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ROCKS AND MINERAL RESOURCES OF THE
WOLF CREEK AREA, LEWIS AND CLARK
AND CASCADE COUNTIES, MONTANA

By ROBERT GEORGE SCHMIDT

ABSTRACT

The Wolf Creek area covers about 200 square miles (518 km ?) along the
eastern front of the northern Rocky Mountains in Lewis and Clark and
Cascade Counties in western Montana.

Stratified rocks in the area include a wide variety of sedimentary and
volcanic rocks of Precambrian, Cambrian, Mississippian, Jurassic, Creta-
ceous, Tertiary, and Quaternary age. The maximum aggregate thickness of
these rocks is about 24,000 feet (7,316 m).

Precambrian strata are represented by the Greyson Shale, Spokane
Formation, Empire Formation, and Helena Dolomite of Precambrian Y age.
These formations, of marine origin, belong to the lower part of the Belt
Supergroup. The Greyson Shale, Spokane Formation, and Empire Formation
congist chiefly of thinly laminated argillite, siltite, quartzite, and limestone;
the Helena Dolomite consists mainly of thinly laminated dolomite, dolomitic
limestone, and argillaceous limestone. The Belt strata have a maximum
aggregate thickness of about 9,600 feet (2,896 m).

The Cambrian System is represented by the marine Flathead Quartzite,
Wolsey Shale, and Meagher Limestone of Middle Cambrian age. The Cam-
brian rocks have a maximum aggregate thickness of about 800 feet (244 m).

Rocks of the Mississippian System are represented only by small fault-
transported blocks of Lodgepole Limestone and Mission Canyon Limetone
of the Madison Group of Early and Late Mississippian age.

The Jurassic System is represented by the Sawtooth Formation of Middle
Jurassic age and the Swift and Morrison Formations of Late Jurassic age.
The Sawtooth Formation consists chiefly of marine clastic limestone and
calcareous shale. The Swift Formation consists mainly of marine shale and
sandstone. The Morrison Formation, of continental origin, is composed of
freshwater limestone, mudstone, and sandstone. The Jurassic rocks have a
maximum aggregate thickness of about 470 feet (143 m).

Rocks assigned to the Cretaceous System include the Kootenai and Black-
leaf Formations of Early Cretaceous age and the Marias River Shale,
Telegraph Creek Formation, Virgelle Sandstone, Two Medicine Formation,
and St. Mary River Formation of Late Cretaceous age. The Cretaceous
rocks have a maximum aggregate thickness of about 8,600 feet (2,621 m).

The Kootenai Formation, of continental origin, is composed largely of
sandstone and mudstone. The lower part of the Blackleaf Formation (Flood
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2 WOLF CREEK AREA, MONTANA

and Taft Hill Members) consists mainly of marine sandstone, siltstone, and
shale; the upper part (Vaughn Member) is of continental origin and is
composed largely of tuffaceous sandstone, siltstone, mudstone, and ben-
tonite. The lower part of the Marias River Shale (Floweree Shale and
Cone Members) is predominantly dark marine shale, the middle part
(Ferdig Member) contains significant amounts of marine siltstone and
sandstone, and the upper part (Kevin Member) is mainly dark fossiliferous
marine shale. The Telegraph Creek Formation consists of alternating beds
of marine shale and sandstone. The Virgelle Sandstone is chiefly a massive
thickbedded feldspathic marine sandstone. The Two Medicine Formation
consists of two spatially separated rock sequences that differ greatly from
one another in overall lithology. The western facies, largely of continental
origin, is divided into a lower sedimentary member composed mainly of
sandstone, mudstone, and carbonaceous shale and an upper volcanic member
composed of clastic volcanic rocks, latitic and trachytic lava flows, and ash-
flow tuff. The eastern facies, also largely of continental origin, is made up
of sandstone, mudstone, carbonaceous shale, bentonite, and clastic volcanic
rocks. The St. Mary River Formation is formed largely of sandstone, silt-
stone, and mudstone of continental and brackish-water origin.

Strata assigned to the Cretaceous and Tertiary Systems include the Willow
Creek Formation of Late Cretaceous and Early Paleocene(?) age, the Adel
Mountain Volcanics of Lyons (1944) of probable Paleocene age, and older
colluvial deposits of probable Pliocene age, all of continental origin. The
maximum aggregate thickness of these rocks is about 4,320 feet (1,317 m).
The Willow Creek Formation consists largely of variegated tuffaceous
sandstone, siltstone, mudstone, and volcanic-pebble conglomerate. The Adel
Mountain Volcanics of Lyons (1944) is composed mainly of trachybasaltic
and trachyandesitic lava flows and clastic volcanic rocks. The older colluvial
deposits consist of coarse unconsolidated rock debris of local origin.

The Quaternary System is represented by terrace gravel and glacial-lake
deposits of Pleistocene age, colluvial and landslide deposits of Pleistocene
and Holocene age, and alluvium of Holocene age. These deposits, widely
distributed throughout the area, have a maximum aggregate thickness of
about 275 feet (84 m).

Intrusive rocks in the area include gabbro of probable Precambrian age;
latite and trachyte of Cretaceous age; diorite, rhyodacite porphyry, and
quartz monzonite porphyry of probable Cretaceous age; rhyolite of Creta-
ceous or Tertiary age; analcime gabbro, trachybasalt, and quartz monzonite
porphyry of probable Tertiary age; and hornblende monzonite of Tertiary
age. The intrusive rocks are found mostly in the form of dikes and sills.

The area contains insignificant metallic mineral deposits and more promis-
ing industrial mineral resources. The metallic mineral deposits consist of
small veins bearing copper, silver, and gold, and sedimentary deposits of
titaniferous iron ore. The industrial mineral resources include gravel and
sand, several types of construction stone, clay and clay shale, bentonite,
silica, and coal. Construction stone, including both dimension stone and
crushed and broken stone, is the most abundant mineral resource. The rocks
that may be utilized as construction stone include welded tuff, latite and
trachyte, trachybasalt, quartzitic sandstone and quartzite, argillite and
siltite, and limestone.
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INTRODUCTION

LOCATION

The Wolf Creek area, as here defined, covers about 200 square
miles (518 km?) along the eastern front of the northern Rocky
Mountains in western Montana. The area is bounded by long 112°00’
W. and 112°15’ W. and by lat 47°00' N. and 47°15° N. (fig. 1).
About 8 square miles (22 km?) in the northeastern part of the
area is in Cascade County; the remainder is in Lewis and Clark
County. The town of Wolf Creek, population about 100, is the only
settlement. Helena, the State capital, is 28 miles (45 km) south,
and Great Falls is 40 miles (64 km) northeast. The Wolf Creek
area encompasses four 714-minute topographic quadrangle maps
of the U.S. Geological Survey—the Wolf Creek, Coburn Mountain,
Comb Rock, and Roberts Mountain quadrangles. (See fig. 1.)

PREVIOUS STUDIES

Earlier geologic studies have touched upon this region. Alden
(1932, p. 17, 48) noted Pleistocene terrace gravel along the Middle
and South Forks of the Dearborn River and along Little Prickly
Pear Creek. Pardee and Schrader (1933, p. 108-114) described
small lode deposits of copper, silver, and gold in the Wolf Creek
district of the greater Helena mining region and noted several
salient features of the geology. Lyons (1944) described the igneous
rocks of the northern Big Belt Range and made general observa-
tions on the stratigraphy and structure. He included most of the
eastern part of the Wolf Creek area in his study. Cobban (1945,
p. 1296-1297) described a section of the Sawtooth and Swift For-
mations on the north side of the Missouri River in the adjacent
Craig quadrangle. Glassy welded tuff from the adjacent Sheep
Creek quadrangle was described by Barksdale (1951), and a chemi-
cal analysis of this rock was later given by Knopf (1957, p. 87).
The Two Medicine, Horsethief, St. Mary River, and Willow Creek
Formations north of the Wolf Creek area have been discussed by
Viele and Harris (1965). Most recently, Robinson and Marvin
(1967, p. 606-607, table 1) have reported on the composition and
radiometric age of glassy welded tuff from the area.

PRESENT WORK AND ACKNOWLEDGMENTS

Fieldwork was carried out in the area from 1959 to 1966, and
preliminary uncolored geologic maps of the Wolf Creek, Coburn
Mountain, Comb Rock, and Roberts Mountain quadrangles were
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FIGURE 1.—Map showing location of the Wolf Creek area (shaded) and
location of U.S. Geological Survey quadrangles mentioned in this report.
1, Comb Rock quadrangle; 2, Coburn Mountain quadrangle; 3, Roberts
Mountain quadrangle; 4, Wolf Creek quadrangle; 5, Craig quadrangle;
6, Sheep Creek quadrangle.
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published at a scale of 1:24,000 (Schmidt 1963, 1966 ; Schmidt,
Swanson, and Zubovic, 1964 ; Schmidt and Strong, 1968). Final
multicolor maps have now been published, also at a scale of
1:24,000 (Schmidt, 1972a, b, ¢; Schmidt and Strong, 1972). The
geology of the four quadrangles is somewhat generalized at a scale
of 1: 48,000 in plate 1 of this report. In the report, new informa-
tion is provided on the stratigraphy, paleontology, and petrog-
raphy of the rocks and on the mineral resources of the area. The
rock descriptions, which constitute the bulk of the report, are
rather technical and are intended primarily for geologists; the
section on mineral resources, which should be read in conjunction
with plate 1, is more suitable for the general public.

Herbert R. Shaw, Ceylon P. Strong, Jr., Donald A. Swanson, and
Peter Zubovic assisted ably with the fieldwork at various times.
Charles E. Erdmann and Andrew F. Bateman, Jr., of the Great
Falls, Mont., office of the U.S. Geological Survey, provided office
space, storage facilities, and supplies that aided the work in many
ways. Many other colleagues on the staff of the U.S. Geological
Survey have contributed ideas and information that have been
helpful to the study. William A. Cobban, Montis R. Klepper, and
the late William T. Pecora made reconnaissance geologic studies
in the Wolf Creek area prior to 1959 and introduced the writer
to the geology of this part of Montana. William A. Cobban visited
the field party in 1959, 1960, and 1962, and assisted greatly by
skillful collecting of fossils and by providing information on the
stratigraphy of the Cretaceous rocks. Discussions in the field with
James R. Gill, Montis R. Klepper, Melville R. Mudge, W. Bradley
Myers, G. D. Robinson, Harry W. Smedes, and Robert L. Smith
aided in solving several lithologic and stratigraphic problems.
Fossils collected during the course of the fieldwork were identified
by William A. Cobban, J. Thomas Dutro, Jr., Allison R. Palmer,
William J. Sando, and Norman F. Sohl.

STRATIFIED ROCKS

The stratified rocks in the Wolf Creek area include a wide
variety of sedimentary and volcanic rocks of Precambrian, Cam-
brian, Mississippian, Jurassic, Cretaceous, Tertiary, and Quater-
nary age. The maximum aggregate thickness of these rocks is
about 24,000 feet (7,316 m).

PRECAMBRIAN ROCKS—BELT SUPERGROUP

Precambian strata are represented by the Greyson Shale, Spo-
kane Formation, Empire Formation, and Helena Dolomite of



6 WOLF CREEK AREA, MONTANA

Precambrian Y age. These formations, of marine origin, belong to
the lower part of the Belt Supergroup. The Belt strata have a
maximum aggregate thickness of about 9,500 feet (2,896 m).

GREYSON SHALE

The lower boundary of the Greyson Shale is marked by the
Eldorado and Wolf Creek thrust faults, and only the upper part of
the formation is present. Along the front of the Lewis and Clark
Range, above the Eldorado thrust fault, the maximum exposed
thickness of the Greyson is about 2,000 feet (610 m). Above the
Wolf Creek thrust fault, the maximum exposed thickness of the
formation is about 2,500 feet (762 m).

The Greyson consists mainly of thin beds of gray and green
argillite’ and siltite,* light-gray quartzite,® and gray algal lime-
stone. The rocks weather.to shades of green, tan, and brown. The
argillite and the siltite are thinly and evenly bedded; in places
they have a well-developed fissility and resemble slate. The bedding
Surfaces of these rocks commonly have ripple marks and mud-
crack casts, and some beds contain cube-shaped casts of salt
crystals. Beds of quartzite and limestone are scarce. They are as
much as 2 feet (60 cm) thick and are most abundant in the upper
part of the formation. Some of the quartzite is finely crossbedded.
At the top of the Greyson is a transitional sequence of inter-
bedded gray, green, and red argillite and siltite and gray to white
quartzite 200 to 600 feet (60 to 183 m) thick. Beds of red argillite
and siltite are more abundant upward in this transition zone; the
boundary between the Greyson Shale and the overlying Spokane
Formation is arbitrarily placed where the rocks are predominantly
red.

The gray and green argillite and siltite are composed primarily
of exceedingly fine grains of quartz, alkali feldspar, muscovite
(sericite), and chlorite. Some of these rocks also contain a minor
amount of interstitial carbonate, either calcite or dolomite. The
argillite generally contains more muscovite and chlorite and cor-
respondingly less quartz and feldspar than does the siltite. The
red argillite and siltite in the transition zone at the top of the
Greyson contain scattered flecks of hematite. The quartzite is
very fine grained, mostly impure and argillic, and differs from the
siltite mainly in having a higher content of quartz. The limestone
has either a thin wavy laminated structure or a concentrically

1The nomenclature of these rocks conforms with that of Harrison and Campbell
(1963, p. 1416) in which argillite refers to the low-grade metamorphic equivalent of
claystone or silty claystone, siltite refers to the low-grade equivalent of siltstone, and
quartzite refers to the low-grade equivalent of sandstone.
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laminated elliptical structure produced by algal growth. It gen-
erally contains some detrital quartz and feldspar in addition to
carbonate.

SPOKANE FORMATION

The Spokane Formation attains a maximum thickness of about
2,500 feet (762 m) along the front of the Lewis and Clark Range,
where it is mapped with the Empire Formation as an undivided
unit. South and west of the Wolf Creek thrust fault, the formation
is about 3,000 feet (914 m) thick. About 1,000 feet (305 m) of
Spokane strata crop out above the Lyons thrust fault in the south-
west corner of the area.

Thin beds of red and purplish-red argillite and siltite form the
bulk of the formation. A few thin beds of green argillite and
siltite, tan-weathered quartzite, and brown-weathered dolomitic
limestone are interbedded with the red rocks. The argillite and
siltite are evenly and thinly bedded like those in the Greyson
Shale, and their bedding surfaces commonly show ripple marks
and mud-crack casts. The beds of quartzite are as much as 3 feet
(1 m) thick and are most abundant near the middle of the Spo-
kane. Commonly they contain thin partings of red argillite; some
of these partings grade laterally into thin beds of mud-flake breccia
that consists of small flat pebbles and chips of red argillite in a
gray quartzitic matrix. Some of the quartzite is finely crossbedded.
Beds of dolomitic limestone are few, are as much as 2 feet (60 cm)
thick, and are found in the upper half of the formation. They are
distinctly granular and sandy, slightly pitted, and show a delicate
etched lamination produced by differential weathering. At the top
of the Spokane is a transitional sequence of interbedded red and
green argillite and siltite 100 to 200 feet (30 to 60 m) thick. The
green beds increase in abundance upward in this transition zone,
and the boundary between the Spokane and the overlying Empire
Formation is arbitrarily placed where the rocks are predominantly
green. |

The red argillite and siltite of the Spokane are composed pri-
marily of exceedingly fine grains of quartz, alkali feldspar, musco-
vite (sericite), chlorite, and hematite. The green argillite and
giltite contain much more chlorite than the red rocks and are
devoid of hematite. The bedding surfaces of siltite are commonly
coated with flakes of muscovite that glisten in the sun. The quartz-
ite is fine grained and ranges in composition from impure varie-
ties containing considerable alkali feldspar, chlorite, and musco-
vite to fairly pure types composed mainly of quartz grains. The
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dolomitic limestone contains small amounts of quartz, feldspar,
muscovite, and chlorite.

EMPIRE FORMATION

Along the front of the Lewis and Clark Range, where it is
mapped with the Spokane Formation, the Empire Formation is
unconformably overlain by the Flathead Quartzite of Middle Cam-
brian age, and the top is not exposed. In this occurrence, the maxi-
mum thickness of the Empire is about 800 feet (244 m). South
and west of the Wolf Creek thrust fault, the formation is about
1,000 feet (305 m) thick.

The Empire Formation consists mainly of thin beds of green
argillite and siltite. A few thin beds of red argillite and siltite and
pale-green to white quartzite are present in the lower part and
thin beds of gray argillaceous limestone in the upper part. The
argillite and siltite are characteristically very thinly laminated,
more so than similar rocks in the Greyson Shale and Spokane For-
mation. Ripple marks and mud-crack casts are present on the
bedding surfaces of the argillite and siltite, and the quartzite is
locally crossbedded, but these structures are not as common as in
the Greyson and Spokane. At the top of the Empire is a transi-
tional sequence of interbedded green argillite and siltite and gray
to bluish-gray, tan-weathered dolomitic limestone 50 to 100 feet
(15 to 30 m) thick. A few thin beds of red argillite also are present
in this sequence. The boundary between the Empire Formation
and the overlying Helena Dolomite is arbitrarily placed where the
beds of dolomitic limestone are predominant.

The green argillite and siltite of the Empire are composed of
exceedingly fine grains of quartz, muscovite (sericite), chlorite,
and alkali feldspar. The red argillite and siltite in the upper and
lower parts of the formation contain small flecks of hematite.
Much of the argillite and siltite is calcareous, especially near the
top of the formation, and some of the rock contains enough car-
bonate to be classified as argillaceous limestone. The carbonate,
either calcite or dolomite, forms discrete crystals, clusters or clots
of discrete crystals, and cement. The quartzite, composed largely
of small quartz grains, commonly contains some alkali feldspar,
muscovite, and chlorite.

HELENA DOLOMITE

The upper boundary of the Helena Dolomite is marked by the
Lyons thrust fault, and an unknown thickness at the top of the
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formation is missing. The maximum exposed thickness is about
3,000 feet (914 m).

The Helena consists largely of gray and bluish-gray fine-grained
thinly laminated dolomite, dolomitic limestone, dolomitic mud-
stone, and argillaceous limestone that weather tan and light
orange. The rocks are in beds a fraction of an inch (a few
millimeters) to a foot (30 ecm) or two (60 cm) thick. Some are
finely crossbedded, and ripple marks and mud-crack casts are
locally present on bedding surfaces. The weathered surfaces of
some outcrops of dolomitic limestone are deeply etched in the
rough crinkled pattern known as molar-tooth structure. Generally
the rocks contain small amounts of detrital quartz, feldspar, mus-
covite, chlorite, and dark carbonaceous(?) material in addition to
carbonate. In places, thin beds of gray, green, red, and pink argil-
lite and siltite are interlayered with the carbonatic rocks. They
are most abundant in the upper part of the formation.

Biostromes of massive dark-gray dolomitic limestone composed
of stromatolites occur throughout the Helena. The stromatolites
probably belong to the genus Collenia, which has been described in
equivalent rocks in Glacier National Park by Rezak (1957, p. 133-
134). The biostromes weather light bluish gray, are as much as 3
feet (1 m) thick, are of wide lateral extent, and are composed of
closely packed dome<shaped colonies of thinly laminated stro-
matolites several inches (several centimeters) to a foot (80 cm)
or more across and as much as 3 feet (1 m) high. On the
weathered surface, the stromatolite laminae are differentially
etched and stand out in bold relief. Some of the stromatolite
layers are overlain by thin beds of edgewise conglomerate made
up of flat pebbles of laminated stromatolitic limestone inclined
at a steep angle to the bedding and surrounded by an oolitic
matrix. Some edgewise conglomerate grades upward into thin beds
of oolite. At several levels in the Helena, the stromatolite bio-
gstromes are closely spaced, forming zones of massive dolomitie
limestone 10 to 20 feet (3 to 6 m) thick. These zones form promi-
nent benches and ledges on the hillslopes. The thickest stromato-
lite zone is about 1,600 feet (488 m) above the base of the
formation.

CAMBRIAN SYSTEM

Strata of Cambrian age include the Flathead Quartzite, Wolsey
Shale, and Meagher Limestone of Middle Cambrian age. These
formations, of marine origin, belong to the lower part of the Cam-
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brian succession of Montana. Their aggregate thickness is about
800 feet (244 m).

FLATHEAD QUARTZITE

The Flathead Quartzite rests unconformably on the Empire and
Spokane Formations of the Belt Supergroup, truncating the con-
tact between the Spokane and Empire at a low angle on the south
flank of Roberts Mountain. The thickness of the Flathead ranges
from 90 to 120 feet (27 to 37 m).

The formation consists mainly of thick beds of medium- to
coarse-grained orthoquartzite. Pebble and granule conglomerate
zones are present locally and are most common near the base. In
places, thin beds of greenish-gray ‘sandy micaceous shale are
interlayered with the quartzite beds. The quartzite is mostly
pale gray, white, and light reddish gray and weathers tan to
brown. Locally, the rock is streaked by conspicuous narrow red-
purple bands. Many of the quartzite layers are crossbedded, and
very commonly the individual cross laminae are alternately light
and dark red, which enhances this structure. Some of the quartzite
layers show graded bedding, and ripple marks are present on a
few bedding surfaces. At the top of the Flathead is a transitional
sequence of interbedded greenish-gray shale and pale-gray quartz-
ite 5 to 10 feet (1.5 to 3 m) thick. The boundary with the over-
lying Wolsey Shale is arbitrarily placed at the base of this transi-
tional zone or, where the shales do not crop out, at the base of the
dip slope on the uppermost quartzite bed.

The quartzite is composed almost entirely of quartz grains that
range from silt size to small pebbles as much as half an inch (1
cm) across. These grains have overgrowths of quartz that firmly
cement the rock. Minor constituents include small grains of feld-
spar, muscovite, magnetite, and zircon. Small flakes of hematite
are also present, and thin films of a red opaque material, which is
probably hematite, commonly coat quartz grains and give the rock
its reddish cast.

WOLSEY SHALE

The Wolsey Shale lies conformably on the Flathead Quartzite
and has a maximum thickness of about 175 feet (54 m). In most
places it has been greatly thinned by deformation.

The Wolsey consists largely of greenish-gray, waxy, fissile,
silty and sandy shale. Bedding surfaces of the sandy beds are
usually curved and cracked and show mud-crack casts, worm
trails, and worm-burrow casts. Near its base, the formation con-
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tains thin beds of quartzite. Thin irregular beds of limestone and
calcareous siltstone as much as 3 feet (1 m) thick are interlayered
with shale in the upper part and form a transitional sequence
that grades into the overlying Meagher Limestone. At most places
this transitional zone is covered, and the contact between the
Wolsey and Meagher is arbitrarily placed at the base of the first
thick limestone bed. )

The shaly beds of the Wolsey are composed principally of small
grains of chlorite, biotite, and quartz. Bedding surfaces are com-
monly veneered with yellow-brown mica that imparts a pronounced
bright sheen to loose fragments. Small rounded pellets of glau-
conite are common in quartzite in the lower part of the formation,

MEAGHER LIMESTONE

The Meagher Limestone rests conformably on the Wolsey Shale.
In a nearly complete section along the North Fork of Little Creek,
in the south-central part of the area, the Meagher is about 500
feet (152 m) thick. In other places, only part of the formation
is represented.

