoming, and the Lorrain Quartéite of the Cobalt Group of southern On-
Aario and the Medicine Peak Quartzite of southern Wyoming (Figure 1.20,
Localities 4, 5, and 12). What is more, the Huronian Supergroup and the
southeastern Wyoming succession both contain cyclic sedimentary sequences
with basal paraconglomerates which suggest similar and probably time-
correlative climatic or tectonic events (Young,ll973; Houston and others,
1979; Karlstrom and Houston, 1979b). Formations of the Upper Libby Creek
Group of southern Wyoming are very similar ]ifhologically and are time
compatible with rocks of the Marquette Range Supergroup of the Lake Su-
perior region. Of particular interest is the correlation between stro-
matolitic dolomites: Nash Fork Formation (Figure 1.20, Loc. 5); Trout
Lake Formation (Figure 1.20, Loc. 9); Bad River Dolomite (Figu?e 1.20,
Loc. IO); Kona Dolomite (Figure 1.20, Loc. 11); and others (Figure 1.20,
Loc. 1, 13, 16, 17). |
| The intriguing aspect of the»fegional correlation is that the Sierra

Madre-Medicine Bow section correlates far better with rocks of the Huron-
. ian Supergroup located over 1800 kilometers east of sou;heastern'Wyoming

than it does with any of the sections within the Wyoming Province. Our
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inability to make convincing lithostratigraphic correlations with the
Wyoming Province may be attributed to incomplete geochronology and geo-
logic mapping and burial of much of the Precambrian section west of the
Mississippi. However, our regional tectonic interpretation also sug-
gests that, while the southern margin of the Wyoming Province and the mid-
continent area experienced similar tectonic hisfories involving rifting
followed by collisional orogenesis, much of the rest of the Wyoming
Province was a stéb]e cratonic block.

This geologic problem has economic ramificatione because, as shown
in Figure 1.20, Late Archean-Early Proterozoic miheral deposits such as
iron formation and uraniferous quartz-pebble conglomerate are time-bound
and exploration for these and other strata-bound mineral deposits is de-
pendent on our .understanding of stratigraphy and geologic history. - If we
assume that the regional stratigraphic correlation (Figure 1.20) is cor-
rect, it is necessary to assume that in the area between the north shore
of Lake Huron where the Huronian Supergroup rocks were deposited and
southeastern Wyoming (or possibly the Black Hi]ls)lno rocks of the radio-
active conglomerate-tillite sequence (figurel,ZO) were deposited. Either
these rocks were removed by erosion or they are not exposed. We will
state our current preferences in explaining this problem below, but our
interpretations will no doubt be revised as new geochronologic and geo-
logic evidence is compiled in the future.

Late Archean sedimentation and volcanism probably'involved micro-
plate movements too complex to interpret regionally with our present
knowledge. However, continental and marine rock successioﬁé sﬁch é& tHé

Livingstone Creek Formation and Thessalon Volcanics of southern Canada and

the Phantom Lake Metamorphic Group of southeastern Wyoming may have been
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deposited near continental margins. By Early Pfo;eroioic time, we
believe that rifting began at a céntinenta] margin that extended from
northern Utah to Quebec. The configuration anq exact location of the
continental margin is unknown, but the main rifted margih was probably
at least 100 kilometers south of current exposures of Early Proterozoic
metasedimentary rocks on the north shore of Lake Huron and southeastern
Wyoming, and was south of exposureé of Archean basement in Wisconsin.
The rifting episode and accompanying sedimentation probably began about
2400 m.y. ago and continued episodically, perhaps as iate as about 1900
m.y. ago. Early sedimentation was continental and radioactive quartz-
pebble congloﬁerates.were deposited at this time in fault-bounded rift
valleys in southern Canada, perhaps in an area south of what is now
Wisconsin, in southéastern Wyoming, and in an aulacogen that may ha¢é
developed in the Black Hills area. It js quite possible that radioactive
quartz-pebble conglomerates were depoéifed over a far more extensive
area than indicated above and that preservation was on1y possible in
rifted areas. Sedimentation con£inued and, as rifting proceeded, marfne
incursions took place which were interrupted by periods of continental
glaciation -- the most notable of which is recorded‘in the Gowganda
Formation of southern Ontario, Headquarters Forméfion of southeastern
Wyoming, and Chibaﬁgamau Fofmation of the Otish-Mistassini area (Figure
1.20).

éy about 1900-2000 m.y. the rifting was complete and the continen-
tal block that was south of the rifted area was transported elsewhere.
‘Marine sedimentation continued along the continental margin and iﬁc]udéd

the development of carbonate banks and widespread carbonate deposition
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as indicated by the widespread carbonate beds at the top of‘the alumin-
ouslquartzite-dolomite sequence (Figure 1.20). A major difference be-
tween the Sierra Madre-Medicine Bow succession and the marine deposits
in the Black Hills, the Lake Superior Region of southern Canada, and
the Labrador Trough is that marine deposits laid down in the later
areas between about 2000 m.y. and 1900 m.y. appear to be essentially
intracratonic in the sense that there is recognizable older continental
crust on bofh sides of the metasedimentary basins (Sims and others, 1981;
Dimroth, 1972). Furthermore, the '"intracratonic! deposits all contain
iron formation whereas no significant iron formatiﬁn is present in the
Sierra Madfe-Medicine Bow area. We suggest that the only true contin-
ental margin deposits of the 2000-1300 m.y. age preserved from Wyomfng
to southeastern Canada are those thrust over older beds (Upper Libby
Creek Group) in the Sierra Madre-Medicine Bow area. Elsewhere (Black
Hills, Lake Superior region, Labrator Trough) deposits preserved are in
vbasins that developed within an essentially coherent lithospheric plate.
The Marquette Range Supergréup sedimentation (about 2000-1900 h.y.)
of the Lake Superior region has récently been interpreted in a plate
tectonic context by Larue and Sloss (1980, p. 1451, Figure 2). They
contend (Larue and Sloss, 1980, p. 452), "That the regivnal character-
istics of the Marquette Range Supergroup cannot be readily explained by
deposition on a simple planar surface. -Instead, considerable evideﬁce
exists for sedimentation in separate bésins and on intervening platforms,
and for repeated basinal subsidence. The eastern upper Michigan sedimen-
tary basins show features more commonly associated with high~angle faulting

(extensional tectonics) than with flexural subsidence, including evidence
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of local sediment sources, lithologic features, and turbidite sedimen--
tation. Because the sedimentary basins in eastern upper Michigan are
tens of kilometers in length and show relation to.probable extensional
tectonics, they are considered to be rift related. In contrast, the
Animikie basin (Minnesota) is an elongate southwest-trending basin,
hundreds of kilometers in length, which probably deepened toward the
southweét. Because it is not known how or why the Animikie basin ter-
minates in the south,'if cannot be resolved at this point whether the
Animikie basin is an aulacogen or a basin characterized by some other
subsidence mechanism and depositional style (for example, a wrench-
fault basin). The overall sedimentary history of the Marquette Range
Supergroup can perhaps best be explained by sedimentation on and defor-
“mation of a rifted péssive margin." Esseﬁtially Larue and Sloss (l980)x
propose a depositional history for the Marquette Range Supergroup very
much like that proposed by us for the Medicine Bow-Sierra Madre area
except that.the basins that are preserved in Minnesota and Michigan
are within the craton, whereas the Sierra Madre-Medicine Bow Mountains
sediments appear to be nearer the actual rifted margin.

" If we consider the depositional episode of the Huronian quergroup
(~ 2ho0-2100 miy.) and the Marquette Range Supergroup (~2100-1900 m.y.)
as both related to a major episode of sedimentation along a rifted con-
tinental margin, it is reasonable to consider sedimen;ation in south-
eastern Wyoming and in the Black Hills as part of the same episode.
The primary differences might simply be timing of rifting and sedimen-
_tation in rifted basins and the configuration of rift basins witﬁ re-

spect to the continental margin. The earliest basins to develop are
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assumed to be in southeastern Wyoming, on the north shore éf Lake'Huron
and in the Black Hills aulacogen, where rocks of the fadioactive con-
glomerate-ti]]ité sequence are preserved. These rocks are believed to
have been deposited in intracratonic rift valleys or in marine settings
near the continental margin. Intracratonic rifts developed later on the
craton and sedimentary and volcanic rocks of the iron formation-volcani-
clastic sequence were deposited in Michigan and Minnesota in these rift-
basins and also in the Black Hills aulacogen. There is no'record that
thesevrocks were deposited in southeasterh Wyoming or on- the north shore
.of Lake Huron. However, sedimentation Is thought to have contlnued
south of the current outcrops of Early Proterozoic rocks in southeastern
Wyoming and the north'shofe of Lake Huron, probably along the Early Pro-
terozoic continental margin. The only record 6f these rocks is the Upper
Libby Creek Group rocks which were thrust over the older succession in the
Sierra Madre-Medicine Bow area.

