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STRUCTURE AND STRATIGRAPHY OF THE SHEEP MOUNTAIN
AREA, CENTENNIAL RANGE, MONTANA-IDAHO

INTRODUCTION

Location and Accessibility

The Centennial Range extends west from the Henry's Fork of the

Snake River to the southern extremity of the Beaverhead Mountains.

The crest of the range forms part of the Continental Divide, which

serves as a natural boundary between Montana and Idaho. The broad,

flat Centennial Valley lies on the north side of the mountains, and the

Snake River Plain is adjacent to the south.

The Sheep Mountain area of the Centennial Range comprises 44

square miles along the Continental Divide in Beaverhead County,

Montana, and Clark County, Idaho. The area is approximately 50

miles southwest of West Yellowstone, Montana (Figure 1), and includes

parts of Townships 14 and 15 South, Ranges 1 and 2 West in Montana,

and Township 14 North, Ranges 40 and 41 East in Idaho. Most of the

area in Montana is located within the U. S. Government Sheep Experi-

ment Station and the Red Rock Lakes National Wildlife Refuge. That

part of the area mapped in Idaho lies within the Targhee National

Forest.

A gravel and dirt road in Montana connecting U. S. Highway 191

and U. S. Highway 15 provides access to the thesis area. The J. R.
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Figure 2. North front of the Centennial Range, which has been uplifted along the Centennial fault.,
Pleistocene glaciation has cut cirques and U-shaped valleys into the Paleozoic rocks,
which are well-expos vi along the fault. The prominent cliffs in the upper third of the
range are formed by the resistant limestones and dolomites of the Madison Group. The
tree-covered slopes along the base of the Centennials are talus slopes and terminal
moraines.
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Simplot mining road up Odell Creek connects with this road to provide

the only access to the area from the north. It should be noted that this

road is unimproved and not passable by automobile at present.

Unimproved Forest Service roads along Dry Creek, Sheridan Creek,

and Taylor Creek provide limited access within the area from the

south. These roads connect with an improved gravel road that con-

nects U. S. Highway 15 and U. S. Highway 191 in Idaho.

Topography

The minimum elevation in the area is 6,639 feet along the south

shore of Upper Red Rock Lake. The range rises in a near-vertical,

north facing escarpment above this level to more than 9,000 feet, the

highest point being 9,855 feet at the summit of Taylor Mountain. Thick

units of resistant Cambrian and Mississippian limestones form bold

cliffs along the escarpment, which is highly indented by the deep dis-

section of Pleistocene valley glaciers.

Steep-walled canyons are a common topographic feature in the

area. The gentle slopes (10 to 20 degrees) south of the Continental

Divide have been deeply dissected by streams, which transect the strata

normal to the strike. Odell Creek, the largest perennial stream in the

area, has cut a canyon 600 feet deep through Paleozoic rocks in the

NW1 /4, sec. 6, T. 15 S. , R. 1 W. and the SW1/4, sec. 31, T. 15 S. ,

R. 1 W.
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Figure 3. View from the Centennial Valley looking east at
Sheep Mountain. The prominent cliffs near the
top of the mountain are formed by beds of the
Madison Group, which dip gently to the south.
Note the downdropped Odell Creek Fault Block
in the center of the picture. The Phosphoria
Formation caps both the top of Sheep Mountain
and the top of the Odell Creek fault block.
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The quality of exposures is directly proportional to the steepness

of the topography and inversely proportional to the amount of cover.

The Paleozoic rocks are well-exposed in the escarpment that forms the

north part of the area. Outcrops of Mesozoic rocks in the south part of

the area are poor, however, because of the heavy tree cover.

Drainage

Odell Creek and its tributaries compose the major north-flowing

perennial drainage of the area. This stream empties into Upper Red

Rock Lake, which is drained by the Red Rock River. At Armstead,

Montana, this river joins Horse Prairie Creek forming the Beaverhead

River which in turn joins the Bighole and Ruby Rivers near Twin

Bridges, Montana, forming the Jefferson River. The Jefferson,

Gallatin, and Madison Rivers then join at Three Forks, Montana, to

form the Missouri River.

Dry Greek, Sheridan Creek, Howard Creek, and Taylor Creek

are small perennial streams, which flow southward into Sheridan

Reservoir in Idaho. Water from this reservoir joins the Henry's

Fork of the Snake River at Island Park Reservoir.

Methods

Ten weeks, from June 26 to September 4, were spent in the field

during the summer of 1969. Geology was plotted on 1967 U. S.
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Department of Agriculture aerial photographs with a scale of 1:15,840.

From these photos, the geology was plotted on Lower Red Rock Lake

and Upper Red Rock Lake quadrangle maps, enlarged to 2.6 inches per

mile. Stratigraphic sections were measured directly with a Jacob's

staff and Brunton compass.

All sandstones are classified using Gilbert's classification

(Williams et al. , 1954). Calcareous sedimentary rocks are classified

according to the system proposed by Folk (1959, 1962), and stratified

and cross-stratified rocks according to McKee and Weir's (1953)

terminology. Rock colors were determined in the field with the aid

of the Rock-color chart distributed by the Geological Society of

America (Rock-Color Chart, 1963).

Previous Work

Previous geologic work in the Centennial Range is limited. In

1947 and 1948, G. C. Kennedy (1948) mapped the Lyon Quadrangle,

which included the east end of the Centennial Range. In 1949, F. S.

Honkala completed reconnaissance geology in the western half of the

Centennial Range while engaged in graduate studies for the University

of Michigan. Four years later, Honkala (1953) mapped the phosphate

deposits in the area east of Odell Creek for the United States Geological

Survey. J. P. Jemmett (1955) also mapped these phosphate deposits

while engaged in graduate studies for the University of Idaho. Other
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Table 1. Correlation chart, western Montana (modified after McMannis, 1965, Fig. 2
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men have published contributions to the general geologic knowledge of

the Centennial Region. These include a report by Condit, Finch, and

Pardee (1927) of the United States Geological Survey and a stratigraphic

paper by Sloss and Moritz (1951) of Northwestern University.
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STRATIGRAPHY

Rocks ranging in age from Precambrian to Recent crop out in

the thesis area and total approximately 6,560 feet in thickness.

An undetermined thickness of schists and metasediments is over-

lain by 3,433 feet of strata representing the Paleozoic. The rocks are

predominantly carbonates but include subordinate sandstones and

shales. Eleven formations represent all the periods of the Paleozoic

except the Ordovician and Silurian.

Mesozoic rocks, approximately 3,127 feet thick, consist of sand-

stones, siltstones, mudstones, and limestones. Nine formations

represent all the periods of the Mesozoic.

The Cenozoic Era is represented by volcanic rocks, landslide

material, glacial deposits, and alluvium.

Precambrian Rocks

Peale (1896) named the Cherry Creek Group for schists, gneisses,

marbles, and quartzites that are typically exposed about 20 miles south

of Ennis, Montana. He assigned an Algonkian (Proterozoic) age to the

Cherry Creek Group.

Precambrian schists and metasediments exposed within the thesis

area are similar to those that Peale included in the Cherry Creek

Group. These rocks crop out in a narrow strip along the base of the
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Table 2. Summary of Stratigraphic Units

Age

Quaternary

Quaternary

Quaternary

Tertiary

Map Unit Lithology

Thickness
(in feet)

Landslide

Alluvium

Tuffaceous sandstones and siltstones
(Lower Colorado Group?), unconsolidated
talus

Unconsolidated gravels, sands, silts,
and clays

Glacial till Unconsolidated pebbles, cobbles, and
boulders in a clay and silt matrix 0-300

Unconformity

Rhyolite and Rhyolites and olivine basalts 0-100
basalt flows

Unconformity

Cretaceous Thermopolis Fm. Quartz arenites and mudstones 800

Disconformity

Cretaceous Kootenai Fm. Conglomerates, pebbly sandstones,
and "gastropod limestones" 500

Disconformity

Jurassic Morrison Fm.