The upper and lower parts of the Meagher consist principally
of gray and bluish-gray limestone that is distinctively mottled
with small isolated patches and irregular seamlike networks of
tan and orange calcite and dolomite. Near the base there are thin
beds of dark-gray, fine-grained petroliferous limestone that con-
tain abundant shells and shell fragments of trilobites and brachio-
pods. The middle part is made up largely of gray to light-gray
microcrystalline limestone in beds as much as a foot (30 cm) thick.
Locally, within this interval, sequences several feet (1 to 2 m)
thick are made up of alternating thin layers of siliceous dolomite
and gray limestone. The dolomite layers weather out in slight re-
lief, giving the rock a ribboned appearance. A few thin lenses of
tan calcitic sandstone containing finely comminuted fossil frag-
ments, and a few thin beds of conglomerate composed of angular
to subrounded pebbles and cobbles of limestone in a matrix of
calcitic sandstone, also are present in the middle part of the
Meagher.

Fault-transported masses of Meagher Limestone are present in
small klippen at Limekiln Mountain and Painted Hill and along
the northwest border of the area in secs. 28 and 33, T. 17 N, R. 5
W. The largest of these klippen, at Limekiln Mountain, is made up
of about 250 feet (76 m) of bluish-gray mottled limestone and
gray banded limestone from the lower and middle parts of the
formation. In the klippe at Painted Hill, about 60 feet (18 m) of
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mottled limestone from the lower part of the Meagher rests in
fault contact on a thin wedge of Lodgepole Limestone of Early
Mississippian age. The klippe along the northwest border of the
area consists of a thoroughly broken mass of mottled and banded
‘limestone derived either from the lower or upper part of the
Meagher.

Three large detached blocks of Meagher Limestone are present
along the Eldorado thrust fault in the southwestern part of the
area (pl. 1). The largest, which is about 800 feet (244 m) long and
as much as 25 feet (8 m) thick, is in the SW1j sec. 12, T. 15 N,
R. 5 W. The blocks are composed of gray and bluish-gray mottled
and banded limestone similar to that at Limekiln Mountain. Many
smaller fragments of limestone, which resemble the Meagher,
also are found along the Eldorado thrust fault from Willis Creek
north to Roberts Mountain and beyond. They are intermixed
with fragments of limestone that resemble the Madison Group of
Mississippian age. The fragments range from a fraction of an inch
(a few millimeters) to 10 feet (3 m) across and are generally
somewhat rounded. The specific formation from which the smaller
fragments have been derived usually cannot be determined from
field examination ; Paleozoic limestone from formations other than
the Meagher and Madison may be represented.

Well-preserved Middle Cambrian fossils were found in the
Meagher on the southwest slope of the klippe at Painted Hill in
the NW1/, sec. 23, T. 16 N., R. 5 W. (USGS Paleozoic loc. 3578-CO)
and on the south side and slightly above the base of the klippe at
Limekiln Mountain in the SE1/, sec. 22, T. 16 N., R. 5 W. (USGS
Paleozoic loc. 4496-CO). At these localities, A. R. Palmer (written
commun., 1961, 1964, 1965) identified a trilobite fauna consisting
of single species of Ehmania, Clappaspis, and Peronopsis and a
single specimen of the long-ranging brachipod Dictyonina.

MISSISSIPPIAN SYSTEM

Rocks of the Mississippian System are represented in the area
by small fault-transported blocks of Lodgepole Limestone and
Mission Canyon Limestone of the Madison Group of Early and
Late Mississippian age. Only two of the blocks, one of Lodgepole
Limestone and the other of Mission Canyon Limestone, are large
enough to map. The aggregate thickness of the mapped blocks is
about 90 feet (27 m) ; thus, they constitute only a small fraction
of the Madison Group.
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MADISON GROUP
LODGEPOLE AND MISSION CANYON LIMESTONES

A small wedge-shaped mass of Lodgepole Limestone is present
beneath the body of Meagher Limestone along the east side of
the small klippe at Painted Hill. This wedge is about 50 feet (15 m)
thick and consists of thin beds of gray, tan-weathered, fine-grained
clastic limestone separated by partings of tan calcareous mud-
stone. Some of the limestone beds contain veinlike lentils and
nodules of light-brown chert. Fossils, abundant in beds of gray
limestone near the middle of the limestone mass (USGS Paleozoic
loc. 19061-PC), were identified by J. T. Dutro, Jr., and W. J. Sando
(written commun., 1960) as echinodermal debris, indet.; acti-
nocrinitid plate, indet.; Rylstonia sp., Spirifer cf. S. rowleyi
Weller, Spirifer sp., and Punctospirifer? sp.

A large block of limestone caught along the Eldorado thrust
fault in the south-central part of the area (pl. 1) is assigned to
the Mission Canyon. This block, which is 700 feet (213 m) long
and about 40 feet (12 m) thick, consists of light-gray, massive,
thick-bedded, microcrystalline limestone. The rock contains abun-
dant crinoidal debris and other fossil fragments too poorly pre-
served for identification.

Countless small detached fragments of limestone that resemble
rocks of the Madison Group are found along the Eldorado thrust
fault together with numerous fragments derived from the
Meagher Limestone of Middle Cambrian age and perhaps also
from other Paleozoic formations. It is difficult to identify the
Madison fragments positively as Lodgepole or Madison Canyon,
for none were found with recognizable fossils. However, the
fragments consist of tan-weathered chert-bearing limestone simi-
lar to typical Lodgepole, and light-gray microcrystalline lime-
stone much like typical Mission Canyon, and no doubt both for-
mations are represented.

JURASSIC SYSTEM

The Jurassic System is represented by the Sawtooth Forma-
tion of Middle Jurassic age, the Swift Formation of Middle and
Late Jurassic age, -and the Morrison Formation of Late Jurassic
age. The Sawtooth and Swift Formations constitute the Ellis
Group. The Rierdon Formation, which lies between the Sawtooth
and Swift Formations in other parts of Montana, is absent in the
Wolf Creek area. The Jurassic formations have a maximum aggre-
gate thickness of about 470 feet (143 m).
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ELLIS GROUP
SAWTOOTH FORMATION

The base of the Sawtooth Formation is marked by thrust faults,
and the unit is not completely exposed. The maximum exposed
thickness is about 100 feet (30 m). The Sawtooth consists of
limestone, shale, siltstone, and sandstone of marine origin.

Beds of gray, tan-weathered massive bioclastic limestone sepa-
rated by partings of gray, tan-weathered silty calcareous shale
form the lower 30 feet (9 m) of the Sawtooth Formation. The
beds of limestone in this sequence are as much as 5 feet (1.5 m)
thick, and some have a fine wavy lamination that suggests algal
origin. In some places the limestones are intensively brecciated,
probably as a result of solution and collapse.

Overlying the basal limestones is a sequence of sandy limestone,
shale, siltstone, and sandstone. The sandy limestone is a gray and
purplish-gray, hard, massive, thick-bedded clastic deposit com-
posed of small fossil fragments, dark-gray calcareous oolites, and
grains of clear quartz and black chert. It forms beds as much as 6
feet (2 m) thick. In places, the limestone beds grade laterally to
coarse breccias made up of large angular blocks of clastic limestone
cemented with white calcium carbonate. These breccias, like those
in the lower part of the formation, probably formed through a
process of solution and collapse. The shales are dark gray, tan
weathered, and caleareous, and form beds as much as a foot (80
cm) thick. They are generally poorly fissile and jointed, and
characteristically break into short thick blocks. Sandstone and
siltstone beds are scarce and are usually less than a foot (30 cm)
thick. The siltstone is gray, tan weathered, and calcareous, and
commonly sandy with numerous visible grains of clear quartz. The
sandstone is gray to buff, fine grained, and composed of clear
colorless quartz grains in a cement of calcite.

Fossils are abundant in the limestone beds in the upper part of
the Sawtooth, but most of them are thoroughly broken and not
suitable for study. A bed of sandy limestone at the top of
the formation contains inch-size fragments of the pelecypod
Camptonectes sp. and the crinoid Astarte sp.

SWIFT FORMATION

The Swift Formation rests disconformably on the Sawtooth
Formation and is about 100 feet (30 m) thick. The Swift consists
of conglomerate, shale, and sandstone of marine origin.

A bed of conglomerate, as much as 6 inches (15 c¢m) thick, is
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present locally at the base of the Swift. It consists of well-rounded
pebbles of tan quartzite and black chert, as much as 2 inches (5
cm) across, and smaller pebbles of light-gray limestone in a matrix
of fine-grained calcareous sandstone.

Above the basal conglomerate is about 40 feet (12 m) of dark-
gray finely micaceous shale containing thin beds and lenses of
fine-grained ripple-marked sandstone. The sandstone lenses con-
tain thin films and streaks of bluish-weathering shale. In places,
the shale contains abundant worm-burrow casts, a few poorly
preserved pelecypod shells, and, at the base, water-worn
belemnites.

The upper 60 feet (18 m) of the Swift consists mainly of thick
beds of gray, brown-weathered, fine-grained sandstone composed
of grains of colorless quartz, gray and black chert, and green
glauconite in a cement of calcite and clay. Small specks of yellow
limonite probably represent altered pyrite grains. In places, part-
ings of dark-gray micaceous shale are present between the sand-
stone layers. Brown and black prints of driftwood and discon-
tinuous laminae of carbonaceous material are common in the
sandstone beds, ripple marks and load casts are present on many
bedding surfaces, and some of the sandstone layers have poor
crossbedding.

MORRISON FORMATION

The Morrison Formation lies conformably on the Swift Forma-
tion and is about 270 feet (82 m) thick. The Morrison consists
of sandstone, siltstone, mudstone, and limestone of continental
origin.

The lower 30 feet (9 m) of the Morrison is made up of gray,
buff-weathered, marly, freshwater limestone and grayish-green
mudstone. The limestone beds are as much as 3 feet (1 m) thick
and are composed of closely packed rounded masses of gray lime-
stone in a matrix of grayish-green mudstone. The mudstone is
hard, blocky, and indistinctly bedded, and forms beds as much as
3 feet (1 m) thick.

Above the lower sequence of limestone and mudstone is about
240 feet (73 m) of mudstone, siltstone, and sandstone. The mud-
stones and siltstones are predominantly greenish gray, but some
are light gray, others are red, and a few are purple. They are
moderately to highly calcareous, are hard and thinly laminated,
and form beds as much as 3 feet (1 m) thick. The sandstone is
mostly light gray and weathers to shades of brown and tan. It
forms lenticular beds as much as 30 feet (9 m) thick. The sand-
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stone is composed mainly of small grains of quartz, chert, and
quartzite cemented with crystalline calcite. Commonly it is
speckled with yellowish-brown limonite that probably represents
altered grains of pyrite. A bed of gray to black carbonaceous
mudstone, as much as 10 feet (3 m) thick, is usually present at or
near the top of the Morrison.

CRETACEOUS SYSTEM

Rocks assigned to the Cretaceous System include the Kootenai
and Blackleaf Formations of Early Cretaceous age and the Marias
River Shale, Telegraph Creek Formation, Virgelle Sandstone, Two
Medicine Formation, and St. Mary River Formation of Late Cre-
taceous age. The Blackleaf Formation and Marias River Shale
constitute the Colorado Group. The maximum aggregate thickness
of the Cretaceous formations is about 8,600 feet (2,621 m).

KOOTENAI FORMATION

The Kootenai Formation rests disconformably on the Morrison
Formation and has an average thickness of about 700 feet (213
m). It consists of varicolored sandstone, siltstone, mudstone, and
limestone of continental origin.

At the base is a hard massive quartzitic sandstone 25 to 50
feet (8 to 15 m) thick. The rock is light gray, weathers grayish
orange, is thick bedded and, in places, crossbedded. It is composed
of small grains of quartz and a few scattered grains of gray chert
and feldspar in a colorless silica cement. Millimeter-size specks
of yellowish-brown limonite probably represent altered grains of
pyrite.

Overlying the basal sandstone is a medial unit of mudstone,
siltstone, sandstone, and limestone 400 to 450 feet (122 to 137 m)
thick. The mudstone and the siltstone are red and purplish red,
are generally chunky to poorly fissile, and form beds as much as
6 feet (2 m) thick. Flakes of white mica are common on the
bedding surfaces of the siltstone. The sandstone is reddish brown
and purplish gray and forms lenticular beds as much as 20 feet
(6 m) thick. It is composed of small grains of quartz, chert,
feldspar, biotite, and magnetite in a cement of iron-stained clay.
Dark-brown, sandy calcareous concretions as much as a foot (30
c¢m) across are common in some sandstone beds in the upper part
of the unit. Lenses of nodular limestone are present near the
base. They are as much as 2 feet (60 cm) thick and are made up
of gray and purplish-gray nodules of fine-grained limestone as
much as 6 inches (15 em) across in a matrix of red mudstone.
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Near the middle of the unit are several beds of gray, brown-
weathered, massive limestone that locally contain abundant but
poorly preserved shells of freshwater gastropods and pelecypods.
These beds are as much as 12 feet (8.6 m) thick, and some extend
laterally as much as a mile (1.6 km).

The upper 200 to 250 feet (60 to 76 m) of the Kootenai is made
up of sandstone, siltstone, mudstone, and limestone. The sand-
stone is greenish gray, generally massive and indistinctly bedded,
and forms lenticular beds as much as 50 feet (15 m) thick. It is
composed ‘of small grains of quartz, chert, feldspar, biotite, chlo-
rite, and magnetite in a cement of finely divided chlorite and clay.
The siltstone and the mudstone are red and green, thin- to thick-
bedded, and finely micaceous. They form beds as much as 3 feet
(1 m) thick. Some of the green mudstone is soft and plastic when
wet and is probably bentonitic. A conspicuous bed of dark-gray,
brown-weathered, massive detrital limestone that has a pro-
nounced fetid odor is present a few feet below the top of the for-
mation. The bed is as much as 4 feet (1.2 m) thick. In places, this
stratum consists of thin alternating beds of limestone and dark-
gray mudstone. Locally, the limestone contains abundant frag-
ments of fossil gastropods and pelecypods.

COLORADO GROUP

The Colorado Group comprises about 1,350 feet (411 m) of rocks
between the underlying Kootenai Formation and the overlying
Telegraph Creek Formation. It is divided into a lower unit, the
Blackleaf Formation, composed of three members, and an upper
unit, the Marias River Shale, composed of four members. These
units correspond to subdivisions of the Colorado Group on the
Sweetgrass arch in western Montana (Cobban and others, 1959;
1976).

BLACKLEAF FORMATION

From the base upward, the Blackleaf Formation is composed
of the Flood, Taft Hill, and Vaughn Members. The Bootlegger
Member, which occurs at the top of the formation on the Sweet-
grass arch, is absent in the Wolf Creek area. The average thickness
of the formation is about 765 feet (233 m).

FLoop MEMBER

The Flood Member rests sharply on the Kootenai Formation
with slight disconformity. The thickness, which varies consider-
ably as a result of deformation, averages about 200 feet (60 m).
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The Flood is made up of a lower unit of quartzitic sandstone, a
medial unit of ferruginous shale and siltstone, and an upper unit
of carbonaceous sandstone. The rocks are of marine origin.

The lower unit is 10 to 30 feet (3 to 9 m) thick and consists
mainly of light-gray to tan, massive fine-grained quartzitic sand-
stone that weathers dark brown. The typical rock is composed
of angular to subrounded grains of quartz and scattered grains of
muscovite, biotite, chlorite, magnetite, and zircon in a colorless
silica cement. In some places the unit consists of a single bed of
massive quartzitic sandstone. More commonly, however, the unit
is made up of several thick beds of massive sandstone separated
by partings of dark-gray shale.

The medial unit is 145 to 165 feet (44 to 50 m) thick and is
mostly dark-gray to black fissile shale. A few thin beds of gray
and olive-gray siltstone are present in the sequence. Bedding and
joint surfaces in the rocks are stained with brown hydrous iron
oxides. The shale contains dark-brown ironstone concretions as
much as 6 inches (15 cm) long that break into small rusty chips;
outcrops of the Flood are strewn with these fragments. The upper
25 to 30 feet (8 to 9 m) of the unit consists of dark-gray shale,
olive-gray siltstone, and fine-grained olive-gray sandstone in thin
beds. In places, the top of this sequence is marked by a bed of
gray, brown-weathered limestone as much as 4 inches (10 cm)
thick.

The upper unit consists of a massive, fine-grained, thick-bedded,
cliff-forming sandstone, 25 to 35 feet (8 to 11 m) thick, which
contains much woody plant material and poorly preserved leaf
impressions. The rock is greenish gray, weathers light brown, and
is composed of small grains of quartz, plagioclase feldspar, chert,
muscovite, biotite, magnetite, and zircon in a cement of caleium
carbonate and clay. Near the top there are usually a few thin
layers of hard, massive, silica-cemented quartzitic sandstone.

Tarr HiL. MEMBER

The Taft Hill Member lies conformably on the Flood Member.
Its thickness, which varies as a result of deformation, averages
about 190 feet (58 m). It consists of shale, siltstone, and sand-
stone of marine origin.

The lower part, about 90 feet (27 m) thick, is made up of thin
beds of dark-gray fissile shale and olive-gray papery calcareous
siltstone. Above the lower sequence is about 70 feet (21 m) of
thinly layered dark-gray silty shale and olive-gray calcareous
siltstone and sandstone. The sandstone beds are as much as 2 feet
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(60 cm) thick. At the top is a bed of greenish-gray sandstone,
about 30 feet (9 m) thick, which is fine grained, thin bedded, and
platy and contains distinctive dark-brown disc-shaped calcareous
sandstone concretions as much as 3 feet (1 m) across. This sand-
stone bed is composed of small grains of quartz, plagioclase feld-
spar, chert, biotite, glauconite, muscovite, magnetite, and zircon
in a cement of calcium carbonate.

Well-preserved invertebrate fossils are confined to a thin bed
of fine-grained sandstone 5 feet (1.5 m) below the base of the
upper sandstone unit. Fossil pelecypods collected from this horizon
(USGS Mesozoic locs. D2194 and D2198) were identified by W. A.
Cobban (written commun., 1959) as Ostrea anomiodes Meek and
Crassatella? sp.

Glauconite is a minor constituent in the Taft Hill of the Wolf
Creek area; in contrast, at the type locality on the Sweetgrass
arch, the unit contains abundant glauconite (Cobban and others,
1976, p. 16-17).

VAUGHN MEMBER

The Vaughn Member rests conformably on the Taft Hill Mem-
ber and has an average thickness of about 375 feet (114 m). It is
composed of tuffaceous sedimentary rocks, bentonite, ash-fall tuff,
and conglomerate, all of continental origin. Large amounts of
crystal, lithic, and devitrified volcanic detritus characterize the
Vaughn.

More than half the Vaughn consists of tuffaceous sandstone
and siltstone in beds a few inches (several centimeters) to sev-
eral feet (1-2 m) thick. These rocks are light to dull gray, green,
greenish gray, purplish brown, and reddish brown, are thin to
thick bedded and locally crossbedded. They commonly are cemented
with silica and are hard and quartzitic. Most of the beds are highly
lenticular. However, a distinctive bed of light-greenish-gray,
coarse-grained, thick-bedded sandstone about 120 feet (37 m)
above the base of the member appears to be extensive. This bed,
as much as 20 feet (6 m) thick, contains numerous grit-sized rock
fragments and much woody plant material.

The sandstone and siltstone are composed of small grains of
quartz, plagioclase feldspar, alkali feldspar, chert, biotite, chlorite,
and magnetite, and small lithic grains formed of a crystalline
mixture of quartz and feldspar. The lithic grains may represent
fragments of devitrified glassy volcanic rocks. Most of the sand-
stone and siltstone are cemented with finely crystalline silica; a
few are cemented with calcite and clay.
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Mudstone makes up perhaps a third of the Vaughn and is mostly
dull gray, greenish gray, and dark green. It forms beds a frac-
tion of an inch (a few millimeters) to 2 feet (60 cm) thick. Com-
monly the mudstone is hard, dense, and silicified and breaks into
short chunky blocks. When struck with a hammer, the harder
varieties break with conchoidal fracture. Much of the mudstone
is thinly and delicately laminated in the manner of strata pro-
duced by the fall of finely divided pyroclastic debris in water, and
no doubt it contains a large component of vitroclastic volcanic
detritus. Diagenetic alteration of the vitroclastic material prob-
ably caused the striking silicification of the rocks. A few mud-
stone beds in the Vaughn are soft and friable and are probably
bentonitic.

Thin beds of light-olive-green and pale-yellowish-green ben-
tonite are present throughout the Vaughn and constitute perhaps
as much as 15 percent of the member. They are mostly a few
inches (several centimeters) thick, but some are as much as 2
feet (60 cm) thick. On the flanks of folds, the bentonite beds are
intensely compressed, sheared, and thinned, commonly to the
point of disappearance.

A lenticular bed of stream-channel conglomerate near the middle
of the Vaughn, in the NE14 sec. 7, T. 15 N., R. 8 W,, is as much
as 15 feet (5 m) thick and has a lateral extent of about 150 feet
(46 m). It is composed of well-rounded pebbles of white and pink
quartzite, green argillite, and black chert in an orange-weathered
sandy matrix. The pebbles are as much as 3 inches (8 cm) long.

On the north side of the valley of Little Prickly Pear Creek, in
the NW1/ sec. 31, T. 156 N, R. 83 W, a 20-foot (6-m)-thick bed of
light-gray to white, tan-weathered, thinly laminated ash-fall tuff
occurs near the middle of the member. The bed is cut out by
faulting to the north, disappears beneath alluvium to the south,
and crops out over a distance of about 200 feet (60 m). The tuff
is hard, compact, and silicified and breaks into large chunky
fragments.

A few thin lenses of dark-gray to black carbonaceous shale and
lignite, as much as 6 inches (15 cm) thick, are present in the
upper part of the Vaughn.

Fossils are not abundant in the Vaughn. Poorly preserved,
woody plant material and fossilized wood are scattered through-
out the upper part of the member. A single saurian bone frag-
ment, perhaps part of the leg bone of a turtle, was found in a bed
of siltstone approximately 40 feet (12 m) below the top of the
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member along Montana State Highway 287 in the NE14 sec. 2,
T.15N,, R. 4 W.

MARIAS RIVER SHALE

From the base upward, the Marias River Shale is made up of
the Floweree Shale, Cone, Ferdig, and Kevin Members. The aver-
age thickness of the formation is about 580 feet (177 m).

FLOWEREE SHALE MEMBER

The Floweree Shale Member rests disconformably on the
Vaughn Member of the Blackleaf Formation. The Floweree varies
greatly in thickness as a result of deformation and has thinned
to disappearance in some places. The average thickness is about
60 feet (18 m). The member consists of shale, siltstone, sandstone,
bentonite, and conglomerate of marine origin.

The Floweree is formed mainly of dark-gray moderately fissile
shale. A few thin beds and lenses of gray siltstone and very fine
grained sandstone are present in the lower part, and one or more
thin beds of yellowish-orange bentonite ordinarily are found near
the middle. On the eastern flank of the Craig anticlinorium (pl. 1),
the middle part of the Floweree locally contains thin beds and
lenses of olive-gray and tan siltstone, sandstone, and chert-pebble
conglomerate that form a sequence 5 to 8 feet (1.5 to 2.4 m)
thick. The base of this sequence consists of a conglomerate several
inches (several centimeters) thick composed of smooth flat pitted
pebbles of light-gray and black chert as much as 3 inches (8 ¢m)
across. The pebbles are set in a matrix of olive-gray silty to sandy
shale. The shape and surface marking of these chert pebbles are
unique. Scattered pebbles of this sort were found at several locali-
ties where the member consists entirely of marine shale and
siltstone.