Deformation that resulted in cessation of Early Proterozoic sedimen-
tation in the Lake Superior region is referred to as the Penokean orogeny.
According to Van Schmus (1976), this deformation, metamorphism and igneous
activity took place between ]800;1900 m.y. In the Sierra Madre-Medicine
Bow area and in the B]ack Hills, deformation took place or continued to
aboqt 1700 m.y. We bélieve'that these and other 1700-1800 m.y. orogenies
in North America were related to closure of intracratonic rifts activated
by collision of igland arcs and microcontinents with the edge of the |
rifted Early Proterozqié North American continent. These orogenic events
abpear to'have occurred diachronically from abéut 1900 to about 1700 m.y.,

somewhat like the events that constitute the Taconic-Appalachian orogeny
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of eastern North America. The deformation involved closure of basin§

" within the craton as Qell asideformétionlat tHe cohtinent;l margin.
We suggest that Penokean deformation in the mid-continent and orogénesfs
in the Black Hi]is and Labrador Trough represent the former whereas
deformation in southern Wyoming represents the later.

This overview-of sedimentation does not present an especiallyl
promising picture with respect to exploration for additional deposits
- of radiqactive quartz-pebble conglomerates in the United Stétes. It is

conceivable that younger deposits of the Marquette Range Supergrbup

bury older deposits that may contain radioactive quartz-pebble conglom-

erate in some of the Michigan and Minnesota basins, but we suspect that
most quartz-pebble conglomerates were deposited south of present-day

outcrops in Minnesota and Wisconsin.
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INTRODUCTION

Part 2 is a detailed discusgion of the metasedimentary rocks in the Med-
icine Bow Mountains. Discussions of tﬁe stratigrapﬁy and sedTmentary fea-
tures of the metasedimentary rocks fs based on data gathered during this in-
vestigation and previous studies of stratigraphy and sedihentology, most no-
tably: Blackwelder (1926); Houston and others (1968); Karlstrom and Hbuston
(1979a, 1979b); and Lanthier (1979). These discussions are followed by an in-
terpretation of the depositional history of sedimentary rocks in the Médicine
Bow Mountains which employs a plate tectonic model. This section alsé tries
to relate the Wyoming occurrences of uranium-bearing conglomerates to other
known occurrences in North America through lithostratigraﬁhic correlation and
comparison of téctonic settings. Tectonic history is sdmmafized for the Med-
icine Bows; this summary considers detailed strﬁctural analysis of fblding in
metasedimentary rocks (in part from Karlstrom and Houston, 1979b) with re-
spect to a plate tectonic model for southeastern Wyoming.(modified from Hills
- and Hqusfoh, 1979) which involves continent-island-arc collisions at 17OQ m.y.
and perhaps also near the end of the Archean.

These discussions of the geology of the metasedimentary rocks sets the
stage for detéiled evaluations of uranium-hearing conglomerates in fhe Med-
icine Bow Mountains. Two radioactive units have been indentified: the Rock
Mountain Conglomerate and thé Magnolia Formation. The former is Archean, not
strongly radioactive, and is treated only briefly. The Magnolia Formation,
on the 6ther hand, is locally strongly radioactive and is discussed more ful-
ly. - These conglomerates are the most strongly radioactive conglomerates
found so far in the Medicine Bow Mountains and Sierra Madre and are the only

rocks which approach economic grades of uranium. Lastly, we summarize the
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character of the Onemile Creek conglomerates and compére them. to known
deposits of uranium-bearing conglomerates. In doing so, we examine the
validity of existing genetic and exploration models for Precambrian

uranium-bearing quartz-pebble conglomerates (summarized by Houston and

Karlstrom, 1980) and propose a few modifications of these models.

GEOLOGIC SETTING OF METASEDIMENTARY~ROCKS IN THE MEDICINE BOW MOUNTAINS

Precamhrian rocks form the core of the Medicine Bow Mountains, a
north-trending anticlinal uplift is snntheastern Wyoming which was up-
lifted during the late Cretaceous Laramide Orogeny. These Precambrian
rocks range in age from over 2500 m.y. to about 1400 m.y. and preserve
a record of over a billion years of geologic history. The Medicine Bow
Mountains contain the most complete and best preserved record in west-
‘ern North American of this period of geologic history and, as such, is
an impo?tént area for studies of Late Archean and Early Proterozoic
-sedimentation and tectonics in western North America.

Precambrian rocks in the core of the Mediclne Bow Mountains, shuwn
in Figure 2.1, are divided into two geologic and éeochronologic ter-
ranes by the northeast-trending Mullen Creek-Nash Fork shear zone, a
zone of cataclastic.rocks ranging in width from one to seven kilome—
ters (Houston and McCallum, 1961; Houston and others, 1968; Hills and
Houston, 1979). This shear zone, with similar shear zones in the
Siérra Madre to the west (Houston and others, 1975; Graff, 1978;

1979) and the Laramie Mountains to the east (Graff and others,
- (1981), forms the southern boundary of the Archean Wyoming Pro-
vince, a geochronologic province which encompasses Precambrian

rocks in Wyoming and adjacent states (Condie, 1976; Hills and
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Armstrong, 1974; Hills and Houston, 1979; Houston and Karlstrom, 1980).
Therefore, rocks exposed in the Medicine Bow Méuntains offer the opbor-
tunity to study the geologic history along this ancient crustal boundary.

Rocks north of the Mullen Creek;Nash Fork shear zone consist of an
Archean gneissic terrane which was Strongly'metamorphosed abouf 2500 ﬁ.y.
ago (Hi1ls and others, 1968) overlain nonconformably by more than 13 km
.of quartz-rich metasedimentary rocks. Although the age of the;e meta-
sedimentary rocks is not precisely known, they range in age from Late Ar-
chean (more than 2500 m.y. old) to about 170041900 m.y. We have divided
the metasedimentary rocks into three 5uccessions; thé Phantom Lake Meta-
morphic Suite, the lower two units of which aré intrdded'by toﬁalites and
granodiorites of presumed Archean age; the Early Proterozoic Deep Lake .
Group which unconformably overlies Phantom Lake Suite metasediments and
pres;med Archean granitic rocks'(Houston and others, 1968; Karlstrom,
]927; Karlstrom and Houston, 1979a;1979b); and the Early Protefozoic Lib-
by Creek Group (Blackwelder, 1926; Houston and others, 1968 which is now
interpreted to be in thrust fault contact with older units (Lanthier,
1978; 1979).

Metasedimentary rocks south of the shear zone are mainly Hornbiende
" and quartzo-feldspathic gnéisses with minor sillimanite gneiss and calc- ‘
silicate (McCallum, 1964; Hills and.Houstén, i979);7 These gneisses are
Believed to be partly paragneisses (Houstbn and others; 1968; b. 58) that
are now complexly intruded by a variety of intrusive rocks, most notably
.Iayered gabbroic complexes, quartz-diorite, and synorogenic granodiorite.
Details of a possible sedimentary origin of the gneisses are uncertain

because of the high degree of deformation and amphibolite facies metamor-
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bhism which has obliterated primary features. However, the overall com-
positions of the gneisses are similar to basic to intermediafe volcanics
and voIcanogenic sediments, in marked contrast ‘to the mature siliciclastic
metasediments north of the shear zone. Available geologic and geochrono-
logic data permit the interpretation that paragneisses south of the shear
zone are island arc-derived sediments andAvolcanics that were complexly
intruded by synorogenic plutonic rocks, strongly deformed, and metamor-
phosed to amphibolite grade, during a continent-island aré collision about
1700 m.y. ago (Hills and Houston, 1979). The age of gneisses south of

the shear zone is reasonably well constrained by geochronologic data:
gneisses are known to be older than the 1700-1800 m.y. intrusives which
cut them (Hills and others, 1968) and are believed to be younger than
about 1900 m.y. because no date older than this has‘emerged from exten-
sive éeochrono]ogic studies of Pfecambrian rocks in Colorddo, Arizoné,

New Mexico, and southern California (Peterman and others, 1968; Barker

and others, 1976;’Silver and others, 1977; White, 1978; Coﬁdie and Bud-
ding, 1979). A detailed discussion of this southern terrane is outsidé
the scope of this study but it is briefly discussed later, in the section

on the tectonic history of the Medicine Bow Mountains.
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STRATIGRAPHY AND SEDIMENTARY FEATURES OF METASEDIMENTARY ROCKS

As in most complex geologic terranes, stratigraphic nomenclature for
metasedimentary rocks in the Medicine Bow Mountains has been modified many
times over the years in response to more detailed mapping studies. Table
2.1 compares nomenclatures used by previous workers to nomenclature used
in this paper. Use of the term '"metamorphic suite' follows amendments to
the American code of stratigraphic nomenclature presented by Henderson
and others (1980). In thls section we present new formal names for 1ith-
ostratigraphic units within the Phantom Lake Metamorphic Sulte. These
units are of formational status but contact relationships are often enig-
matic and no type sections are defined (see Henderson and others, 1980).
The following section describes each stratigraphic unit in the northern
Medicine Bow Mountains from oldest to youngest, emphasizing lithofacies
distributions and sedimentary structures. Figure 2.2 summarizes our

stratigraphy.