Jurassic Swift Fm.

Jurassic

Disconformity

Quartz arenites, mudstones, and
limestones

Fossiliferous pebbly sandstones,
glauconitic limestones, and sandstones.

245

48

Sawtooth Fm. Limestones and local interbedded
fossiliferous limestones 131

Disconformity

Triassic Thaynes Fm. Quartz arenites 132

Triassic Woodside Fm. Sandstones, siltstones, and shales 800

Triassic Dinwoody Fm. Dolomites, siltstones, and local
interbedded sandstones 471

Permian

Disconformity

Phosphoria Fm. Conglomerates, sandstones, lime-
stones, dolomites, phosphorites,
cherts, and shales 200
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Table 2. (Continued)

Age
Thickness

Map Unit Litho logy (in feet)

Disconformity

Pennsylvanian Quadrant Fm. Quartz arenites and local interbedded
limestones 90

Mississippian-
Pennsylvanian

Amsden Fm. Limestones and sandy dolomites 80

Disconformity

Mississippian Mission Canyon Fm. Dolomites, rarely fossiliferous, and a
few interbedded limestones 970

Mississippian Lodgepole Fm. Fossiliferous limestones and interbedded
calcareous shales, argillaceous micritic
lamine, and chert nodules and beds 688

Disconformity

Devonian Three Forks Fm. Sandy and fossiliferous limestones,
calcareous siltstones, and quartz.
arenites 184

Devonian Jefferson Fm. Dolomites and intercalated shales
in lower part 419

Disconformity

Cambrian Park Fm.

Cambrian Meagher Fm.

Cambrian Flathead Fm.

Non-calcareous shales and rare
limestones

Sandy and dense, finely-crystalline
limestones

Quartz arenites, glauconitic quartz
arenites, and shales

Unconformity

Precambrian Cherry Creek Group Schists and metasediments

125

540

137



13

Centennial Mountains from the NW1/4, SE1/4, sec. 28, T. 14 S. ,

R. 1 W. to the NW1/4, SE1/4, sec. 36, T. 14 S. , R. 1 W. They are

very resistant to erosion and form steep cliffs where they are not

covered by talus from overlying strata. From a distance, the schists

and metasediments appear dark gray and structureless, but, on closer

examination, color variations and foliation are evident.

Litho logy

The metasediments are the more distinctive of the two types of

metamorphic rocks exposed in the thesis area. They are character-

ized by porphyroblasts of pyrite up to 3 mm across. Upon

exposure to weathering pseudomorphs of limonite after pyrite are

developed. Some of this limonite stains the surface of the rock light

brown (5YR 6/2).

The metasediments are microcrystalline and have a porphyro-

blastic granular texture. They belong to the greenschist facies of

regional metamorphism (Turner, 1968). The fresh olive gray (5Y 3/2)

color of the rock is caused by its chlorite (30%), epidote (20%), and

biotite (20%) content. Flaky chlorite crystals occur in a loosely inter-

locked aggregate throughout the rock. There is some evidence in thin

section that biotite has formed at the expense of chlorite. The

occurrence of the two minerals together is common in the greenschist

facies, where their stability fields overlap (Taubeneck, 1970). Epidote,
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biotite, and quartz (25%) occur as euhedral crystals. Some quartz

has been recrystallized in veins up to 1 mm in thickness and in pods up

to 1 mm in diameter. Sutured grain boundaries in this quartz are com-

mon. The minor constituents are leucoxene (4%), plagioclase (albite ? ),

apatite, zircon, pyrite, and calcite. Leucoxene is probably present

as the alteration product of pre-existing titanium minerals, although

evidence for this was not found. Plagioclase, apatite, and zircon

occur as subhedral to euhedral crystals, and pyrite forms euhedral

porphyroblasts previously mentioned. Calcite is restricted to some

of the quartz pods, where it seems to replace some of the quartz.

A leucoxene-actinolite schist and a chlorite schist are both

present in the thesis area and overlie the metasediments. Both belong

to the greenschist facies of regional metamorphism. The schists

weather to blocky fragments up to 3 feet thick and 6 feet long.

Irregular quartz veins up to 1 foot in thickness occur at high angles

to the schistosity.

The leucoxene-actinolite schist lies directly above the meta-

sediments, but the contact could not be located in the thesis area

because of poor exposures. The rock is medium bluish gray (5B 5/1)

on fresh surfaces and has a microcrystalline granoblastic texture with

poorly developed schistosity. Weathered surfaces are light bluish

gray (5B 7/1). Microscopically, the rock is seen to consist

dominently of quartz (35%), actinolite (30%), leucoxene (25%), chlorite
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(5%), and biotite (4%). Minor constituents form 1 percent of the

rock and include calcite, epidote, hematite, magnetite, and plagio-

clase (albite ? ). Actinolite occurs as scattered subhedral to euhedral

crystals and as slightly larger crystals that are elongated parallel

to the schistosity. It is associated with small stringers of euhedral

biotite crystals, which parallel the schistosity and are up to 10 mm

long. Quartz occurs throughout the rock as scattered subhedral

crystals. Almost complete alteration of pre-existing disseminated

illmenite crystals in the rock has formed the leucoxene.

The chlorite schist overlies the leucoxene-actinolite schist

with a gradational contact separating the two. The rock is grayish

olive green (5GY 3/2) on fresh surfaces. Weathered surfaces have a

resinous luster and a light olive gray (5Y 4/2) color. Microscopically,

the rock is seen to be microcrystalline and to have a porphyroblastic

texture with poorly developed schistosity. Chlorite (50%) and quartz

(40%) occur as subhedral to euhedral crystals distributed evenly

through the rock. Calcite (5%) and a small amount of recrystallized

quartz occur as porphyroblasts up to 0.5 mm in diameter. The cal-

cite forms subhedral crystals, and the quartz occurs as a collection

of anhedral crystals with sutured grain boundaries. These porphyro-

blasts tend to be concentrated parallel to the schistocity. Biotite (10%)

occurs as subhedral subparallel crystals, which also parallel the

schistosity. There is meager evidence in thin section that the biotite
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formed from chlorite and that the two minerals are now stable in each

others presence. Epidote and an opaque ore mineral scattered through

the rock occur as anhedral to subhedral crystals that make up the

remaining one percent of the rock. The epidote is probably secondary,

but no evidence is available to indicate its origin.

Cambrian Stratigraphic Nomenclature
of Southwestern Montana

In 1890, Peale assigned all Cambrian formations in the Three

Forks area to the Gallatin sandstones and overlying Gallatin lime-

stones. In 1893, he published the first detailed stratigraphic section

of the Cambrian rocks in Montana. In this paper he renamed the for-

mations, substituting Flathead Formation for the Gallatin sandstones

and Gallatin Formation for the Gallatin limestones. The Gallatin For-

mation was further defined as consisting of five members, which were,

from the base upward, Trilobite limestones, Ololella shales, Mottled

limestones, Dry Creek shales, and Pebbly limestones. In 1900, Weed

discarded Peale's members of the Gallatin Formation and raised the

original members of the Barker Formation, which he had named in

the Fort Benton and the Little Belt Mountain areas (Weed, 1899), to

formational rank. In ascending order these formations were: Flathead,

Wolsey, Meagher, Park, Pilgrim, Dry Creek, and Yogo.

Subsequent field work and fossil study by Walcott (1900), Willes
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(1912), Blackwelder (1918), Resser and Bridge (1932), and Tans ley

and Schafer (1933) introduced much confusion into the nomenclature of

the Cambrian formations of central Montana and Yellowstone Park.