The only fossil recovered from the Floweree was an impression
of a coarsely ribbed species of Inoceramus (W. A. Cobban, writ-
ten commun., 1959) collected about 10 feet (3 m) below the top.

CoNE MEMBER

The Cone Member rests conformably on the Floweree Shale
Member. The thickness of the Cone varies greatly as a result
of deformation, and in several places it has thinned to disappear-
ance. The average thickness is about 60 feet (18 m). The Cone
consists of shale, siltstone, limestone, and bentonite of marine
origin.
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At the base is a bed of hard olive-gray calcareous siltstone con-
taining large septarian limestone concretions that weather light
gray. The concretions are as much as 3 feet (1 m) across, and
some contain fossil cephalopods. Above the concretionary bed is
1 to 2 feet (30 to 60 cm) of dark-gray calcareous shale overlain
by a bed of yellowish-gray micaceous bentonite as much as 3 feet
(1 m) thick. The bentonite bed is overlain by some 50 feet (15 m)
of thinly laminated, calcareous, dark-gray shale and gray siltstone
that weather dark brownish gray. The siltstone beds are usually
only a few inches (several centimeters) thick and are mostly in
the upper part of the sequence. A few thin beds of yellowish-
orange bentonite are ordinarily interlayered with the shale. At
the top of the Cone there is commonly about 10 feet (8 m) of olive-
gray calcareous sandstone and dark-gray calcareous shale in thin
beds. In a few places, the top of the member is formed of thin beds
of dark-gray, ledge-forming, clastic limestone. This limestone
weathers light bluish gray, is slightly silty, and gives off a pro-
nounced fetid odor when broken.

Invertebrate fossils are abundant in the Cone. In four collec-
tions (USGS Mesozoic locs. D2210, D2217, D2680, and D2684)
W. A. Cobban (written commun., 1959, 1960) identified the
cephalopods Sciponoceras gracile (Shumard) and Watinoceras
reesidet Warren and the pelecypods Mytiloides mytiloides (Man-
tell) and Ostrea n. sp. Sciponoceras gracile occurs in limestone
concretions at the base. Mytiloides mytiloides is common through-
out the shale-siltstone sequence above the lower bentonite bed,
and crushed and broken shells of this pelecypod are abundant in
thin beds of clastic limestone that locally form the top of the
Cone. Watinoceras reesidei and Ostrea n. sp. occur in the upper
part of the member, and fish scales of Ichthyodectes sp. and the
calcitic tests of smaller Foraminifera are abundant in thin beds
of calcareous sandstone at and near the top.

FeErDIG MEMBER

The Ferdig Member rests conformably on the Cone Member
and maintains a fairly constant thickness of about 160 feet (49 m),
although there is usually some variation as a result of deforma-
tion. The Ferdig is of marine origin and in most places consists
of a lower unit that is predominantly shale and an upper unit that
is mainly siltstone and fine-grained sandstone. To the west and
southwest, the upper part of the Ferdig grades into sandstone.

The lower unit is about 35 feet (11 m) thick and consists mainly
of thin beds of dark-gray to black, poorly to moderately fissile,
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noncalcareous shale and scattered beds of hard gray and dark-
gray siltstone and very fine grained sandstone. The siltstone and
sandstone beds are generally less than 2 inches (5 ¢m) thick, and
their bedding surfaces are irregular and wavy. They weather
olive gray. Locally, the base of the Ferdig is marked by a bed of
soft waxy pale-yellowish-gray bentonite as much as a foot (30
em) thick. In most places, a thin bed of hard thinly laminated
gray siltstone is present near the middle of the lower unit. This
siltstone, which characteristically breaks into small flat chips that
weather light bluish gray, forms a distinctive marker bed. At the
top of the lower unit is a bed of dark-gray silty shale, as much
as a foot (80 cm) thick, that contains hard, oblate to disc-shaped,
dark-gray ferruginous concretions as much as 5 inches (13 cm)
across. These concretions weather a conspicuous reddish brown.

The upper unit is about 125 feet (38 m) thick and consists of
olive-gray siltstone and sandstone and dark-gray silty shale in
thin beds. The siltstone and sandstone increase in abundance up-
ward. They are hard, and thinly laminated, and their bedding
surfaces are ordinarily irregular, wavy, and coated with thin films
of dark-gray waxy shale. Some of the bedding surfaces show well-
developed ripple marks. The siltstone and sandstones character-
. istically break into small thin curved chips, and outcrops are
usually strewn with these fragments.

Along the western flank of the Craig anticlinorium (pl. 1), the
upper part of the Ferdig consists mainly of thin beds of sandstone.
These beds have a distinctive lithology and fauna and were earlier
accorded member rank and named the sandstone member of the
Marias River Shale (Schmidt, 1972a, b). In the Sun River Canyon
area, about 30 miles (48 km) northwest of the Wolf Creek area,
Mudge (1966a, b, c; 1967) also grouped sandstone beds in the
upper part of the Ferdig into a separate sandstone member. Re-
cently, however, Mudge (1972, p. A67) has assigned these sand-
stones to the Ferdig Shale Member and considers them to repre-
sent a facies of the upper and middle parts of the Ferdig. In view
of the local distribution of the sandstone unit, this assignment
seems preferable, and accordingly these rocks are treated as part
of the Ferdig in this report.

The sandstone unit reaches a maximum thickness of 90 feet (27
m) along the southern boundary of the area and gradually thins
to about 5 feet (1.5 m) in its northernmost exposures in the cen-
tral part of the area. In most exposures, the sandstone unit con-
sists of a lower shaly part, a middle sandy part, and an upper bed
of conglomerate.
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The lower shaly part is composed of alternating beds of gray to
dark-gray, thinly laminated shale and olive-gray, tan-weathered
fine-grained sandstone. A few beds of sandy limestone are present
near the base. The sandstone beds are as much as 3 feet (1 m)
thick and are composed of small grains of quartz and chert ce-
mented with calcite. The lower shaly part is about 50 feet (15 m)
thick at the southern boundary of the area, gradually thins north-
ward, and is absent in the central part of the area.

The middle sandy part consists largely of massive tan-weathered
calcareous sandstone in beds as much as 5 feet (1.5 m) thick.
Several thin beds of gray shale are interlayered with sandstone
near the top. The sandstones are composed mainly of small grains
of quartz, chert, biotite, and magnetite in a cement of calcite. A bed
of calcareous sandstone about 2 feet (60 cm) thick that weathers
a distinctive rusty brown locally is present near the middle. Thick
beds of sandstone near the top commonly contain one or more
zones of platy disc-shaped calcareous sandstone concretions. The
concretions are as much as a foot (30 cm) thick and 5 feet (1.5 m)
across, weather dark brown, and locally contain abundant fossils.
The middle sandy part is about 40 feet (12 m) thick at the
southern boundary of the area and gradually thins to about 5 feet
(1.5 m) in its northernmost exposures in the central part of the
area.

The conglomerate bed at the top of the sandstone unit is a few
inches (several centimeters) to a foot (80 cm) thick and contains
smoothly rounded pebbles of dark-gray chert and dull-green argil-
lite that range from a fraction of an inch (a few millimeters) to
as much as 2 inches (5 cm) across. The conglomerate is of variable
texture, ranging from more than 90 percent pebbles in a fine
sandstone matrix to sandstone containing only a sprinkling of pea-
sized pebbles. The bed is highly distinctive and is probably the
rock-stratigraphic equivalent of Bed N of Erdmann and others
(1947) in the upper part of the Ferdig Member on the Sweetgrass
arch and the conglomerate at the top of the Bighorn (Cardium)
Formation in southwestern Alberta, Canada (Cobban and others,
1959, p. 2794-2795).

Fossils are locally abundant in the sandstone unit of the Ferdig.
In seven fossil collections (USGS Mesozoic locs. D510, D2195,
D2196, D2197, D2199, D2200, and D2204) from sandstone con-
cretions near the top, W. A. Cobban (written commun., 1959)
identified the pelecypods Cardium pauperculum Meek, Crassatella
wyomingensis Sidwell, Legumen aff. L. ellipticum Conrad, Cymbo-
phora emmonsi (Meek)?, Phelopteria aff. P. linguaeformis
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(Evans and Shumard), Inoceramus sp., Panope sp., and the gas-
tropods Gyrodes depressa Meek and Faciolaria? sp. In addition,

W. A. Cobban collected Inoceramus lamarcki Parkinson and
Ostrea sannionis White from the bed of rusty-brown calcareous
sandstone in the middle part of the sandstone unit.

KeviN MEMBER

The Kevin Member rests conformably, or perhaps with slight -
disconformity, on the Ferdig Member. Its thickness varies con-
siderably as a result of deformation; the average thickness is
about 300 feet (90 m). The Kevin consists of shale, siltstone, sand-
stone, limestone, bentonite, and conglomerate of marine origin.

About 90 percent of the member is dark-gray to black fissile
shale. Thin beds of gray and olive-gray siltstone are present in
the lower part, and locally, near the base, are a few thin beds of
gray and olive-gray sandstone. Many beds of yellowish-gray
micaceous bentonite as much as a foot (30 cm) thick are present
in the lower and upper parts, and thin discontinuous beds of con-
cretionary limestone and zones of gray, tan-weathered ovoid to
discoid limestone concretions are scattered throughout the mem-
ber. The concretions are massive and septarian, as much as 3
feet (1 m) across, and commonly contain fossil cephalopods and
pelecypods. Less conspicuous are dark-gray massive spindle-shaped
limestone concretions as much as a foot (30 cm) long.

A thin bed of conglomerate, about a foot (30 cm) thick, con-
sisting of small pellets of light-olive-gray phosphatic siltstone
and rounded grains and small pebbles of gray and black chert in a
matrix of dark-gray concretionary limestone is present near the
middle of the Kevin along Montana State Highway 287 in the
SE1/, sec. 36, T. 15 W., R. 4 W. This distinctive bed is widespread
on the Sweetgrass arch to the east, where it was described as Bed
F of Erdman and others (1947) and later named the MacGowan
Concretionary bed by Cobban and others (1959, p. 2795). The bed
was not observed elsewhere in the Wolf Creek area; it may be
quite extensive but poorly exposed.

Invertebrate fossils are abundant in the Kevin and are repre-
sented by collections bearing USGS Mesozoic loc. Nos. D2202-03,
D2205, D2208-09, D2213-14, D2666-74, D2678-79, D2685, D2687,
D3657, D3660, D3838-39, and D4614-17. Cephalopods and pelecy-
pods were identified by W. A. Cobban (written commun., 1959,
1960, 1962, 1965) ; a snail (Aporrhais) was identified by N. F.
Sohl (written commun., 1965). Cobban recognized three faunal
zones in the Kevin of the Wolf Creek area that correspond gen-
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erally to the lower, middle, and upper parts of the member. The
fossils and the faunal zones to which they are assigned are as
follows:

Zone of Inoceramus deformis (lower part of Kevin Member)

Cephalopods:
Scaphites impendicostatus Cobban
S. cf. S. preventricosus Cobban
Baculites mariasensis Cobban
B. sweetgrassensis Cobban
B. cf. B. sweetgrassensis Cobban

~ Pelecypod:
' Inoceramus deformis Meek

Zone of Scaphites ventricosus (middle part of Kevin Member)
Cephalopods:
" Scaphites ventricosus Meek and Hayden

S. tetonensis Cobban
Baculites asper Morton

Pelecypods:
Volviceramus involutus (Sowerby)
Pseudoperna congesta (Conrad)
Pholodomya papyracea Meek and Hayden

Zone of Scaphites depressus (upper part of Kevin Member)

Cephalopods:
Scaphites depressus Reeside
S. depressus Reeside var. stantoni Reeside
S. binneyi Reeside
S. sp.
Phlycticrioceras oregonense Reeside
Baculites codyensis Reeside
B. asper Morton
B, sp.
Eutrephoceras sp.

Pelecypods:
Volviceramus involutus (Sowerby)
V. ef. V. involutus (Sowerby)
V. aff. V. involutus (Sowerby)
Inoceramus stantoni Sokolow
1. aff. I. cardissoides Goldfuss
I, aff. 1. tuberculatus Woods
Pseudoperna congesta (Conrad)
Turritelle sp.
Anomia sp.

Zone of Scaphites depressus or zone of Scaphites ventricosus
Cephalopod:
Scaphites sp.
Pelecypods:
Inoceramus cf. 1. koeneni Muller
I sp.
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Ostrea sp.
Turritella sp.
Gastropod:
Aporrhais aff. A. meeki Whitfield

TELEGRAPH CREEK FORMATION

The Telegraph Creek Formation is transitional between the
Kevin Member of the Marias River Shale, below, and the Virgelle
Sandstone, above. The contact between the Telegraph Creek and
the Kevin is placed at the base of the first persistent bed of silty
sandstone above the dark-gray shale of the Kevin, but, because
exposures are generally poor, this contact is usually difficult to
recognize, and its exact location must be inferred. In general, the
contact is marked by a pronounced change in color, from dark gray
in the Kevin to yellowish gray and tan in the overlying Telegraph
Creek. The thickness of the Telegraph Creek varies considerably
as a result of deformation; the average thickness is about 330
feet (100 m). .

The Telegraph Creek consists of marine shale and- sandstone
in thin beds. Sandstone becomes increasingly abundant upward,
and the formation grades into the Virgelle Sandstone. The shales
are dark .gray, usually somewhat silty or sandy, poorly to mod-
erately fissile, and weather light gray and tan. The sandstones
are light gray, fine grained, thin bedded, and weather tan. They
are composed of small grains of quartz, plagioclase feldspar, chert,
biotite, magnetite, and zircon in a cement of calcium carbonate.
Bedding surfaces are commonly curved or wavy and are coated
with flakes of mica and films of dark shale. Well-developed ripple
marks and mud-crack casts are present on some bedding surfaces,
and some of the sandstones in the upper part of the formation
have well-developed crossbedding. The sandstones character-
istically break into small thin curved chips, and outcrops of the
Telegraph Creek are usually strewn with these fragments.

Worm-burrow casts are locally abundant and are present
throughout the formation. They are especially common on the
upper surface of sandstone beds. The lower 40 feet (12 m) of the
Telegraph Creek contains gray discoid calcareous claystone con-
cretions as much as 3 feet (1 m) across. The concretions are gen-
erally nonseptarian, and their interiors are devoid of crystalline
calcite. Some are highly fossiliferous.

Invertebrate fossils are locally abundant in the lower part and
present though scarce in the upper part of the formation. From
USGS Mesozoic locs. D2206, D2215, D2675-77, D2681-83, D3658-
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59, D3840, and D4608-13, W. A. Cobban (written commun., 1959,
1960, 1962, 1964) identified the following forms:

Lower part of Telegraph Creek Formation:
Cephalopods: :
Clioscaphites vermiformis (Meek and Hayden)
C. saxitonianus (McLearn)?
C. novimexicanus (Reeside) ?
C. sp.
Baculites codyensis Reeside
Pelecypods:
Inoceramus pontoni McLearn
L. cf. 1. cordiformis Woods
1. sp.
Anomia subquadrata Stanton
A, sp. .
Ozxytoma sp.
Cymbophora sp.
Nuculana sp.
Cardium sp.

Upper part of Telegraph Creek Formation:
Pelecypods:
Inoceramus lundbreckensis McLearn
Cymbophora sp.
Gastropod:
Gyrodes sp.

Clioscaphites vermiformis is found in the lower 60 feet (18 m)
of the Telegraph Creek and is especially abundant in calcareous
claystone concretions near the base. This occurrence of the fossil
indicates a significant lithostratigraphic change between the Wolf
Creek area and areas further east in the Montana plains. W. A,
Cobban (written commun., 1959) reported that C. vermiformis
oceurs about 100-200 feet (30-60 m) below the top of the Kevin
Member of the Marias River Shale on the Sweetgrass arch, and
that the upper 100 feet (30 m) of the Kevin and the overlying
Telegraph Creek Formation there are characterized by younger
scaphite zones. Accordingly, the upper part of the Kevin on the
Sweetgrass arch grades southwestward into, and is the time-
stratigraphic equivalent of, the Telegraph Creek Formation in the
Wolf Creek area.

VIRGELLE SANDSTONE

The Virgelle Sandstone conformably overlies the Telegraph
Creek Formation. The boundary is marked by a rather abrupt
change from interbedded sandstone and shale of the Telegraph
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Creek to massive sandstone of the Virgelle. The thickness of the
Virgelle ranges from 120 feet (37 m) in the southeastern part of
the area to 160 feet (49 m) in the northern part.

The Virgelle consists of beds of fine- to medium-grained cal-
careous feldspathic marine sandstone. The lower half of the for-
mation is generally composed of thick massive beds; the upper
half is usually formed of many thin beds in which crossbedding
is well defined. The sandstones are mostly light gray, pale green,
or light grayish green and locally weather tan or grayish orange.
They are composed of subrounded to subangular grains of quartz,
chert, plagioclase feldspar, potassium feldspar, biotite, and mag-
netite bonded in a cement of calcite and clay. Small subrounded
grains of green volecanic rock and a dark-green mineral, probably
glauconite, are fairly abundant in some beds and impart a green-
ish cast to the rocks. Large calcareous sandstone concretions are
present in the upper part of the formation. They weather dark
brown and reddish brown, are as much as 8 feet (2.4 m) across,
and are firmly cemented. Commonly they weather out as discrete
masses and either cap small sandstone pedestals or lie loose on the
surface.

The top of the Virgelle is commonly formed of one or more beds
of olive-green, brown, or dark-reddish-brown magnetite-rich sand-
stone. The beds are a few inches (several centimeters) to 3 feet
(1 m) thick, are firmly indurated, and form a prominent ledge as
much as 8 feet (2.4 m) thick. The amount of magnetite, together
with some ilmenite, in these beds is variable and ranges from as
little as 10 or 15 percent in olive-gray sandstones to as much as
95 percent in the dark-reddish-brown beds. Typical dark-reddish-
brown sandstone consists of about 95 percent magnetite and
ilmenite and about 1 percent quartz, feldspar, chert, zircon, and
sphene (titanite) in small rounded to subangular grains firmly
bonded in a cement of hematite, chlorite, and clay.

Fossils are not abundant in the Virgelle. In a single collection
(USGS Mesozoic loc. D2201), from a sandstone concretion near
the middle of the formation, W. A. Cobban (written commun.,
1959) identified the pelecypods Cymbophora arenaria (Meek),
Malletia sp., Phelopteria n. sp., and Tellina sp.

Several specimens of Inoceramus lundbreckensis McLearn were
collected by W. A. Cobban and J. R. Gill in 1961 from magnetite-
rich sandstone capping the Virgelle on the north side of Montana
State Highway 200 (formerly State 20), about half a mile east
of the Dearborn River, in the NW1,SE1,4SE1/ sec. 16, T. 17 N,,
R. 5 W. According to Cobban (oral commun., 1961), this guide
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fossil occurs in the upper part of the Kevin Member and in the
Telegraph Creek Formation on the Sweetgrass arch. The occur-
rence of I. lundbreckensis at the top of the Virgelle is therefore
significant, for it probably indicates that the Virgelle Sandstone
of the Wolf Creek area is considerably older than its rock-strati-
graphic equivalent (the lower part of the Eagle Sandstone) in
central Montana and that the base of the Virgelle is probably
at least as old as the base of the Telegraph Creek Formation of
the central Montana sequence.

TWO MEDICINE FORMATION

The Two Medicine Formation comprises two spatially separated
rock sequences that differ greatly from each other in overall
lithology. These two sequences, which are separated by a north-
west-trending strip of highly deformed older rocks of Cretaceous
and Jurassic age (pl. 1), are informally named the western and
eastern facies on the basis of their geographic distribution in the
area. The western facies consists largely of volcanic rocks; the
eastern facies is composed mainly of sedimentary rocks.

WESTERN FACIES

The western facies is divided into a lower sedimentary member
and an upper volcanic member. North of the Wolf Creek area,
Viele and Harris (1965) assigned the name Two Medicine Forma-
tion to the sedimentary member and gave the name Big Skunk
Formation to the rocks herein designated as the volcanic member.
On geologic maps, however, that classification tends to obscure
the fact that the volcanic rocks are stratigraphically equivalent
to the upper part of the Two Medicine Formation in areas to the
east and north, inasmuch as the voleanic rocks are spatially sepa-
rated from the main body of the formation. Thie member ranking,
as used in this report, is therefore preferable.

The western facies attains a maximum thickness of about 4,800
feet (1,463 m) south and west of the Reef thrust fault. North and
east of the Reef thrust fault, the facies is about 3,600 feet (1,097
m) thick at the south, thins gradually to the north, and is about
2,700 feet (823 m) thick at the northwestern boundary of the
area.

SEDIMENTARY MEMBER

The sedimentary member rests conformably on the Virgelle
Sandstone. The contact is sharp and distinct. The thickness of the
member ranges from about 275 feet (84 m) in the southern part
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of the area to about 550 feet (168 m) at the northwest boundary.
The member consists of sandstone, mudstone, carbonaceous shale,
lignite, coal, bentonite, and fossiliferous mudstone of continental
and brackish-water origin.

More than 60 percent of the member consists of gray, green,
and tan sandstone that forms lenticular beds a few inches (sev-
eral centimeters) to 55 feet (17 m) thick. The sandstones are fine
to medium grained, thick bedded, locally crossbedded, and consist
of small grains of quartz, plagioclase feldspar, chert, biotite, mag-
netite, and porphyritic voleanic rock (rare) in a cement of calcite
and clay. Some of the thick sandstone beds in the lower part con-
tain large dark-brown calcareous sandstone concretions, have a
thin zone of magnetite-rich sand at the top, and closely resemble
the Virgelle Sandstone.

The mudstones are gray, tan, and green. They are generally
silty or sandy, poorly laminated, slightly calcareous, and in beds
a few inches (several centimeters) to several feet (1-2 m) thick.
Some are soft and friable and are probably bentonitic.

Thin beds of dark-brown to black carbonaceous shale, lignite,
and coal and yellowish-orange bentonite are conspicuous in the
lower part of the member. Ordinarily there are four or five car-
bonaceous beds. They are thinly laminated, as much as 3 feet (1
m) thick, and lenticular. The bentonite beds are a fraction of an
inch (a few millimeters) to 2 feet (60 ¢m) thick and are commonly
interlayered with the carbonaceous rocks.

A few thin beds of green, gray, and brown fossiliferous mud-
stone are present in the lower 60 feet (18 m) of the member.
They are as much as 2 feet (60 cm) thick and consist of internal
molds and shells of small brackish-water pelecypods and gastro-
pods in a matrix of gray or green mudstone or brown carbona-
ceous mudstone. In places, these beds consist almost entirely of
shell material, forming coquinoid limestone. Fossil pelecypods
from a limestone coquina about 5 feet (1.5 m) above the base of
the sedimentary member (USGS Mesozoic loc. D2207) were identi-
fied as Corbula n. sp. by W. A. Cobban (written commun., 1959).

VoLcanic MEMBER

The volcanic member is 4,500 feet (1,372 m) thick in the south-
ern part of the area, thins gradually northward, and is 2,200 feet
(671 m) thick along the northwestern boundary. It rests with
slight disconformity on the sedimentary member. The volcanic
member consists of an interlayered assemblage of clastic volcanic
wacks and lava flows, all of continental origin. It is divided into
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nine lithologic units, as follows, from oldest to youngest: A,
clastic volcanic rocks; AA, clastic volcanic rocks; B, latite flows;
C, ash-flow tuffs and clastic volcanic rocks; D, clastic volcanic
rocks; E, trachyte flow; F, clastic volcanic rocks; G, volcanic
conglomerate ; and H, clastic voleanic rocks. Chemical analyses of
rocks from the volcanic member are given in table 1.

