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THE PRECAMBRIAN OF THE ROCKY MOUNTAIN REGION

By CARL E. HEDGE, ROBERT S. HousToN!, OGDEN L. TWETO, ZELL E. PETERMAN,
Jack E. HARRISON, and ROLLAND R. REID?

ABSTRACT

Precambrian crystalline rocks of the Rocky Mountain region of the
United States represent two age provinces. An Archean province
(older than 2,600 million years) occupies Wyoming and adjacent parts
of Utah, Montana, and South Dakota. A Proterozoic province (about
1,600 to 1,800 million years old), is represented by only sparse expo-
sures west and northwest of the older terrane, and by extensive ex-
posures to the south. The Archean province is mostly felsic gneisses
and associated metasedimentary rocks that were metamorphosed
about 2,800 million years ago. Tonalitic to granodioritic plutons were
emplaced in this terrane 2,500 to 2,760 million years ago.

In Colorado, a thick sequence of volcanic and sedimentary rocks
was deposited between 2,000 and 1,750 million years ago. These rocks
were metamorphosed and intruded by numerous granodioritic plutons
about 1,700 million years ago. This province was invaded by granitic
plutons 1,400 million years ago and again, in central Colorado, 1,015
million years ago.

Shelf-type sedimentary sequences were deposited on the older
crust during the interval from 2,600 to 1,700 million years ago and
are preserved in a belt from southern Wyoming to the Black Hills.
A younger sequence, 1,460 to 1,600 million years in age, is preserved
only as the Uncompahgre Formation in southwestern Colorado. A
still younger sequence, the miogeoclinal Belt Supergroup, 850 to
1,600 million years in age, is preserved in western Montana and
northern Idaho. Rocks roughly equivalent to but isolated from the
Belt Supergroup include the Yellowjacket Formation and Lemhi
Group of Idaho and the Uinta Mountain Group of northeastern Utah
and northwestern Colorado. Eugeoclinal rocks, including diamictites,
were deposited west of the miogeoclinal rocks beginning approxi-
mately 850 million years ago.

INTRODUCTION

Precambrian rocks are exposed in numerous areas in
the Rocky Mountain region, mostly in the cores of up-
lifted mountain blocks (fig. 1). The rocks range from
unmetamorphosed late Proterozoic sedimentary rocks
to Archean gneisses. The state of knowledge of the
geology and geochronology of the rocks varies widely
through the region. In Colorado, abundant geo-
chronologic data and extensive detailed field studies
make possible the assignment of almost every Precam-
brian rock unit to a specific time period (Tweto, 1979).

'University of Wyoming, Laramie, Wyo.
2University of Idaho, Moscow, Idaho.

In contrast, the history of the pre-Belt basement rocks
of western Montana and Idaho is only beginning to
come into focus.

The earliest geologic work in the region established
that the relatively unmetamorphosed sedimentary
rocks, such as the Belt Supergroup and the Uinta
Mountain Group, are younger than the crystalline com-
plexes in many of the mountain ranges of Wyoming and
Colorado. The advent of radiometric dating made possi-
ble studies that showed that the Precambrian crystal-
line rocks of most of Wyoming are older than those
of Colorado. By the early 1960’s, enough radiometric
ages were available to show that the framework Pre-
cambrian rocks of Wyoming are of Archean age and
are approximately equivalent to those of the Superior
province of the Canadian Shield. Condie (1969) referred
to the Archean terrane exposed mainly in Wyoming and
southern Montana as the Wyoming province. In his re-
construction of the growth of the North American con-
tinent, Engel (1963) connected the Canadian and
Wyoming terranes. Subsequent data from wells that
penetrated basement rocks in the midcontinent region
(Goldich and others, 1966) revealed, however, that
younger rocks intervene between the two older ter-
ranes in the basement of western North and South
Dakota.

The Archean of the Wyoming province extends into
bordering States to the east, north, and west. Zartman
and others (1964) demonstrated that Archean gneiss
underlies the Precambrian metasedimentary rocks of
the Black Hills, and Armstrong and Hills (1967) and
Compton and others (1977) identified an Archean base-
ment in northwestern Utah and south-central Idaho.
Catanzaro and Kulp (1964) found the gneisses in the
Little Belt Mountains of Montana to be of Archean age,
and Peterman (1981) has demonstrated the extension
of the Archean to the Little Rocky Mountains of north-
central Montana and into the basement of northeastern
Wyoming.

To the south of the Wyoming province, no Archean

1
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FIGURE 1.—Generalized geologic-geochronologic map of the exposed Precambrian rocks of the Rocky Mountain region
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rocks have been recognized. Extensive dating in Col-
orado has yielded no ages greater than about 1,850
m.y. (million years), and isotopic data strengthen the
conclusion that the Precambrian of Colorado (and prob-
ably of large areas to the south and east) does in fact
represent major new additions to the continent during
the early Proterozoic.

The thick Precambrian sedimentary sections that
occur along the western flank of the Rocky Mountains
have been difficult to date, but considerable progress
has been made, particularly with the Belt Supergroup,
which was apparently deposited between 1,500 and 850
m.y. ago (Harrison, 1972).

Figure 1 provides a general overview of the time-
space relationships of the exposed Precambrian rocks
of the Rocky Mountain region. Plate 1 summarizes the
chronologic knowledge of various areas or mountain
ranges within the region.

ARCHEAN ROCKS OF WYOMING
AND SOUTHERN MONTANA

The Archean terrane of the Wyoming province, al-
though exposed mainly in the cores of mountain ranges
in Wyoming and Montana (fig. 1), extends at least as
far east as the Black Hills, as far west as the northwest
corner of Utah, and northward to north-central Mon-
tana. In southeastern Wyoming, the Archean is over-
lapped by early Proterozoic supracrustal rocks and in-
truded by early and middle Proterozoic igneous rocks.
Chronostratigraphic relations for Precambrian rocks
exposed in the various ranges of the Wyoming province
are shown on plate 1. In most of these areas, late Ar-
chean granites were intruded into greenstone terranes
and (or) gneiss complexes between about 2,500 and
2,700 m.y. ago. Earlier metamorphic and igneous
events are recognized in some areas.