In 1935, Deiss remeasured and emended Weed's original sections

and formations in order to solve the problem of nomenclature and cor-

relation of these Cambrian formations. He concluded that all but one

of the names given by Weed for the Cambrian formations in the Little

Belt Mountains be retained to designate the type Cambrian formations

of central and southern Montana and Yellowstone National Park.

Deiss found that Cambrian rocks to which the term Yogo could be

applied are unknown, and he discarded the name Yogo limestone.

Flathead Sandstone, Wolsey Shale, Meagher Limestone, Park Shale,

Pilgrim Limestone, and Dry Creek Shale are now widely used and are

given official sanction by the United States Geological Survey.

Flathead Formation

The Flathead Formation of the thesis area is equivalent to

Peale's Flathead quartzite (peale, 1893), Weed (1900) defined the Flat-

head Formation as a quartzite which, somewhat fissile, impure, and

shaly in the middle, commonly has a conglomerate at the base. Deiss

(1936), in his definition of the type section, stated that everywhere in

Montana and Yellowstone National Park the Flathead rests upon

Precambrian rocks and is the basal formation of the Cambrian System.
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Distribution and Topographic Expression

At most localities in the area, the Flathead is covered by lime-

stone talus from overlying formations. The formation crops out along

the base of the Centennial Mountains east of the NW1/4, sec. 28, T.

15 S. , R. 1 W. , and where outcrops are not covered by talus, they

occur as ledges up to three feet thick, which collectively form a steep

slope.

The Flathead has unconformable contact with the underlying

Cherry Creek Group. The sandstones of the Flathead lie on a regolith

developed on the Precambrian rocks. This regolith is about 2 feet

thick and consists of abundant red clay that contains quartz and feld-

spar grains up to 0.5 mm in diameter. In general, the metamorphic

rocks appear to have been beveled to a near plane before deposition of

the Flathead.

Thickness and Litho logy

The Flathead Formation in the thesis area is 137 feet thick and

consists of buff, red, green, and pink quartz arenites, glauconitic

quartz arenites, and intercalated green and maroon shales. In the

lower 90 feet of the formation the quartz arenites are thick-bedded

and have sharp, planar bedding surfaces. Upward in the formation,

they become glauconitic and thin-bedded but retain the sharp, planar
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bedding surfaces. The shales are fissile, micaceous, and form very

thin beds which are interbedded with the quartz arenites in the lower

90 feet of the formation.

A pebbly sandstone bed 2 feet thick at the base of the formation

is grayish orange (10YR 7/4) on fresh surfaces and weathers pale red-

dish brown (10YR 5/4). It has a framework (35%) composed of well-

rounded pebbles of quartzite (18%), quartz (12%), microcline (4%), and

metamorphic lithics (1%) that average 3 mm in diameter and are matrix

supported. A few of the quartz pebbles contain small regular inclusions

(Keller and Littlefield, 1950) of zircon and micas. The microcline

pebbles are fractured, and hematite is concentrated along the fractures.

The microcline shows slight alteration to sericite. The metamorphic

lithic pebbles are metasediments derived from the underlying Cherry

Creek Group and contain microcrystalline quartz with highly sutured

grain boundaries and biotite laths with no preferred orientation.

The sand-sized fraction of the rock (50%) comprises fine- to

coarse-grained quartz (42%), quartzite (3%), magnetite (2%), plagio-

clase (1%), microcline (1%), and mica (1%). Traces of zircon and

tourmaline also are present. Most of these grains are subrounded to

rounded. Mica, however, occurs as small subhedral microcrystalline

laths. Former pore spaces between these grains have been filled with

sericite (5%), which probably formed by diagenetic alteration of pre-

existing matrix minerals.
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Silica (7%) is the dominant cement, forming overgrowths on the

quartz grains. Hematite (3%), which has formed by alteration of

magnetite, acts as a minor cement.

The beds of quartz arenite overlying the basal pebbly sandstone

are 88 feet thick and are composed almost entirely of well-sorted

quartz grains (91%) and quartz overgrowths. Subordinate zircon,

muscovite, and quartzite grains are scattered through the framework.

The grains are subangular to subrounded and average 0.3 mm in

diameter. The secondary quartz overgrowths add to the angularity of

the quartz grains. Locally, well-rounded white quartz pebbles up to

3 mm in diameter can also be found in the framework. Limonite (1 %)

and hematite (2%), which give the sandstone a pale red (5R 6/2) color

on fresh surfaces and a grayish red (5R 4/2) weathered color, act as

minor cements. Calcite is the major cement and forms 6 percent of

the rock.

The upper 47 feet of the formation consist of well-sorted very

fine-grained glauconitic quartz arenite, which is greenish gray (5GY

6/1) on fresh surfaces and weathers light olive gray (5Y 5/2). The

quartz arenite is similar in mineralogy and grain size to that lower in

the formation except that it contains up to 20 percent glauconite.

Alternating with these beds are thin beds of quartz arenite typical of

the lower part of the formation. Bedding surfaces between the two

types of sandstone are sharp and planar.



21

Fossils and Age

No fossils were found in the Flathead Formation in the thesis

area. Deiss (1936), however, found "crinoid stems associated with

trilobite fragments and calcareous brachiopods" at Crowfoot Ridge in

Yellowstone Park. Miller (1936) found the fossil species Lingulepis

aculinatus near the top of the formation in northwestern Wyoming.

Generally, however, fossils are almost completely lacking in the forma-

tion because of unfavorable conditions for their preservation. The

quartz arenites were so winnowed upon deposition that fossil material

was almost completely destroyed. The calcite cement in some of the

samples examined probably represents diagenetically recrystallized

shell material.

Weed (1900) assigned a Middle Cambrian age to the Flathead.

Although Hanson (1952) found no fossils in the formation, he also

assigned to it a Middle Cambrian age. "Inasmuch as it intergrades

with the overlying Wolsey shale containing Middle Cambrian fossils,

it is probably also Middle Cambrian and only slightly older than the

Wolsey. "

Regional Correlations

Everywhere in western Montana and northwestern Wyoming the

Flathead Formation is the basal unit of the Cambrian System. The
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formation exhibits regional thickness variations that reflect the relief

of the Precambrian surface over which the Flathead sea advanced.

According to Deiss (1936), the average thickness of the formation in

southwestern Montana is 180 feet.

The formation is characterized by a marked lithologic uniformity

throughout its area of occurrence (Hanson, 1952). The most diagnostic

characteristic of the formation throughout western Montana is the

almost invariable presence of tan and white pure quartz pebbles

scattered throughout the otherwise well-sorted sandstone (Theodosis,

1955).

Depositional Environment

According to Hanson (1952), the Flathead Formation was deposited

in the shallow water of a transgressive sea which spread rapidly east-

ward from the miogeosyncline in Middle Cambrian time. The Wyoming

Shelf, over which the Flathead was deposited, was relatively stable

during this time, as indicated by the blanket character and uniform

lithology of the formation. Slow deposition and winnowing by wave and

current action removed or destroyed argillaceous material producing

a mineralogically and texturally mature sandstone.
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Figure 4. Mottling, which is typically developed on the
weathered surfaces of the Meagher limestones.
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Meagher Formation

The Meagher Formation in the thesis area is a prominent cliff-

forming succession of carbonate strata correlated with Weed's (1900)

Meagher Limestone. Weed's original definition, however, was based

on the Meagher's occurrence in the Little Belt Mountains and did not

take into account the different features of the formation exhibited in

other areas. In 1936, Deiss emended the original definition, stating

that the formation is composed of thick- and thin-bedded gray and tan

limestones that contain thin shale partings.