ARCHEAN ''BASEMENT'' ROCKS

Quartzo-feldspathic gneisses

The oldest rocks in the Medicine Bow Mountains are be]ievea to be a
heterogeneous assemblage of quartzo-feldspathic gneisses, hornblende
gneisses, biotite gneisses, and quartzites which crop out in the western
parf of the mountains (labeled Agr in Figure 2.1). Llithologle descrlp-
tions of these rocks are in Houston and others (1968). This gneissic
terrane has not been studied in detail and its history is still poorly
understood. Quartzo-feldspathic gneisses have yielded a Rb-Sr whole rock
age of 2500 + 50 (Hills and others, 1968) but this may date the time of

metamorphism of the gneisses (Hills and Houston, 1979). However, by
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analogy to similar gneissic terranes in the Sierra Madré to the west (Di-
vis, 1976; 1977), the Granite Mountains to the .north (Petermén and Hil-
dreth, 1978), and the Laramie Mountains to the east (Hills and Armstrong,
1973; Johnson and Hills, 1976); we believe that the gneisses in the Medi-
‘cine Bow Mountains may record a.complex history involving deposition of‘
mafic to intermediate volcanic and volcaniclastic protoliths, perhaps as
early as 2950 m.y. ago; metamorphism of the protoliths accompaﬁying intru-
sion of tonalitic magmas around 2700 m.y. ago;. and metamorphism and ana-
texis 6f gneisses around 2500 m.y. ago. The important point to this sec-
tion is that we consider at least part of the gneissic terrane to have
been basement which supplied detritus during depogition of Late Archean

and Early Proterozoic sediments.

Stage Crossing Gneiss

In the northern Medicine Bow Mountains is a successjon of hornblende
and biotite gneisses, here named the Stage Crossing Gneiss after the Over-
land Trail stage crossing of Rock Creek, near Arlington. This unit is in-
terpreted to be Archean because it is crosscut by granite which is similar
to fhe 2400-2500 m.y. old Baggot Rocks granite of the westérn Médicine Bow
Méuntains (Hills ahd_others, 1968; Hills and Houston, 1979). The Stage
Crossing Gneiss is in close proximity to metasedimentary rocks of the
Phéntom Lake Metamorphic Suite near.Rock Creek (Plate 1) but contact re-
lationships are not well exposed. As shown in Plate 1, we interpret the
" contact to be a fault contact because of the abrupt change from Phantom
Lake quartzites to hornblende gneiss'across the north fork of Onemile Creek
(NET/b, Sec. 1, T.18 N., R.79 W. and NWI/h, Sec. 6, T.18 N., R.78 W.).

‘However, there are hornblende schists in the lower Phantom Lake Suite
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which are similar to hornblende gneisses in the Stage Crossing Gneiss,
and we cannot ru[e out the possibility that thé two units may be in part
gradational. We believe the Stage Crossing Gneiss to be older than the
Phantom | ake Suite because it is in a structurally lower position in the
core of French Joes anticlinorium (Plates 1, 3), but we do not know how
much older. The Stage Crossing Gneiss might be much older and a remnant
of a once more extensive greenstone terrane, or it may represent volcah-
ism and sedimentation in thc carliest stages of Phantom Lake Suite depn-
sition.

Petrographic and geochemical dafa from the Stage Crossing Gneiss
are summarized in Table 2.2. Hornblende gneisses which comprise about
80% of the unit, are dominated by hornblende needles with interstitial
quartz, plégioclase (An53-An60), and epidote (+ sphene, chlorite, mag-
netite, and rutile). Garnet forms large porphyroblasts in some samples.
Biotite gneisses are dominated by plagioclase, quartz, biotite, and mus-
covite (+ kyanlte, chlorlte, orthoclase, apatite and magnetité). Some
.of the Stage Crossing Gneiss is definitely metasedimentary: the biotite
gneisses locally appear to be medium-bedded and may be metagraywackes
(turbidites); and we have found discontlnuous outcrops of paraconylom-
erate, quartzite, and garnet schist. However, the bulk of the unit is
hornblende gneiss of unknown origin. The petrology is compatible with
volcanic (basalt), plutonic (gabbro), and sedimentary or volcaniclastic
(graywacke or tuff).protoliths and all ofythese rock types may be pre-
Vsent in the unit as mappéd in Plate 1. The maximum map thickness of
the gneiss is about 1200 m. Stratigraphic thickness is unknown but pro-

bably much less than this due to repetition by folding.
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TABLE 2.2. PETROGRAPHIC DATA FROM THE STAGE CROSSING GNEISS; DATA PARTLY POINTCOUNTS
FROM KING (1963); OTHER DATA FROM VIS'UAL ESTIMATES.

Hornblende gneisses

. Sample No. Amph. - Qti. Plag. Epid. Sphne. Opag. Garnt.
K26 754 14.4 8.9 T - 1.2 -
K52 85.0 39 5.2 49 T T i —
K129 29.1 37.0 249 - T 3.7 . 5.1
K141 74.0 6.8 120 3.0 4.2 T -
K744 70.3 16.3 : 98 3 T 3.3 —
K80-14 64 5 30 - - 1 . -
MEAN 66.3 139 15.3 1.4 7 15 9

Biotite gneisses

Sample No. Plag. Qta. Biot. Musc., K-spar Chlor, Kyan. . Apat.
K80-2 a1 31 84 12.7 - 13 5 T
' K80-3 48 35 13 - 4 T - —

PHANTOM LAKE METAMORPHIC SUITE

The Phantom Lake Metamorphic Suite was defined by Karlstrom and
Houston (1979a, 1979b) as the sequence of metasedimentary and metavolcanic
“rocks which underlies the Deep Lake Group. In those papers we had a poor
understanding of the structure and stratigraphy within the sequence (hence
the name metamorphic sulte) and divided it into a lower part which was
dominantiy volcanogenic and an upper part which was dominantly quartzite.
More detailed work has shown this simplified division to be unusable.
]n.this paper, we de%ine five lithostratigraphic (and in part‘tectono-
:stratigraphic) units within the Phantom Lake Metamorphic Suite (fable 2.1).
This stratigraphy, combined with fop and bottom criteria and geohétrical

analysis of folding, 'leads to a structural intgrpretation‘involving
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large-scale overturned anticlinoria and synclinoria (Plates-1 and 3).

We retain the name metamorphic suite because of numerous uncertainties

in our stratigraphic and sfructural interpretations and_the realization
that, because of isoclinal folding, amphibolite-facies metamorphism, and
rapid facies changes within this sequence, future detailed work may
necessitate modification of our stratigraphy. The major features of each

unit are summarized below.

Unit 1: Stud Creek Volcaniclastic Rocks

The oldest unit of‘the Phantom Lake Metamorphic Suite, here named
the Stud Creek Volcaniclastic Rocks, crops out in two localities in the
-core of a large, overturned, doubly-plunging anticlinorium (French Joes
anticlinorium of Plate 3). The northern cutcrop area, centered near Rock
Mountain (Sec. 1, T. 18 N., R. 79 W.) is in the south-plunging ﬁart 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 badly faulted.part
of the fold (Plate 1). Both outcrop areas are characterized by.a het-
erogeneous assemblage of metavolcanic and metasedimentary rocks.

Petrographic data are sumqarized in Table 2.3 and geochemical analy-
sis of one metabasalt is given in Table 2.7. In a general way, the wide
variety of lithologies can be lumped into four groups: Pelitic schists
(50%), amphibalitie schists (30%), quartzites and conglomerates (20%),
and calcareous rocks (local). Pelitic rocks (Table 2.3) are predomi-
nantly biotite- and muscovite-rich quartz schists but there are also
schists containing garnet,'staurolite; chloritoid, or kyanite. Pelitic

rocks were probably tuffs and graywackes. Amphibolitic rocks include
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plagioclaée-rith varieties which were probably basalts and quartz-rich
varieties, including garﬁet amphibole quartz schist, which were probab-
ly mafic tuffs. One sample (Table 2.7) has the chemical composition of
a‘gholeiitic basalt (Figure 2.6). Quartzites include fine-grained
micaceous quartzites, fuchsitic quartzites, granule conglomerates, and
QUaftz-rich schistose paraconglomerates. Both‘types of conglomerates
are slightly radioactive in the éouthern outcrop area (twice backgroqnd
gamma.radiation and up to 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, 16 ppﬁ'Th in one locality near Rock
Mountain).