In comparison with the Archean of the Superior
province of northern Minnesota and adjacent Ontario,
the Wyoming province contains a much lower propor-
tion of greenstone sequences. The best preserved
greenstone terrane crops out at the southeast end of
the Wind River Range (Bayley and others, 1973).
Greenstones are also recognized in the Owl Creek
Mountains (Granath, 1975), the Seminoe Mountains
(Bayley, 1968), the central Laramie Range (Graff and
others, 1982), and possibly in the Granite Mountains
(Peterman and Hildreth, 1978).

Gneiss complexes occur throughout the Wyoming
province and are the principal units in some of the
ranges. These complexes include a variety of rock types
commonly at a medium to high grade of metamorphism.

Some complexes are banded gneisses derived from
stratified rocks, and others are massive and are proba-
bly orthogneisses. In some areas, interlayers of am-
phibolite, quartzite, and marble are common. In south-
western Montana, a gneiss complex contains abundant
schistose rocks as well as quartzite, marble, and iron-
formation.

The oldest rocks thus far reported from the Wyoming
province are in the Beartooth Mountains of south-
central Montana (pl. 1, G, H). The Beartooth Mountains
consist of an older metamorphic complex, a younger
group of metasedimentary rocks and more or less
metamorphosed granitic rocks, the Stillwater Complex,
and finally quartz monzonitic intrusions. Zircons from
several of the older metamorphic units gave U-Pb
(uranium-lead) isotopic results that define a good chord
indicating an age of about 3,070 m.y. (fig. 2). This age
is difficult to interpret: it may approximate the age of
the source terranes from which the sediments were
derived, or it may be the time of metamorphism.
Mueller and others (1976) have interpreted U-Pb zircon
data to indicate a history extending back to more than
3,300 m.y. in the eastern Beartooth Mountains.
Metamorphism of the younger sedimentary sequence
and intrusion of granitic rocks occurred about 2,750
m.y. ago in the Beartooth Mountains (Reid and others,
1975). The Stillwater Complex, a layered mafic com-
plex, was emplaced just prior to 2,700 m.y. ago (Nunes
and Tilton, 1971). Page (1977) concluded that a block
containing the Stillwater Complex moved with respect
to a southern block along a major fault; quartz monzo-
nite dated at 2,700 m.y. is believed to have been in-
jected along the fault zone.

The pre-Beltian rocks of all of southwestern Montana
(pl. 1, F) probably have a history as complex as that
of the Beartooth Mountains, but attempts to unravel
the pre-2,730 m.y. history have failed thus far (Mueller
and Cordua, 1976; James and Hedge, 1980). James and
Hedge concluded that the terms Cherry Creek Group
and Pony Group are of no value because both names
are applied to rocks that can only be classified as parts
of an Archean metamorphic complex.

Although the Precambrian rocks of the Bighorn
Mountains (pl. 1, L) have thus far yielded no pre-3,000
m.y. ages, Arth and others (1979) have dated a 3,000-
m.y. trondhjemitic intrusion and a 2,950-m.y.
granodiorite in the southwestern part of the range.
Banks and Heimlich (1976) and Heimlich and Banks
(1968) reported an age of 2,850 m.y. for granites from
the northern part of the range, and Stueber and Heim-
lich (1977) obtained an age of 2,760 m.y. for diabase
dikes that cut these rocks.
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FIGURE 2.—Zircon data for the Beartooth Mountains, Mont. Data
from Catanzaro and Kulp (1964), Nunes and Tilton (1971), and Reid
and others (1975). Numbers on curve in millions of years.

In the Teton Range (pl. 1, I), Reed and Zartman
(1973) assigned an age of metamorphism of 2,820 m.y.
to the Webb Canyon Gneiss. They also reported an age
of 2,440 m.y. for the Mount Owen Quartz Monzonite,
but this latter age is suspect because of the improbably
high initial 8"Sr/%Sr ratio.

Two plutons in the Wind River Range (pl. 1, J), the
Bears Ears pluton (Popo Agie batholith) and the Louis
Lake Granodiorite, have been dated at 2,560 m.y. and
2,640 m.y. respectively (Naylor and others, 1970). The
Louis Lake Granodiorite intrudes the greenstone belt
at South Pass, in the southeastern Wind River Range.
A Rb-Sr (rubidium-strontium) isochron age of 2,790
m.y. was obtained on metagraywacke and metavolcanic
rocks within the greenstone belt, but the age has a
large uncertainty (Z. E. Peterman, unpub. data, 1973).
Similarly, five granitic gneiss samples from a gneiss
complex in the central Wind River Range define a Rb-
Sr isochron age of 2,760 m.y. (Z. E. Peterman and
Fred Barker, unpub. data, 1975).

An amphibolite-grade sedimentary-volcanic sequence
in the Granite Mountains (pl. 1, M) of central Wyoming
was metamorphosed at 2,860 m.y. (Peterman and
Hildreth, 1978), and this unit may be equivalent to the
greenstones at South Pass. The major granite batholith
in the Granite Mountains has been dated at 2,550 m.y.
by Rb-Sr methods (Peterman and Hildreth, 1978) and
at 2,590 m.y. by U-Pb methods on zircon (Ludwig and
Stuckless, 1978). A small body of foliated granite gave
an older U-Pb age of 2,640 m.y. (Ludwig and Stuckless,
1978). The ages of the granitic intrusions are remarka-

bly similar to those from the southeastern Wind River
Range and suggest two discrete periods of regional
plutonism.

Three whole-rock Rb-Sr isochron ages have been re-
ported (Johnson and Hills, 1976) for various gneiss
units in the Laramie Mountains (pl. 1, N). These ages
range from 2,700 m.y. to 2,960 m.y. A major batholith
of granite was emplaced in the Laramie Mountains
2,510 m.y. ago (Hills and Armstrong, 1974; Johnson and
Hills, 1976). '

In the central Laramie Mountains (pl. 1, O), the El-
mers Rock greenstone belt (Graff and others, 1982)
comprises late Archean metasedimentary and metavol-
canic rocks. Zircons from metadacite are dated at about
2,720 m.y. (Z. E. Peterman, unpub. data, 1983). A
similar sequence of metasedimentary and metavolcanic
rocks in the Hartville uplift (pl. 1, R) is also late Arche-
an and may be correlative with the sequence in the
central Laramie Mountains (Snyder, 1980; Snyder and
Peterman, 1982; Peterman, 1982). In the Hartville up-
lift, the supracrustal rocks are intruded by both late
Archean and early Proterozoic rocks including the
Rawhide Buttes Granite (2,580 m.y.), the Flattop
Buttes Granite (1,980 m.y.), the Twin Hills Diorite
(1,740 m.y.), and the Haystack Range Granite (1,720
m.y.).