Unit A (clastic volcanic rocks) —Unit A forms the base of the
volcanic member in the central and southern parts of the area,
south of Deadman Creek. It ranges in thickness from a feather-
edge to about 400 feet (122 m) and consists of volecanic sandstone,
siltstones, mudstone, and tuff.

The sandstone is mostly green, gray, and brown and is in beds as
much as 20 feet (6 m) thick. It is coarse grained, thick bedded,
commonly crossbedded, and consists of small grains of porphyritic
volcanic rock, plagioclase feldspar, augite, biotite, hornblende,
quartz, and magnetite in a cement of chlorite, sericite, and clay.
Some beds are locally conglomeratic and contain scattered pebbles
of gray and brown andesite and latite as much as 2 inches (5 cm)
across. The siltstone and mudstone are green and gray, generally
sandy, blocky and indistinctly bedded, and form beds as much as 3
feet (1 m) thick.

South of Rock Creek, unit A contains distinctive beds of ash-
fall tuff and lapilli tuff. The most conspicuous bed of ash-fall tuff
is as much as 10 feet (3 m) thick and is about 200 feet (60 m)
above the base. This tuff is pink to brick red, fine grained and com-
pact, and consists of devitrified glass shards and tiny crystals of
plagioclase, biotite, and quartz. Several thin lenses of light-brown-
ish-gray lapilli tuff are locally present in the upper half of the
unit near Rock Creek. They are as much as 5 feet (1.5 m) thick
and are composed of small angular fragments of andesite and
latite in a matrix of fine-grained tuff.

Unit AA (clastic volecanic rocks) . —Unit AA forms the base of
the volcanic member in the northwestern part of the area, north
of the Dearborn River. The unit occupies approximately the same
stratigraphic position as unit B, interfingers with ash-flow tuffs
in the lower part of unit C, and is probably somewhat younger
than unit A. Unit AA ranges in thickness from a featheredge to
about 200 feet (60 m) and consists of volcanic breccia, sandstone,
siltstone, and mudstone.

Volcanic breccia forms about two-thirds of the unit. This rock
is highly distinctive and is not found elsewhere in the volcanic
member. The breccia is red and green, generally well consolidated,
massive to thick bedded, and forms lenticular beds as much as 10
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feet (3 m) thick that cut 2 to 3 feet (60 cm to 1 m) into underly-
ing rocks. It is composed of angular to subrounded fragments of
welded ash-flow tuff, porphyritic andesite and latite, and volcanic
sandstone in a matrix of sandy volcanic mudstone. The fragments
range from pea-sized grains to blocks as much as a foot (30 cm)
across. The breccia beds probably represent stream-channel de-
posits derived from nearby bedrock.

Voleanic sandstone, in beds as much as 20 feet (6 m) thick,
forms about a third of the unit. The sandstone is red and brownish
red, coarse grained, thick bedded, commonly crossbedded, and
composed of grains of porphyritic voleanic rock, devitrified welded
tuff, plagioclase feldspar, augite, biotite, quartz, and magnetite
in a cement of iron-stained clay.

Volcanic siltstone and mudstone are rare. They are mostly red
and grayish red, generally blocky and indistinctly bedded, and
form beds a few inches (several centimeters) to as much as 3 feet
(1 m) thick.

Unit B (latite flows) .—Unit B is 300 to 650 feet (90 to 198 m)
thick south and west of the Reef thrust fault. North and east of
the fault, the thickness of the unit ranges from 550 feet (168 m)
in the southernmost exposure to about 5 feet (1.5 m) in the
northernmost exposure (pl. 1).

Over most of its outcrop, unit B consists of two flows of identi-
cal texture and composition and roughly the same thickness. At
the top of each flow is a vesicular zone 10 to 30 feet (3 to 9 m)
thick. Below the vesicular zones, the flows consist of massive
porphyritic latite. Flow structure is absent. Locally, the base of
the lower flow consists of a rubbly zone as much as 10 feet (8 m)
thick. This zone is formed of large angular blocks of massive
latite, some as much as 5 feet (1.5 m) across, in a matrix of green
and gray volcanic mudstone and siltstone derived from the under-
lying rocks. The volcanic sediments were probably squeezed up
and incorporated into the moving flow as it traveled over them.
In most places, the flows are traversed by steep contraction joints
that produce a rough columnar structure. This structure is par-
ticularly evident where the flows form steep cliffs, as along the
summit of the high ridge known as The Reef (pl. 1).

The latite flows are gray to dark greenish gray and weather
brown or brownish gray. They are porphyritic and consist of
small phenocrysts of labradorite and augite in a microcrystalline
groundmass of andesine, sanidine, augite, quartz, magnetite, and
apatite. The labradorite phenocrysts are 1 to 4 mm long, weakly
zoned, and range in composition from Ans;, to An,. The augite
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phenocrysts are prismatic and as much as 2 mm long. The vesicles
at the top of the flows are spherical to ovular and range from
about 1 mm to as much as 2 em in diameter. Most of them are
filled or lined with secondary minerals that include calcite, cela-
donite, quartz, and chalcedony. A chemical analysis of massive
latite from the lower flow is given in column 8 of table 1.

Unit C (ash-flow tuffs and clastic volcanic rocks).—Unit C
attains a maximum thickness of about 750 feet (229 m) in the
southern part of the area and thins gradually to about 175 feet
(53 m) in its northernmost exposures. The unit consists essen-
tially of interlayered sheets of ash-flow tuff. However, in a few
places, lentils of volcanic sandstone, siltstone, and mudstone are
present between the ash-flow sheets. These lentils range from a
foot (30 cm) or less to as much as 20 feet (6 m) in thickness;
one has a lateral extent of more than a mile (1.6 km). The thickest
lentils are shown on the geologic map (pl. 1).

In the southern part of the area, south of Rock Creek, unit C
is made up of five distinct sheets of ash-flow tuff. The four lower
sheets each attain a thickness of more than 150 feet (46 m). The
uppermost sheet is much thinner, having a maximum thickness of
about 50 feet (15 m). North of Rock Creek, the ash-flow unit in
most places consists of three separate tuff sheets, but locally it is
made up of two tuff sheets, and at one locality it consists of four.
All the tuff sheets thin gradually along strike and eventually pinch
out, but on the whole they are remarkably uniform in thickness
over long distances. The largest and most widespread sheet has a
strike length of more than 15 miles (24 km) in the Wolf Creek
area and continues southward in the adjoining Sheep Creek
quadrangle. This tuff sheet attains a maximum thickness of about
200 feet (60 m). The ash-flow tuffs are varicolored in shades of
red, purple, green, brown, and gray.

The thick sheets of ash-flow tuff have the zoned structure typi-
cal of this type of deposit. Where individual sheets are more than
60 feet (18 m) thick, they ordinarily consist of a central zone of
massive densely welded tuff bounded above and below by non-
welded rubbly pumiceous tuff ; where the sheets are 30 to 60 feet
(9 to 18 m) thick, they usually have a central zone of partial weld-
ing bounded by nonwelded material; where the sheets are less
than 30 feet (9 m) thick, they are composed entirely of nonwelded
pumiceous tuff. The thickness of the central zone of welding and
partial welding ranges from a featheredge to more than 140 feet
(43 m). :

The welded tuffs originated chiefly as a mixture of small glass
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shards and fragments of pumice that welded together to form
hard compact massive rock. These glassy components are now
almost completely devitrified to an aggregate of finely crystalline
quartz and alkali feldspar. Minor constituents are small crystals of
plagioclase feldspar, biotite, augite, magnetite, and quartz, and
small fragments of porphyritic volcanic rock. The devitrified
shards and pumice fragments are generally elongate, flattened, and
warped and molded around the small crystal grains and rock
fragments, imparting to the rocks the typical streaky foliate
structure of welded tuff. The pumice fragments are generally
small and are typically flattened into disc-shaped plates that
range from about 1 mm to as much as 2 em across. The non-
welded pumiceous tuffs are composed of the same constituents as
the welded rocks, but their glassy constituents were not flattened
and compacted; consequently, they are relatively soft and loosely
consolidated:

At several places, at and near the base of thick welded zones
in the larger tuff sheets, are small podlike masses of dark-gray
to black glassy welded tuff that have escaped devitrification. The
best exposures of the glassy welded tuff are on the north side of
the Stearns-Wolf Creek Road in the SE14SW14NE1; sec. 34, T.
15 N., R. 4 W., where pods of glassy tuff are distributed irregularly
at the base of the welded zone in the uppermost tuff sheet. The
glass pods, which range from less than a foot (30 cm) to as much
as 8 feet (2.4 m) across, grade outward through a transitional
envelope of partially devitrified tuff into the surrounding devitri-
fied tuff. The envelope of partially devitrified tuff surrounding the
largest glass pod is about 3 feet (1 m) thick. A specimen of glassy
welded tuff from this locality consists of small crystals of biotite,
andesine (An..,;), augite, and magnetite, and small accidental
fragments of porphyritic volecanic rock in a matrix of glass shards
and glassy pumice fragments. The shards and pumice fragments
are bent and flattened, molded around the small crystal grains and
rock fragments, and welded together to form a hard, compact,
obsidianlike rock. The glassy matrix is traversed by many perlitic
cracks.

Glassy welded tuff in the ash-flow unit was discovered by Adolph
Knopf in 1947 in the Burlington Northern Railway ballast quarry,
just south of the Wolf Creek area, in the Sheep Creek quadrangle.
The quarry is in the SE14SW1/, sec. 2, T. 14 N., R. 4 W. Barksdale
(1951) gave a brief description of the glassy tuff at this locality,
and later, Knopf (1957, p. 87) published an analysis of the rock.
In that analysis, however, K,O and H.O were transposed because
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of typographical error. The glassy tuff in the railway ballast
quarry is present in scattered podlike masses at the base of the
welded zone of the thickest tuff sheet in the ash-flow unit. This
tuff sheet is directly beneath the sheet that contains the pods of
glassy tuff along the Stearns-Wolf Creek Road. The glassy tuff
in the quarry is similar to that along the Stearns-Wolf Creek Road
but contains small phenocrysts of labradorite and hornblende and
lacks biotite.

The podlike masses of glassy tuff are probably the remnants of
a once continuous thin layer of dense black glass that formed at
the base of the welded zones of the tuff sheets. Layers of this sort
form the base of welded tuff sheets in other regions, notably in
Yellowstone National Park (Boyd, 1961, p. 394-395). Why the
glassy tuff in the ash-flow sheets near Wolf Creek has escaped
devitrification is not known. The presence of the glass is especially
remarkable in view of the Late Cretaceous age of the rock.

Chemical analyses given in columns 5 and 7 of table 1 show
that the glassy rocks along the Stearns-Wolf Creek Road and
those in the railway ballast quarry are similar in chemical com-
position. They are characterized by a high content of CaO and
H.O and a low content of K,O. The devitrified rocks, on the other
hand, as shown by analyses 6 and 8, are characterized by a low
content of CaO and H,0O and a high content of K.O. The chemical
analyses appear to indicate that large amounts of potassium have
migrated into and that large amounts of calcium and water have
migrated out of the devitrified tuffs since their deposition. The
glassy rocks are essentially unaltered, except for hydration of the
glass, and should represent the original composition of the welded
rocks.

Unit D (clastic volcanic rocks).—Unit D is 700 to 1,000 feet
(213 to 305 m) thick in the main belt of the volecanic member
that extends northwestward through the area. Above the Hicks
Ranch thrust fault, in the southwestern part of the area, the
unit attains a maximum thickness of about 1,500 feet (457 m).

In the main belt, unit D consists of volcanic sandstone, con-
glomerate, siltstone, mudstone, tuff, and bentonite. Beds of
maroon, purple, brown, and dark-green volcanic sandstone form
more than half the unit. The sandstone is fine to coarse grained,
thick bedded, commonly crossbedded, and forms beds as much as
20 feet (6 m) thick. It consists of grains of porphyritic volcanic
rock, welded tuff, plagioclase feldspar, augite, magnetite, biotite,
hornblende, and rare quartz in a cement of chlorite, sericite, and
clay. Some beds of coarse-grained sandstone grade laterally into
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lenses of volcanic conglomerate as much as 6 feet (2 m) thick that
consist largely of pebbles and cobbles of andesite, latite, and
welded tuff in a matrix of coarse volcanic sandstone. Boulders as
much as a foot (30 cm) long locally are present in the deposits.
The volcanic siltstone and mudstone are green, gray, red, and
purple and form beds as much as 4 feet (1.2 m) thick. They are
commonly massive and poorly fissile and contain abundant sand-
sized grains and streaks of dark carbonaceous material. In the
southern part of the area, one or two thin beds of pink to white
ash-fall tuff are present near the middle of the unit and a thin bed
of pale-green bentonite occurs near the base.

Above the Hicks Ranch thrust fault, the unit consists principally
of thick beds of volcanic sandstone, conglomerate, and breccia.
Thin beds of volcanic siltstone and mudstone are present locally.
The sandstone is green and brown, thick bedded, arkosic, and
commonly contains abundant granules and small pebbles of por-
phyritic volecanic rock. It forms beds as much as 20 feet (6 m)
thick. The conglomerate is green and maroon, poorly layered,
and forms beds as much as 30 feet (9 m) thick. It consists of
pebbles, cobbles, and boulders of andesite, latite, and welded
rhyolitic tuff in a matrix of coarse volcanic sandstone. The boul-
ders are as much as 3 feet (1 m) long. The breccia is green and
brown, massive and unsorted, and lacks visible layering. It forms
lenticular beds as much as 60 feet (18 m) thick and large irregular
masses as much as 200 feet (60 m) thick composed of angular
fragments of andesite, latite, and quartz latite in a matrix of
coarse lithic tuff. The breccia fragments are as much as 6 feet
(2 m) across.

Unit E (trachyte flow) —Unit E is 50 to 500 feet (15 to 1562 m)
thick south and west of the Reef thrust fault. The unit is absent
north and east of the Reef thrust fault and must wedge out be-
neath the fault.

The lower part of the flow is brownish-gray massive banded
rock. The upper part is generally purplish red and is highly vesicu-
lar. The massive rock has a faint but persistent banding produced
by thin alternating layers of light and dark rock as much as 1 cm
thick. The layers are ordinarily alined parallel to the flow bound-
aries, but in places they are wavy and contorted. The banding is
probably flow structure.

The massive trachyte is porphyritic and is made up of small
phenocrysts of plagioclase feldspar and augite in a microcrystal-
line groundmass of sanidine, andesine, augite, magnetite, biotite,
and apatite. The plagioclase phenocrysts are mostly less than 2
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mm long, are weakly zoned, and range in composition from
andesine (An,) to labradorite (An,,). Some of the plagioclase
phenocrysts are surrounded by irregular rims of clear sanidine.
The augite phenocrysts occur as short prismatic crystals mostly
less than 1 mm long. The vesicular zone at the top of the flow is
as much as 60 feet (18 m) thick. The vesicles are generally elon-
gate and are alined parallel to the upper surface of the flow. They
are as much as 4 cm long, and most are lined or filled with sec-
ondary minerals that include zeolites, chalcedony, and calcite. A
chemical analysis of massive trachyte from the lower part of the
flow is given in column 4 of table 1. Chemically, the rock is char-
acterized by a high content of K,O.

Unit F (clastic volecanic rocks).—Unit F is similar to unit D.
The only real difference is color: unit D is characterized by reddish
and purplish beds and unit F by dark-olive-gray beds. North and
east of the Reef thrust fault (pl. 1), where the trachyte flow of
unit E is absent, the boundary between units D and F is grada-
tional.

Unit F has a maximum thickness of about 1,100 feet (335 m)
in the southern part of the area, thins gradually to the north,
and is about 300 feet (90 m) thick in its northernmost exposures.
The unit consists chiefly of voleanic sandstone, conglomerate, silt-
stone, and mudstone. In the south-central part of the area, the
unit contains a body of volcanic breccia.

The voleanic sandstone is mostly dark olive gray, but some is
dark purplish gray and grayish red. It is generally coarse grained,
thick bedded, crossbedded, and arkosic and forms beds as much
as 10 feet (8 m) thick. Most of it consists of small grains of
porphyritic volcanic rock, welded tuff, plagioclase feldspar, augite,
and magnetite in a finely crystalline cement of chlorite, sericite,
and clay. Scarce grains of biotite, hornblende, and quartz are
present in some of the rocks. Some of the sandstone beds contain
large amounts of heulandite that fills interstices and coats bedding
surfaces. The heulandite gives the rocks a general reddish or
pinkish cast.

Beds of sandstone in the upper part of the unit commonly grade
into lenses of volcanic conglomerate, as much as 10 feet (3 m)
thick, that fill shallow channels cut in underlying beds. The con-
glomerate consists of rounded clasts of andesite, latite, and welded
tuff in a matrix of coarse volcanic sandstone. The clasts are mainly
of pebble and cobble size but include a few boulders as much as 2
feet (60 cm) across.

The volcanic siltstone and mudstone are mostly olive gray, but
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in places they are grayish red and maroon. Commonly they are
massive and poorly fissile and contain abundant sand-size grains.
They form beds a few inches (several centimeters) to several
feet (1-2 m) thick.

A separately mapped body of dark-brownish-gray volcanic brec-
cia is present near the middle of the unit south and west of the
Reef thrust fault (pl. 1). The breccia mass is broadly lenticular,
is 5 to 150 feet (1.5 to 46 m) thick, and is mainly composed of
large angular blocks of trachyte and scattered small blocks of
andesite and latite in a matrix of coarse lithic tuff. The blocks of
trachyte, as much as 6 feet (2 m) across, form about 60 percent
of the breccia. The trachyte has the same texture and composi-
tion as the trachyte of unit E. The breccia is poorly consolidated,
unsorted, and has no visible layering. The lack of internal sorting
and the large size and angularity of the trachyte blocks suggest
that the breccia was derived from a nearby source.

Unit G (volecanic conglomerate) —Unit G attains a maximum
thickness of about 300 feet (90 m) in the southern part of the
area and thins to a featheredge to the north. It consists largely
of dark-greenish-gray and maroon volcanic conglomerate com-
posed of abundant clasts of welded tuff, augite andesite, and horn-
blende andesite and fewer clasts of latite, quartz latite, quartzite,
and petrified wood. The clasts are well rounded and closely packed,
and the intervening spaces are filled with volcanic sandstone and
sandy siltstone. The clasts range from pea-size granules to boul-
ders as much as 2 feet (60 cm) across, but most are of pebble and
cobble size and 1 to 6 inches (2.5 to 15 cm) across.

The conglomerate is unsorted and lacks any visible sign of
stratification or other internal features that might indicate a
stream-laid origin. The contact of the conglomerate with the un-
derlying rocks of unit F is remarkably smooth and lacks the chan-
neling or undulation that is ordinarily found at the base of stream-
channel conglomerate. This feature and the coarse, unsorted, and
generally structureless nature of the unit suggest that it may be a
sheetflow deposit laid down on a nearly level plain or pediment
close to the highland source from which it was derived.

Chemical analyses of cobbles of augite andesite and hornblende
andesite from the conglomerate are given in columns 1 and 2,
table 1. :

Unit H (clastic voleanic rocks) —Unit H is 550 to 1,050 feet
(168 to 320 m) thick and consists of volcanic sandstone, con-
glomerate, siltstone, mudstone, and ash-fall tuff. The generally
lighter color of the rocks and the presence of thin beds of ash-fall
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tuff distinguish unit H from unit F. In the northern part of the
area, where the volcanic conglomerate of unit G is absent (pl. 1),
the contact between units H and F is placed at the base of the
lowermost bed of ash-fall tuff in unit H.

Green, gray, brown, and maroon volcanic sandstone, in beds that
range from about a foot (80 cm) to 30 feet (9 m) in thickness,
are common throughout unit H. The rocks are fine to coarse
grained, thick bedded, commonly crossbedded, and consist mainly
of small grains of porphyritic volecanic rock, welded tuff, plagio-
clase feldspar, augite, and magnetite in a cement of chlorite, seri-
cite, and clay. Scarce grains of hornblende, biotite, and quartz are
present in some of the rocks. Some beds of coarse-grained sand-
stone are cemented with reddish-brown heulandite and in this
respect are like some of those in unit F. Sandstone beds in the
lower and upper parts of the unit locally grade into lenses of vol-
canic conglomerate a few inches (several centimeters) to 6 feet
(2 m) thick. The conglomerate is composed of well-rounded clasts
of andesite, latite, and welded tuff in a matrix of coarse volcanic
sandstone. The clasts are predominantly of pebble and cobble size
but range to boulders as much as a foot (30 cm) across.

Volcanic siltstone and mudstone form perhaps as much as half
of the unit. They are generally green, gray, and maroon and form
beds a fraction of an inch (a few millimeters) to several feet (1-2
m) thick. They are generally sandy and contain visible grains of
plagioclase feldspar, biotite, augite, and quartz. Some are cal-
careous.

As many as seven beds of ash-fall tuff are distributed through-
out unit H. The tuff beds are light greenish gray, brown, pink, and
white and are a few inches (several centimeters) to 15 feet (5 m)
thick. Most commonly they are thin bedded, hard and compact,
and break into small slabs. The tuffs are composed of tiny angular
crystals of quartz, feldspar, and biotite in a matrix of devitrified
glass shards. In places, some of the thicker beds consist of alter-
nating layers of soft friable bentonitic tuff and hard dense crystal-

line tuff.

Correlation and age.—The volcanic member of the Two Medi-
cine Formation is compositionally similar to, and occupies roughly
the same stratigraphic position as the Elkhorn Mountains Vol-
canics of Late Cretaceous age, which is widely distributed in and
around the Elkhorn Mountains southeast of Helena, Mont. The
volcanic member is considered to represent part of the northerr
extension of the Elkhorn Mountains volcanic field that once cov-
ered an area of some 15,000 km? in northwest Montana, and,
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prior to the Late Cretaceous-early Tertiary orogeny, was pre-
sumably connected with the Elkhorn volcanic pile (Robinson and
others, 1968, p. 563 ; Klepper and others, 1971, fig. 4). The precise
age limits of the Elkhorn Mountains Volcanics are unknown, for
the lower part of the formation lacks diagnostic fossils and the
top of the formation has been removed by erosion. On the basis
of stratigraphic and paleontologic evidence, the Elkhorn Moun-
tains Volcanics appears to be largely, if not entirely, of Campanian
Age and is roughly correlated eastward with the Eagle Sandstone,
Claggett Shale, and Judith River Formation of the central Mon-
tana sequence (Klepper and others, 1957, p. 37-38, fig. 3 ; Robinson
and others, 1968, p. 566-567).