The formation rests conformably and transitionally on the Wolsey

Shale in most of southwestern Montana. In the Centennial Mountains,

however, the Wolsey Shale is absent, and the Meagher paraconformably

overlies the Flathead Formation. The sharp and planar basal contact

is placed at the base of the sandy limestone beds that overlie the quartz

arenite of the Flathead.

Distribution and Topographic Expression

The Meagher is the most distinctive and easily recognized

Cambrian formation in the thesis area. It possesses a characteristic

mottling on weathered surfaces and forms prominent cliffs, locally up

to 200 feet high, between a steep slope formed on the underlying

Flathead Sandstone and a broad bench formed on the overlying Park
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Shale. The formation crops out along the north base of the Centennial

Mountains east of the NW1/4, sec. 28, T. 15 S. , R. 1 W.

Thickness and Litho logy

The formation consists of 540 feet of pink, gray, and brown

limestones. Basal thin- and thick-bedded sandy limestones grade up-

ward into thin- and thick-bedded to very thick-bedded, dense to finely-

crystalline limestones.

The lower 70 feet of the formation is a sequence of thin- to thick-

bedded sandy micritic limestone. There is no orderly interbedding of

the thin and thick beds, although the thin-bedded limestones are more

abundant. Bedding planes are undulatory and sharp, and the weathered

surfaces are smooth and conchoidal.

Microscopically, the limestone is seen to be composed of micrite

(40%) and small patches of microspar (20%) that has formed by recrystal-

lization of the micrite. Thirty eight percent of the rock is composed of

detrital grains of quartz (37%), plagioclase, microcline, tourmaline,

and magnetite. The grains are angular to subrounded and average 0.15

mm in diameter. The quartz grains show evidence of replacement by

calcite, which adds to their angularity. Two percent of the rock con-

sists of hematite and limonite, which gives fresh surfaces a grayish

orange pink (10R 8/2) color and weathered surfaces a very pale orange

(10R 8/2) color.
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The overlying 135 feet are thin-bedded, becoming thick-bedded

up section. The beds are composed of medium gray (N 4) biomicritic

and micritic limestones that weather a light gray (N 7). The beds in

the lower half of this unit display tan mottling. The tan component

occurs as highly irregular blebs generally one-half inch or less in

diameter and commonly exhibiting a crude orientation parallel to the

bedding. The weathered surfaces of the mottled limestones are rough

and pocked. The blebs weather to form sharp protruding points.

Bedding planes throughout the unit are undulatory and accentuated by

paper-thin, fissile, medium light gray (N 6) shale laminae.

Microscopically, the limestones are composed mainly of micrite,

which increases in abundance upward in the unit. Nonrecognizable

allochems of fossil fragments form 15 percent of the rock in the lower

third of the unit. They decrease in abundance upward until they are

generally lacking near the top. The fossil material has been dissolved,

allowing most of the voids to be filled with sparry calcite. The remain-

ing voids were filled with micrite during deposition, which has since

been partially recrystallized to microspar. Microspar (15%) also

forms patches up to one-half inch in diameter, which occur throughout

the unit. In the lower half of the unit, limonite occurs as a film on the

euhedral to subhedral microspar grains and is responsible for the

mottled appearance of the rock. Subordinate silt-sized angular to

subangular quartz grains (3%) also are present.
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The upper 335 feet of the formation are medium gray (N 5)

micritic limestones which weather medium light gray (N 6). The rock

is composed of micrite (78%) and microspar (20%) which has formed by

recrystallization of the micrite. Isolated dolomite rhombs (1%) up to

2 mm in width are present and sparry calcite (1%) has filled fractures

in the rock forming small veins.

Generally, the shale laminae are missing in the lower half of this

unit. As a result, the bedding is vague and indistinct and some places

the unit appears almost massive. Where the shale laminae are present

in the upper half of the unit, it becomes thin- to thick-bedded, the thin

beds being the more abundant.. Weathering has formed rough, pock-

marked surfaces on the limestone, locally forming "honeycomb"

weathering.

Fossils and Age

No fossils were found in the Meagher Formation of the thesis

area although an unidentifiable fossil hash was noted in thin section.

Witkind (1969), however, found trilobites and brachiopods in the basal

part of the Meagher in the Tepee Creek Quadrangle of Montana and

Wyoming. Deiss (1936) described a large number of trilobites and

brachiopods from the formation at Nixon Gulch near Manhattan in west-

central Montana. Hanson (1952) described trilobites from the basal and

top parts of the formation in his paper on the study of Cambrian
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stratigraphy of southwestern Montana. Lochman (1957) states that the

known fauna in the formation consists of impressions of soft-bodied

animals, calcareous algae, gastropods, and many trilobites and

brachiopods that indicate a Middle Cambrian age.

Regional Correlation

The lithology and thickness of the Meagher Formation vary

throughout western Montana and northwestern Wyoming. East of a

line connecting Ennis and Whitehall, the Meagher consists entirely of

limestone. West of a line connecting Butte and the upper Ruby Valley,

it is entirely dolomite. Within the intervening transition zone, the

eastern limestone facies intertongues with the western dolomite facies

(Hanson, 1952).

The Meagher is equivalent to the Death Canyon Member of the

Gros Ventre Formation in western Wyoming (Deiss, 1938), where the

lithology is nearly the same as in southwestern Montana, and

possesses the characteristic mottling.

The upper part of the Damnation Limestone, the Dearborn Lime-

stone, and the Pagoda Limestone of northwestern Montana are in part

correlative with the Meagher (Theodosis, 1955). These formations

differ from the Meagher, however, in that they contain interbedded

green, gray, and brown shales and claystones, and intraformational

conglomerate s.
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The Blacksmith Formation of northern Utah and southeastern

Idaho is lithologically similar to and believed to be correlative to the

Meagher (Hanson, 1952).

Depositional Environment

During Meagher time, the Cambrian seas continued to trangress

to the east as the shelf area subsided, resulting in deposition of the

Meagher Formation. Deposition occurred in a shallow water environ-

ment under normal marine conditions. Local beds of fragmental fossil

debris indicate that strong current action was present at least inter-

mittently during deposition of the formation in the thesis area.

Park Formation

Weed (1900) first named and described the Park Formation from

exposures in the Little Belt Mountains. He described the formation as

gray or greenish micaceous shales that contain interbedded thin layers

of limestone higher in the section. Deiss (1936) emended Weed's

original definition, stating that thin limestone beds occur throughout

the shale. Deiss located the type section of the formation on Dry Wolf

Creek on the east side of the Little Belt Mountains.
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Distribution and Topographic Expression

The Park Formation in the thesis area is a nonresistant unit

which forms a conspicuous gently-sloping bench between the under-

lying Meagher and the overlying Jefferson Formation. Limestone and

dolomite talus from overlying formations and a thin soil layer effec-

tively cover the formation so that only very local outcrops exist within

the area. The formation is present in a belt parallel to the underlying

Meagher along the north side of the Centennial Mountains east of the

NW1/4, sec. 28, T. 14 S. , R. 1 W. to the east edge of the area.

The Park conformably overlies the Meagher in southwestern

Montana. In the thesis area, the contact between the two formations

is sharp and planar and the top of the Meagher forms a prominent

limestone bench where the nonresistant shales of the Park have

weathered back.

The Park is disconformably overlain by the Jefferson Formation

in most of southwestern Montana. At some time after the Ordovician

in this area, the Wyoming Shelf was raised and remained above sea

level throughout the Silurian and part of the Early Devonian. During

this emergence, most of the Ordovician and possibly some Late

Cambrian strata in the thesis area were removed. By Middle

Devonian time, however, the shelf had subsided and again seas

migrated eastward from the miogeosyncline to deposit the carbonates
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of the Jefferson Formation.

In the thesis area, the contact between the Park and the Jefferson

Formations is covered by limestone and dolomite talus from overlying

formations. Hanson (1952), however, describes the contact in south-

western Montana as being irregular and having low relief.