Archean rocks are also exposed in the northern parts
of the Medicine Bow Mountains and in the Sierra
Madre of south-central Wyoming (pl. 1, P, Q). Again,
an older gneissic complex was intruded by granites;
however, the published ages are somewhat younger
than those for similar rocks farther north. Hills and
others (1968) reported a Rb-Sr age of 2,500 m.y. for
the granitic gneisses in the Medicine Bow Mountains,
whereas Divis (1976) obtained a single zircon age of
2,630 m.y. in the Sierra Madre. Three ages on the Bag-
got Rocks Granite (Hills and others, 1968; Divis, 1976)
range from 2,360 to 2,500 m.y. We are not certain
whether these ages from southern Wyoming represent
the true ages of the rocks, or whether the ages have
been lowered somewhat by the metamorphic and igne-
ous events just to the south.

A number of important mineral deposits are in these
Archean rocks of Wyoming and Montana. These de-
posits include chromium, platinum, and nickel deposits
of the Stillwater Complex, iron-formation in many of
the greenstone belts, and gold in quartz veins and
shear zones of the greenstone belts. Iron-formation de-
scribed by Bayley and others (1973) is currently being
mined in the Atlantic City region in the southeastern
Wind River Range.
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EARLY PROTEROZOIC
METASEDIMENTARY ROCKS OF
SOUTHEASTERN WYOMING AND THE
BLACK HILLS, SOUTH DAKOTA

Variably metamorphosed sedimentary rocks are pre-
served in a string of synclinoria or basins along the
southern and eastern margins of the Wyoming Archean
province (Hills and Houston, 1979). The most complete
and best studied sequence preserved in Wyoming is in
the Medicine Bow Mountains (Houston and others,
1968). The supracrustal rocks in the Medicine Bow
Mountains consist of two sequences of strata separated
by an angular unconformity. The lower sequence, which
has been named the Deep Lake Formation, consists of
at least 6,000 m of quartzite, metaconglomerate, chlo-
rite schist, amygdular metabasalt, metatuff(?), and
siliceous marble (Houston and others, 1968). Sericitic
quartzite predominates. This very thick and composi-
tionally variable formation contains strata representing
many geologic environments, including probable glacial
deposits as well as deposits of marine and fluviatile en-
vironments.

The Deep Lake Formation, currently being re-
studied, will be divided into two and possibly three sub-
divisions (Karlstrom and Houston, 1978; Houston and
others, 1977). Deposition is cyclic, and the cyclic units
resemble those described by Frarey and Roscoe (1970)
in the Huronian Supergroup of Canada. In fact,
radioactive quartz-pebble conglomerate has been recog-
nized in rocks of the Deep Lake Formation (Houston
and others, 1977; Graff and Houston, 1977) that may
have been deposited in an oxygen-deficient environ-
ment like that suggested for radioactive quartz-pebble
conglomerate of the Matinenda Formation of the Huro-
nian Supergroup (Roscoe, 1973).

The Libby Creek Group, which consists of approxi-
mately 6,800 m of strata, overlies the Deep Lake For-
mation unconformably. The lower 3,700 m of this group
is clastic sedimentary rock, of which about 60 percent
is quartzite (in large part orthoquartzite) that has
crossbeds and ripple marks, and most of the remainder
of the group is micaceous quartzite and quartz-rich
schist and phyllite. The basal formation of the Libby
Creek Group, the Headquarters Schist, includes layers
of fine-grained schist and phyllite that contain scattered
boulders, cobbles, and pebbles. This formation may be
partly of glacial origin (Houston and others, 1968).
Above the quartz-rich lower part of the Libby Creek
Group is the Nash Fork Formation, consisting of inter-

bedded dolomitic marble that commonly contains algal
structures (Knight and Keefer, 1966), and black phyl-
lites and slates, some of which. are pyritic and belong
to the sulfide facies of iron-formation as defined by
James (1954). The Nash Fork Formation and all lower
formations in the Libby Creek Group are clearly of
shallow-water origin and possibly of glacial origin in
part, and we interpret them to be a shelf sequence.

The Towner Greenstone and the French Slate, the
upper two formations of the Libby Creek Group, are
of less certain interpretation; perhaps they record the
beginning of a change in sedimentologic conditions
along the edge of the formerly stable shelf. The Towner
Greenstone consists mainly of chlorite-amphibolite
schist in which rare thin beds of sandstone have been
reported. Its origin is enigmatic, but it may consist of
metamorphosed basic volcanic flows, basic pyroclastics,
or both. The French Slate is a gray, pyritic slate or
phyllite whose environment of deposition also is not
well known.

The metasedimentary rocks in the other synclinoria
are not as well known as those in the Medicine Bow
Mountains. In the Sierra Madre, west of the Medicine
Bow Mountains, a thick (probably more than 3,000 m),
unnamed sequence of mainly clastic metasedimentary
rocks has been mapped (Houston and others, 1975).
Micaceous quartzites predominate, but slate and phyl-
lite are also abundant, and metavolcanic rocks,
metalimestone, and metaconglomerate are present.
Some of the metaconglomerates are possibly tillite, and
some have the appearance of dropstone conglomerates.
These strata probably correlate in part with the Deep
Lake Formation of the Medicine Bow Mountains
(Houston and others, 1968; Houston and others, 1975).
Cyeclic units like those identified in the Deep Lake For-
mation have been recognized in equivalent(?) rocks of
the Sierra Madre, and radioactive quartz-pebble con-
glomerate has also been identified in these rocks (Graff
and Houston, 1977), reinforcing the correlation with the
Deep Lake Formation.