TABLE 2.3. PETROGRAPHY OF THE STUD CREEK VOLCANICLASTIC ROCKS; DATA FROM THE NORTHERN
AREA PARTLY POINTCOUNTS FROM KING {1963); OTHER DATA FROM VISUAL ESTIMATES. .

Sample No. Qtz. Plag. Amp. Epid. Biot. Musc. Calc. Chl. Opaq. Staur. Garnt.” Hem. Chitd.

Northern Area .
K325 26.9- - - 10.6 34.2 - 265 - . T - - - -

PELITIC SCHISTS

K526 37.4 - - 3 249 323 2.6 - 21 - - - —
K78-14  80.1 - - 4 7.4 9.6 14 - 1 - -~ - -
K78-87 46 - - - 25 3 24 - 2 - - - -
K78-88 276 51 - T 16 9 - - 1.4 — - - -
K537 68.8 - - 6.8 13 10.6 - - 8 - - - —
. Southern Area )
K80-8 45 12 - - 8 8 8 - - - - - -
K80-10 55 - - 14 12 5 4 - T 5 - - -
K80-11 87 - - — - 12 - - 1 - - - —
K78-5 47 50 T - - - - 2 1 - - - -
- K78-6 48 - - — - 38 - 9 2 . 3 - - -
K78-7 a4 - - - T 56 - T T - - - -
Northern Area
K156 5 18 879 2 - - - - 51 - - - -
K157 19.7 139 65.8 1 - - .2 6.4 . = .- -
K78-15 30 - 46 - - 1 4 - 2 - 15 - 2
Southern Area )
6046 - 44 - 29 23 3 — 1 - T - - - -
60-49 5 41 46 1 - - - - 3 - - 3 —
K700 15 - 54 30 - - 1 - - - - - -

AMPHIBOLE SCHISTS

K80-9 34 - 60 1 2 - 5 5 2 - - — -
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Sédimentary featﬁres are poorly preserved in fhe quartiites, con-
glomérates and calcareous rocks; bedding is sometimes recognizable and
rare crossbeds were seen. Rocks of the Stud Creek Volcaniclastic Rocks
probably represent depositional environments ranging from fluvial (as
suggested by radioactive conglomerates) fQ shallow marine (cafbonates)
but the Iarge-variabi]ity of rock types, rapid facies changes, the ab-
sence of thick and continuous laycred graywackes and the absence of
pillow basalts suggests to us that subaerial deposition and volcanism
may have predominated.

Stratigraphic relationships between facies within the Stud Creek
Volcaﬁiclastic Rocks and the overall thickness of the unit afe difficult
to interpret because of isoclinal folds on every scale, the inferred
presence of large strike faults in the southern outcrop area, and the

.strong superposed F. folds in the northern outcrop area (Plate 1). Sim-

3
ilarly, stratigraphic relationships with the underlying Stage Crossing
Gneiss and overlying Rock Mountain Conglomerate are‘complicated and may
be in part gradational. Nevertheless, we estimate from Plate 1 a maxi-

mum exposed stratlgraphic thickness ranging from 330 m (northern area)

to 500 m (southern area).

Unit 2: Roelt Mountain Conglomorate

The Rock Mountain Conglomerate crops out on Rock Mountain and near
the extreme northwestern limit of Precambrian outcrop (Secs. 27, 33,
T. 19 N., R. 79 W.). The unit is absent in the Stud Creek area aé a
continuous stratigraphic unit although lithologically similar conglom-

erates occur as lenses within the Stud Creek Volcaniclastic Rocks
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(Plate 1). The conglomerates are locally anomalously radioactive in
outcrop (up to 20000 counts per minute or 5 times local background and
values Jp to 270 ppm U, 95 ppm Th) and were sampled extensively and
drilled twice near Rock Mountain to test their favorability as-a urani-
um target. The results, discussed in detail in Karlstrom and Houston
(i98|), indicate that the unit contains thin, lenticular radioactive
conglomerates bg; is not generally a favorable target for‘uranium min-
. eralization.

Pétrographic data for the Rock Mountain Conglomerate are summarized
in Table 2.4 and shown graphically in Figure 2.3. The unit is predom;
jnantly granular to pebbly muscovitic quartzite with paraconglomerate
beds ranging from less than a meter to several hundred meters thick.

. Paraconglomerates contain stfetched clasts of quaftz, quartzite, amphi-
bolite and schist in a strongly foliated quartz-muscovite (locally ar-
kosic) ﬁatrix. Particu]arly striking are bright green fuchsitic schist
clasts. The paraconglomerate is locally garnetiferous. Contaét rela-
tionships with the underlying Stud Creek Volcaniclastic Rocks are not
exposed but the conglomerates and quartzites in the Stud Creek Volcani-
clastic Rocks are similar enough to the Rock Mountain Conglémerate to
suggest a gradational (or complexly infolded) relationship. In the ex-
treme northwestern area of Plate 1, the Rock Mountain Conglomerate ap-
pears to be intruded by tonalitic focks of probable Archean ége and to
be conformably overlain by the Bow River Quartzite. The maximum strati?
Qraphic thickness of the Rock Mountain Conglomerate is about 400 meters

in both outcrop areas.
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TABLE 2.4. PETROGRAPHY OF THE ROCK MOUNTAIN CONGLOMERATE; MODES FROM VISUAL ESTIMATES.

Sample No.

Qtz.

Musc, Kspar.

Plag.

ROCK MOUNTAIN AREA (EASTERN OUTCROP AREA)

K240

- MB15-498
MB15-600
MB15-750
MB16-775
MB15-825
K78-91
K78-92
K78-93
MB10-430
MB10-455

MEAN

FOOTE CREEK AREA (WESTERN OUTCROP AREA)

SR78-3
SR78-5
K80-5.
SR78-16
SR78-17
SR78-18

MEAN
{without
SR78-18)

GRAND
MEAN

56.6
72
65
52
68
68
83
47
47
B3
58

60.9

60
49
85
37
40
25

50.2

57.6

218 A
25 -
32 -2

28 -
30 -

20 -

10 -
46 -
48 -
27 -
39 -
29.7 T

27 -
28 20
33 -
4 16
- 8
18.4 8.8
26.2 28

25.1

40
30
12

16.4

94

Opoq.

NN =N NS

W =

NN_‘QI

1.5

Garnt, . Zirc.
41 T
- T
2 -
T T

.6
2 -
2 -

plus 60% Amph.
8 -

Biot.

4.4

21

Chior,

The Rock Mountain Conglomerate was penetrated in two drill holes:

MB-10 and MB-15, both near Rock Mountain. In MB-10 pebbly chlorite

schist and poorly sorted sericitic quartzite of the uppermost Rock

Mountain Conglomerate appear to be gradational with quartzites and thin

conglomerates of the overlying Bow River Quartzite. MB-15 penetrated

118 m of a coarsening upwards succession ranging from poorly sorted

quartzite at the base to paraconglomerate in the upper hal f.
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general, the Rock Mountain Conglomerate appears to coarsen to the east

and upwérds.

CONICAL PEAK QTZITE.

Figure 2.3. Quartz-feldspar-mica
ternary diagrams for sand
and granule size fractions
of siliciclastic rocks of the
Phantom Lake Suite; modes .
from visual estimates.

o Kspar >2/3 total feldspar
x plag.. >2/3 total feldspar
+ plag.= V3 - 2/3 total feldspar

ROCK MOUNTAIN CONGL.
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Tﬁe lack of sedimentary structures in the Rock Moﬁntain Conglbm-
erate, poorly exposed contact relationships, and complex structure
makes intefpreting the depoéitional environment difficu]t; However, we
interpret the unit to be a prograding alluvial fan deposit (Rust, 1979)
on the basis of poor sorting, coarse grain §izes, coarsening upwards
successions, the presence of anomalously high radioactivity which may
reflect'fossil placer accumulation of uranium- and thorium-bearing
heavy minerals, and the limited lateral extent of the unit. The éource
was apparently a nearby, probably fault-bounded, terrane containing
ﬁéinly oldef metasedimentary and metavolcanic rocks such as are found

in both the Stud Creek Metavolcanic Rocks and the Stage Crossing Gneiss.