The age limits of the volecanic member of the Two Medicine For-
mation are also not well defined, for diagnostic fossils have not
been found in the member or in immediately adjoining rocks.
However, some indication of the age of the base of the volcanic
member is provided by stratigraphic and paleontologic evidence
in underlying rocks. In the Wolf Creek area, the lower part of
the Telegraph Creek Formation contains the cephalopod Cliosca-
phites vermiformis (Meek and Hayden) and the top of the Virgelle
Sandstone contains the pelecypod Inoceramus lundbreckensis Mc-
Learn. Contrarily, on the Sweetgrass arch, C. vermiformis is
found 100-200 feet (30-60 m) below the top of the Kevin Member
(Niobrara equivalent) and I. lundbreckensis in the upper part of
the Kevin and in the Telegraph Creek Formation. These relations
indicate that the Telegraph Creek Formation and the Virgelle
Sandstone of the Wolf Creek area are considerably older than
equivalent rock-stratigraphic units in central Montana. Accord-
ingly, the base of the Two Medicine Formation in the Wolf Creek
area is probably older than the base of the Eagle Sandstone of
central Montana, and the base of the voleanic member could be at
least as old as the middle part of the Eagle of the central Montana
sequence.

Additional evidence for dating the volcanic member comes from
rocks of equivalent age outside the Wolf Creek area. According
to J. R. Gill (written commun., 1962), ash-flow tuffs in the lower
part of the member are probably equivalent in age to thin beds of
bentonite in the basal part of the Claggett Shale, and beds of ash-
fall tuff in the upper part of the member are probably equivalent
in age to thin beds of bentonite in the lower part of the Bearpaw
Shale of central Montana. If these correlations are correct, the
voleanic member would then range from roughly middle Eagle
(lower Campanian) to middle Bearpaw (upper Campanian) of the
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central Montana sequence. This age assignment was adopted by
Gill and Cobban (1966, pl. 3) in correlating the volcanic member
with the Upper Cretaceous rocks of central Montana.

Gill and Cobban (1966, table 2, p. A35) also presented data
that provide a basis for estimating the absolute age limits of the
volcanic member. Relating the ammonite sequence of Upper Cre-
taceous rocks of the Western Interior to potassium-argon age de-
terminations, they were able to estimate dates for the various
ammonite zones, permitting calculation of the age span of Upper
Cretaceous stages and rock-stratigraphic units. In the section of
Upper Cretaceous strata along the Dearborn River, in the north-
western part of the Wolf Creek area, Gill and Cobban (1966, pl.
3) located the base of the Baculites cuneatus Range Zone, which
has a median estimated age of 72.5 m.y., slightly above the top
of the volcanic member, and located the base of the Baculites
obtusus Range Zone, which has a median estimated age of 79.5
m.y., near the middle of the ash-flow tuff unit (unit C), about 300
feet (90 m) above the base of the volcanic member. The member
therefore ranges in age from about 73 m.y. to about 80.5 m.y. and
has an age span of about 714 m.y., according to Gill and Cobban’s
chronology.

The few radiometric age determinations so far obtained on
rocks from the voleanic member appear to be unreliable. Robin-
son and Marvin (1967) obtained a potassium-argon age of 73 *+ 2
m.y. on biotite and a potassium-argon age of 72 + 7 m.y. on plagio-
clase feldspar from samples of glassy welded tuff in the lower part
of the volcanic member in the Wolf Creek area. These age deter-
minations are not in accord with the age of the volcanic member
deduced by Gill and Cobban (1966, pl. 3) and are much younger
than the median age of 78 m.y. obtained by Tilling and others
(1968, p. 677) on hornblende from rocks low in the correlative
Elkhorn Mountains Volcanics. These facts indicate that the dates
obtained on the Wolf Creek glasses are minimum ages and that
the glasses are actually several million years older than those
dates suggest (Robinson and Marvin, 1967, p. 607; Robinson and
others, 1968, p. 568).

The estimated age of the volcanic member and its probable
correlation with rocks of other areas in Montana and Wyoming

are shown graphically on plate 2.
EASTERN FACIES

The eastern facies of the Two Medicine Formation rests con-
formably on the Virgelle Sandstone and is about 1,950 feet (594
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m) thick. The facies consists of a wide variety of sedimentary and
volcaniclastic rocks, most of which are of continental origin.

The lower 400 feet (122 m) of the eastern facies is equivalent
to the sedimentary member of the western facies and consists of
sandstone, mudstone, conglomerate, carbonaceous shale, lignite,
coal, bentonite, and fossiliferous mudstone. The sandstone is gray,
green, and tan, fine grained, thick bedded, crossbedded, and in beds
as much as 40 feet (12 m) thick. Most of the sandstone is cal-
careous and some beds contain large calcareous sandstone concre-
tions. The mudstone is green and gray and in thin beds. It is com-
monly silty or sandy and is blocky and indistinctly bedded. Some
is bentonitic. Thin short lenses of conglomerate, locally about 200
feet (60 m) above the base of the facies, are less than a foot (30
cm) thick and are composed of smoothly rounded pebbles of chert,
quartzite, limestone, and porphyritic volcanic rock. As many as 10
lensing beds of dark-brown to black carbonaceous shale, lignite,
and coal in the lower 130 feet (40 m) of the facies are a few inches
(several centimeters) to 6 feet (2 m) thick. Thin beds of yellow-
ish-orange bentonite commonly are present in the carbonaceous
layers. Beds of fossiliferous mudstone are confined to the lower
60 feet (18 m) of the facies. They are as much as 6 feet (2 m)
thick and consist of the internal molds and shells of small brack-
ish-water pelecypods and gastropods in a matrix of green or gray
mudstone or brown carbonaceous mudstone. Pelecypods collected
from one of these beds (USGS Mesozoic loc. D2686) were iden-
tified by W. A. Cobban (written commun., 1960) as Anomia mi-
cronema Meek and Hayden and Corbula cf. C. subtrigonalis Meek
and Hayden.

The lower beds are overlain by about 150 feet (46 m) of vol-
canic sandstone, siltstone, mudstone, and ash-fall tuff. The vol-
canic sandstone is mostly dark grayish green, coarse grained,
and thick bedded and forms beds a few inches (several centi-
meters) to 15 feet (4.6 m) thick. It consists of small grains of
porphyritic volcanic rock, plagioclase feldspar, augite, biotite,
and magnetite in a cement of chlorite, sericite, and clay. The base
of the sequence is usually marked by a thick bed of dark-green
conglomeratic sandstone that contains small rounded pebbles of
porphyritic volcanic rock. The volcanic siltstone and mudstone
are mostly grayish green, gray, and olive gray and in beds a few
inches (several centimeters) to several feet (1-2 m) thick. They
are generally sandy and blocky and indistinctly bedded. In most
places, the top of the sequence consists of a distinctive bed of
light-green, pink, and white ash-fall tuff 1 to 8 feet (30 cm to 2.4
m) thick. The tuff is hard and compact, breaks with conchoidal
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fracture, and is composed of devitrified glass shards and small
scattered grains of plagioclase feldspar, biotite, magnetite, and
devitrified pumice. The tuff is probably equivalent to part of the
ash-flow tuff unit (unit C) in the volcanic member of the western
facies.

Above the volecanic strata is about 800 feet (244 m) of non-
volcanic sandstone, siltstone, mudstone, limestone, and bentonite.
The sandstone is green, gray, tan, and brown, fine to medium
grained, thin to thick bedded, locally crossbedded, and in beds as
much as 20 feet (6 m) thick. Most is calcareous, and some contains
dark-brown calcareous sandstone concretions as much as 2 feet
(60 cm) across. The sandstone consists of small grains of quartz,
chert, feldspar, augite, and magnetite in a cement of calcite and
clay. The siltstone and mudstone are mostly green and gray, but
some are maroon, They form thin beds and are commonly blocky
and poorly bedded, although some are thinly laminated and re-
semble shale. A few thin beds of dark-bluish-gray carbonaceous
mudstone and pale-green bentonite are usually present in the
lower part of the sequence, and several thin beds of light-gray
nodular limestone are present in the upper part.

The upper 600 feet (183 m) of the eastern facies consists
mainly of. clastic volcanic rocks, of which more than half are
variegated beds of volcanic sandstone as much as 30 feet (9 m)
thick. The sandstone is fine to coarse grained, thick-bedded, com-
monly crossbedded, and consists of grains of porphyritic volcanic
rock, devitrified welded tuff, plagioclase feldspar, augite, biotite,
and magnetite in a cement of chlorite, sericite, and clay. Dino-
saur bone fragments and pieces of petrified wood are present
locally in these beds. Some of the coarse sandstone beds in the
lower part of the sequence contain thin lenses of volcanic con-
glomerate made up of small rounded pebbles of andesite, latite,
and devitrified welded tuff. Beds of green and gray volcanic silt-
stone and mudstone, as much as 6 feet (2 m) thick, are
interlayered with the volcanic sandstone. The siltstone and
mudstone are commonly massive or indistinctly bedded and
contain abundant sand-size grains. Some of the mudstone con-
tains nodular limy concretions as much as 4 inches (10 cm)
across, and thin beds of dark-gray, orange-weathered nodular
limestone are interlayered with green mudstones near the top of
the sequence. Some of the limy beds contain internal molds of
freshwater gastropods. As many as four thin beds of ash-fall tuff
are found at widely spaced intervals in the sequence. They are
white and light greenish gray, hard and compact, and as much as
4 feet (1.2 m) thick. These tuffs are probably equivalent to some
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of the beds of ash-fall tuff in unit H of the volecanic member of the
western facies.

ST. MARY RIVER FORMATION

The main mass of the St. Mary River Formation lies con-
formably on the western facies of the Two Medicine Formation
and is about 1,200 feet (8366 m) thick. A thin sequence of rocks
assigned to the St. Mary River Formation is present in places
beneath the Adel Mountain Volcanics of Lyons (1944) in the
eastern part of the area. This sequence has a maximum thickness
of about 60 feet (18 m), represents the lowermost part of the
St. Mary River Formation, and rests conformably on the eastern
facies of the Two Medicine Formation.

The main body of the St. Mary River is composed of sandstone,
siltstone, mudstone, and tuff and is largely of continental origin.
Beds of sandstone constitute about 40 percent of the formation.
They are green, gray, and tan, fine to medium grained, thin to
thick bedded, locally crossbedded, and as much as 20 feet (6 m)
thick. Most of the sandstone is composed of abundant small
grains of feldspar and chert and scarce grains of quartz and mag-
netite in a cement of calcite and clay. Several lensing beds of dark-
greenish-gray volcanic sandstone, as much as 6 feet.(2 m) thick,
are present in the lower 60 feet (18 m) of the formation west of
the Reef thrust fault. Siltstone and mudstone make up about 60
percent of the St. Mary River and form beds a few inches (sev-
eral centimeters) to 10 feet (3 m) thick. They are generally
sandy or silty and are usually weathered at the surface to a dis- .
tinctive soft punky gray or gray-green soil. Many of the mud-
stone beds, especially those in the upper part of the formation,
contain small knobby calcareous concretions that weather out and
are widely strewn over the ground. Several beds of purple and
maroon mudstone and siltstone are ordinarily present in the lower
and middle parts of the formation, and a few thin lensing beds of
dark-gray carbonaceous mudstone usually occur in the lower part.
A thin discontinuous bed of pale-green ash-fall tuff is found
about 100 feet (30 m) below the top of the formation north of the
Reef thrust fault.

A distinctive bed of grayish-green fossiliferous mudstone that
contains brackish-water pelecypods and gastropods crops out 140
feet (43 m) above the base of the St. Mary River in exposures
north of the Reef thrust fault. The bed is as much as 20 feet (6
m) thick and locally consists of a coquina made up almost entirely
of the shells of the oyster Crassostrea wyomingensis (Meek) (W.
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A. Cobban, written commun., 1964). South and west of the Reef
thrust fault, only scattered shells of this oyster are present in a
zone approximately 120 to 140 feet (37 to 43 m) above the base.

The rocks of the St. Mary River Formation that underlie the
Adel Mountain Volcanics of Lyons (1944) consist of green, gray,
brown, and tan tuffaceous sandstone, siltstone, mudstone, and
conglomeratic sandstone. The sandstone is in beds as much as 20
feet (6 m) thick, is fine-grained, and contains large dark-brown
calcareous sandstone concretions. It is composed of small grains
of quartz, feldspar, pyroxene, magnetite, and porphyritic volcanic
rock in a cement of calcite and clay. Locally the sandstone beds
are conglomeratic, containing scattered pebbles of latite, andesite,
and devitrified welded tuff as much as 3 inches (8 cm) long. The
gilstone and mudstone are grayish green and gray and form beds
as much as 10 feet (8 m) thick. They are generally weakly con-
solidated, calcareous, and weather to a soft punky gray-green soil.
Invertebrate fossils are locally abundant in the rocks. Fossils col-
lected from a sandstone bed on the northwest flank of Coburn
Mountain (USGS Mesozoic loc. D2216) were identified by W. A.
Cobban (written commun., 1959) as the oyster Crassostrea
wyomingensis (Meek), a species of the small clam Anomia, and
the snail Melania? cf. M.? whiteavesi Stanton. Shells of Cras-
sostrea wyomingensis are scattered throughout the sequence and
are locally concentrated in beds of grayish-green mudstone.

CRETACEOUS AND TERTIARY SYSTEMS

The Cretaceous and Tertiary Systems are represented by the
Willow Creek Formation of Late Cretaceous and early Paleocene
age, the Adel Mountain Volcanics of Lyons (1944) of probable
Paleocene age, and older colluvial deposits of probable Pliocene
age. The maximum aggregate thickness of these rocks is about
4,320 feet (1,317 m).

WILLOW CREEK FORMATION

The Willow Creek Formation is gradational with the underlying
St. Mary River Formation. In a rather ill-defined zone, 20 to 30
feet (6 to 9 m) thick, gray-green beds of the St. Mary River grade
upward into alternating red, green, and gray beds of the Willow
Creek. The top of the Willow Creek is marked by thrust faults or
by the present erosion surface, and an unknown thickness is miss-
ing. The maximum exposed thickness is about 1,400 feet (427 m).
The Willow Creek consists of sandstone, siltstone, mudstone,
pebble conglomerate, and nodular limestone of continental origin.
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About 40 percent of the Willow Creek is red, green, gray, and
brown tuffaceous sandstone. These rocks are fine to coarse grained,
mostly thick bedded, commonly crossbedded, and form beds as
much as 20 feet (6 m) thick. Typical red sandstone near the
middle of the formation consists of small grains of quartz, chert,
plagioclase feldspar, augite, hornblende, biotite, magnetite, por-
phyritic volcanic rock, and devitrified welded tuff cemented with
calcite, clay, and a red iron oxide, which is probably hematite.
Quartz is universally present in the sandstone and forms as much
as 30 percent of the constituent grains. In the lower 600 feet
(183 m) of the formation, beds of red and brown arkosic sand-
stone locally contain thin lenses of conglomerate composed of
small smoothly rounded pebbles of porphyritic voleanic rock,
devitrified welded tuff, and chert. Beds of siltstone and mudstone
constitute about 60 percent of the formation. They are red, purple,
gray, and green, generally blocky and indistinctly bedded, and
as much as 20 feet (6 m) thick. Most are calcareous. Red and
green mottled mudstone is common in the lower part of the for-
mation. Some of the gray and green mudstone contains small
knobby light-gray calcareous concretions that weather out and
are widely strewn over the ground. A few thin lenses of gray,
pink-weathered nodular limestone are present in the lower part
of the formation.

Fossils were not found in the Willow Creek Formation in the
Wolf Creek area. In Alberta, Canada, the lower part of the Willow
Creek is of Late Cretaceous age and the upper part is of Paleo-
cene age (Tozer, 1956, p. 23-27).

ADEL MOUNTAIN VOLCANICS OF LYONS (1944)

The Adel Mountain Voleanics of Lyons (1944) lies uncon-
formably on the eastern facies of the Two Medicine Formation
and, in a few places, on basal strata of the St. Mary River Forma-
tion and has a maximum thickness of about 2,900 feet (884 m).
The formation consists of clastic voleanic rocks and lava flows, all
of continental origin. It is divided into five major lithologic units:
A, volcanic breccia; B, trachybasalt flows; C, trachyandesite
flow; D, lacustrine deposits; and E, volcanic conglomerate. Chemi-
cal analyses of these rocks are given in table 2.

Unit A (volcanic breccia) —Unit A, incorporating a few thin
flows of trachybasalt (unit B) and a flow of trachyandesite (unit
C), constitutes the basal part of the Adel Mountain Volcanics of
Lyons (1944) and has a maximum thickness of about 1,200 feet
(366 m).
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TABLE 2.—Chemical analyses of rocks from the Adel Mountain Volcanics of
Lyons (1944)

id rock analyses by P. L. D. Elmore, L. Artis, G. W. Chloe, J. Kelsey, S. D. Botts,
(Rapld = J.yL. Glgnn, and H. Smith, U.S. Geol. Survey, Dec. 5, 1967]

1 2 3 4 5 6
Laboratory No. W169255 W169251 W169253 W169254 W169250 W169252
Field No. ... WC61-1TH  WC61-9 WC61-17D  WC61-17E  WC61-8  WC81-10
51.3 52.0 54.0 54.0 55.5 65.1
16.6 16.7 18.9 19.1 19.0 17.2
8.0 2.6 4.4 3.7 4.4 2.6
3.7 5.5 1.7 24 2.7 .06
3.6 4.8 1.8 1.6 1.8 .95
8.3 8.5 6.4 6.6 7.1 3.2
3.6 2.9 4.8 2.5 4.0 5.4
3.3 3.3 2.7 5.3 3.5 3.7
18 L7 3.8 1.9 .69 .38
.53 .49 .48 2.0 .31 12
.60 .85 42 49 .39 b3
.61 43 .34 21 .35 .14
12 15 .18 .22 15 A1
<.05 <.05 <.05 <.05 <.05 <.05
99.96 99.92 99.92 100.02 99.89 99.89

1. Augite trachybasalt; cobble in volcanic conglomerate, lower part of unit E, 1 mile
east of Coburn Mountain, in NW14 sec. 21, T. 16 N., R. 3 W., Mid Canon gquadrangle.
2. Augite trachybasalt flow; part of unit B, 3 miles east of Flat Creek, in NE4 sec.
8, T. 17 N, R. 3 W,, Coburn Mountain quadrangle.
3. Analcime-bearing augite trachyandesite; cobble in voleanic conglomerate, lower
part of unit B, same locality as 1 above.
b4. Latite; cobble in volcanic conglomerate, lower part of unit I, same locality as 1
above.
5. Augite trachyandesite flow; part of unit C, 3 mlles east of Flat Creek, in NEY
sec. 17, T. 17 N., R. 3 W., Coburn Mountain quadrangle.
6. Quartz latite; cobble in volcanic conglomerate, upper part of unit 13, in SW14 sec.
8, T. 16 N., R. 3 W, Coburn Mountain quadrangle.

The unit consists chiefly of red, brown, and green volcanic
breccia composed of angular blocks and fragments of trachy-
basalt and trachyandesite in a matrix of coarse tuff. The lower
half of the unit is made up of coarse unsorted interfingering masses
of breccia that contain blocks of trachybasalt as much as 15 feet
(5 m) across. The upper half of the unit is less coarse, is crudely
stratified, and contains a few thin lenses of volcanic conglomerate
and sandstone. At several places, thick masses of breccia made up
of closely packed angular blocks of dark-green trachybasalt
are present in the lower part of the unit. A tuff matrix is lacking
in these breccias, and they are extremely compact and firmly
indurated. Breccia of this sort caps the summit of Coburn Moun-
tain, and a large lens of the rock is present near the mouth of
Sullivan Creek along the northwest border of the area. These
rocks may represent flow breccia or block lava flows.

Most of the fragments in the breccia are trachybasalt. The typi-
cal rock is dark gray, coarsely porphyritic, and composed of
abundant large prismatic phenocrysts of augite in a fine-grained
groundmass of labradorite, sanidine, augite, magnetite, and apa-
tite. Numerous small euhedral crystals of analcime, as much as 1
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mm across, and small crystals of olivine, usually altered to idding-
site or chlorite, are generally present in the groundmass.

Trachyandesite fragments are much less abundant than trachy-
basalt. They are gray, green, brown, and red, finely porphyritic,
and typically composed of small phenocrysts of augite and ande-
sine in a groundmass of andesine, sanidine, augite, magnetite, and
apatite. Scattered small euhedral crystals of analcime are present
in the groundmass of some of the trachyandesite fragments; a
few contain small phenocrysts and groundmass grains of green
hornblende.

The lower few feet of the breccia unit ordinarily contains
fragments of sandstone and mudstone derived from the underly-
ing Two Medicine and St. Mary River Formations; locally, the
sediments have been squeezed up into the breccia and are molded
around blocks at its base. This suggests that the deposit moved
laterally across the Two Medicine and St. Mary River beds as a
sheetlike mass or volcanic mudflow. The unsorted nature of the
basal breccia, which is composed of volcanic materials ranging
from ash-size particles to huge blocks 15 feet (5 m) across, is
also indicative of a mudflow origin.

Unit B (trachybasalt flows).—Several thin flows of trachy-
basalt are present within unit A. They form short tabular and
irregular bodies having a maximum thickness of about 30 feet
(9 m). Some of the masses mapped as trachybasalt flows may
actually represent sills or small irregular intrusive bodies. The
trachybasalt flow rock is lithically similar to trachybasalt frag-
ments in the breccia unit. A chemical analysis of a representative
flow is given in column 2 of table 2. The high content of potassium
is the chief chemical characteristic of the rock.

Unit C (trachyandesite flow).—Four small tabular masses of
trachyandesite overlying volcanic breccia in the northeast part
of the area presumably are erosional remnants of a lava flow that
once covered a much larger area. The maximum thickness of the
flow is about 40 feet (12 m). The rock is gray, finely por-
phyritic, and composed of small phenocrysts of andesine and
augite in a very fine grained groundmass of andesine, sanidine,
augite, olivine, biotite, magnetite, and apatite. A chemical analysis
is given in column 5 of table 2. The rock is characterized by a
high potassium content.

Unit D (lacustrine deposits). —Lacustrine deposits range in
thickness from a featheredge to about 500 feet (152 m), rest dis-
cordantly on the breccia unit, and consist of volcanic sandstone,
siltstone, mudstone, and tuff.

Voleanic sandstone and siltstone, in beds a fraction of an inch
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(a few millimeters) to a foot (30 cm) thick, form about two-
thirds of the lacustrine unit. They are gray, brown, and tan, fine
grained, thin bedded, and composed of small grains of porphyritic
volcanic rock, plagioclase feldspar, augite, hornblende, and mag-
netite, and small fragments of dark-brown to black carbonaceous
plant material in a cement of clay. Some of the sandstone and silt-
stone beds contain abundant but poorly preserved leaf impressions
on their bedding surfaces. Beds of mudstone constitute about a
third of the unit and are generally 1 or 2 inches (a few centi-
meters) thick. They are thinly and evenly bedded and commonly
have small folds that are the result of slumping or gliding during
deposition. Locally, a thin bed of pale-green ash-fall tuff, as much
as 2 feet (60 cm) thick, is found a few feet (1-2 m) above the
base of the unit.

The lacustrine deposits consist almost entirely of mineral and
rock constituents from the Adel Mountain Volcanics and were
probably erosionally derived from the Adel Mountain. The thin
layering, slump and glide structures, fine grain size, and the pres-
ence of large amounts of organic debris suggest that the deposits
were probably laid down in a shallow lake.

Unit E (volcanic conglomerate) —The volcanic conglomerate
unit rests with slight discordance on the lacustrine and breccia
units. Its top is marked by the Coburn Mountain thrust fault, and
an unknown thickness is missing. The maximum exposed thick-
ness is about 1,200 feet (366 m).