The metasedimentary rocks of the Black Hills (pl.
1, S) are more highly deformed and are of a higher
metamorphic grade than the rocks of the Sierra Madre
and Medicine Bow Mountains of Wyoming. Although
many problems of correlation and structural complexity
still exist, two maps that show subdivisions of the Pre-
cambrian of the entire Black Hills have been published
(Redden and Norton, 1975; Kleinkopf and Redden,
1975). The lower part of the metasedimentary section
is rich in quartzite but also contains metaconglomerate,
schist, marble, and taconite iron-formation. These rocks
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are overlain by sequences that contain abundant am-
phibolite (metabasalt) and metagraywacke, which
suggest a transition from a shelf-type environment to
a more eugeoclinal type. What are apparently the
youngest parts of the sequence are dominantly phyllites
or schists and quartzites. It is perhaps significant that
radioactive quartz-pebble conglomerate has been re-
ported in the lower shelf-type environment of the Black
Hills succession (Hills, 1977), but how these rocks may
relate to similar shelf-type units of southeastern Wyom-
ing or the Lake Superior region is not clear.

All that is known for certain about the age of this
belt of supracrustal rocks is that it is younger than the
Archean crystalline basement (2,500 m.y.) and older
than about 1,700 m.y. This later age was suggested
as the time of metamorphism in the Medicine Bow
Mountains (Hills and others, 1968) and is the age of
the Harney Peak Granite in the Black Hills (Riley,
1970). Hills and Houston (1979) have correlated various
units of this supracrustal sequence with rocks of the
Lake Superior region.

The early Proterozic metasedimentary rocks contain
a number of major mining districts, and the potential
for undiscovered mineral deposits is good. The extent
of beds of iron-formation in the Black Hills, in particu-
lar, suggests that mining of these units will some day
be feasible. Although it has been a point of long-stand-
ing controversy, recent studies concluded that the
major Black Hills gold deposits are of Precambrian age
(Redden and Norton, 1975; Rye and others, 1974). Cop-
per was mined from deposits in metasedimentary rocks
of the Sierra Madre of Wyoming at the turn of the
century (Spencer, 1904). As mentioned earlier, this en-
tire belt of metasedimentary rocks has potential for
uranium. Radioactive quartz-pebble conglomerate has
been found in the Black Hills, Sierra Madre, and
Medicine Bow Mountains, and uranium is known to
occur in faults and shear zones within the metasedimen-
tary succession (Houston and others, 1977).

PROTEROZOIC ROCKS OF COLORADO
AND SOUTHERN WYOMING

The Precambrian of Colorado consists mainly of a
Proterozoic metamorphiec complex extensively intruded
by granitic rocks of three general age groups. The Ar-
chean rocks that underlie the Uinta Mountain Group
in northeastern Utah extend only slightly into Col-
orado; all the other Precambrian rocks of Colorado are
significantly younger.

The Precambrian metamorphic complex has been di-
vided into two units, one consisting dominantly of
metamorphosed sedimentary rocks and one consisting
dominantly of metamorphosed voleanic rocks (Tweto,

1979). The metasedimentary rocks are mostly siliceous
graywackes and shales, but they contain minor calcare-
ous rocks and sandstone. The metavolcanic rocks seem
to have been a bimodal suite of tholeiitic basalt and
rhyodacitic tuffs and lavas. The metasedimentary and
metavolcanic rocks are interlayered and intertongue on
both regional and local scales (Tweto, 1977); however,
the metavolcanic rocks predominate in southern and
northern Colorado, and the metasedimentary rocks pre-
dominate in the central area (fig. 3).

The metamorphic rocks belong to the upper amphibo-
lite facies over most of the State, but facies as low
as lower amphibolite or as high as granulite exist lo-
cally. The pervasive regional metamorphism makes dat-
ing of the parent rocks difficult if not impossible. Silver
and Barker (1968) obtained a U-Pb age of 1,800 m.y.
on zircons from a metamorphosed volcanic rock in the
Needle Mountains, and Hedge (unpub. data, 1979) got
an identical age by Rb-Sr on an only slightly
metamorphosed rhyodacite tuff near Salida, Colo.
Other attempts to obtain ages on the metamorphosed
volcanic rocks have yielded figures of 1,700 to 1,750
m.y. using both Rb-Sr and U-Pb methods. These ap-
parent ages are indistinguishable from the time of re-
gional metamorphism, and we believe that they are
partly or totally reset ages.

Dating the time of deposition of the original sedimen-
tary rocks is difficult because of the added possibility
of an inherited age component. Apparent Rb-Sr ages
of these rocks are mostly 1,700 to 1,750 m.y., but they
are as much as 1,950 m.y. (Hedge and others, 1967;
Peterman and others, 1968; Hansen and Peterman,
1968; and C. E. Hedge, unpub. data, 1979). Though
many of these ages probably reflect the time of
metamorphism, accumulation of the pile must have oc-
curred sometime in the interval of 1,750 to 1,950 m.y.,
unless some metamorphic mechanism caused massive
removal of radiogenic strontium from the entire com-
plex on a regional scale.

Several stages of the major period of metamorphism
and deformation are recognized in most Colorado
localities. These cannot be differentiated by radiometric
dating techniques, and they are inferred to have been
closely spaced in time.

During the later stages of early Proterozoic regional
metamorphism, numerous batholiths and smaller plu-
tons were emplaced throughout the State. These range
in composition from gabbro to granite, but granodiorite
predominates. Most of these plutons are foliated, with
internal structures parallel to those of the metamorphic
wall rocks. Varied relations of the igneous bodies to
the structure of the enclosing gneisses indicate
emplacement over a period of time during the waning
stages of metamorphism and deformation. Radiometric
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dating has failed to resolve any differences in the ages
of the plutons, however, and all of them appear to have
been emplaced about 1,670 m.y. ago (fig. 4). One of
the youngest phases of this early plutonic event is rep-
resented by lamprophyre dikes in the Front Range
west of Denver. These dikes are undeformed, are only
slightly metamorphosed, and are cut by undeformed
pegmatites that have been dated at 1,620 m.y. (C. E.
Hedge, unpub. data, 1979).

After these intrusive and metamorphic events and
before another intrusive episode about 1,430 m.y. ago,
sediments of the Uncompahgre Formation were depos-
ited in southwestern Colorado. The sediments were
folded and metamorphosed to slates, phyllites, and
quartzites and were then intruded by granite of 1,435
m.y. age. Rocks equivalent to the Uncompahgre are
not known elsewhere in the Rocky Mountain region,
but abundant clasts of chlorite phyllite in the Pennsyl-
vanian Minturn Formation suggest that some may have
existed in the west-central part of the Front Range
as late as Pennsylvanian time.