Thickness and Litho logy

The Park is 125 feet thick in the area. Minute angular shale

fragments up to 1/4 inch in thickness are locally discernible in the

soil developed on the formation. The shales are non-calcareous and

range in color from grayish olive (19Y 4/2) to grayish red (10R 4/2).

Thin (1/4 to 1/2 inch) angular fragments of dense very pale

orange (10YR 8/2) limestone are locally found lying on the weathered

contact between the Park and the Meagher. These fragments are com-

monly several inches on a side and are weathered grayish orange

(10YR 7/4).

Fossils and Age

No fossils were found in the Park Formation in the area mapped.

According to Hanson (1952), fossils occur mainly in the intercalated

limestones of the formation, although inarticulate brachiopods have

been observed in the shales. Deiss (1936) reported that abundant

trilobite fragments and brachiopods occur in intercalated crystalline
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Figure 5. Outcrops of the Meagher (Cm), Park (p), and
Jefferson (Dj) Formations in the NW1/4, sec.
6, T. 15 S. , R. 1 W. Note the steep cliffs
developed by weathering of the resistant lime-
stones of the Meagher. The broad bench over-
lying the Meagher is a typical outcrop of the
non-resistant Park Formation.
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limestone lenses at Crowfoot Ridge and Dry Wolf Creek.

Denson (1939) described trilobites from the Park Shale in an

unpublished Montana State University thesis. He considered the for-

mation to be latest Middle Cambrian in age.

Near Three Forks, Montana, the fauna also indicates a late

Middle Cambrian age for the formation. In western Wyoming, however,

the upper part of the Park equivalent has been dated as early Late

Cambrian in age.

Depositional Environment

In late Middle Cambrian time, slight emergence of a landmass

to the east resulted in the return of clastic deposition across the shelf.

Environmental conditions in the Park sea were apparently similar to

those prevailing during Wolsey time. The green shales in the forma-

tion indicate that at least locally, reducing conditions prevailed in

the depositional environment, resulting in the formation of ferrous iron.

Jefferson Formation

The Jefferson Formation was named by Peale (1893) for expo-

sures of Devonian strata along the Jefferson River near Three Forks,

Montana. He described the formation as consisting of brown and black

crystalline limestones occurring in alternating medium and thick beds

lying between the Cambrian limestone below and the Three Forks Shale
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above. The type section of the formation is generally accepted as being

on the north side of the Gallatin River at Logan, Montana.

Sloss and Laird (1947) noted a subdivision of the formation into

a lower limestone member and an upper dolomite member. The upper

member is present everywhere in central and southwestern Montana.

The lower limestone member, however, has a very limited and some-

what irregular distribution in this region and is not present in the thesis

area.

According to Sloss and Moritz (1951), the dolomite member of

the formation ranges in thickness from about 150 to approximately 600

feet in southwestern Montana.

Distribution and Topographic Expression

The Jefferson Formation crops out in the thesis area as a steep

slope which is characterized by a series of prominent well-exposed

ledges. Where the formation crops out in the sidewalls of cirques,

it forms vertical cliffs with thick talus slopes at their base.

The Jefferson is conformably overlain by the Three Forks For-

mation in southwestern Montana. The contact between the two forma-

tions is sharp and planar, and the uppermost dolomite unit of the

Jefferson forms a prominent bench where the less resistant Three

Forks has weathered back.
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Thickness and Litho logy

The Jefferson Formation is 419 feet thick in the thesis area and

consists dominantly of very thin to very thick-bedded dolomites. In

the lower 100 feet of the formation, intercalated shale beds up to 1/2

inch thick are locally present between dolomite beds. Bedding planes

throughout the formation are planar, and where they are exposed to

weathering, form rough pitted surfaces.

From the base to near the top of the formation, thick-bedded

dolomites are interbedded with thin- and very thin-bedded dolomites

to the extent that in the total section they become about equal in

abundance. The upper 40 feet of the formation is very thick-bedded

and forms a steep cliff below the overlying Three Forks Formation.

Microscopically, the beds in the lower third of the formation

consist almost entirely (92%) of dolomite rhombohedrons up to 1/8 mm

across, which appear dirty owing to impurities. One percent of the

rock consists of sparry calcite, which occurs in isolated patches up

to 6 mm across and in small veins up to 1 mm in thickness. Five

percent of the rock is composed of angular pore spaces that are slightly

larger than the dolomite crystals. Rare organic matter is present in

small blebs no larger than 1/8 mm in diameter.

The mineralogy of the formation is constant throughout. Upward

in the section, the dolomite becomes slightly finer-grained and
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contains more impurities, so that it becomes light brown in transmitted

light. Some beds in the upper third of the formation contain hematite

and limonite (2%), which cause the rock to weather very pale orange

(19YR 8/2). The normal weathered color of the formation is light

gray (N 7). Colors of fresh surfaces range from dark gray (N 3)

lower in the formation to yellowish gray (5Y 7/2) for the beds that con-

tain hematite and limonite.

Fossils and Age

No fossils were found in the Jefferson Formation in the thesis

area. Because of dolomitization, fossils commonly are rare or absent

elsewhere. Certain areas in western Montana, however, contain an

abundant Jefferson fauna.

In the Gravelly Range, Mann (1954) collected Middle Devonian

fossils from the lower part of the Jefferson that he considered typical

of the formation in central Montana. Bubb (1960) collected Devonian

corals from the formation, and Kindle (1908) reported coelenterates,

brachiopods, gastropods, and pelecypods that indicated an Early and

Middle Devonian age for the Jefferson.

Available evidence indicates that the formation ranges in age

from Middle to Late Devonian west of the Beaverhead Range but further

east is Late Devonian in age in the Beaverhead, Tendoy, and Blacktail

Ranges. East of these mountains, Middle Devonian strata apparently
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Figure 6. Typical outcrop of the Jefferson Formation in the
SW1/4, sec. 28, T. 14 S. , R. 1 W. The dolomites
dip gently to the south. Talus in the lower right
corner of the picture is derived from the Madison
Group and covers the formation here and in num-
erous other localities along the north face of the
Centennial Range.
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reappear in the lower Jefferson of the Gravelly Range (Scholten and

Hart, 1962). On the basis of this dating, the formation in the

Centennial Range is here assigned a Middle to Late Devonian age.

Regional Correlation

The Jefferson Formation in southwestern Montana is several

hundred feet thick and decreases in thickness toward the southern

Tendoy and Beaverhead Ranges, where the formation is locally absent.

West of the Beaverheads, the Jefferson thickens abruptly. Ross (1947)

indicates more than 1,000 feet of Jefferson beds in the Borah Peak

Quadrangle in east - central. Idaho.

The formation also decreases in thickness in a southeastward

direction in western Montana. There is a corresponding increase of

argillaceous and sandy beds in this direction, and where the Jefferson

becomes noticeably argillaceous and sandy in western WyoMing, it is

known as the Darby Formation (McMannis, 1962).

The name Jefferson Formation is used consistently in central and

southern Montana and in southeastern Idaho. In southeastern Montana,

however, no surface exposures of rocks of Devonian age are known

(Perry, 1945).

The Jefferson of east-central Idaho differs slightly from the

section in the Centennial Range in that it is composed mainly of dark

bluish gray dolomite and contains abundant Favosites (Ross, 1938,
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1947). South of this area, the formation is a dark, nearly black

magnesian limestone containing local black limey sandstone beds.

The Duperow Formation of northwestern and north-central

Montana is correlative with the Jefferson. It differs from the

Jefferson, however, by the presence of anhydrite beds.