The unit consists largely of thick lensing beds of red, purple,
and brown volcanic conglomerate. Thin beds of red and purple
volcanic sandstone, siltstone, and mudstone form a small part of
the unit. The beds of conglomerate are generally massive and
poorly sorted and are indistinctly bedded or lack visible layering.
They are composed of rounded and subrounded clasts of trachy-
basalt, trachyandesite, latite, and quartz latite in a matrix of
coarse volcanic sandstone. The clasts range from small pebbles
less than an inch (2.5 cm) across to boulders as much as 2 feet
(60 cm) across.

Most of the clasts consist of augite trachybasalt and analcime-
bearing trachybasalt that are similar to the trachybasalt in units
A and B. A chemical analysis of an augite trachybasalt clast is
given in column 1 of table 2.

Clasts of trachyandesite are fairly abundant. These rocks are
similar to the trachyandesite in units A and C. A chemical analysis
of an analcime-bearing augite trachyandesite clast is given in
column 3 of table 2.
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Latite forms many of the clasts in the conglomerate unit but is
not as abundant as trachybasalt or trachyandesite. The latite
clasts are gray and greenish gray, porphyritic, and composed of
large phenocrysts of sanidine in a groundmass of sanidine, oligo-
clase, aegerine-augite, magnetite, and apatite. The sanidine pheno-
crysts are tabular, as much as. 1 cm long, and generally enclose
small crystals of andesine. A chemical analysis of a latite clast
is given in column 4 of table 2.

Cobbles and boulders of quartz latite are rare and were ob-
served only in the upper part of the unit. The quartz latite is a
distinctive light pinkish gray and is composed of large euhedral
phenocrysts of pinkish-orange sanidine (probably sanidine cryp-
toperthite) and small phenocrysts of oligoclase in a fine-grained
groundmass of sanidine, oligoclase, quartz, augite, biotite, horn-
blende, magnetite, and apatite. The sanidine phenocrysts are as
much as 1 cm long and generally enclose small euhedral crystals
of oligoclase. A chemical analysis of a quartz latite boulder is
given in column 6 of table 2.

The conglomerate unit extends into the adjoining Craig quad-
rangle to the southeast and is confined to the west side of the
Adel Mountain volcanic field. All its rock constituents appear to
have been locally derived from breccias, flows, dikes, and small
intrusive bodies that form the main mass of the volcanic pile. The
coarse, unsorted, and generally structureless nature of the unit
suggests that it represents a huge alluvial fan deposited along the
western margin of the volcanic field.

Age and correlation.—The age of the Adel Mountain Volcanics
of Lyons (1944) is uncertain. Two species of fossil plants col-
lected by Lyons (1944, p. 465) from the lower part of the con-
glomerate unit near Craig were identified as Viburnum montanum
Knowlton and Plantophyllum sp. and dated as Late Cretaceous,
probably Montanan. Structural and stratigraphic evidence accumu-
lated in recent years suggests, however, that the volcanic rocks
are probably younger than Montanan and very likely of Paleocene
age.

The western border of the Adel Mountain volcanic field is
marked by a zone of intense deformation in which rocks of the
eastern facies of the Two Medicine Formation have been thrust
over the volcanic rocks (pl. 1). Along the southern margin, on the
other hand, major thrust faults apparently extend beneath the
volcanic field and are older than the voleanic rocks (Barnett,
1916, pl. 1). Large folds associated with these faults also appear
to pass beneath the voleanic cover. These relations presumably
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indicate that the volcanic rocks are intratectonic and were em-
placed during the main episode of folding and thrust faulting in
this part of Montana. The intratectonic setting of the Adel Moun-
tain Volcanics is also indicated by the remarkable unconformity
at their base. At the northern end of the volcanic field, in and
northeast of the Wolf Creek area, the volcanic rocks rest uncon-
formably on beds at or near the top of the Two Medicine Formation
and, locally, on basal beds of the St. Mary River Formation. At
the southern end of the volcanic field, southeast of the Wolf Creek
area, the volcanic rocks rest unconformably on the Kootenai and
Blackleaf Formations (Barnett, 1916, pl. 1). The unconformity
cuts across about 4,000 feet (1,219 m) of rocks—the entire section
between the Kootenai and St. Mary River Formations. It implies
that uplift of this magnitude and concurrent removal of the strata
took place before the volcanic rocks were erupted.

In the Wolf Creek area (pl. 1), and in the adjacent area to the
north (Viele and Harris, 1965, figs. 2 and 4), the Willow Creek
Formation of Late Cretaceous and Paleocene age is strongly de-
formed, suggesting that the folding and thrusting involving the
Adel Mountain Volcanics in this region probably took place in
Paleocene time. The thrust faults and folds that pass beneath the
Adel Mountain volcanic field at its southern margin, and the uplift
that preceded the eruption of the volcanic rocks, are considerably
older, however, and quite possibly date back to Late Cretaceous
time. The orogeny that encompassed emplacement of the volcanic
rocks therefore probably occurred between Late Cretaceous and
late Paleocene time. The tectonic setting of the volcanic rocks ap-
pears to indicate that they originated near the middle of the oro-
genic episode. If so, they are most likely of early Paleocene age.

Stratigraphic relations in the region immediately north of the
Wolf Creek area provide the most convincing evidence that the
rocks of the Adel Mountain Volcanics are probably of early Tertiary
age. In this region, the Swallow Canyon and Dry Creek synclines
contain complete sections of the St. Mary River Formation and
thick sections of the Willow Creek Formation (Viele and Harris,
1965, fig. 4). Primary Adel Mountain Volecanics, or at least ero-
sional debris shed from the volcanic field, must have once extended
northwestward into the area now occupied by these structures,
because small outliers of basal Adel Mountain breccia are only a
few miles (several kilometers) to the southeast. However, inter-
tonguing of Adel Mountain Volcanics with St. Mary River or
Willow Creek strata has nowhere been observed (Viele and
Harris, 1965, p. 414), a relation that would almost certainly be
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expected if the volcanic rocks were of Late Cretaceous age. This
suggests that the Adel Mountain Volcanics is younger than the
Willow Creek and is probably of Paleocene age.

The rocks of Adel Mountain Volcanics are similar in chemlcal
and mineral composition to volecanic rocks of early Eocene age in
the Absaroka Range east of Yellowstone National Park in north-
western Wyoming, and, in addition, they are not unlike some of
the alkalic volcanic rocks of Eocene age in the Highwood and
Bearpaw Mountains in the plains region of central Montana (Lar-
sen, 1940, p. 907 ; Lyons, 1944, p. 470). The volcanic rocks of the
Absaroka, Highwood Mountains, and Bearpaw Mountains belong
to the Tertiary alkalic petrographic province of central Montana
as defined by Larsen (1940). This chemical affinity does not, of
course, provide a firm basis for correlation. Nevertheless, it tends
to support the structural and stratigraphic evidence of a Paleocene
age for the-Adel Mountain Voleanics.

OLDER COLLUVIAL DEPOSITS

Older colluvial deposits form small patches near the front of
the Lewis and Clark Range east of Roberts Mountain (pl. 1).
Their maximum thickness is about 20 feet (6 m). They consist of
coarse unconsolidated rock debris made up of angular blocks and
fragments of Flathead Quartzite, and argillite and siltite of the
Greyson Shale and Spokane Formation. Blocks of Flathead
Quartzite in the deposits are as much as 8 feet (2.4 m) across.
The material was presumably derived by mass wasting and per-
haps by rockfall from outcrops at the top and along the flanks
of the northeast-trending prong of Roberts Mountain. No doubt
the deposits once formed a much more extensive blanket. The high
elevation and nearly complete dissection of the surface upon which
the deposits were laid down suggest that they are probably of
Pliocene age.

QUATERNARY SYSTEM

The Quaternary System is represented by terrace gravel and
glacial lake deposits of Pleistocene age, colluvial and landslide
deposits of Pleistocene and Holocene age, and alluvium of Holocene
age. These deposits are widespread (pl. 1) and have a maximum
aggregate thickness of about 275 feet (84 m).

TERRACE GRAVEL

Terrace gravel lies on bench surfaces along the major streams.
It is most widespread along the Missouri River, Little Prickly
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Pear Creek, the Dearborn River, the South Fork of the Dearborn
River, and Flat Creek (pl. 1), where it is at elevations of 10 to
360 feet (3 to 110 m) above stream level. The gravel is coarse,
poorly sorted, and unconsolidated and is made up largely of well-
rounded pebbles, cobbles, and boulders of a great variety of rocks
derived from distant upstream sources. The material ranges in
size from fine sand to large boulders as much as 3 feet (1 m)
across ; the bulk, however, consists of cobbles 2 to 3 inches (5 to
8 cm) across. The chief rock types in the deposits are quartzite,
quartzitic sandstone, argillite and siltite, monzonitic and granitic
igneous rocks, porphyritic volcanic rocks, and limestone. The
deposits are remnants of ancient flood-plain gravels that record
downcutting by the streams in Pleistocene time. The maximum
thickness of the deposits is about 20 feet (6 m).

GLACIAL LAKE DEPOSITS

Glacial lake deposits are found in the valleys of the Missouri
River, Little Prickly Pear Creek, and Rock Creek, and on broad
bench surfaces between these streams. They reach a height of as
much as 280 feet (85 m) above the Missouri River. Their maxi-
mum thickness is about 40 feet (12 m). The deposits consist of
light-gray, tan, and brown silt, clay, and sand in beds a fraction
of an inch (a few millimeters) to as much as a foot (30 cm) thick.
In places, the deposits are composed almost entirely of silt and
clay in thin dark and light-brown laminae 1 to 3 inches (2.5 to
8 cm) thick that resemble glacial varves. Small oblate and tubular
calcareous concretions are locally abundant in the clay layers.
Layers of fine- to medium-grained, well-sorted, weakly consoli-
dated sand are locally present but constitute only a small part of
the deposits. The sands are mainly composed of subrounded grains
of quartz and chert and less abundant grains of feldspar and
biotite. The glacial lake deposits were laid down in glacial Lake
Great Falls, which formed when the Missouri River was dammed
by a continental ice sheet east of Great Falls, Mont., in Wisconsin
time (Calhoun, 1906, pl. 5; Alden, 1932, p. 29).

COLLUVIAL DEPOSITS

Colluvial deposits are widespread on steep to gentle slopes and
on broad lowland surfaces at many localities. The maximum thick-
ness of the deposits is about 15 feet (5 m). They consist of coarse
unsorted unconsolidated angular rock debris made up of large
and small fragments of massive igneous rock or resistant varieties
of sedimentary rock, such as quartzite, quartzitic sandstone, argil-
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lite, siltite, and limestone. The material was shed from nearby
outcrops on steep ridge and hill slopes and moved downward to its
present position by slope wash and mass wasting. Some of the
colluvial deposits are deeply dissected and are probably of Pleisto-
cene age.

LANDSLIDE DEPOSITS

Landslide deposits are found chiefly along the front of the Lewis
and Clark Range and at Limekiln Mountain, Painted Hill, and
Elephant Mountain (pl. 1). The deposits consist of thick masses
of coarse jumbled dislocated rock debris of local origin produced
by processes of slump, rock creep, and earthflow on steep slopes.
The surface of the deposits is normally rough and hummocky, and
is marked by many small closed depressions. Along the front of
the Lewis and Clark Range, the deposits consist of large blocks
and smaller fragments of argillite, siltite, and quartzite derived
from formations of the Belt Supergroup. At Limekiln Mountain
and Painted Hill, the deposits are formed largely of broken masses
of Meagher Limestone. The landslide deposits at Elephant Moun-
tain are made up of broken masses of volcanic breccia derived
from the Adel Mountain Volcanics of Lyons (1944) and blocks
and fragments of sandstone, siltstone, and mudstone derived from
the Two Medicine and St. Mary River Formations. Most of the
landslide deposits are probably of Holocene age, but some, par-
ticularly those along the front of the Lewis and Clark Range, may
have formed in Pleistocene time. The maximum thickness of the
deposits is about 100 feet (830 m).

ALLUVIUM

The material mapped as alluvium consists chiefly of gravel,
sand, silt, and clay in streambeds and on flood plains. It is poorly
to moderately well sorted and unconsolidated. The thickest allu-
vium is found in the valley of Little Prickly Pear Creek near its
junction with the Missouri River, where the maximum thickness
may be as much as 100 feet (30 m). Alluvium in other major
valleys is probably not more than 50 feet (15 m) thick; in smaller
valleys it is mostly less than 20 feet (6 m) thick. The unit in-
cludes small amounts of slope wash deposited by small ephemeral
streams on gentle slopes and in closed depressions and small
amounts of colluvium accumulated along valley margins. Most of
the alluvium is of Holocene age; buried alluvium in the valleys of
Little Prickly Pear Creek and the Missouri River may be as old as
Pleistocene.
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INTRUSIVE ROCKS

Intrusive rocks, mostly in the form of dikes and sills, are scat-
tered throughout the Wolf Creek area. They include gabbro of
Precambrian age; latite and trachyte of Cretaceous age; diorite,
rhyodacite porphyry, and quartz monzonite porphyry of probable
Cretaceous age; rhyolite of Cretaceous or Tertiary age; analcime
gabbro, trachybasalt, and quartz monzonite porphyry of probable
Tertiary age; and hornblende monzonite of Tertiary age. Table 3
gives chemical analyses of specimens of these rocks.

PRECAMBRIAN
GABBRO

Gabbro forms several sills in rocks of the Belt Supergroup in
the southwestern part of the area. The largest, on the flanks of
Rogers Mountain, is about 400 feet (122 m) thick. It is mainly
intruded into the lower part of the Empire Formation, but near
the nose of the Rogers Mountain syncline, it cuts gently down-
ward across several hundred feet (about 100 m) of beds and in-
vades the upper part of the Spokane Formation. The gabbro is
dark gray, brown weathered, medium grained, equigranular, and
is composed of sodic labradorite, augite, biotite, hornblende, mag-
netite, quartz, myrmekite, and apatite. A chemical analysis is
given in column 2 of table 3.

None of the gabbro sills in this area have been dated radio-
metrically. Just to the north, however, similar gabbro and diorite
sills in the Belt Supergroup have been dated at 750 +25 m.y. old
(Mudge, 1972, p. A75), or Precambrian Y. Presumably the gabbro
gills in the Wolf Creek area are also of Precambrian Y age.

CRETACEOUS
LATITE

A large irregular crosscutting sill of latite, as much as 1,500
feet (457 m) thick, intrudes the Telegraph Creek Formation, Vir-
gelle Sandstone, and the sedimentary member of the western
facies of the Two Medicine Formation near the southeast border
of the area. The latite is dark gray, fine grained, and porphyritic,
and is composed of phenocrysts of sodic labradorite in a ground-
mass of andesine, sanidine, augite, magnetite, quartz, and apatite.
The rock is identical in texture and mineral composition with
latite flows (unit B) in the volcanic member of the western facies
of the Two Medicine Formation and, at one place, cuts upward to
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reach the base of the flow unit (pl. 1). Presumably the sill is con-
temporaneous with the flows and is of Late Cretaceous age.

TRACHYTE

A large sill of trachyte, as much as 200 feet (60 m) thick, in-
trudes the volcanic member of the western facies of the Two
Medicine Formation in the south-central part of the area. The
trachyte is purplish gray, massive, and finely porphyritic, and is
composed of small phenocrysts of andesine-labradorite and augite
in a groundmass of sanidine, andesine, augite, biotite, magnetite,
and apatite. The rock is similar to the massive lower part of the
trachyte flow (unit E) in the volcanic member, and several nar-
row offshoots project upward to the base of the flow. Presumably
the sill is contemporaneous with the flow and is of Late Cretaceous

age.

PROBABLE CRETACEOUS

Intrusive rocks of unknown but probable Late Cretaceous age
include sills of diorite, rhyodacite porphyry, and quartz monzonite
porphyry. These rocks, which mainly intrude formations of the
Belt Supergroup, are chemically similar to, and may be approxi-
mately the same age as some of the rocks that form the Boulder
batholith and its satellitic masses to the south and west. The
batholithic rocks have yielded potassium-argon ages of 68 to 78
m.y. (Tilling and others, 1968) and are of Late Cretaceous age.

DIORITE

Thin sills of diorite intrude the Spokane Formation in the south-
western part of the area, and a thin sill invades the lower part
of the Meagher Limestone in the south-central part. These sills
are as much as 5 feet (1.5 m) thick and extend laterally as much
as 3 miles (5 km). The typical rock is greenish gray, fine grained,
and equigranular, and is composed of andesine, augite, hornblende,
and biotite and small amounts of sanidine, quartz, magnetite, and
apatite.

RHYODACITE PORPHYRY

Sills of rhyodacite porphyry intrude the Spokane Formation
and the Greyson Shale in the southwestern part of the area. These
sills attain a maximum thickness of about 225 feet (69 m) and
extend laterally more than 2 miles (8 km). The typical rock is
greenish gray and porphyritic and is composed of abundant pheno-
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crysts of oligoclase and hornblende in a fine-grained groundmass
of oligoclase, sanidine, quartz, hornblende, magnetite, and apatite.
The oligoclase phenocrysts are generally rod shaped and as much
as 6 mm long; the hornblende phenocrysts are prismatic and as
much as 3 mm long. A chemical analysis is given in column 5 of
table 3.

QUARTZ MONZONITE PORPHYRY

A thick crosscutting sill of quartz monzonite porphyry intrudes
the Helena Dolomite and the Empire Formation on the north and
east flanks of Rogers Mountain in the southwestern part of the
area. The maximum thickness of the sill is about 250 feet (76 m).
The typical rock is light pinkish gray, coarsely porphyritic, and
consists of large phenocrysts of reddish-orange potassium feldspar
(probably sanidine cryptoperthite) and smaller phenocrysts of
oligoclase in a fine-grained groundmass of sanidine, oligoclase,
quartz, augite, biotite, magnetite, and apatite. The phenocrysts
of potassium feldspar are as much as 2 cm across. A chemical
analysis is given in column 7 of table 3.

CRETACEOUS OR TERTIARY

RHYOLITE

Several dikes and sills of rhyolite intrude rocks of Cretaceous
age in the central and northern parts of the area. The largest body
of rhyolite is a dikelike mass as much as 300 feet (90 m) wide
and about 11% miles (2.4 km) long that invades the Blackleaf
Formation and Marias River Shale along the axis of the Craig
antinclinorium (pl. 1). The intrusive rhyolite is light gray to
white and finely porhyritic, and is composed of small phenocrysts
of quartz and sodic oligoclase in a microcrystalline groundmass
of oligoclase, sanidine, quartz, biotite, and magnetite. A chemical
analysis of rhyolite from a dikelike mass at Black Rock, near the
northern border of the area, is given in column 8 of table 3.

The precise age of the rhyolite intrusions is unknown ; they are
either Late Cretaceous or early Tertiary. A sill of rhyolite that
intrudes the lower part of the western facies of the Two Medicine
Formation in the northwestern part of the area is offset by a small
thrust fault and is cut by a dike of analcime gabbro of probable
Tertiary age. These relations suggest that this particular rhyolite
intrusion may be of Late Cretaceous age.
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PROBABLE TERTIARY
ANALCIME GABBRO

A dike of analcime gabbro intrudes the Telegraph Creek For-
mation, Virgelle Sandstone, and the lower part of the western
facies of the Two Medicine Formation in the northwestern part
of the area. The dike is subvertical, as much as 100 feet (30 m)
wide, and more than 8,000 feet (914 m) long. The rock is dark
gray, coarse grained, and equigranular, and is composed of augite,
brown hornblende, biotite, labradorite, analcime, potassium feld-
spar, magnetite, apatite, and sphene. The potassium feldspar
forms a narrow to broad mantle around some of the labradorite
crystals. Analcime fills angular spaces between crystals of feld-
spar, augite, and hornblende and also is found as irregular masses
replacing the feldspar crystals. A chemical analysis is given in
column 1 of table 3. Chemically, the rock is characterized by its
low silica content. The dike cuts a sill of rhyolite and is probably
of early Tertiary age.

TRACHYBASALT

Intrusive trachybasalt forms dikes, sills, and small irregular
bodies in the eastern and northern parts of the area. The intru-
sions invade rocks of the eastern facies of the Two Medicine For-
mation and the Adel Mountain Voleanics of Lyons (1944). Most
of the intrusions are dark-gray porphyritic augite trachybasalt
composed of phenocrysts of augite and labradorite in a ground-
mass of labradorite, calcic andesine, sanidine, augite, magnetite,
and apatite. Numerous small euhedral crystals of analcime and
scattered crystals of olivine, biotite, and hornblende are present
in the groundmass of some of the intrusions. A chemical analysis
of a sample of a dike of augite trachybasalt is given in column 3
of table 3. The intrusive trachybasalt is similar to trachybasalt
flows and fragments in the Adel Mountain Volcanics of Lyons
(1944), and, like the volcanic rocks, is probably of Paleocene age.

QUARTZ MONZONITE PORPHYRY'

Sills of quartz monzonite porphyry of probable Paleocene age
in the northwestern part of the area are a few feet (1-2 m) to
more than 1,000 feet (305 m) thick. The typical rock is light gray
or light grayish orange and coarsely porphyritic; it is composed
of large phenocrysts of potassium feldspar (probably sanidine
cryptoperthite) and oligoclase in a fine-grained groundmass of
sanidine, oligoclase, quartz, biotite, hornblende, magnetite, apatite,
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and sphene. The phenocrysts of potassium feldspar form stubby
crystals as much as 2 em wide and 4 ¢m long in some of the sills
and thin tabular crystals as much as 8 cm long in others. A chemi-
cal analysis of one of the sills is given in column 6 of table 3.

Some of the sills intrude rocks of the Willow Creek Formation
of Late Cretaceous and Paleocene age. Others are folded, a few
are cut by small thrust faults, and several are intruded along
thrust faults. These relations, though inconclusive, suggest that
the sills may range in age from Late Cretaceous to Paleocene.
A sill of quartz monzonite porphyry that crops out along the
Middle Fork of the Dearborn River about 3 miles (4.8 km) west
of the Wolf Creek area appears to be definitely of late Paleocene
age. It is in secs. 2, 3, 11, and 12, T. 16 N., R. 6 W, and has been
dated by the potassium-argon method as 58.3 m.y. old by H. H.
Mehnert of the U.S. Geological Survey (U.S. Geol. Survey, 1971,
p. A37). The age of this particular intrusion is especially sig-
nificant, for the sill is intruded along and across the Eldorado
thrust zone at the eastern front of the Lewis and Clark Range
and is clearly younger than the thrust.

TERTIARY
HORNBLENDE MONZONITE

Hornblende monzonite forms thin dikes and sills, chiefly in
the eastern, central, and south-central parts of the area. The
typical rock is light gray, fine grained, and equigranular, and is
composed of andesine, sanidine, hornblende, augite, biotite, mag-
netite, and apatite. Abundant small bladelike crystals of horn-
blende, as much as 5 mm long, characterize the rock. A chemical
analysis is given in column 4 of table 3.