Unit 3: Bow River Quartzite

The Bow River Quartzite is a key unit in deciphering the stratig-
raphy and structure of thé Phantom Lake Suite because it contains abun-
dant planar crossbeds and some oscillation ripple mérks which indicate
the direction of stratigraphic top. The unit is well exposed through-
out the northern Mediéine Bow Mountains where it defines the 1imbs of
French Joes Anticlinorium (Plates 1 and 3). It also crops out-above
the Rock Mountain‘Cong]omefate in the extreme northwestern part of Plate
1. |

Pectrographic data lroum Lhe Bow River Quartzite are ﬁnmmarfzcd in
Table 2.5 and Figure 2.3. The unit contains quartzites (95%), conglom-
erates (local), biotite and hornblende schists and phyllites (local)
aﬁd quartz-rich carbonates (local). The quartzites are méinly very

fine- to fine-grained. (average grain size = .1 to .2 mm), foliated,
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muscovitic arkoses and subarkoses. Some contain appreciable biotite
and amphibole; and many contain zircon and opaque minerals (probably
pyrite altered to hematite). The unit ranges from 200 to 580 m thick
with an average thickness of about 350 m. The lower contact, with the
Rock Mountain Cénglomerate, is not exposed in the Rock Mountain area
but appears to be gradational in drill hole MB-10. In contrast, the
'contact between the Rock Mountain Conglomerate and fine-grained Bow
River quartzites in the extreme northwestern area of Plate 1 is sharp

and cohformable.

" TABLE 2.5. PETROGRAPHY OF THE BOW RIVER QUARTZITE; AREAS REFERENCED TO PALEOCURRENT
ROSE DIAGRAMS IN PLATE 2; MODAL PERCENTAGES FROM VISUAL ESTIMATES.

Sample No. Qtz. Kspar. Plag. Musc. Biot. Chlor. Amph. Opaq. Zirc. Garnt. Calc.

ROCK CREEK AREA {northern diagram); mean grain size = .2 mm

60-53 80 1 - 7 1 - — 1 - — —
SR78-7 50 42 - 6 2 - - T T T T
K80-15 45 46 - 5 4 - - T T - —
K80-16 33 - - - 5 - 60 2 - - T
K80-17 61 23 - 8 2 - - 1 - - - -
MB10-105 52 30 13 2 1 - - - T — .2
MB10-155 55 14 13 4 1 - - 1 - 1_ 1
MB10-194 . 45 39 2 3 10 - - T - 1 -
MB10-230 40 4 60 1 4 1 - T - — —
MB10-280 37 - 40 - 9 13 - 1 - - T
MEAN 498 214 118 3.6 4.9 1.6 6.7 6 T ' T
CARLSON CREEK AREA; mean grain size = .15 mm
K78-18 71 18 - 13 - - - T T - _
60-28 68 18 — 13 - - - 1 T — -
MEAN 70 17 - 13 - - — T T : — —
ARRASTRE CREEK AREA (southern diagram}; mean grain size = .13 mm
- 59-10 92 - - 8 .= - - T - - -
AC-x 95 - - . 5 - - - T - - _
AC-2 65 - - 25 - — - T - - —
AC-3 90 - - 8 - - - 2 - — -
AC-4 92 - - 3 - 5 - T - - -
AC-7 90 - - 10 - - - T — _ -
MEAN 87 - - 98 - 1 - T - — -
GRAND

MEAN 64 138 6.6 6.7 2.7 9 3.7 .3 T T T
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The mosf prevalent.sedimeﬁtary structures .in the unit are medium-
to largé-scale planar crossbeds (amplitude about .5-1:m; mean fﬁc]ina-
tion 23°)L. When combined for the entire unit, these crbssbeds yield a
bimodal paleocurrent distribution with a prominent mode directed south-
west and a secondary mode directed northeasf (Plate 2). However, indi-
vidual outcrop areas show distributions which are somewhat,scattered
but are dominéted by one mode or the other. Several oscillation ripple
marks in the unit (Plate 2) confirm a bimodal curreﬁﬁ paftetn but record
.east-west directed currents. Multiple ripple gets in one outcrop show
east-west and north-south directed current oscillations.

We interpret most of the Bow River Quartzifes to be shallow marine
sediments. The generale fine grain sizes suggest low—energy'deposi-
tion; large-scale planar crossbeds may be sand waves; and the bimodal
paleocurrent distribution probably represents ebb and flood tides.

This is cohpatible with interpretations of a tidally-influenced deltaic
depositional environment for the unit. We envision a river-fed embay;
ment or estuarine situation for deposition of the Bow River Quartzite
wi;h early, fluvial deposition of the Ruck Mountain Conglomerate In the
northeastern area, close to a tectonically active highlands, giving way
fo marine deposition to the south and higher in the section. The
source area was contributing mainly sedimentary and valcanic detritus
during deposition of the Rock Mountain Conglomerate but appreciable K-
feldspar in the Bow River Quartzites suggests that granitic rocks also
.contributed detritus during Bow River Quartzite deposition. Thus, the
source area was probably composed of Archean granitic gneisses and

older metasedimentary and metavolcanic rocks.
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Unit 4: Colberg Metavolcanic Rocks

The Colberg Metavolcanic Rocks include a heterogeneous assemblage
of metavolcanic rocks including: amygdaloidal metabasalts (Figure 2.4A),
a few poorly preserved pillow basalts, volcaniclastic schists (Figure
2.4B), fragmental metavolcanic rocks ranging in composition from rhyo-
litic to basaltic, paraconglomerates and thin quartzites. The unit
crops out in large areas of the northern Medicine Bow Mountains and in
the core of the Arrastre Anticline in the central Medicine Bow Mountains
(Plate 1). The most distinctive unit within the Colberg Metavolcanic
Rocks is the paraconglomerate (Figure 2.5), which is composed of vary-
ing proportions of rounded granite boulders (up to about 50 cm in diam-
eter), quartzite boulders, and stretched mafic volcanic rock clasts in
an amphibole, biotite, quartz matrix. The paraconglomerate unit ranges
in stratigrahic thickness up to about 400 m, within which the conglom-
erates themselves are complexly interbedded with volcanic rocks and
quartzites. The entire Colberg Metavolcanic unit ranges from about
100 m thick in the northwest part of Plate 1, to a map thickness of
2500 m in the north-central Medicine Bow Mountains.

Petrographic data from the Colberg Metavolcanic Rocks are shown in
Table 2.6. Fine-grained amphibolites, which were mapped as metabasalt
because of their massive character and local presence of amygdules,
show a wide compositional range including: plagioclase-amphibole rocks
which were probably basaltic flows (e.q. the Arrastre Lake area);
'quartz-rich amphibolites which probably represent reworked mafic to
andesitic tuffs (e.g. the northern area); and amphibole- and biotite-

rich quartzites which were probably metagraywackes (e.g. west of Rock
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: ®
Figure 2.4. Photographs of the Colberg Metavolcanic Rocks: A. amygdules

of quartz, with minor epidote and clinozoisite, in metabasalt, S1/2,
Sec. 10, T.18 N., R.79 W.; B. amphibole schist from Rock Creek Trail,
about 1000 m upstream from contfluence of Rock Creek and Deep Creek.
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Figure 2.5. Photographs of para-

conglomerates from the Colberg
Metavolcanic Rocks: A. granite
boulder paraconglomerate from
Sec, 25, T8 N., R.79 W.; note
that granite boulders are rela-
tively undeformed and mafic
schist clasts are strongly
stretched parallel to foliation;
B. paraconglomerate from Sec.
245 7.8 N, R.79W. dominated
by basaltic clasts.



Creek). Both basaltic rocks and quartz-rich amphibolites locally con-

tain amygdules filled with quartz, epidote, clinozoisite, or calcite

(Figure 2.4A). Paraconglomerate and schistose units frequently contain

garnet. Plagioclase anorthite determinations made by King (1963) in

the northern area range from 49 to 58 (mean of 7 samples was 54).

TABLE 2.6. PETROGRAPHY OF THE COLBERG METAVOLCANIC ROCKS; DATA FROM NORTHERN AREA
POINTCOUNTS FROM KING (1963); OTHER DATA FROM VISUAL ESTIMATES.

Sample No. Amph. Plag. Qtz. Biot. Epid. Opaag-

Northern Area
K336 52,5 - 20.1 199 7.6 -
K348 64.5 48 268 - 1 27
K402 78.2 6:2° 128 - 157 12
K406 38.1 74 245 19.0 9.0 -
K413 788 . 119 53 — 45 1.6
K419 89.0 B 8.1 - 8 i b7
K80-12 — — 46 ) — —

Rock Creek area

SR78-26A O S T S
SR78-268 10 ~ 55 136 Wit .
SR78-27 = 2 -84 - =g
K78-80 - =\ 8 B e
K78-83 60 20 @6 2 BlL
K78-84 ~ —~ 60 10 ST

Arrastre Lake area

TS578B — 65 10 35 — T
TS57C 30 55 10 = - 5
TS84 9 72 10 7 - 2
TS95 18 64 -~ = 5 3
TS151 25 66 — 5 3 1

mean of 10 samples

of metabasalt from 69 8 16 T e T
Houston and

others 1968

mean of 4 samples

ot metatuff (?) from T 7 35 T - 3
Houston and

others (1968)
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+apatite
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Probable protolith

mafic tuff
mafic tuff
basalt or tuff
mafic tuff
basalt

basalt or tuff
graywacke

amyydaloidal basalt
graywacke
subarkose
immature sandstone
amygdaloidal basalt
immature sandstone

amygdaloidal basalt
basalt
amygdaloidal basalt
amygdaloidal basalt
basalt
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Chemical compositions of metabasalts and metatuffs from the Colberg
Metavolcanic Rocks and one sample from the Stud. Creek Volcaniclastic
Rocks are shown in Table 2.7. Sample 1, from the Stud Creek Volcani-
clastic Rocks, has a composition similar to that of an '‘average'' basalt
(Cox and others, 1979), but with low total alkali content ahd therefore
a high normative quartz content. Samples 2 and 3 are andesitic, but
with more iron and less aluminum than the ''average' andesite composition
(Cox and others, 1979). The tuffs range in composition from andesitic
(sample 4) to rhyodacitic (sample 6) and rhyolitic (sample §5). As shown
in Figure 2.6A, an AFM plot of the samples shows an iron enrichment
-trend characteristic of tholeiitic magmas (lrvine and Baragar,.l97]),
except that sample 5 is anomalously high in sodium and deficient in mag-
nesium and iron. Figure 2.6B shows that all six samples fall in the
tholeiitic field in alkali-silica plots (MacDonald, 1968).