Depositional Environment

Andrichuk (1951) states that deposition of Devonian strata in

southwestern Montana occurred under uniform marine shelf conditions

that were established at the beginning of Late Devonian time. Sloss

(1950) states that Devonian sedimentation in southwestern Montana was

dominated by dolomite, limestone, and evaporite deposition to the

shoreline. The presence of evaporites indicates that at least locally,

silled or barred basins existed in the Jefferson sea. Absence of

terrigenous material in the formation suggests that shorelines of

Devonian seas in the area bordered a landmass of low relief.

Three Forks Formation

Peale (1893) applied the name Three Forks Shale to beds over-

lying the Jefferson Formation and underlying the Madison Limestone

north of the Gallatin and East Gallatin Rivers, and east of the junction

of the three forks of the Missouri. Peale estimated the formation to

be 135 feet thick in its type area and divided it into the ''Lower and
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Upper shales" separated by a bed of grayish brown limestone 15 or 20

feet thick.

Haynes (1916) found the formation to be 222 feet thick at Logan,

Montana, and described the stratigraphy in considerably more detail

than Peale. Haynes divided the formation into seven members and

changed its name to the Three Forks Formation because "the strata

called the Three Forks shales by Dr. Peale are a composite series

and include limestones and shales and some sandstones. "

More recently, the formation has been divided into three units:

a basal orange thin-bedded limestone and siltstone (Logan Gulch Mem-

ber, Sandberg, 1965); an overlying dark green and olive shale (Trident

Member, Sandberg, 1965); and an upper orange siltstone, shale, and

limestone (Sappington Member, Sandberg, 1965).

The age and stratigraphic assignment of the upper arenaceous

part of the Three Forks Formation have been controversial since the

early 1940's. Haynes (1916) originally considered the unit to be trans-

itional between Devonian and Mississippian. Berry (1943), however,

separated the upper beds from the Three Forks Formation and

included the beds in the Sappington Sandstone of Mississippian age.

Sloss and Laird (1947) considered the Sappington to be wholly Devonian

and properly a member of the Three Forks. More recently workers

(Sandberg and Hammond, 1958; Robinson, 1963; and Sandberg, 1965)

have supported a dual age for the formation and retain the Sappington
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as a member of the Three Forks Formation.

Distribution and Topographic Expression

The Three Forks Formation conformably overlies the Jefferson

Formation and is conformably overlain by the Lodgepole Formation in

southwestern Montana. The contact between the Three Forks and the

Lodgepole in the thesis area is gradational through five feet of

alternating dark gray (N 3) shale beds up to one inch thick and very

thin-bedded medium dark gray (N 4) limestone. The shale beds

decrease in number upward and are not present at the top of the unit.

The formation occurs in the thesis area along the middle of the

steep north side of the Centennial Mountains east of the NW1/4, sec.

28, T. 15 S. , R. 1 W. Outcrops are rare, since the slope, which

forms a break between the steeper slopes of the Jefferson and Lodge-

pole carbonate sequence, is almost everywhere covered by talus.

Thickness and Litho logy

The Logan Gulch Member and the Sappington Member of the

Three Forks Formation are present in the thesis area and measure

184 feet in total thickness. The intermediate Trident Member, how-

ever, is missing in the area, suggesting either non-deposition (Rau,

1962) or regional erosion (Sandberg, 1965).

The Logan Gulch Member is 144feet thick and consists of sandy
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micro-pseudosparite at the base overlain by calcareous siltstone and

fossiliferous limestone. The sandy micro-pseudosparite unit is 38 feet

thick and has grayish orange (10YR 7/4) fresh and weathered rock

colors caused by limonite staining. The rock is composed mainly of

microspar polyhedra (30%), which have formed by the recrystallization

of carbonate mud, and patches of pseudospar (40%) up to 1 mm across,

which have formed by the continued recrystallization of microspar.

Detrital angular to subrounded grains of quartz, which average 0.1 mm

in diameter, makes up 25 percent of the rock. Dolomite (4%) forms

scattered rhombohedrons up to 0.5 mm across, and sparry calcite

(1%) forms veins that average 0.5 mm in thickness.

The calcareous siltstone unit is 104 feet thick and very thin- to

thin-bedded. The unit is pale yellowish brown (10YR 6/2) in color and

weathers light gray (N 7). The rock consists of unidentifiable very

fine silt (77%), micrite (20%), and detrital subangular to subrounded

grains of quartz, which have a maximum diameter of 0.5 mm. Pseudo-

spar (2%) forms small patches up to 0.5 mm across, and sparry calcite

(1%) forms veins up to 0.25 mm in thickness.

A 2 foot thick bed of dark gray (N 3) biemicrite underlies the

Sappington member of the Three Forks Formation. The biomicrite

weathers to a medium gray (N 5) color and contains abundant

brachiopod, gastropod, bryozoa, and echinoderm fossil debris (45%).

Micrite makes up 45 percent of the rock. Dolomite rhombohedrons
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(5%) up to 0.1 mm across and microspar and pseudospar polyhedra

make up the remaining 5 percent of the rock.

The Sappington Member consists of 40 feet of light gray (N 6)

very thin- and thin-bedded well-sorted quartz arenites that weather

grayish orange (10YR 7/4). The unit displays undulatory bedding

planes, oscillation ripple marks, and numerous small worm tube

casts. The ripple marks tend about N. 25° W. and have an amplitude

of one-half inch and a wave length of four inches. Mineralogical ly, the

rock consists chiefly of angular to subrounded detrital quartz grains

(70%) cemented by "dirty" calcite (20%). Quartz overgrowths form

angular boundaries on many of the grains which were rounded at the

time of deposition. Rare grains of zircon, plagioclose, hematite, and

tourmaline are included. Most of the grains are about 0.1 mm in

diameter. Ten percent of the calcite has recrystallized to form

dolomite rhombohedrons that are slightly larger than the detrital

grains.

Fossils and Age

Parts of the Three Forks Formation are richly fossiliferous and

considerable literature exists on the paleontology of the formation.

Abundant unidentifiable brachiopod, gastropod. bryozoa, and echinoderm

fossil debris is present in the limestone bed that underlies the

Sappington in the thesis area. Fossils are generally lacking, however,
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throughout the rest of the formation.

Robinson (1963), in an effort to eliminate the controversy over

the age of the formation, made extensive fossil collections in the

Three Forks Quadrangle. A study of these fossils indicated that most

of the Three Forks is Late Devonian, but the Devonian-Mississippian

transition occurs high in the formation. Robinson's conclusion is in

agreement with Gutschick (1962) who found the Sappington Member to

contain corals, bryozoans, brachiopods, gastropods, foraminifers,

ostracods, and sponges that indicated a Late Devonian and Early

Mississippian age for the formation.

Regional Correlation

The Three Forks Formation and its lateral correlatives are

widespread over Idaho, Montana, Wyoming, Alberta, and British

Columbia.

The formation varies erratically in thickness from southwestern

Montana to central Idaho where it consists of argillaceous limestone

with some calcareous shale and "quartzite" (Ross, 1934). In south-

eastern Idaho, the lithology becomes primarily sand limestone

(Mansfield, 1927).

The formation averages about 100 feet in thickness in central

Montana where it contains dolomite. In the Sweetgrass Arch area of

northwestern Montana, the formation contains a prominent anhydrite
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sequence called the Potlatch Member of the Three Forks.

The Fairholme Group of the eastern Rocky Mountains of Canada

and the Ghost River Formation of Alberta are in part correlative with

the Three Forks Formation.

Depositional Environment

According to Robinson (1963), most of the Three Forks Forma-

tion is a shallow, nearshore marine deposit. Deposition occurred in

well-aerated waters, which allowed for the oxidation of iron to form

limonite. Both the Logan Gulch and Sappington members of the forma-

tion contain detrital quartz that may have been derived from a southern

extension of the uplift postulated by Deiss (1933) in parts of the Swan,

Flathead, and Lewis Ranges. An eastern source may also have con-

tributed detritus since Devonian rocks are absent in southeastern

Montana and adjacent parts of Wyoming and seem never to have been

deposited there (Sloss, 1950). Evidence to indicate direction of sedi-

ment transportation was not found in the thesis area.