A dike of hornblende monzonite in the south-central part of
the area contains large inclusions of crystalline basement rock of
probable early Precambrian age. This is the only intrusion in the
Wolf Creek area that contains such inclusions. The dike is about
7 miles (11 km) long and has a maximum width of about 12 feet
(4 m). The inclusions of basement rock are present through-
out the entire length of the dike; they are most abundant and
largest within a short segment in the SW14, sec. 16, T. 15 N,, R. 4
W. The inclusions consist of subangular to subrounded fragments
of granite, granitic gneiss, quartzite, schist, and anorthosite that
range from pea-size to large blocks as much as 5 feet (1.5 m)
across. The largest blocks are of granite and granitic gneiss; the
inclusions of quartzite, schist, and anorthosite are mostly less
than a foot (30 cm) across.
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The dikes cut thrust faults and folds, were intruded after the
deformation that affected the enclosing rocks, and are the young-
est bedrock unit in the Wolf Creek area. Their young age is con-
firmed by a potassium-argon date of 46.3 m.y. (middle Eocene)
obtained on hornblende from one of the dikes by H. H. Mehnert
(written commun., 1970). This dike is in the south-central part
of the area and is the northernmost of two parallel northwest-
trending dikes that crop out in secs. 20, 28, and 29, T. 156 N,,
R. 4 W. (pl. 1). The dated sample is from the east side of the
Stearns-Wolf Creek Road in the northeast corner of sec. 29,
T.15, N,R. 4 W,

MINERAL RESOURCES

The Wolf Creek area contains insignificant metallic mineral
deposits and more promising industrial mineral resources. The
metallic mineral deposits consist of small veins bearing copper,
silver, and gold, and sedimentary deposits of titaniferous iron ore.
The industrial mineral resources include gravel and sand, several
types of construction stone, clay and clay shale, bentonite, silica,
and coal.

METALLIC-MINERAL DEPOSITS
VEINS BEARING COPPER, SILVER, AND GOLD

Small lode deposits of copper, silver, and gold are present in
narrow veins in the Greyson Shale, Spokane Formation, and Em-
pire Formation of the Belt Supergroup in the southwest part of
the area. These deposits, and two deposits nearby to the south,
constitute the Wolf Creek district of the greater Helena mining
region described by Pardee and Schrader (1933, p. 108-114).
Mining in the district began after the advent of the railroad,
about 1890, and was carried on intermittently until 1948 (Sahinen,
1959, p. 136). During the period 1890-1928, when mining activity
was greatest, the district produced about $40,000 in copper,
$10,000 in silver, and an insignificant sum in gold (Pardee and
Schrader, 1933, p. 108). Since 1948, the year in which production
was last reported, mining has been limited to a brief period of
development at the Rosetta mine (see next page) in 1960 and 1961.
Apart from the Rosetta, the old workings in the Wolf Creek dis-
trict are now largely caved and inaccessible.

The veins containing copper, silver, and gold trend northeast,
are steeply dipping, and are widely distributed in the area of Belt
rocks. They are generally narrow, tabular, and contain lenslike
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ore shoots that range from less than an inch (2.5 cm) to a few
feet (1-2 m) in width. According to Pardee and Schrader (1933,
p. 110-114), most of the ore is composed of yellow chalcopyrite
[CuFeS,] accompanied by yellow pyrite [FeS.] in a gangue of
white quartz [Si0.] and brown barite [BaSO,]; some of the ore
shoots also contain significant amounts of black tennantite
[Cu, (As,Sb)S;], black tetrahedrite [Cu,;(Sb,As)S;], blue covellite
[CuS], and black tenorite [CuQ] ; and the ore in a few of the veins
is composed of iridescent bornite [Cu;FeS,] and black chalcocite
[Cu.S] in a gangue of quartz and brown ankerite [CaCQO;-
(Mg,Fe,Mn)CO;]. Blue azurite [Cus,(OH),(CO;).] and green
malachite [Cu,(OH).(CO;)], which are oxidation products of the
copper sulfides, are present in most of the veins.

The principal mines and prospects in the district are on Wolf
Creek (Rosetta mine), Gladstone Creek, and the Middle Fork of
Little Creek; along the divide between Little Creek and Wolf
Creek; in the vicinity of Lanigan Mountain; near the head of
Willis Creek; and along Little Creek and Sheep Creek in the ad-
jacent Sheep Creek quadrangle. These mines and prospects are
briefly described below.

ROSETTA MINE

The Rosetta mine, formerly the New Era or Rosenfield mine, is
on the south side of Wolf Creek near the center of sec. 30, T. 15
N, R. 4 W., about 414 miles (7.2 km) west of the town of Wolf
Creek. The principal working is an adit slightly above stream
level that follows a vein southwest for more than 1,000 feet (305
m) (Pardee and Schrader, 1933, p. 111, fig. 20). Two shorter adits
are on the hillsiope about 240 feet (78 m) above the main adit.
One directly above the main adit was driven several hundred feet
(about 100 m) southwest, parallel to the vein; the second, a few
hundred feet to the southeast, was driven northwest to intersect
the vein. On the hillslope near the portal of the second adit is a
large dump. The Rosetta vein appears to be localized in a narrow
slice of green and red argillite of the Spokane and Empire Forma-
tions in the Wolf Creek thrust zone. The ore consists mainly of
chalcopyrite and azurite in a gangue of quartz and barite. Pardee
and Schrader (1938, p. 110) reported that the mine was operated
intermittently from 1922 to 1926 and that smelter net returns
for that period showed a production of $25,516, chiefly in copper
but including small amounts of silver and gold. The ore ranged
from 7 to 25 percent copper, contained 2 to 29 ounces, (57 to



METALLIC-MINERAL DEPOSITS 65

1,106 g) of silver to the ton, and carried 10 cents or less in gold
to the ton.

A small amount of development work was carried out at the
Rosetta mine in 1960 and 1961. This operation ceased in 1962,
presumably because of the lack of marketable ore.

GLADSTONE CREEK

On Gladstone Creek, a tributary of Wolf Creek, small amounts
of copper ore were mined from a northeast-trending vein that runs
along the south side of the creek in rocks of the Spokane and
Empire Formations. The vein is about 114 miles (2.4 km) long.
The mine workings are 1 to 2 miles (1.6 to 3.2 km) west of the
Rosetta mine in the NW1 sec. 25, the SE1j, sec. 26, and the NW1/,
sec. 835, T. 15 N, R. 5 W., and consist of several short adits driven
southeast to intersect the vein. Near the portals are small dumps
of waste vein rock carrying minor amounts of pyrite, chalcopyrite,
bornite, azurite, and malachite in a gangue of quartz and ankerite.
All the workings are now caved and inaccessible.

According to Pardee and Schrader (1933, p. 112), one of the
adits on Gladstone Creek in the SE1/ sec. 26, known as the Her-
wood mine, was under development in 1928. The adit was driven
200 feet (60 m) southeast to intersect the northeast-trending
vein, which ranges from an inch (2.5 cm) to more than a foot
(80 cm) in width. The ore consisted chiefly of bornite, accom-
panied by small amounts of chalcocite and chalcopyrite, in a
gangue of quartz and a little ankerite. A sample shipment of
2,700 pounds (1,225 kg) of ore from the mine reportedly contained
about $100 to the ton in copper, silver, and gold.

MIDDLE FORK OF LITTLE CREEK

A small amount of copper ore was mined on the Middle Fork of
Little Creek. The property is on the north side of the creek, about
40 feet (12 m) above stream level, in the NE1/ sec. 6, T. 14 N,,
R. 4 W. The working consists of a short adit driven along a north-
east-trending vein. A pile of waste rock at the entrance is mostly
iron-stained quartz that contains small amounts of chalcopyrite,
azurite, and malachite. The waste pile blocks the entrance, and
the adit is filled with water and is inaccessible.

DIVIDE BETWEEN LITTLE CREEK AND WOLF CREEK

On and near the divide between Little Creek and Wolf Creek
are a considerable number of prospect pits and adits on northeast-
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trending, copper-bearing quartz-barite veins. These workings are
in the NW14 sec. 3 and the NW1/, sec. 4, T. 14 N, R. 4 W,, and
in sec. 82, T. 15 N, R. 4 W. The principal mine is in the NW1j
sec. 4, T. 14 N, R. 4 W., on the Little Creek slope at an altitude of
about 4,850 feet (1,478 m). According to Pardee and Schrader
(1933, p. 113-114), the workings in 1928 consisted of two adits,
one more than 500 feet (152 m) long and the second more than
300 feet (90 m) long. The first adit was driven northeast along a
vein a few inches (several centimeters) to as much as 5 feet
(1.5 m) wide in red argillite of the Spokane Formation. Several
tons of ore, piled near the entrance, consisted chiefly of barite
with some quartz and a little tennantite and chalcopyrite stained
with azurite. The second adit, about 110 feet (34 m) above the
first adit, was also driven northeast along the vein. A small stope
in this adit was made at one place on an ore shoot 3 to 5 feet
(1 to 1.5 m) wide that contained chalcopyrite, tennantite, galena,
and sphalerite. The ore body reportedly contained considerable
silver. In 1960, both adits were caved and blocked a short distance
from the entrance. '

Other workings along the divide between Little Creek and Wolf
Creek—a short adit and many prospect pits—were on outcrops
of narrow quartz-barite veins stained with azurite, malachite, and
limonite. These workings are now thoroughly caved; none appear
large enough to have produced ore.

LANIGAN MOUNTAIN

In the vicinity of Lanigan Mountain, several conspicuous veins
cut rocks of the Greyson Shale, Spokane Formation, and Empire
Formation. These veins are in the SW1/ sec. 10 and in sec. 11,
T. 15 N,, R. 5 W, The veins strike northeast, are steeply dipping,
and are as much as 6 feet (2 m) wide and a mile (1.6 km) long.
Some of the veins consist solely of white quartz, or of white quartz
and crushed argillite. Others consist of quartz and considerable
barite and contain pyrite, chalcopyrite, and small amounts of
bornite that have largely oxidized at the surface to limonite,
azurite, and malachite. Prospect pits were sunk along all these
veins, some to considerable depth, but apparently little if any ore
was ever produced. The pits are now mostly caved ; obviously they
were worked many years ago.

WILLIS CREEK

At the head of Willis Creek, in the NW1 sec. 13, T. 15 N,,
R. 5 W., are several deep prospect pits that were sunk along a vein
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that cuts red argillite of the Spokane Formation. The vein trends
northeast, dips steeply, is as much as a foot (30 cm) wide, and
can be traced for about a quarter of a mile (0.4 km). The vein
consists of quartz and barite accompanied by small amounts of
pyrite and chalcopyrite and their oxidation products. Little if
any ore was produced.

LITTLE CREEK AND SHEEP CREEK

Small vein deposits of copper, silver, and gold were mined at
two localities in the Sheep Creek quadrangle a short distance
south of the Wolf Creek area. One is along both sides of Little
Creek about 114 miles (2.4 km) above its junction with Little
Prickly Pear Creek, in the northwest corner of sec. 9 and the SW1/,
sec. 3, T. 14 N,, R. 4. W,, roughly 3 miles (4.8 km) southwest of
the town of Wolf Creek. The other locality is on the north side of
Sheep Creek about a mile (1.6 km) above its junction with Little
Prickly Pear Creek, in the east half of sec. 14, T. 14 N, R. 4 W,,
roughly 3 miles (4.8 km) south of the town of Wolf Creek. These
veins and workings were examined by Pardee and Schrader (1933,
p. 112-114) in 1928; the descriptions that follow are condensed
from their report.

On the south side of Little Creek, the working includes three
adits, one near stream level and the other two 100 and 200 feet
(30 and 60 m) upslope. The two lower adits were caved and in-
accessible. The upper adit, about 100 feet (30 m) long, follows a
vein that strikes southwest and dips 45° NW. The vein is in gray
and green argillite of the Greyson Shale, is as much as 4 feet
(1.2 m) wide, and consists of crushed argillite and quartz con-
taining streaks and bunches of bornite and coatings of malachite
on seams. The vein can be traced south of the adit for 400 feet
(122 m) or more. From this working, 14 carloads of ore were
reportedly shipped, but no record of values is available.

On the north side of Little Creek, an adit 240 feet (73 m) long
intersects a vein that strikes northeast and dips 45°-60° NW.
Drifts along the vein aggregate 100 feet (30 m) or more. The
vein is in black argillite of the Greyson Shale, is 4 feet (1.2 m)
wide in places, and consists of sheared argillite and quartz accom-
panied by copper and iron sulfides. A shipment of 16 tons of ore
from this mine gave smelter returns of 10 percent copper, 5
ounces (142 g) of silver to the ton, and one-hundredth of an ounce
(0.28 g) of gold to the ton. An adit about 150 feet (46 m) higher
on the slope yielded ore that reportedly carried 10 to 20 percent
copper, 4 to 20 ounces (113 to 567 g) of silver to the ton, and 60
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cents in gold to the ton. Much higher on the slope, a small vein is
composed of quartz, chalcopyrite, tennantite, tenorite, and covellite
heavily stained with limonite, azurite, and malachite.

At the Sheep Creek locality, two vertical shafts were sunk to a
reported depth of 200 feet (60 m) on a copper prospect. The
shafts were opened about 1926, but no ore was discovered, and
work had ceased when they were examined by Pardee and Schra-
der (1933, p. 114) in 1928. The shafts are now largely caved.

SEDIMENTARY DEPOSITS OF TITANIFEROUS IRON ORE

Deposits of low-grade titaniferous iron ore of sedimentary
origin have long been known along the Rocky Mountain front
between the Canadian border and Wolf Creek. The ore consists of
concentrates of detrital magnetite (Fe;0,) and ilmenite (FeTiO;)
in beds at the top of the Virgelle Sandstone and the Horsethief
Sandstone. The Virgelle ores were sampled by the U.S. Bureau
of Mines during World War II near Choteau, Mont., and were
found to contain 30.4 to 56.2 percent metallic iron and 3.7 to 8.7
percent titanium oxide (Wimmler, 1946, p. 5-6). Under present
metallurgical practices these ores have no commercial value be-
cause they cannot compete with ores free of titanium. Eventually,
however, they may be of value as a source of both iron and
titanium (Sahinen and Crowley, 1959, p. 17).

In the Wolf Creek area, the top of the Virgelle consists of thin
beds of dark-brown, dark-reddish-brown, and dark-greenish-gray
magnetite-rich sandstone that form a zone 1 to 8 feet (80 cm
to 2.4 m) thick. The magnetite-rich beds are firmly cemented and
generally form a prominent ledge. The thickest zone of iron-rich
sandstone was observed on the east flank of the prominent ridge
known as The Reef in sec. 21, T. 16 N., R. 4 W., near the center
of the area. Here, an iron-rich zone is 6 to 8 feet (1.8 to 2.4 m)
thick over a distance of more than a mile (1.6 km) and consists of
several beds of dark-reddish-brown magnetite-rich sandstone as
much as 3 feet (1 m) thick interlayered with thin beds of dark-
greenish-gray sandstone in which the concentration of magnetite
is leaner. The dark-reddish-brown sandstone consists of small
rounded to subangular grains of magnetite, ilmenite, quartz, feld-
spar, chert, zircon, and sphene (titanite) in a matrix of red hema-
tite, green chlorite, and clay. The magnetite and ilmenite grains
make up about 95 percent of the volume of the rock, the other
mineral grains about 1 percent, and the cement about 4 percent.

Other localities in the area at which the top of the Virgelle
Sandstone is formed of a relatively thick zone of magnetite-rich



INDUSTRIAL-MINERAL RESOURCES 69

rock are: along Dog Creek, in the east-central part of the area,
in sec. 19, T. 16 N., R. 3 W.; along and near the Dearborn River,
in the north-central part of the area, in secs. 8, 16, 17, 20, 21, 27,
28, and 84, T. 17 N., R. 4 W.; and along Auchard Creek, in the
northwest part of the area, in sec. 12, T. 17T N,, R.5 W.

INDUSTRIAL-MINERAL RESOURCES
GRAVEL AND SAND

Large quantities of unconsolidated terrace and alluvial gravel
are distributed along the major streams in the area. The deposits
are most extensive along the Missouri River, Little Prickly Pear
Creek, the Dearborn River, the South Fork of the Dearborn River,
Auchard Creek, and Flat Creek. The gravel is made up chiefly of
rounded pebbles, cobbles, and boulders of quartzite, quartzitic
sandstone, coarse-grained igneous rock, fine-grained volcanic rock
(traprock), argillite, siltite, and limestone. The rock constituents
are mostly hard, tough, and compact and range in size from fine
sand to boulders as much as 3 feet (1 m) across; the bulk of the
gravel, however, consists of cobbles 2 to 8 inches (5 to 8 cm) long.

The terrace and alluvial gravels were quarried at several locali-
ties in and near the area for use as road stone in rebuilding
Montana State Highway 287 in the eastern part of the area and in
the construction of Interstate Highway 152 in the southeastern
part. The raw material was used as base course; screened and
washed gravel was crushed and used as an upper course and was
mixed with asphalt to make the wearing course. The gravel used in
the construction of Montana State Highway 287 came principally
from terrace deposits above the Dearborn River and from alluvial
deposits on the flood plain of the river in the SW14, sec. 22, T. 17
N.,R. 3 W. The gravel used in the construction of Interstate High-
way 15 came principally from terrace deposits above the Missouri
River about a mile (1.6 km) east of the Wolf Creek area in the
adjacent Craig quadrangle in the NW1/ sec. 15, T.15 N, R. 3 W,
and in the NE1, sec. 16, T. 15 N., R. 3 W. The terrace and alluvial
gravels, if washed and screened to the proper size, would probably
make excellent concrete aggregate, but extensive tests should be
performed before any large-scale use of the material is made for
that purpose.

Sand of good quality is not abundant in the Wolf Creek area.
Lenses of fine to coarse sand as much as 2 feet (60 cm) thick,

3 Interstate Highway 15 is not shown on plate 1 because the base for the plate was
made from maps prepared before the highway was built.
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made up chiefly of rock fragments and quartz grains, are present
in the alluvium that forms the flood plains of the major streams.
However, these lenses are difficult to locate and exploit, for the
alluvium is ordinarily covered with thick vegetation, and the sand
is interlayered with gravel, silt, and clay. Layers and lenses of
fine to coarse quartzose sand a few inches (several centimeters) to
a foot (30 cm) thick are found in glacial lake deposits along the
Missouri River, Little Prickly Pear Creek, and Rock Creek in the
southern part of the area. Considerable exploratory work would
be necessary to locate minable sand beds in these deposits too, for
they are mostly covered with vegetation and consist largely of
silt and clay.

CONSTRUCTION STONE

Construction stone is classified into two main categories, dimen-
sion stone and crushed and broken stone. Dimension stone con-
sists of natural blocks or cut slabs of rock that meet requirements
of size and shape for use in building structures such as founda-
tions, walls, floors, walks, terraces, sills, steps, roofs, chimneys,
fireplaces, piers, columns, and arches. Crushed and broken stone
consists of irregular rock fragments that range in size from large
blocks to small granules; the material is quarried for use as
riprap, road stone, road dressing, railroad ballast, concrete aggre-
gate, terrazzo, and roofing granules.

A variety of rocks that may be utilized as construction stone
are present in the Wolf Creek area. They include welded tuff,
latite and trachyte, trachybasalt, quartzitic sandstone and quartz-
ite, argillite and siltite, and limestone.

WELDED TUFF

Large amounts of welded tuff are present in the ash-flow tuff
unit (unit C) of the volcanic member of the western facies of the
Two Medicine Formation. This rock is extremely hard, dense,
tough, and compact; it can be quarried in large blocks, and it ap-
pears to be ideally suited for use as riprap, railroad ballast, and
coarse road stone. The Burlington Northern Railway quarries and
crushes welded tuff for use as ballast along the tracks between
Great Falls and Helena; loose quarry blocks of the rock are used
as riprap to retain embankments along the roadbed. The quarry
is along the railroad about half a mile (0.8 km) south of the Wolf
Creek area in the adjacent Sheep Creek quadrangle in the SW1j,
sec. 2, T. 14 N, R. 4 W. Large broken blocks of welded tuff from
this quarry were used as fill in the approaches to the Interstate
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Highway 15 bridge at the town of Wolf Creek. Blocks of the tuff
also were used along this stretch of the highway as riprap to
retain the road embankment adjacent to Little Prickly Pear Creek,
to line the channel walls of the creek, and to construct baffles in
the creek bed to check the flow of water.

Certain properties of the welded tuff suggest that the crushed
rock is not suited for use as surfacing stone or unpaved roads or
as aggregate in the asphalt or concrete wearing course of paved
roads. The base of the welded tuff sheet in the Burlington North-
ern Railway quarry contains large pods of dense brittle black
volcanic glass (obsidian), which, when crushed, breaks into smooth
flat and curved fragments with razor-sharp edges. This material
would produce extreme wear on tires. Further, the glass frag-
ments do not bond well with asphalt or cement. The welded tuff
sheet consists largely of gray, brown, and reddish-brown finely
crystalline rocks in which the original glass has recrystallized.
When crushed, this rock breaks into sharp-cornered angular frag-
ments that also would probably cause excessive tire wear if used
on a road surface. The crushed crystalline tuff might be suitable
for use as lower and upper course material in road construction.
The bonding and compacting properties of the crushed tuff should
be tested and found satisfactory, however, before any extensive
use of the material is made for that purpose.

The crystalline welded tuff is extremely resistant to chemical
and mechanical breakdown and has a low water content, which
suggests that the crushed rock might make excellent concrete
aggregate.

Because the welded tuff is irregularly jointed, it breaks into
rubble blocks of random size and shape when quarried. Some of
these blocks could be used as rough building stone; the rock ap-
pears to be unsuitable as dimension stone.

LATITE AND TRACHYTE

Latite and trachyte form thick lava flows and sills in the vol-
canic member of the western facies of the Two Medicine Forma-
tion. In construction terms, these rocks are traprock. The latite
and trachyte are usable as crushed and broken stone, and the
latite is also usable as building stone.

The lower parts of the latite and trachyte flows, and the sills,
are hard, tough, dense, massive rocks that can be quarried in
large blocks and crushed to produce riprap, railroad ballast, and
road metal. These rocks are hard but not brittle and, when
crushed, break into dull-edged, squarish fragments that should
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have good bonding properties. A large amount of broken and
crushed latite was quarried from a roadcut on the Interstate
Highway 15 right-of-way in the town of Wolf Creek in 1966. This
rock was used as a base course in constructing the foundation of
the highway over a 2-mile (8.2-km) stretch of the road east of
the town of Wolf Creek where the subgrade consists largely of
soft black shale. Crushed and screened latite and trachyte could
probably be used as upper course material and as aggregate in
making the asphalt wearing course of roads. Both the latite and
trachyte are extremely resistant to chemical and mechanical dis-
integration, and, when crushed and screened to the proper size,
would probably make excellent concrete aggregate.

The latite flow rock possesses jointing that promotes natural
breakup of the rock into squared blocks. The rock is fine textured,
and the weathered surface is a pleasing brown and brownish gray
and is speckled with small white feldspar crystals. Random blocks
of the rock have been used locally to construct house walls and a
large stone and concrete irrigation dam ; the rock should be equally
suitable for building retaining walls, steps, and fireplaces. Large
quantities of the naturally broken rock have accumulated in talus
slides at the base of high east-facing scarps formed by the flows.
Some of these slides are readily accessible by truck on ranch
roads. The rock could be quarried as rough dimension stone; it is
probably not suitable for cut and finished stone.

TRACHYBASALT

The Adel Mountain Volcanics of Lyons (1944) in the eastern
part of the area consist largely of trachybasalt in the form of lava
flows, volcanic breccia, volcanic conglomerate, and dikes and sills.
These rocks are part of the Adel Mountain Volcanic field that
covers about 330 square miles (855 sq. km) in Lewis and Clark
and Cascade Counties, east of the Wolf Creek area. Trachybasalt
flow rock and trachybasalt breccia, which can be classified as
traprock, have been used as riprap, road stone, and railway ballast
east of the area.