The depositional history of the Colberg Metavolcanic Rocks is not
~well know. We interpret the unit to be partly marine based on the préé-'
ence of marine quartzites directly above and below the unit. However,
we have found very few pillow basalts and this, combined with the wide
variety of lithologies and rapid facies changes in the unit, seem more
compafible with subaerial volcanism and volcaniclastic deposition. The
depositional environment of the paraconglomerate provides an interest-
ing and unsolved problem. We enviSion deposition of the Colberg para-
conglomerates to have taken place in alluvial or possibly submaripe
channels and fans which developed adjacent to fault scarps bounding vol-
canic highlands. |[f so, the Colberg Metavolcanic Rocks may contain com-

plexly interbedded subaerial and submarine rocks.
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TABLE 2.7. GEOCHEMISTRY OF METABASALTS AND METATUFFS FROM THE STUD CREEK AND COLBERG
METAVOLCANIC ROCKS; ANALYZED BY STEVE BOESE, UNIVERSITY OF WYOMING.

METABASALTS : METATUFFS

1. 2. 3. 4, 5. 6.
sioy 52.9 56.7 55.1 60.3 729 67.8
Al,03 . 13.3 " 140 13.3 12.7 12.2 12.1
Ca0 10.42 7.9 7.07 497 1.64 0.48
Na;0 1.61 4.43 397 4.28 6.80 4.25
K20 0.14 0.30 0.20 0.48 . 0.10 0.40
FeqOx © - 11.90 11.75 13.94 14.07 2.42 9.30
TiO, 0.9 10 1.0 1.0 . 0.5 0.7
MgO . 7.44 411 5.38 2.19 0.45 2.12
MnO 0.19 0.14 0.19 ‘ . 0.21 0.06 0.08
P20s 0.06 0.17 0.13 0.13 0.21 0.21
Total 98.9 1005 100.3 100.3 97.3 97.4
ppm U305 0.1 06 08 2.2 3.7 25

ppm Th <5 <5 <5 <5 <5 . 5

MOLECULAR NORMS*
Q ' 12.07 4.64 3.57 13.20 27.61 31.65

OR 0.85 1.80 1.20 2.90 0.60 250
AB 5.85 39.90 35.95 39.30 . 6235 40.00
AN 34.65 17.48 . 18.05 14.35 253 1.08
Hy 2752 15.71 23.67 17.89 1.79 16.64
Di ) 15.36 16.66 13.25 " 8.06 " 354 -

MT 2.24 2.14 254 2.60 0.44 1.76
TR : 1.32 1.38 14 1.42 0.72 1.02
AP 0.13 0.35 0.27 0.27 0.43 45

. Co - - — - - 49

1. SR60-25: metabasalt of Stud Creek Volcaniclastic Rocks; north side Carlson Creek, NW% Sec. 22, T18N, R79W.
2. SRE0-44: andesitic basalt of Colberg Metavolcanic Rocks; 1500 feet SISE of hilt 8981, Sec. 3, T18N, R79W.

3. K78-99: amygdaloidal andesitic basalt of Colberg Metavolcanic Rocks; northeast of Colberg cabin; 1400 ft. south of
hill 8981, SE% Sec. 3, T18N, R78W. '

4. SR58-3: andesitic basalt tuff of Colberg Metavolcanic Rocks; northeast of Arrastre Lake, SE%, NW%, Sec. 10, T16N,
‘RARNN,

f. SR798: Calberg rhyalitic tuff: east of Colberg cahin: too of hill 9317. Sec. 10. T18N, R79W.
6. SR79-9: Colberg rhyodacitic tuff; same locality as SR79-8.

*Fé"3/Fe? approximated at 0.15 (after Cox and others, 1979)
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Figure 2.6 Weight percent, plots of metavolcanic rocks from the Stud Creek and Colberg Metavolcanic
Rocks.-A. A = {Na, 0 ¥ K,0); F = (FeO + Fe,03); M = Mgo. The dashed line separates tholeiitic trends
tabove) from calc-alkalineg'grends {Irvine and Baragar, 1971). B. Alkalies versus silica. The dashed line
separates alkalic rocks (abdve) from tholeiites (MacDonald, 1968).

Unit 5: Conical Peak Quartzite

The Concical Peak Quartzite is the youngest unit in the Phantom
Lake Suite. It occupies the core of the Foote Creek Synclinorium in
the northern Medicine Bow Mountains and unconformably underlies the
Magnolia Formation of the Deep Lake Group in the northeastern and cen-
tral parts of Plate 1. Like the un&erlying Bow River Quartzite, cross-
beds in the Conical Peak Quartzite proQide key information for strati-
graphic and structural interbretations of the Phantom Lake Suite. The
dominant lithology is a white, foliated, fine-grained micaceous sub-

arkose. The unit also contains some calcareous quartzite near the
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North Fork of Rock Creek. Metabasalts Which crop out above the Conical
-Peak Quartzites near the North Fork of Rock Cregk, the Medicine Bow
River area near MB-13 and MB-14, and in drill hole EMB-3 ére‘also con-
sidered part of the Concical Peak Quartzite.

Petrographic data from the Conical Peak Quartzite are éummarized
in Table 2.8 and ?igufe 2.3. The quartzites are very similar to those
of the qnderlying‘Bow River Quartzite in grain size (uniformly very
"fiﬁc-to fine-grained) but differ compositicnally by having morc‘p]agio-

clase in the mode and somewhat less potassium feldspar (Figure 2.3).

TABLE 2.8. PETROGRAPHY OF THE CONICAL PEAK QUARTZITE; AREAS REFERENCED TO PALEOCURRENT
ROSES IN PLATE 2; MODAL PERCENTAGES FROM VISUAL ESTIMATES.

Sampie No. Qtz. Kspar. Plag. Musc. Biot. Opogq. Zirc. Calc. -~ Garnt.

CONICAL PEAK AREA (n = 33); mean grain size - .1 mm
| 59-43 76 7 7 9 - T - - T

ONEMILE CREEK AREA (n = 11}; mean grain size = .2 mm )
K289 53 45 - 1 T o T - -
K290 41 15 7. 50

|
-
|
|
|

NORTH FORK ROCK CREEK AREA (n = 31}; mean grain size = .1 mm
609 65 8 25 2 - - - - -

MEDICINE BOW RIVER AREA (n = 50); mean grain size = .2mm

60-32 62 - - 36 - 2 - - -

SA78 40 10 a8 17 e 3 2 1

SR78-41 48 19 - 19 9 3 2 T - T

MB13-146.2 49 26 1 5 2 2 T 5. -

MB13-380 45 30 21 - 3 1 - - -
T 6 -

MEAN 53 18.3 119 134 1.2 1.1
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One possibility is that the Conical Peak Quartzite was derived
from reworking of Bow River sediments with the addition of detrital
plagioclase from the underlying Colberg Metavolcanic Rocks. I[f so,
there may be a disconformity between the Colberg Metavolcanic Rocks and
the Conical Peak Quartzite, a relationship which is also suggested by
drastic thickness changes in the Colberg Metavolcanic Rocks in the
northern Medicine Bow Mountains (Plate 1). The maximum exposed stra-
tigraphic thickness of the Conical Peak Quartzite is about 800 m.

As shown in Figure 2.7, crossbedding in the Conical Peak Quartzite
is mainly large-scale and planar (amplitude about 1 m; mean inclination
22.6°), but trough crossbeds are also present near Onemile Creek and the
Medicine Bow River (Plate 2). The paleocurrent distribution for the en-
tire unit (Plate 2) shows a bimodal, bipolar distribution with currents
directed northeast and southwest. These modes are interpreted to rep-
resent ebb and flood currents in a shallow marine depositional environ-
ment. The unit has many similarities to the underlying Bow River
Quartzite and we interpret it to be marine for many of the same reasons:
fine grain sizes, large-scale planar crossbeds, and bimodal paleocur-

rents.