Madison Group

Peale (1893) named the Madison limestone for a "Carboniferous"

limestone that "overlies the yellow sandy beds of the Upper Devonian"

and underlies the "Red limestones of the Quadrant Formation" in the

Three Forks quadrangle. He did not indicate a type locality but did
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subdivide the Madison, from bottom to top, into "Laminated lime-

stone," "Massive limestone," and "Jaspery limestone."

Weed (1900), in describing a section in the Little Belt Mountains

similar to Peale's, assigned the name Paine Shale to the Laminated

Limestone, Woodhurst Limestone to the Massive Limestone, and

Castle Limestone to the Jaspery Limestone.

Although Peale and Weed originally described the Madison as a

formation, it is now generally considered as a group. Collier and

Cathcart (1922) elevated the unit to group rank and recognized a lower

Lodgepole Limestone and an upper Mission Canyon Limestone, both

named for canyons on the north flank of the Little Rocky Mountains.

In 1942, Sloss and Hamblin recognized that the strata called

Mission Canyon by Collier and Cathcart were lithologically and

faunally identical with Weed's Castle Limestone and proposed that the

terms Mission Canyon and Lodgepole be applied to the Madison Group

throughout Montana and northern Wyoming. They recognized Weed's

lower units, the Paine and Woodhurst, but treated them as members

of the Lodgepole.

Lodgepole Formation

The Lodgepole Formation conformably overlies the Sappington

Member of the Three Forks Formation in the thesis area. The

Sappington beds become more calcareous upward and grade into dark



47

gray (N 3) shales that disappear at the base of the Lodgepole.

The contact between the Lodgepole and the overlying Mission

Canyon is conformable and readily observable in the area. The con-

tact is sharp, planar, and occurs between the very thin- and thin-

bedded upper Woodhurst limestone beds and the very thick-bedded

lower Mission Canyon dolomite beds. The contact is best exposed

where Odell Creek has cut through the Madison Group carbonates in

the SW1/4, sec. 31, T. 14 S., R. 1 W. and the NW1/4, sec. 6, T.

15 S. , R. 1 W.

Distribution and Topographic Expression

The Lodgepole Formation is well-exposed in the thesis area and

forms bold vertical cliffs 100 to 200 feet high and very steep talus

slopes. The formation crops out from the Odell Creek fault in the

SW1/4, sec. 31, T. 14 S. , R. 1 W. along the top of the Centennial

Range to the east of the area in the NW1/4, sec. 1, T. 15 S. , R. 1 W.

The Lodgepole, along with the overlying Mission Canyon, is very

resistant to weathering and erosion. Together the two formations

form the bold topography near the top of the north face of the range.

Thickness and Litho logy

The formation is 688 feet thick in the thesis area and consists

of very thin- and thin-bedded skeletal limestones with interbedded
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calcareous shales and argillaceous micritic laminae. It is character-

ized by its rich fossil content, thin even beds, and thin chert beds

and nodules. In the thesis area, the formation is divisible into the

lower Paine and upper Woodhurst Members designated by Sloss and

Hamblin (1942), but no attempt was made to map them as such.

The Paine Member is 526 feet thick in the area and divisible into

three units. The basal unit is 72 feet thick and composed of brownish

gray (5YR 4/1) thin-bedded skeletal limestone with interbedded dark

gray (N 3) laminated calcareous shale in beds up to 1 inch thick. .

The base of this unit is marked by one 3 foot thick bed of dense,

medium dark gray (N 4) limestone. Beds of grayish black (N 2) to

brownish black (5YR 2/1) chert which are one-half to three inches thick

are common in this unit. The chert is present locally as irregular

nodules up to 3 inches thick and 1 foot long. Shale laminae along

the bedding planes were pushed aside during formation of the nodules.

Bedding planes within the unit are planar and have smooth weathered

surfaces. Fossils, which increase in abundance upward in the unit,

are often concentrated along the bedding planes.

The middle unit of the Paine is 330 feet thick and consists of

dense, medium dark gray (N 4), highly fossiliferous skeletal lime-

stones, which are thin-bedded. Interbedded with these limestones

are dense, grayish black (N 1), thin-bedded skeletal limestones and

medium dark gray (N 4) shaly limestones, which are very thin-bedded.
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The skeletal limestones are composed of a fine fossil hash which

makes up 50 percent of the rock. The remaining 50 percent consists of

clay-sized argillaceous material (25%) mixed with micrite (23%) with

extremely small hematite grains (2%) scattered throughout. A trace of

authigenic quartz is present. Bedding planes within the unit are sharp

and occupied by thin argillaceous micritic laminae.

The upper unit of the member is composed of 120 feet of very

thin-bedded, brownish black (5YR 2/1) skeletal limestones. Well-

preserved fossils locally occur on bedding planes. Most fossils, how-

ever, have been broken up during deposition and form a fossil hash.

Bedding planes within the unit are occupied by medium gray (N 5)

thinly laminated argillaceous micrite beds. Grayish black (N 2) chert

lenses up to 2 inches thick and 3 feet long are common in the unit.

The Woodhurst Member of the Lodgepole is 162 feet thick in the

thesis area. Contact with the Paine is transitional and was placed at

the base of the lowest thick-bedded limestone of the Woodhurst.

The lower unit of the Woodhurst consists of 42 feet of dense,

brownish gray (5YR 4/1) oolitic skeletal limestone. The unit weathers

light olive gray (5Y 6/1) and is thick bedded. The oolites (40%) are

formed of micrite layered around skeletal fragments. Twenty percent of

the rock is formed by uncoated skeletal debris and the remaining 40 per-

cent is composed of micrite (30%) and sparry calcite (10%) that forms
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patches up to 2 mm across and veins up to 0.5 mm in thickness.

Bedding planes within the unit are sharp and slightly undulatory, with up

to one-half inch relief.

The upper unit of the member is composed of 120 feet of medium

dark gray (N 4) skeletal limestone. The unit is thin-bedded and

weathers light gray (N 7). The limestones lower in the unit are com-

posed of a fossil hash in a micritic matrix. Towards the top of the

unit, however , fossil content decreases and the limestones become

more micritic. Bedding planes are sharp and occupied by thin laminae

of light olive gray (5Y 6/1) argillaceous micritic shale.

Fossils and Age

The Lodgepole Formation is very fossiliferous throughout

western Montana and is by far the more fossiliferous of the Missis-

sippian formations in the thesis area. Since the fauna of the formation

is thoroughly known, no attempt was made to systematically collect

and study fossils. Corals, crinoids, gastropods, bryozoa, and a

varied brachiopod community are readily observable in Lodgepole out-

crops.

Early workers dated the Lodgepole as Early Mississippian.

Laudon and Severson (1953) collected a crinoid fauna and associated

invertebrates from the formation that indicated a Kinderhookian age.

Andrichuk (1955) agreed with the early workers in assigning a
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Figure 7. Contact of the thin-bedded Lodgepole Formation
with the overlying very thick-bedded Mission
Canyon Formation. The contact is exposed
along Odell Creek in the SW1/4, sec. 31, T.
14 S. , R. 1 W. The picture shows the steep
cliffs that are typical of the Mission Canyon.
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Kinderhookian age to the Lodgepole.

Depositional Environment

Regional studies by Sloss and Hamblin (1942) indicate local with-

drawal of the sea and marked changes in sedimentation occurred at the

end of the Devonian followed by an invasion of the Paine sea from the

west into a shallow east-west trough through central Montana. The

Paine deposition was subject to periodic influx of clastic material from

the west. Paine deposition was followed by a spread of the sea to the

north and south accompanied by uniform deposition of the Woodhurst

beds.