Throughout the rest of the State, the geologic record
is missing for a period of 200250 m.y. prior to about
1,430 m.y., when a major period of granite emplace-
ment began. Plutons of this period were apparently in-
truded at a higher crustal level than those of the 1,670-
m.y. period (Hutchinson and Hedge, 1967). They occur
in a wide belt that extends from northwestern Mexico
to the Great Lakes region. Within Colorado the gran-
ites are of two different types, which occupy distinet
geographic areas (fig. 3), and seem to be slightly differ-
ent in age. The first type is exemplified by the Sher-
man Granite of northern Colorado and southern Wyom-
ing and the Eolus Granite of southwestern Colorado.
These rocks are massive, are generally red or pink,
contain blocky microcline crystals, and commonly con-
tain hornblende as well as biotite. In several localities
these granites are associated with syenites, and the
207Pp/2%Pb age of the Sherman Granite is indistinguish-
able from that of the adjacent Laramie Anorthosite.
The Sherman Granite is 1,435 m.y. old (Subbarayudu
and others, 1975). A similar rock, the granite of the
Mount Ethel pluton in the Park Range, yielded an age
of 1,440 m.y. (Snyder and Hedge, 1978). The Eolus
Granite in southwestern Colorado has been dated at
1,435 m.y. (Bickford and others, 1969), and similar
rocks in west-central Colorado have given an age of
1,430 m.y. (Bickford and Cudzilo, 1975). The second
type of approximately 1,430 m.y. granite is represented
by the Silver Plume Granite, which occurs in the cen-
tral part of the State (fig. 3). This rock is gray to light
pink and is characterized by two micas and by micro-
cline crystals that are distinctly tabular. Rocks of this
type have yielded ages of about 1,400-1,410 m.y.

(Peterman and others, 1968; Doe and Pearson, 1969;
Hansen and Peterman, 1968; and Stern and others,
1971).

The Pikes Peak batholith was emplaced 1,015 m.y.
ago (Hedge, 1970; Barker and others, 1976). It is a
large (3,400 km?) composite batholith that consists prin-
cipally of potassic granite but also contains fayalite
granite, syenite, and gabbro and associated small plu-
tons and ring complexes (Hutchinson, 1976; Wobus,
1976). Unlike the granites of the two earlier periods
of plutonism, the Pikes Peak Granite occurs only in a
single batholith, and except for a few dikes no other
rocks of this age are exposed in the State. The Pikes
Peak batholith was probably emplaced at even shal-
lower levels than the 1,400-m.y. plutons (Hutchinson
and Hedge, 1976).

Throughout most of the State, no geologic record is
preserved for the interval between 1,400 m.y. and
1,015 m.y. The single exception is in extreme north-
western Colorado, where the Uinta Mountain Group
extends in from Utah. This thick sequence of quartzite,
shale, and conglomerate was apparently deposited be-
tween 1,440 and 950 m.y. ago; it is discussed later in
this report.

An important economic aspect of the Precambrian
rocks in Colorado is the role of northeast-trending
shear zones in setting the stage for Laramide and
younger mineralization of the Colorado mineral belt
(Tweto and Sims, 1963). In addition, many kinds of
economic mineral occurrences of Precambrian age exist.
None of these have thus far been highly productive,
but they point to the possibility of the existence of
more significant deposits. Noteworthy is the recogni-
tion of gahnite, the zinc spinel, as a metamorphic com-
ponent of gneisses in several localities (Sheridan and
Raymond, 1977). The gahnite sometimes occurs with
metamorphic base-metal sulfides but also is found in
the absence of sulfides, principally in metavolcanic
rocks. Numerous Precambrian sulfide deposits have
been worked or prospected in the State (Tweto, 1968).
In addition to base metals, these deposits contain gold
and silver, and some contain molybdenum, tungsten,
or nickel. Metamorphic scheelite and powellite occur in
cale-silicate rocks in several localities (Tweto, 1960).
Rutile occurs in economic amounts (as much as 5 per-
cent) in sillimanitic topaz-quartz gneiss in a lengthy belt
in the east-central Front Range (Marsh and Sheridan,
1976). Xenotime and monazite constitute as much as
5 percent by volume of migmatized biotite gneiss in
the Central City area of the Front Range (Young and
Sims, 1971). Uraninite is disseminated in migmatized
biotite gneiss in the west-central Front Range and is
of about the same age as nearby granite of the 1,400-
m.y.-age group (Young, 1975). Pegmatites valuable for
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MAP NO. UNIT OR LOCALITY REFERENCES AGE
1500 1600 1700 1800 m.y.

1 Rawah batholith 1 | |
2 Northern Front Range 2
3 Boulder Creek Granodiorite 2,3
4 Mount Evans 4
5 Byers Canyon 5
6 Buffalo Pass 6
7 Cross Creek Granite 6
8 Glenwood Canyon 6
9 White River uplift 6

10 Uncompahgre uplift 7

1 Black Canyon 8

12 Salida 6

13 Arkansas River 6

14 Needle Mountains 9,10

FIGURE 4.—Ages of approximately 1,670 m.y. plutons in Colorado. Bar indicates range. Localities are shown on figure 3.
References are: 1, McCallum and Hedge (1976); 2, Peterman and others (1968); 3, Stern and others (1971); 4, Bryant
and Hedge (1978); 5, Izett (1968); 6, Snyder and Hedge (1978); 7, C. E. Hedge, unpub. data, 1979; 8, Hedge and others
(1968); 9, Hansen and Peterman (1968); 10, Bickford and others (1969).

minerals such as beryl, mica, and spodumene are as-
sociated with granites of the 1,400-m.y. group, and
beryllium-bearing greisen pipes accompany a late phase
of the Pikes Peak batholith. Thorium veins and van-
adium-bearing titaniferous magnetite are associated
with an alkalic intrusive center in southwestern Col-
orado that is on the borderline between Precambrian
and Cambrian in age (Olson and others, 1977).

CRYSTALLINE BASEMENT ROCKS
OF NORTHERN UTAH AND IDAHO

The crystalline basement rocks of northern Utah and
Idaho are poorly understood because of the very limited
exposures and the intensity of younger geologic events.
(See pl. 1, A-C.) Archean rocks occur as far west as
northwestern Utah and south-central Idaho, where
they appear in the cores of gneiss domes (Armstrong,
1968; Compton and others, 1977). In northeastern Utah
the Uinta Mountain Group was deposited on the Red
Creek Quartzite. The Red Creek is dominantly quartz-
ite, but schist and amphibolite are also common. These
rocks have been metamorphosed to amphibolite facies.
Muscovite from the Red Creek Quartzite has given a
Rb-Sr age of 2,400 m.y. (Hansen, 1965), and because
this may be a minimum age (the muscovite gave a K-Ar

(potassium-argon) age of 1,500 m.y.), the Red Creek
should probably be assigned to the Archean.