Trachybasalt breccia and flow rock were broken and crushed
by blasting and quarried from roadcuts for use in building a 20-
mile (32-km) stretch of Interstate Highway 15 between Craig
and Hardy, where the road crosses the Adel Mountain volcanic
field. The crushed and broken rock was used as roadfill and base
course material, and large quarry blocks of the rock were used as
riprap to retain the road embankment where it borders the Mis-
souri River. Naturally crushed and broken trachybasalt breccia
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also was quarried from a fault zone along Interstate Highway 15
about 2 miles (8.2 km) southwest of Craig for use as fill and as
base course to repair a large break in the highway caused by
landslip. The quarry is near the center of sec. 16, T. 15 N,, R. 3
W. There, the natural rock is intensively fractured by fault move-
ment, making it relatively easy to quarry. This particular trachy-
basalt appears to have excellent compacting and bonding proper-
ties.

The Great Northern Railway (now part of the Burlington
Northern Railway system) at one time used crushed trachybasalt
breccia as ballast along the tracks between Great Falls and Helena.
The material was quarried a short distance west of the railroad
at Hardy, in the northwest corner of sec. 36, T. 17 N,, R. 2 W.
This quarry, and the use of trachybasalt as ballast, were aban-
doned by the railway about 20 years ago.

Most of the trachybasalt in the Adel Mountain volecanic field is
probably not usable as dimension stone. However, blocks and
smaller fragments of the material in some places might serve as
rough building stone.

QUARTZITIC SANDSTONE AND QUARTZITE

Several types of quartzitic sandstone and quartzite in the Wolf
Creek area appear to be suitable for construction stone. These are
the upper sandstone unit of the Swift Formation, the lower sand-
stone unit of the Kootenai Formation, the lower sandstone unit
of the Flood Member of the Blackleaf Formation, the Flathead
Quartzite, and quartzite beds in the Belt Supergroup.

The upper sandstone unit of the Swift Formation is a potential
source of dimension stone. This sandstone is evenly bedded in
layers that are generally 1 or 2 inches (2.5 or 5 ecm) thick and
breaks down at the surface into flat, squarish slabs that are usable
as rough dimension stone. Many of the slabs contain interesting
impressions of fossil driftwood. The rock is hard and firmly
cemented, is resistant to chemical and mechanical weathering,
and is a pleasing brown and yellowish brown. It probably could
be quarried and fashioned into rectangular ashlar slabs. In the
adjacent Craig quadrangle, artistically fashioned cairns built of
natural slabs of Swift sandstone by shepherds in the 1920’s and
early 1930’s attest to the potential of the rock for dry-wall con-
struction. The cairns are built in square, round, and hexagonal
shapes, are as much as 8 feet (2.4 m) high and 5 feet (1.5 m)
wide, and are made of loose, flat, closely fitted slabs set in place
with a slight inward tilt. Some of the cairns are hollow.
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The lower sandstone unit of the Kootenai Formation and the
lower sandstone unit of the Flood Member of the Blackleaf For-
mation may be utilized as rough dimension stone and as crushed
and broken stone. These rocks are hard, tough, and compact and
are composed essentially of grains of quartz and chert bonded
firmly in a silica cement. They are extremely resistant to chemical
and mechanical breakdown. The Kootenai sandstone is light gray,
weathers grayish orange, is medium to coarse grained, and is un-
evenly bedded in layers several inches (a few centimeters) to sev-
eral feet (1-2 m) thick. The Flood sandstone is light gray and
light greenish gray, weathers brown and dark brown, is fine to
medium grained, and is evenly bedded in layers that range from
an inch (2.5 cm) to 1 or 2 feet (80-60 cm) in thickness.

The Kootenai and Flood sandstones break down naturally into
squarish blocks that are widely distributed over the ground near
the outcrop. The blocks range from a few inches (several centi-
meters) to as much as 6 feet (2 m) across. Many of these
natural blocks are usable as rough dimension stone; the larger
blocks would make excellent riprap. Both of the sandstones prob-
ably could be quarried to obtain rough dimension stone; the Flood
sandstone, where thinly layered, might also be suitable for ashlar
and flagstone. The hardness and toughness of the Kootenai and
Flood sandstones suggest that they might be suitable as crushed
stone; screened material might make excellent concrete aggregate.

The Flathead Quartzite has chemical and physical properties
that appear to make it suitable for use as dimension stone and
crushed and broken stone. It consists almost entirely of quartz
grains cemented by overgrowths of clear quartz, and the rock is
hard, tough, massive, compact, and extremely resistant to chemi-
cal and mechanical weathering. The quartzite in most places is
evenly layered; individual beds range from about an inch (2.5
cm) to 1 or 2 feet (30-60 cm) in thickness. The rock is pale gray,
white, and light reddish gray, and the surface weathers to a
pleasing tan, brown, or maroon. In places, the quartzite is deco-
ratively streaked by narrow red and purple bands.

The Flathead Quartzite breaks down naturally into large and
small squarish blocks that are abundantly spread over the ground
near the outcrop; in steep terrain these blocks form large talus
slides. Many of the natural blocks appear to be suitable for use
as rough dimension stone. The Flathead probably could be quar-
ried to produce crushed and broken stone. The quartzite is the
most chemically inert of all the rocks in the Wolf Creek area;
crushed material screened to the proper size should make excel-
lent concrete aggregate,
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In two quarries near Neihart, Mont., in Cascade County, tan to
maroon, and tan- and maroon-banded, ashlar and flagstone are
produced from the Flathead Quartzite (Chelini, 1963, p. 112). Per-
haps thinly and evenly layered parts of the Wolf Creek Flathead
could likewise be quarried and fashioned into ashlar and flagstone
and even into cut and finished stone.

Beds of hard, tough, fine-grained quartzite 1 inch (2.5 ecm) to 3
feet (1 m) thick are present in the upper part of the Greyson
Shale and the middle part of the Spokane Formation. The quartz-
ite in the Greyson is pale gray and pale greenish gray ; that in the
Spokane is gray and grayish red. Although this quartzite is
thinly layered, it does not split well and is difficult to fashion into
slabs. Quartzite beds an inch (2.5 em) or so thick, however, prob-
ably could be quarried in slabs for use as rough building stone.

ARGILLITE AND SILTITE

The Greyson Shale, Spokane Formation, and the Empire For-
mation consist largely of thin layers of argillite and siltite that
range through shades of gray, green, brown, red, and purple.
Rocks of this type, which crop out extensively over much of north-
western Montana and which bear some resemblance to slate, are
usable both as building stone and as crushed and broken stone.

Much of the argillite and siltite is hard and tough and thinly
laminated and breaks down naturally into loose squarish blocks
and flat slabs that have been widely utilized as building stone. The
rock has been used principally as rough ashlar and flagstone to
build structures such as walls, walks, patios, floors, terraces, ter-
race facings, and garden borders. In a few places, hand-trimmed
slabs of the rock have been used as exterior wainscotting on
houses. The argillite and siltite can be easily quarried, and some
of the hard, tough, evenly and thinly laminated rock should be
suitable for commercial ashlar and flagstone and cut and finished
stone.

Argillite and siltite were quarried in roadcuts and used as fill
to build the foundation of the 25-mile (40-km) stretch of Inter-
state Highway 15 between Helena Valley and Wolf Creek in the
years 1961 to 1964. Where the highway runs through the canyon
of Little Prickly Pear Creek, large massive blocks of the material
were used as riprap to retain the road embankment adjacent to
the creek and to construct baffles in the creek bed. Red and green
argillite and siltite of the Spokane Formation also were crushed
and screened for use as upper course material and as aggregate in
making the asphalt wearing course of the highway between
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Helena Valley and Wolf Creek. The crushed and broken argillite and
siltite appear to have excellent compacting, binding, wearing, and
draining properties, for the roadbed and the original wearing
course on this part of the highway have withstood more than 12
years of use without developing any serious flaws.

Green and red argillite and some quartzite of the Belt Super-
group are quarried and crushed by the Burlington Northern Rail-
way for use as ballast along the mainline tracks in northern
Montana. The quarry is along the Middle Fork of the Flathead
River, about 15 miles (24 km) west of Marias Pass, in Flathead
County. Similar rocks in the Wolf Creek area, and in adjacent
areas to the west and south, are also a potential source of stone
for this purpose.

LIMESTONE

Limestone, which is quarried extensively in Montana and other
States to produce construction stone, smelter flux, portland ce-
ment, and lime, is not abundant in the area.

Limekiln Mountain and Painted Hill, in the west-central part
of the area, are capped by small masses of Meagher Limestone,
much of which is massive, compact, and probably fairly pure
calcium carbonate. The name Limekiln Mountain suggests that
this rock was burned to obtain lime, but there is no other evi-
dence of such use. Somewhat larger masses of Meagher Limestone
crop out along the North Fork of Little Creek and along Wolf
Creek in the southwestern part of the area. Broken and crushed
Meagher Limestone would probably make excellent road metal and
concrete aggregate, but the deposits are too small and too inac-
cessible to be of much value.

Blocks and masses of Mission Canyon and Lodgepole Lime-
stones along the Eldorado thrust fault in the southwestern part
of the area are too small for commercial exploitation but could
be used locally as a source of lime. A large block of Mission Can-
yon Limestone in the thrust zone along the present Recreation
Road (former U.S. Highway 91) about 2 miles (3.3 km) south of
the town of Wolf Creek, in the adjoining Sheep Creek quadrangle,
was used as a local source of lime by early settlers. The ruins of
the brick kiln used to burn this limestone are at the mouth of
Sheep Creek, about a quarter of a mile (0.4 km) south of the lime-
stone exposure.

Limestone in the Kootenai, Morrison, and Sawtooth Formations
is too shaly and (or) sandy for use as construction stone or as a
source of lime, The Helena Dolomite, which crops out along the
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summit and flanks of Rogers Mountain, contains some fairly pure
dolomitic limestone that might be suitable for the manufacture
of high-magnesium lime, but it is not easily accessible. The great
bulk of the Helena Dolomite contains large amounts of shaly and
siliceous impurities; this formation has not been quarried com-
mercially as a source of lime.

CLAY AND CLAY SHALE

Clay and clay shale (indurated clay) are used in the manufac-
ture of brick, tile, pottery, stoneware, and lightweight concrete
aggregate. Large amounts of clay and clay shale are present in
the area, but their suitability for local or commercial use is not
known. Before any large-scale development, a detailed investiga-
tion of the extent of the deposits and thorough tests of the ma-
terial should be made.

The only soft clay that might be suitable for ceramics or light-
weight aggregate is found in glacial lake deposits along the Mis-
souri River, Little Prickly Pear Creek, and Rock Creek in the
southwestern part of the area. In places, these lake deposits con-
tain sequences of dark- and light-brown clay layers as much as
several feet (1-2 m) thick. The clays are soft and plastic when
wet. The ceramic and bloating properties of four samples of clay
from lake deposits of equivalent age in and near Great Falls have
been tested (Sahinen and others, 1958, p. 20-21). All the samples
proved to be unsatisfactory as possible ceramic raw materials
because of their high content of montmorillonite clay. However,
two of the samples were found to be suitable for expanded light-
weight aggregate. The composition of the glacial lake clays in the
Wolf Creek area might be considerably different from the com-
position of the clays near Great Falls, inasmuch as these widely
separated deposits were probably derived from different source
areas. Hence, the tests of the Great Falls samples do not neces-
sarily apply to the Wolf Creek clays. Banded clay derived from
similar deposits near Missoula, Mont., was formerly used in the
commercial manufacture of brick (Sahinen and others, 1958, p. 9).

On the basis of comparison with material elsewhere in Montana,
certain clay shales in the Two Medicine and Kootenai Formations,
and argillite of the Belt Supergroup, may be suitable for the
manufacture of brick. These rocks require grinding and would
have to be thoroughly tested before any large-scale use of the
material was made for this purpose. Soft gray shale from the
Judith River Formation was formerly used for the manufacture
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of common and face brick in Havre (Sahinen and others, 1958,
p. 4, 19). Large amounts of shale, similar in appearance and of
the same geological age, are present in the middle part of the
eastern facies of the Two Medicine Formation in the eastern part
of the Wolf Creek area. A red clay from the Kootenai Formation
at Lewiston is made into common and face brick (Sahinen and
others, 1958, p. 16). This material does not require grinding before
use. Red clay shale of similar composition, but more compact and
consequently much harder than the material used at Lewiston,
and requiring at least some grinding, is found in the lower part
of the Kootenai Formation in the southeastern part of the Wolf
Creek area. Samples of pinkish-gray, red-weathered, medium-hard,
laminated argillite and hard, black, gray-weathered argillite
from the Greyson Formation near Whitehall were found to be
suitable for making common brick (Sahinen and others, 1958, p.
4, 15, 16). Both these rocks require considerable grinding before
use. The pinkish-gray, red-weathered shale was used at the old
brick plant in Butte to make common and face brick. Large
amounts of red argillite in the Spokane Formation and black and
gray argillite in the lower part of the Greyson Shale in the south-
western part of the Wolf Creek area are similar to the rocks near
Whitehall.

Certain clays and shales in Montana are suitable for the pro-
duction of light-weight aggregate for concrete (Nelson, 1947;
Sahinen, 1957; Sahinen and others, 1958 ; Sahinen, 1963). These
rocks have a high content of montmorillonite and expand to a
firm cellular product when heated suddenly to a temperature near
the fusion point. Near Great Falls, montmorillonitic (bentonitic)
shale from the Taft Hill Member of the Blackleaf Formation is
used to produce light-weight aggregate (Sahinen, 1963, p. 62). The
Taft Hill Member crops out widely in the southeastern part of the
Wolf Creek area and probably contains shale that may also be
suited for making light-weight aggregate. Other shales in the
Wolf Creek area that are potentially usable for this purpose are:
gray and green bentonitic shale in the Vaughn Member of the
Blackleaf Formation; gray and black shale in the Floweree Shale,
Ferdig, and Kevin Members of the Marias River Shale; and gray
and green bentonitic shale in the lower and middle parts of the
eastern facies of the Two Medicine Formation.

BENTONITE

Bentonite is a natural clay material, formed from the altera-
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tion of glassy volecanic ash, that consists essentially of the clay
minerals montmorillonite and beidellite. Some bentonite swells
greatly when wetted ; this property has led to extensive use of the
material as a sealant for irrigation canals, earthen dams, and
reservoirs. Bentonite of the proper quality is also used in the
preparation of rotary drilling mud, as a bonding agent in the
preparation of foundry molding sands, and for pelletizing low-
grade iron ore. Other uses of bentonite are as a filler, a thickening
agent, and a suspender in the manufacture of paper, paint, ad-
hesives, insecticides, fungicides, printing inks, and pharmaceuti-
cals. Berg (1969) has discussed the occurrance, properties, and
uses of bentonite in Montana.

In the Wolf Creek area, beds of bentonite are present in the
Vaughn Member of the Blackleaf Formation; in the Floweree,
Cone, Ferdig, and Kevin Members of the Marias River Shale; and
in the eastern and western facies of the Two Medicine Formation.
Most, if not all, of these beds are too thin and have too much
overburden to be of commercial value. Some of the beds, however,
are as much as 3 feet (1 m) thick; these probably could be mined
for local use to seal irrigation canals, earthen dams, and reser-
voirs against leakage.

A bed of bentonite a few inches (several centimeters) to as
much as 3 feet (1 m) thick is present near the base of the Cone
Member of the Marias River Shale. This bentonite is yellowish
orange, contains scattered flakes of green chlorite, and in places
contains thin seams and veinlets of calcite. The swelling properties
of the Cone bentonite are unknown, but it is probably suitable as
a sealant.

A bed of pale-green bentonite, as much as 3 feet (1 m) thick,
is present locally about 100 feet (30 m) above the base of unit D
in the volcanic member of the western facies of the Two Medicine
Formation in the southwestern part of the area (pl. 1). The bed
extends about 1 mile (1.6 km), from the northwest corner of sec.
27, T. 15 N,, R. 4 W. into the south half of sec. 22, T. 15 N., R. 4
W. This bentonite appears to be pure; the surface exposures have
a popcornlike texture, indicating that the material has good
swelling properties and might make an excellent sealant. Unfor-
tunately, the bed dips 10° to 12° W., so that the thick overburden
probably would prevent commercial exploitation.

Several beds of pale-green bentonite, generally less than a foot
(80 cm) thick but in places as much as 3 feet (1 m) thick, are
present in the eastern facies of the Two Medicine Formation 650
to 1,450 feet (198 to 442 m) above its base. Even the thickest of
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these beds are, however, difficult to exploit, for they are mostly
covered with vegetation and are thus hard to recognize and trace,
and are steeply dipping and difficult to mine efficiently.

Many beds of light-gray and pale-yellowish-green bentonite a
few inches (several centimeters) to as much as 2 feet (60 cm)
thick are present in the Vaughn Member of the Blackleaf Forma-
tion. The Vaughn bentonite is generally somewhat silty and may
be nonswelling. The beds are also steeply dipping and thus are
difficult to mine. Northeast of the Wolf Creek area, in the vicinity
of Cascade, Ulm, and Great Falls, the bentonite of the Vaughn is
reported to be of poor quality (Maughan, 1961 ; Fox, 1966).

Beds of light-gray, yellowish-gray, and yellowish-orange benton-
ite as much as a foot thick are found near the middle of the
Floweree Shale Member of the Marias River Shale, at the base
of the Ferdig Member of the Marias River Shale, in the lower and
upper parts of the Kevin Member of the Marias River Shale, in
the lower part of the sedimentary member of the western facies
of the Two Medicine Formation, and near the base of the eastern
facies of the Two Medicine. All of these beds are probably too
thin to be of economic value.

SILICA

Silica (SiO;) in the form of quartz sand is the principal in-
gredient in the manufacture of glass. Large amounts of silica are
also used for metallurgical flux, refractories, molding sand, engine
sand, hydrafrac sand, and sandblasting. Very high grade silica is
the source of metallic silicon, used in the manufacture of semi-
conductors and silicones.

Some of the Flathead Quartzite in the southwestern part of the
area may be a potential source of silica. Locally, the Flathead
contains beds of pure, pale-gray to white, fine- to medium-grained
quartzite as much as several feet (1-2 m) thick. These beds are
composed of small grains of quartz cemented with overgrowths of
clear quartz, and the rock appears to be nearly free of iron oxide
or other impurities. This material might meet the specifications
for glass sand (less than 0.06 weight percent of iron). Most of the
Flathead is composed of quartzite that contains some impurities
and in which the constituent grains of quartz are coated with films
of red iron oxide. This rock is estimated to consist, however, of
95 to 98 percent quartz; thus, it may be suitable for such uses as
metallurgical flux, refractory lining, and molding sand. It is also
suitable for engine sand and for sandblasting, as the material
used for these purposes need not be especially pure. The Flathead
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Quartzite is hard, compact, and dense and does not break down
naturally into loose sand particles. The rock would therefore re-
quire crushing and grinding before it could be used for any of the
above purposes. The Flathead probably does not contain any
quartzite pure enough to serve as raw material for the production
of silicon metal.

A vein of milky quartz that crosses Lanigan Mountain in the
NW1, sec. 11 and the SE14 sec. 10, T. 156 N, R. 5§ W,, in the
southwestern part of the area, may constitute a potential source
of silica. This vein is slightly more than a mile (1.6 km) long and
is as much as 6 feet (2 m) wide. It commonly stands several feet
(1-2 m) above the surrounding ground surface. The vein consists
largely of dense white to creamy-white quartz and is devoid of
barite or disseminated sulfide minerals that are present in most
of the other veins in the area. In places, the borders of the vein
contain many crushed fragments of green and red argillite de-
rived from the enclosing rocks. Crushed and ground quartz from
this vein would probably be suitable for use as metallurgical flux,
refractory lining, molding sand, engine sand, and for sandblasting.
If freed of argillic impurities, the material might meet the re-
quirements for glass sand. The vein quartz is probably not pure
enough to constitute a source of metallic silicon.

COAL

Coal is not abundant in the Wolf Creek area. Thin beds of lig-
nite and low-rank coal in the lower 130 feet (40 m) of the eastern
and western facies of the Two Medicine Formation are inter-
layered with sandstone, siltstone, mudstone, and bentonite. Gen-
erally there are four or five carbonaceous beds in this interval,
and locally, as many as 10. The carbonaceous beds are ordinarily
a few inches (several centimeters) to 1 or 2 feet (30-60 cm)
thick, but in some places they are as much as 6 feet (2 m) thick.
They are lenticular and rarely extend more than a few hundred
feet (100-200 m) along strike. At several places, lignite and coal
were obtained from the Two Medicine Formation by early resi-
dents. Their workings are now caved and abandoned. The principal
localities where coal was mined are briefly described below.

A considerable amount of low-rank coal was obtained just south
of the town of Wolf Creek. The principal workings, consisting of
10 or more small pits and at least one adit, are in the NE1/, sec.
2, T. 14 N., R. 4 W. The coal was mined from four beds in the
lower 65 feet (20 m) of the sedimentary member of the western
facies of the Two Medicine Formation. These coal beds range from
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114 to 6 feet (45 cm to 2 m) in thickness and contain thin beds of
vellowish-orange bentonite. Many of the coal fragments in waste
piles near the old workings are black and hard and are probably
of subbituminous or bituminous grade.

A small amount of coal was mined about three-quarters of a
mile (1.2 km) northeast of the Nohrgang Ranch at the southeast
corner of sec. 31, T. 16 N,, R. 3 W, in the east-central part of the
area. The workings consist of a small pit and waste pile. The coal
was obtained from a 2-foot-thick (60-cm-thick) bed in the lower
part of the eastern facies of the Two Medicine Formation. The
coal has a brownish cast and is probably lignite.

A large volume of coal was obtained at two localities along the
Dearborn River, about 8 miles (4.8 km) northwest of the Dear-
born Ranch, in the north-central part of the area. One is in the
NW1SEY,SEY, sec. 21, T. 17 N, R. 4 W, in the bluffs on the west
side of the river; the other is in the NE14SEl,NE1, sec. 21,
T. 17 N., R. 4 W., in the bluffs on the east side of the river. At
the first locality, good-quality coal was obtained from a bed about
10 feet (8 m) above the base of the eastern facies of the Two
Medicine Formation. The coal bed is 4 to 5 feet (1.2 to 1.5 m)
thick, dips steeply to the west, and crops out in a narrow band that
can be traced for several hundred feet (100-200 m). The bed
contains partings of olive-gray claystone and bentonite. The coal
was mined by trenching and also from an adit driven into the
hillside parallel to the strike of the bed about 20 feet (6 m) above
the river. The adit is now caved. The coal in a large waste pile
near the portal is hard, dense, and black and is the best quality
coal observed by this writer in the area. It is probably of sub-
bituminous or bituminous rank. At the second locality, in the
bluffs on the east side of the Dearborn River, coal was mined
from several closely spaced beds in the lower part of the eastern
facies of the Two Medicine Formation. The beds there are locally
as much as 5 feet (1.5 m) thick and were mined by shallow
trenching over a strike length of about 200 feet (60 m). Most of
this coal has a brownish cast and is probably lignite.

A small amount of coal was obtained at two localities about
half a mile (0.8 km) east and southeast of Black Rock in the
north-central part of the area. These localities are in the NW1j
NE14SW1, and the SE14, NW14,NW1j sec. 8, T. 17 N., R. 4 W. At
both places, the coal was mined by trenching from thin beds in
the lower part of the eastern facies of the Two Medicine Forma-
tion. Small waste piles remain in the vicinity of the workings.
The coal is brownish black and is probably lignite.
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