DEEP LAKE GROUP

The Deep Lake Group was defined by Karlstrom and Houston (1979a,
1979b) to include six formations (Table 2.1). However we now consider
the uppermost unit, the Rock Knoll Formation, to be part of the over-
lying Libby Creek Group because it is in depositional contact with the

overlying Headquarters Fromation and is now interpreted to be entirely
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Figure 2.7. Photographs of thc Conical Pedk Quartzite: A. 1.5 meter
thick planar crossbed set is truncated by phyllite layer above (right)
and is tangential to phyllite layer below (left); hammer handle is sub-
parallel to foresets; from Sec. 11, T.17 N., R.80 W.; B. large-scale
trough crossbedding near Conical Peak, Sec. 4, T.13 N., R.79 W.

226



in fault contact with the underlying Vagner Formation (Plate 1) on the
basis of: breccias in Trail Creek (Sec. 26, T.. 17 N., R. 79 W.) and
South Brush Creek (Secs. 15, 22, T. 16 N., R. Bow; change in strike of
bedding of 45° south of Vagner Lake (Sec. 1, T. 16 N., R. 79 W.);
change in dip of bedding by 70% northwest of Rock Creek Knoll (Secs. 27,
34, T. 17 N., R. 79 W.); and a topographic scarp between Reservoir and
Vagner Lakes (Lanthier, 1978, p. 26). The basal unit of the Deep Lake
Group, the Magnolia Formation, contains the major radioactive conglom-
erates in the Medicine Bow Mountains. Its stratigraphic, sedimentary,
and lithologic characteristics, and its uranium and thorium potential
are discussed in detail by Karlstrom and Houston (1981). Other stra-
tigraphic units are discussed in more datail in earlier papers (Karl-
strom, 1977; Karlstrom and Houston, 1979a, 1979b). This section re-
views briefly the main sedimentary features of each unit and presents
our interpretations of the depositional setting of the formations of
the Deep Lake Group. The petrography of each of the units is shown

in Figure 2.8.

Magnolia Formation

The Magnolia Formation is composed of two members: a basal radio-
active Conglomerate Member containing micaceous quartz-pebble conglom-
erétes and arkosic matrix paraconglomerates and a Quartzite Member con-
taining more mature subarkosic and arkosic quartzites and quartz-granule
conglomerates (Karlstrom and Houston, 1979a, Figure 2.8, 2.9, and Table
2.9). This subdivision is not always clear cut; the basal conglomerate

member is not always present and contact relationships between the two
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mean of 8 samples
o of diamictite from
Sylvester (1973) F= feld-
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mean of S
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Figure 2.9. Photographs of the Magnolia Formation, Conglomerate Member,
near Threemile Creek, NW1/4, Sec. 19, T.18 N., R.78 W.; A. layer of
strongly radioactive quartz-pebble conglomerate; pen points to a square
pyrite pseudomorph and is parallel to bedding and S, foliation; maximum
pebble is 4 x 2.5 cm; B. granite and quartz pebbles and cobbles weath-
ering out in cross-sectional view of arkosic paraconglomerate underlying
quartz-pebble conglomerate shown in A; clasts are flattened in foliation.
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members appear to be gradational.

However, the nomenclature is retained

here because it points out a major, and mappable, change in rock-type

within the Magnolia Formation.

TABLE 29 SUMMARY OF THE PETROGRAPHY OF THE MAGNOLIA FORMATION ARRANGED APPROXIMATELY NORTHEAST (TOP) TO SOUTHWEST (BOTTOM)

MACNOLLA FORMATION FONGI NMFRATE MEMBER

Qtz, Qtzte.
ONEMILE CREEK AREA
Unit 1, mean and range V] (-
of 8 samples 14-70 0-10
Unit 2, mean and range 51 2
of 7 samples 3062 0-10
Unit 3, mean and range 57 included
of 2 samples 46-67 wigtz.
Unit 4, mean and range Al 4
of 4 samples 8382 18
Unit 5, mean and range 58 1.4
of 43 samples 27-80 0-16
Grand Mean of 65 samples 67.9 1.6
THREEMILE CREEK AREA (EMB-5 & 11}
Mean and range of 48 10
17 samples 10-68 0-23
ARRASTRE ANTICLINE AREA (PL-1)
Mean and range of 65 6.5
10 samples 45-82 U-28
BRUSH CREEK AREA (MB-9)
Mean and range of 58 4
3 somples 4R-A2 0-20

MAGNOLIA FORMATION QUARTZITE MEMBER

Qtz.
THREEMILE CREEK AREA (EMB-11)
Mean and range of 51
5 samples 20-76
MB4 AREA
Mean and range of 70
8 samples 37090
NORTH FORK ROCK CREEK
CRATER LAKE AREA (MB-11)
Mean and range of 69
10 samples 44.93

ARRASTRE ANTICLINE AKEA (FL-1 & GH-1}
Mean and range of 66
8 samples 54-82

Modal percentages represent entirety of poorly sorted rocks, granule and subgranule matrix tor Bimodal conglomerates.

Qtzte.

0-20

4.3
0-18

5
0-20

K-spar

1.3
05

K-spar

0-10

9.31
00

1.6
0-10

Play.

1.6
0-10

0-?0
5-6
D-’1
06
1.8

23
0-10

26
05

Plag.

0-20

43
u-18

45
0-10

8
0-30

230

Granite

28
0256
5
0-20

0-75
28

0-32
29

33
0-24

01

Granite

0-10

3
0-2

Muse.

24
5-47
25
545
21
11-31
17
10-25

4-50
249

233
0-75

214
1-3n

16
020

Musc.

205
550

»
@

123
325

1.3
028

Chlor,

1.5
0-15

24
0-10

4.1
0-15

Chlor.

21
05

18
0-5

33
0-10

Riot.

4.2
0-20

15
07

Pyrite

Pyrite

5.4
0-15

1.4
0-20

Hem

Heavies

Apatite
Zircon

12 Garnet

Zircon
Tourmaline

b Zircon
Amphibole

Garnet

Heavies

Zircon
Apatite

Zircon
Amphibals
Apalite

Amphibole
Calcite
Apatite
Zircon

Tourmaline
Zircon
Calcite
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The radioactive Conglomerate Member crops out in several localities
as lenticular zones of polymictic paraconglomerate interbedded with
quartz-pebble conglomerates and coarse-grained arkosic quartzites. The
paraconglomerates are micaceous arkoses and subarkoses with pooriy sorted
clasts (up to tens of centimeters in diameter) of quartzite, schist, ma-
fic volcanic rocks and, locally, granite. These paraconglomerates are
generally only mildly radioactive (up to-50 ppm U, 200 ppm Th, but usual-
ly Tess). In the Onemile Creek area, at the northern limit of Magnolia
outcrob, the Conglomerate Member is much more radiocactive (up to 176 ppm
U, 915 ppm Th in outcrop) and is dominated by muscovitic quartz-pebble
conglomerates and coarse-grained muscovitic arkoses (Table 2.9). in this
afea, the radioactive Conglomerate Member is about 400 m thick and con-
glomerate layers range in thickness from beds one pebble thick to compos-
ite comglomerate zones up to 20 meters thick. k

Thé Quartzite Member is present throughout the Mediéine Bow Moun- .
tains, averaging about 400 m thick. This unit consists of trough cross-
bedded, coarse-grained to granular quartzites which vary in composition
from micaceous subarkose to micaceous arkose (Table 2.9). The Quartzite
Member is generally less micaceous, less arkosic, finer-grained, and
less radioactive (averaging less than 10 pbm U, Th) than the Conglomer-
ate Member.

We interpret the Mégno]ia Forhation to be a fluvial succession for

a variety of reasons. The unlt overlies rocks of the Phantom Lake Meta-

'morphic Suite with angular unconformity. This unconformity is exposed in

the cirque walls of Crater Lake (Sec. 35, T. 18 N., R. 79 W.), where

north-striking outcrops of the Quartzite Member overlie tightly folded,
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east-west striking rocks of the Colberg Metavolcanic-Rocks-(Plate 1).
It is also eVidenced by the fact that the Magnolia Formation overlies a
variety of units of the Phéﬁtom Lake.Suite in.the central Medicine Bow
Mountains and Archean granite§ and the Stage Crossing Gneiss in the
northern Medicine Bow Mountains (Plate 1). This and the presence of
pebbleg of Aréhéan granite in the northern outcrops sﬁggests a major
period of erosidn prior to-Magnoiia deposition and implies that subacrial
conditions dominated, at least in the early stages of Magnolia deposition.
Litholégic charactefistfcs aﬁé the lenticular distribution of the radio-
active éonglomerate Member are also consistent with interpretations of
a fluvial origin. .Thelunit is poorly sorted, relatively immature, and
it contains rad%oactive minerals which are believed to be heavy mineral
placers. (Houston and Karlstrom, 1980). .The lenticular distribufion,
combined with the coarse grain sizes, poor sorting, and immature nature
of the sedimenfs suggest proximal, high energy fluvial deposition (Rust,.
1979). We eﬁvision a paleogeography characterized by fairly high retlief,
fault bounded'highlands, and deposition of radioactive conglomerates in
subaerial debris flows, alluvial fans, and high energy braided streams.
The Quartzite4Member is also interpreted to be fluvial in origin
because of relatively poor sorting, abundant frough crossbedding, and
yradational (fining-upwards) relationships tn the underlying conglomer=
ates. We inéerpret the quartzitesvto represent deposition in a well-
developed and laéeré]]y extensive braided river system because of. the

lateral persistence of the unit (an outcrop length of about 35 km) and
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the change to less micaceous and arkosic quartzites from northeast to
southwest, down the paleoslope (Plate 2 and Table 2.9).