Only K-Ar mineral dates are available for the Pre-
cambrian crystalline rocks of the Wasatch Mountains
and Antelope Island, in the Great Salt Lake; these are
no older than about 1,600 m.y. (Whelan, 1969). How-
ever, Pb-isotopic data presented by Stacey and others
(1968) for ore leads in this region afford conclusive evi-
dence of the existence of an Archean basement. Unpub-
lished data (C. E. Hedge, J. S. Stacey, and B. R.
Bryant, 1980) indicate that the Wasatch Mountains con-
tain Archean gneisses and an 1,850-m.y.-old granite.

In central Idaho, along the eastern margin of the
Idaho batholith, Belt rocks have been metamorphosed
to a high grade and tectonically mixed with the pre-
Belt basement rocks. Neither the geologic nor the geo-
chronologic data are yet adequate to separate the
mixed rocks with certainty at many exposures. The
pre-Belt Boehls Butte Anorthosite has yielded a U-Pb
zircon age of 1,625 m.y., and the Boehls Butte Forma-
tion, which the anorthosite intrudes, gave a zircon age
of 1,665 m.y. (Reid and others, 1973); these data were
interpreted as being minimum ages for these units.
Armstrong (1975) concluded that the orthogneiss along
the Salmon River is at least 1,500 m.y. old. Clark
(1973) reported an age of 1,540 m.y. for orthogneisses
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in northern Idaho that are also interpreted as being
pre-Belt.

POST-1,700 MILLION YEAR
SUPRACRUSTAL ROCKS

The west edge of the Rocky Mountain region became
the western continental margin about 1,700-1,600 m.y.
ago. Three sedimentary sequences were deposited
westward into probable marine basins underlain by
rocks as old as 2,400+ m.y. and as young as 1,700 m.y.

The oldest sequence, the Uncompahgre Formation of
southwestern Colorado (pl. 1, V) was deposited be-
tween 1,600 and 1,450 m.y. ago (Barker, 1969). The
erosional remnant of the formation has a relatively
small areal extent (fig. 3). Barker (1969) described the
rocks as consisting mostly of crossbedded quartzite plus
minor amounts of conglomerate, slate, phyllite, and
schist that have a total thickness of perhaps 2,450 m.
The depositional environment of the formation is not
certain. The rocks were metamorphosed and folded be-
fore being intruded by granite 1,435 m.y. ago.

The next younger sedimentary-rock sequences of the
Rocky Mountain region are the Uinta Mountain Group
of northeastern Utah and northwestern Colorado (fig.
3) and the Belt Supergroup and equivalents of western
Montana, northern Idaho, and northeastern
Washington (fig. 1). These and other sedimentary se-
quences in Alaska, Canada, and Western and North-
western United States appear to have been deposited
in response to tectonic-magmatic events about 1,400~
1,500 m.y. ago. This sedimentation cycle is punctuated
by igneous activity that produced small amounts of
anorogenic granite, basic sills in extension fractures,
and minor amounts of lava at about 1,100 m.y.; the
cycle terminated about 850 + 50 m.y. ago in most areas.

Within the Rocky Mountain region, the southernmost
sedimentary sequence of this cycle is the Uinta Moun-
tain Group (pl. 1, A). Rocks of the group are exposed
along an east-trending Phanerozoic arch and continue
eastward in the subsurface. The rocks are almost un-
metamorphosed and undeformed, and they consist prin-
cipally of about 7,900 m of red to brown slightly
feldspathic quartzites, olive-drab shales, and small
amounts of red or black shale (Hansen, 1965). They
represent fluvial sediments transported from the north
and northeast across a strandline, along with nearshore
marine and deltaic deposits formed by westward trans-
port in the-basin (Wallace and Crittenden, 1969). The
north edge of the basin is reasonably well defined and
may represent a Precambrian fault that was reacti-
vated in the Phanerozoie, helping to form the promi-
nent west-trending Uinta Mountains; the south edge of
the Precambrian basin is eroded and cannot be defined.

The age of the Uinta Mountain Group is bracketed
between 1,440 and 950 m.y. In northeastern Utah, the
basal rocks were deposited unconformably on the Red
Creek Quartzite. Muscovite from the quartzite gives a
Rb-Sr age of 2,400 m.y. (Hansen, 1965), but K-Ar ages
also record another event at about 1,500 m.y. An even
younger maximum age is suggested by the undeformed
rocks in the subsurface that extend eastward into Col-
orado almost to the Park Range, where a large pluton
of 1,440-m.y.-old granite is exposed. Thus it seems un-
likely that the deposition of the undeformed Uinta
Mountain Group began before 1,440 m.y. ago. A mini-
mum age of 950 m.y. for the group is given by a whole-
rock Rb-Sr age determination on the uppermost forma-
tion (Red Pine Shale) (Crittenden and Peterman, 1975).

The most extensive exposures of sedimentary rocks
deposited during the cycle from 1,500 to 850 m.y. ago
are of the Belt Supergroup (Purcell Supergroup of
Canada) in western Montana, northern Idaho, and east-
ern Washington, and their probable correlatives in
east-central Idaho (pl. 1, B-D). Belt sediments at least
20 km thick accumulated in an epicratonic reentrant
presumably connected to the Cordilleran miogeocline on
the west (Harrison and others, 1974). The rocks are
relatively undeformed except near the edges of the ex-
posed Belt terrane; metamorphism ranges from almost
none at the top of the section, to biotite grade at the
bottom, to amphibolite grade near plutons of Creta-
ceous-Tertiary age.

Sedimentation within the Belt basin was in four
major cycles of marine or marginal marine clastic and
carbonate sediments that accumulated without appar-
ent widespread interruptions (fig. 5). Early deposits
(Prichard Formation) contain abundant turbidites, and
the first cycle was terminated by a black shale (Ed-
munds, 1973). Subsequent deposits are dominantly red-
bed sequences and carbonates. The second cycle
(Ravalli Group) is represented by a deltaic sequence
prograded from the south (Hrabar, 1971) that interfin-
gers with a probable delta complex built southwest-
ward from the Canadian Shield. The third cycle is a
carbonate sequence that contains shelf-type carbonates
and evidence of periodic hypersaline conditions (Eby,
1977) in the east and northeast. These rocks grade
westward into a more clastic carbonate-bearing section
that contains a zone of slope breccias and large slumps;
this section had a southern source terrane. The fourth
cycle (Missoula Group) consists mostly of clastic red-
bed sequences prograded into the basin from both the
south and the northeast. The middle part of this cycle
has been interpreted by Winston (1973) as. deposits of
braided streams, alluvial fans, and associated shallow-
water facies.

A general history of Belt events (fig. 5) was pre-
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FIGURE 5.—Estimated ages of some events in the formation of the Belt Supergroup, Montana. Modified from Harrison (1972).

11

Extent of unconformities: solid line, basinwide; long dashed line, local; short dashed line, inferred. Queries indicate uncertainty

in either occurrence or age of an event.

sented by Harrison (1972) and is only slightly modified
as reproduced here. Many of the problems of dating
events and rock bodies within this sequence are still
unresolved. The maximum age of the Belt Supergroup,
as indicated by mica ages from the basement in Mon-
tana and Canada, is about 1,700 m.y. In Idaho, rocks
as young as 1,500 m.y. may be the basement upon
which the Belt was deposited. The minimum age is
loosely established by a series of magmatic and tectonic

events (the East Kootenay orogeny) ranging in age
from about 870 to 725 m.y.

Probable correlatives of Belt rocks in east-central
Idaho include about 12,000 m of clastic rocks called the
Yellowjacket and Hoodoo Formations, the Lemhi
Group, and the Swauger Formation. Although the Yel-
lowjacket Formation resembles the Prichard Forma-
tion, the lower formations of the Lemhi Group resemble
the Ravalli Group, and the Swauger resembles some
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rocks of the Missoula Group, the middle 6,000 m only
vaguely resemble Belt rocks and no major carbonate
unit is present. Ruppel (1975) suggested that although
the rocks may be Belt in age, the Lemhi Group and
Swauger Formation lie on thrust plates that have been
translated to the east perhaps as much as 160 km and
therefore represent deposits of the Cordilleran
miogeocline now telescoped into juxtaposition with
rocks of the Belt basin. Zircon suites from cogenetic
plutons that intrude the upper Yellowjacket Formation
yield an age of 1,370 + 10 m.y., which suggests that the
Yellowjacket is a time correlative of the Prichard
(Evans, 1981).

Rocks of the cycle from 1,500 to 850 m.y. ago host
a variety of ore deposits of Precambrian age. The
unique lead-silver veins of the Coeur d’Alene mining
district, Idaho, are on the west end of a zone of crustal
weakness that was active as a trough during Belt
sedimentation and was the site of some local faulting
(Chevillon, 1977). Ores that include a few early ura-
nium-bearing veins were emplaced after tight upright
to overturned folding occurred (Hobbs and others,
1965), called by some the Coeur d’Alene event (fig. 5).
Although isotopic data have been interpreted to show
that the ores are about 1,200 m.y. old (Zartman and
Stacey, 1971), no evidence of a major disturbance has
been found in the sedimentation record for that time
as yet, and a permissive isotopic age of about 850 m.y.
cannot yet be excluded.

Stratabound ores of two types are known in Belt age
rocks. The most famous are Sullivan-type lead-zinc ores
that occur in Canada in the lower Belt equivalent (Al-
dridge Formation). Recent sulfur isotope studies
~ (Campbell and others, 1978) combined with previous

geologic studies indicate that the ore was deposited
from upwelling metalliferous solutions entering re-
stricted seafloor basins formed by faulting penecontem-
poraneous with sedimentation. Such euxinic basins are
apparently characteristic of the first cycle of Belt and
Yellowjacket sedimentation, and the search for geologic
characteristics indicative of penecontemporaneous fault-
ing during deposition has become a major prospecting
tool in these units.

Copper-silver stratabound ores and occurrences are
common in the clastic rocks of the 1,500-850 m.y. ago
cycle. The most abundant occurrences have been de-
scribed by Harrison (1974) as limited to green beds in
red-bed sequences and to nonoxidized quartzites of the
Belt Supergroup. Although copper deposits were
formed during diagenesis, Harrison (1974) suggested
that subsequent remobilization. from the original sedi-
mentary traps was essential to form ores in permeable
strata. Subeconomic occurrences of copper and silver

are also known from the reduced (green or black) clas-
tic strata of the Lemhi and Uinta Mountain Groups.

The final cycle of the late Proterozoic deposition
lasted from about 950 m.y. through the Early Cambrian
(about 540 m.y.). The rock sequences are characterized
particularly by diamictites and eruptive volcanics as
well as marine clastics and carbonates, and they were
deposited unconformably on and seaward of the previ-
ous rock sequences. Very limited exposures of these
rocks occur in the Rocky Mountain region, principally
in eastern Washington and southeastern Idaho; they
and their equivalents are correlated with the Winder-
mere Supergroup of Canada. The rock sequence has
been interpreted as representing initial deposits in a
rift formed by continental separation that began about
850 m.y. ago (Stewart, 1976). An alternative hypothesis
is that these and other late Proterozoic rocks of the
previous cycle were deposited on a stable platform
(trailing edge) in response to dominantly vertical tec-
tonic movements (Harrison and Reynolds, 1976).

TECTONICS

Interpretations of Precambrian tectonic activity in
the Rocky Mountain region are constrained by the lim-
ited and isolated exposures of Precambrian rocks and
by the fact that these exposures result from Laramide
tectonics that commonly were superimposed on reacti-
vated Precambrian features. In places, even the
Laramide tectonics are not yet completely understood.

All the Precambrian metamorphic rocks were com-
plexly folded and many show multiple deformations. No
regional stress directions are obvious from this folding.
Some foldings or refoldings clearly were in response
to local stresses around intruding granitic plutons and
are not necessarily related to regional patterns.

The importance of Precambrian faults and shear
zones on subsequent geologic history cannot be overem-
phasized, and this subject deserves much more work.
Many of these Precambrian tectonic elements have now
been identified (fig. 6) and for some of them the time
and sense of movement are known.