Paleocurrent measurements (Plate 2), although almost entirely from
the Quartzite Member, substantiate the fluvial interpretation fairly
well. The distribution for the entire Magnolia Formation sHows a some-
what dispersed polymodal pattern dominated by southwestérly directed cur-
rents. This type of di5persed polymodaI pattern is often cited as evi-A
dence for intertidal deposition (Hereford, 1977; Klein, 1970) but may
also répresent distributions in braided stream environments (Ore, 196k;
Williams, 1971) or fluvial deposition combining alluvial fan and braided
river deposition. For individual areas (blate 2),-some paleocurrent
roses show unimodal pattefns, others show distinctly polymodal patterns.
1f the polymodal patterns are reé] (i.e. if they are not a reliét of
measurement problems associated with distinguishing trough from planar
crossbeds in small, discontinuous outcrops), they may reflect a south-
westerly directed major river system, bounded on the northwest by_areés
of high relief, in which alluvial fans were developed whichvtransported
sediment in southeasterly diréctions, into theAtrunk river system. By
this explanation, the conglomerates of the lower Magnolia Formation rep-
resent the basal portions of these alluvial fan deposits. The wide dis-
tribution of conglomerate lenses and consistent coarse grain sizes of
the;e conglomerates in a down-currént direction (southwest) in.the Medi -

cine Bow Mountains is explained in terms of multiple southeasterly di-

.rected fan systems built on féult-bounded highlands to the northwest.

This interpretation remains tentative because crossbedding is rare in the
conglomerates themselves and their paleocurrent distributions are not

known.
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Lindsey Quartzité

The Lindsey Quartzite includes trough crossbedded quartiarenite
and subarkose (FiguresE2.8, 2.10, and Table 2.10), which gradationally
overlie the Quartzite Member of the Magnolla Fornglion. Lindsey Guarlz
ites are gene}ally medium=-grained but also contain scattered pebbles (up
to 1 cm in diameter) along planar foreset beds or in small scours, and
thin phyllitic ]ayers.and partings. The thickneﬁs of thé.Lindsey Quartz-
ite is about 410 m in the central Medicine Bow Mountains and the unit
either pinches out or is anonformab]y onlapped by the Cascade Quartzlte
to the north (Plate 1). The Lindsey Quartzite is locally anomalously

radioactive, éspecial]y near its northern outcrop limit.

TABLE 2.10. PETROGRAPHY OF THE LINDSEY QUARTZITE; MODES FROM VISUAL ESTIMATES; K-SPAR
COLUMN INCLUDES MUSC. AFTER FELDSPAR; ARRANGED NORTHEAST (TOP) TQ SOUTHWEST (BOTTOM).

Samplo No. Qtz. K.spar Piag, Miise Rint, Chiar. Opaaq. Zire. Apat,
MB4-25 93 5 - 2 - - - - -
MB4-189 77 14 6 2 1 - T T -
60-66 76 7 5 12 - — - — —
SR78-34 80 18 - 2 - - T - -
SR78-37 47 - - 51 T T 1 1 T
MBb-143 11 [1¥] - 12 1 = T - -
PC:a ¢ 9C 3 1 i T T T T
59-1 77 7 - 15 - - 1 - -
59-15 93 5 1 1 - - T — -
TS-22 91 4 5 T — - T - —
T8-14A 4 - 17 29 T - T T -
T8-14R fi1 30 16 1 T - =
TS-14C 73 20 5 - - 2 T - -
TS-14D 75 22 3 - - - T - -
MEAN 76 10 4 9 T T T T T
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Figure 2.10. Photographs of trough crossbedding in the Lindsey Quartz-
ite; Ao Sec. 33 Tl N, R.79W.5 B,  Seec. 730, T S VL W Y
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Trough crossbedding is well preserved in the Lindsey Quartzite (Fig-
ure 2.10) and ripple marks are present occasionally. The paleocurrent
distribution shown in Plate 2, is strongly unimodal with currents directed
southwest and a mean direction (229°) very similar to the Magnolia Forma-
tion. This type of unimodal pattern is often cited as evidence for flu-
vial deposition (Allen, 1967; Potter and Pettijohn, 1977). We interpret
the Lindsey Quartzite to be a fluvial unit on this basis, as well as:
its gradational relationship to the Magnolia Formation; the abundance of
trough crossbeds; and scattered pebbles and phyllite partings which may

represent lag gravels and thin overbank sediments respectively.

Campbell Lake Formation

The Campbell Lake Formation is a thin (up to 65 m), discontinuous
paraconglomerate -- quartz phyllite sequence which serves as a useful
stratigraphic marker in the central Medicine Bow Mountains. The para-
conglomerate contains poorly sorted subangular clasts (up to 76 cm in
diameter) of granite, quartzite, and phyllite in a poorly sorted mica-
ceous arkose to subarkose matrix (Figure 2.8; Table 2.11). The unit ap-
pears to be a debris flow of some type and has been interpreted to be
glacial in origin (Karlstrom and Houston, 1979a, 1979b), although we have
no detinite evidence for glacial depusilion and the unit might also repre-

sent alluvial fan debris flows (Bull, 1972).

Cascade Quartzite

The Cascade Quartzite is the thickest (up to 850 m) and most later-
ally extensive unit in the Deep Lake Group. It unconformably overlies

units ranging in age from Archean granite and Stage Crossing Gneiss in the
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TABLE 2.11. PETROGRAPHY OF THE CAMPBELL LAKE FORMATION; MODES FROM VISUAL ESTIMATES:
K-SPAR COLUMN INCLUDES MUSC. AFTER FELDSPAR; ARRANGED NORTHEAST (TOP) TO SOUTHWEST

(BOTTOM).

Labile
Sample No. Qtz. Qtzite. K-spar. Plag. Musc. Biot. Chlor. Opagq. Zirc. Epid. Apat. R.F.
K78-22 84 — — 8 9 1 - i = = =3 <
TS-371 94 — 5 — 1 - = T = — _ s
TS-236 56 - 16 — 19 — 5 2 2 i 2 L
C-520 46 - 7 — 38 — 7 2 = - L =
61-35 51 — 10 — 36 3 - 1 = = — )
TS-128 83 - 6 T 10 1 ‘i T E | = =
PC-1A 83 - — 7 3 3 "5 2 i — T —
PC-1B 62 5 13 14 2 2 i1 T i § — — 2
PC-2B 69 — 6 19 2 4 F g3 - = o= =
MEAN 69.8 6 i 5.3 13.3 1.6 1.8 8 T 1y ¥ 2

northern Medicine Bows to the Campbell Lake Formation in the central
Medicine Bow Mountains to Archean quartzo-feldspathic gneisses in the
southern Medicine Bow Mountains (Plate 1). The unit is characterized by
clean, white, massive, pebbly quartzarenite and subarkose, with local
arkose (Figure 2.8; Table 2.12). Quartz and black chert pebbles occur in
distinct layers, commonly 5-10 cm thick (Figure 2.11). Maximum pebble
sizes, shown in Plate 2, for the unit appear to be largest (v 3 cm) in
the central part of the outcrop belt and smaller (v 2 cm) in the north-
east and southwest.

Paleocurrent measurements from abundant planar and trough cross-
bedding in the Cascade Quartzite show a unimodal distribution about a
west-southwest directed mean paleocurrent (248°). The dispersion of
paleocurrent vectors is appreciably smaller (L is larger and variance is
smaller) than for both the Lindsey Quartzite and Magnolia Formation.

This type of small variance unimodal paleocurrent pattern is often con-
sidered to be one characteristic of fluvial paleocurrent patterns (Potter

and Pettijohn, 1977).
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Figure 2.11. *hotog-aphs of the Cascade Quartzite: A. pebble layer on bedding surface in Sec. 30,

T.18 N., R.78 W.; larges: pebbl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>