Much of the Laramide-age Colorado mineral belt (fig.
6, A) parallels a system of Precambrian shear zones
(Tweto and Sims, 1963). These shear zones were active
at least from the time of the 1,430-m.y. plutonic event
onward, though they could have had an earlier history.
Aside from the shear zones, the Precambrian fracture
pattern is dominated by faults of north-northwest
trend. These faults created a grain that persists to this
day in the geology and topography of the mountain
province in Colorado. Some of the faults were in exist-
ence before the 1,670-m.y. granites were emplaced, and
some are occupied by mafic to intermediate dikes of
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FIGURE 6.—Some Precambrian tectonic features in the Rocky Mountain region. Pattern, exposed Precambrian. A, Shear zone that defined

trend of Colorado mineral belt (Tweto and Sims, 1963); B, Precambrian shear zones (Snyder, 1978); C, Shear zone that controls minor
Tertiary igneous activity and mineralization (Abbott, 1962); D, Ilse fault zone (Scott and others, 1976); E, Discontinuity in K-Ar ages
(Peterman and Hildreth, 1978); F, Shear zone separating Wyoming and Colorado provinces (Hills and others, 1968); G, Hinge line
bounding northern margin of Uinta basin (Hansen, 1965); H, Willow Creek fault (Harrison, 1972); I, Hinge line bounding east side
of Belt basin (Harrison, 1972); J, Coeur d’Alene trough (Harrison, 1972); K, Faults bounding Stillwater block (Page, 1977).
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approximately 1,400 and 1,000 m.y. ages. Many of the
faults were repeatedly reactivated in Phanerozoic time.

About 1,600 m.y. ago the southern one-third of
Wyoming moved vertically relative to the area to the
north (Peterman and Hildreth, 1978). Movement on this
fault zone (fig. 6, E) was undoubtedly a controlling fac-
tor in the deposition and preservation of the early
Proterozoic sediments in this region.

A shear zone separates the Archean province of
Wyoming from the middle Proterozoic rocks of south-
eastern Wyoming and Colorado (fig. 6, F). Hills and
Houston (1979) suggested that the present shear zone
marks the location of a collision between an Atlantic-
type continental margin and a volcanic are about 1,700
m.y. ago.

The post-1,700 m.y. supracrustal sediments were de-
posited in basins controlled, at least in part, by vertical
movements along faults in the older crust. Although
sedimentation in the Rocky Mountain region proceeded
more or less continuously for hundreds of millions of
years, local events in individual basins apparently were
not synchronous (pl. 1). The rapid subsidence at the
Uinta basin (Hansen, 1965) seems to require a sharp
time hinge line or fault (fig. 6, G). The Willow Creek
fault (fig. 6, H) bounded a part of the Belt basin during
early deposition of coarse clastics carried northward
from the older Precambrian terrane about 1,500 m.y.
ago, and subsidence along a basin margin hinge line
(fig. 6, I) as well as minor faulting and subsidence of
a basinal trough (fig. 6, J) has been discussed by Harri-
son (1972). The basinal trough not only was active dur-
ing Belt sedimentation but also was part of a zone of
extensive shear and high-angle faults known as the
Lewis and Clark line, along which movement has oc-
curred intermittently at least through the Tertiary
(Harrison and others, 1974).

SUMMARY

The earliest events in the Precambrian history of the
Rocky Mountain region are ill defined, and much more
work is needed to establish a time framework. In
southern Montana and probably in northern Wyoming,
silicic rocks existed well before 3,000 m.y. ago. Sedi-
ments derived from this ancient source seem to have
been metamorphosed as early as 3,100 m.y. ago. In
southern Montana, this metamorphism was followed by
an intense metamorphic and plutonic episode, including
emplacement of the Stillwater Complex at about 2,700
m.y. ago. Sedimentation may have occurred between
2,700 and 3,100 m.y. ago. '

An earlier period (or periods) of regional metamorph-
ism is dated between 2,800 and 3,000 m.y. in the
Bighorn Mountains, Laramie Mountains, Granite Moun-

tains, and Teton Range. The apparent absence of this
event elsewhere may be due to a lack of data. Periods
of granitic plutonism in central Wyoming are well de-
fined in the interval of 2,550-2,650 m.y. ago. In the
southeastern Wind River Range, the 2,650-m.y. age of
the Louis Lake batholith is a minimum age for the
economically important greenstone belt of the South
Pass region. Present data do not provide an un-
equivocal age for the greenstone belt, but it may have
been metamorphosed approximately 100 m.y. earlier.

Gneiss and granite in southern Wyoming have com-
monly yielded ages 100 to 150 m.y. younger than simi-
lar rocks in central Wyoming. Whether these ages indi-
cate a true decrease in age of events to the south or
are the result of later metamorphism is uncertain.
Three analytically precise ages of 2,360 m.y., 2,420
m.y., and 2,500 m.y. for the same geologic unit, the
Baggot Rocks Granite, in southern Wyoming, suggest
that several geologic problems have not been fully re-
solved. At best, two of the three ages are wrong; possi-
bly all have been lowered as a consequence of nearby
events during the early and middle Proterozoic.

The predominance of metasedimentary rocks in
southwestern Montana, the character of the Red Creek
Quartzite in northeastern Utah, and the possibly Ar-
chean metasedimentary rocks in the Laramie Moun-
tains all suggest the possibility of sedimentation around
the margins of the Wyoming province in late Archean
time. In any case, at least the southern and eastern
margins were the site of thick acecumulations of shelf-
type sediments in early Proterozoic time.

In part contemporaneous with this shelf-type
sedimentation on the flank of the Archean craton, the
continent in Colorado was being formed by the accumu-
lation of volcanic and sedimentary rocks. Regional
metamorphism of these rocks took place 1,700 m.y. ago;
they were intruded by granitic rocks at 1,670, 1,400
1,430, and again at 1,015 m.y. ago.

Exactly what was happening to the west of the
Wyoming craton during Proterozoic time is less clear,
but fragmentary evidence is beginning to suggest at
least some temporal correlations with events in Col-
orado. After about 1,500 m.y. ago, thick shelf sedi-
ments began to accumulate along the western margin
of the now greatly expanded craton. This sedimentation
continued intermittently into the Paleozoic.
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