Dark-colored calcareous shales and limestones of the lower part

of the Paine Member indicate somewhat reducing depositional conditions

existed during deposition of these beds. The environment gradually

changed to normal marine conditions during deposition of upper beds

of the Paine Middle and late Paine and Woodhurst times are character-

ized by a marked increase of fauna.

According to Robinson (1963), the Lodgepole was deposited in

rather shallow water (sublittoral to shallow neritic). The very thin-

and thin-bedded limestones interbedded with calcareous shales and

argilaceous micritic laminae indicate that cyclic deposition occurred

in an environment of variable energy. Nearshore deposition under

shallow water conditions produced fragmental fossil debris.
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Alternating with these conditions were intervals of offshore, relatively

deep water deposition in which calcareous shales and argillaceous

micritic laminae were deposited.

Mission Canyon Formation

The Mission Canyon Formation conformably overlies the Lodge-

pole in the thesis area and is disconformably overlain by the Amsden

Formation. The upper contact is mostly covered in the thesis area.

Where exposures occur, variable amounts of relief are displayed on

an erosional surface that developed on top of the Mission Canyon. In

some places, a breccia zone up to five feet thick is composed of

angular fragtnents of dolomite cemented by argillaceous calcareous

material. The contact is easily mapped in the area owing to a definite

break in slope at the top of the Mission Canyon. The overlying Amsden

Formation forms gentle soil-covered slopes, as opposed to the near-

vertical cliffs of the Mission Canyon.

Distribution and Topographic Expression

From Odell Creek eastward, the Mission Canyon forms bold

vertical cliffs 200 to 300 feet high near the top of the Centennial

Mountains. A complete section of the formation is well-exposed above

the second bridge up Odell Creek Canyon in the SW 1/4, sec. 31, T.

14 S. , R. 1 W. and the NW 1/4, sec. 6, T. 15 S. , R. 1 W.
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The Mission Canyon beds crop out where deep dissection has

occurred south of the Continental Divide in secs. 12 and 13, T. 14

N. , R. 40 E. and secs. 7 and 18, T. 14 N. , R. 41 E. Headward

erosion by Taylor Creek has cut deep, steep-walled canyons into the

formation. It also crops out along the north base of the Odell Creek

fault block from the NW 1/4, sec. 31 to the NW 1/4, sec. 29, T. 14

S. , R. 1 W.

Thickness and Litho logy

The Mission Canyon is the youngest of the mountain-forming

Paleozoic limestones in western Montana. The formation is 970 feet

thick in the thesis area and divisible into two parts, the Lower Mission

Canyon and the Upper Mission Canyon Members. It is lithologically

constant, consisting dominantly of very thick-bedded dolomite, which

is but rarely fossiliferous, and some interbedded thick-bedded lime-

stones. On a fresh surface, the dolomites have a distinct petroliferous

odor.

A striking compositional difference between the Mission Canyon

and the underlying Lodgepole Formation is the rarity of chert nodules

and lentils in most of the Mission Canyon in contrast to the abundant

chert in the Lodgepole. Only near the top of the upper member of the

Mission Canyon are chert lentils and nodules found.

The lower member of the Mission Canyon Formation is 587 feet
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thick. Microscopic examination of systematically collected rocks

from the base to the top of the member shows remarkable lithologic

similarity throughout.

The lower 210 feet of the member is very thick-bedded dolomite,

which forms steep cliffs and bluffs up to 30 feet high. The dolomite is

pale yellowish brown (10YR 6/2) and weathers light olive gray (5Y 6/1).

Calcite crystals that fill vugs up to 2 inches across are common in

the outcrop.

A representative rock of this unit contains 90 percent dolomite,

which forms subhedral crystals up to 0.75 mm across. Ten percent

of the rock is formed by fossil "ghosts" that represent fossils largely

destroyed by the dolomitization process. Rare authigenic quartz and

limonite staining are also present.

An overlying very thick-bedded medium light gray (N 6) dolomite,

which weathers very light gray (N 8), is 138 feet thick. The beds are

composed of 98 percent extremely fine-grained subhedral granular

dolomite and scattered fossils (2%) which have been replaced by coarse,

subhedral crystals of calcite. Scattered, rare, euhedral dolomite cry-

stals up to 0.1 mm across are also present.

Eighteen feet below the top of this unit is a thin breccia zone up

to 5 feet in thickness. The zone is poorly exposed and weathers

to a reddish color. It consists of angular fragments of dolomite that

range in size from 2 to 4 inches. Witkind, in his study of the Tepee
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Creek Quadrangle 30 miles northeast of the area, reports a similar

breccia zone 15 to 60 feet thick about 100 feet below the top of the

Mission Canyon formation.

The upper unit of the Mission Canyon consists of 239 feet of very

thick-bedded dolomite similar to the basal unit. Towards the top of

the unit, it becomes thick-bedded. Bedding planes within the unit are

planar and sharp, producing a smooth weathered surface. Interbedded

with the dolomite of this unit are a few thick-bedded dense limestone

beds. The limestones are light olive gray (5Y 6/1) in color and

weather light gray (N 7). No fossils were found in these beds, and

they appear to consist dominantly of very fine-grained calcite.

The upper member of the Mission Canyon, as defined here, may

be correlative with the Charles Formation as defined by Nordquist

(1953). Although the Charles Formation is named for its occurrence

in the subsurface, consideration of relationships of the Charles to

the Madison Group strongly suggests that it is recognizable in many

outcrop areas of central and western Montana (Keroher, 1966).

Honkala (1949) used the name Brazer Limestone for the Upper

Mission Canyon Member in the thesis area. His evaluation of fossils

collected from what he considered Brazer Limestone in the Centennial,

Snowcrest, and Gravelly Ranges, however, gave little conclusive

evidence of the age of the formation. Consequently, the author prefers

to call this unit the upper member of the Mission Canyon Formation
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in the thesis area. Further work on the member is needed before it

can be identified with the Charles. Use of the term Brazer should be

discouraged in western Wyoming and southwestern Montana unless

adequately defined, because the Brazer at its type locality in the

Crawford Mountains of Utah (Strickland, 1960) is equivalent to beds

of both the Charles (upper Madison) and the Mission Canyon of

Wyoming and Montana.

The contact between the upper and lower members of the Mission

Canyon Formation is sharp and can be recognized where the dolomite

grades upward into rock of coarsely crystalline texture and becomes

light brownish gray (5YR 6/1) in color. The contact is not well-exposed

in the thesis area, but in places a three-to-five-foot thick breccia

zone, consisting of angular fragments of dolomite up to 2 inches in

width and 3 inches in thickness, is visible. The dolomite breccia

is cemented by an olive gray (5YR 6/1) slightly sandy, very argillaceous

dolomitic matrix.

The upper member of the Mission Canyon Formation is 383 feet

thick, thin-bedded to very thick-bedded, and consists dominantly of

dolomite which has a petroliferous odor on a fresh surface. The mem-

ber is divisible into three units within the thesis area.

The basal 100 feet of the member is very thick-bedded and forms

cliffs up to 30 feet high and very steep talus slopes. Bedding planes

within the unit are sharp and planar. About 92 percent of the rock is
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composed of subhedral crystals of dolomite up to 0.5 mm across,

which appear dirty owing to impurities. One percent of the rock is

made up of patches of pseudospar up to 4 mm across, which have

formed by recrystallization of micrite (7%). The pseudospar is in

turn partly replaced by dolomite. The rock contains rare micro-

crystalline hematite grains which are mostly altered to limonite.

Overlying this unit are 43 feet of a thin- and thick-bedded

dolomite, which forms steep talus slopes with resistant ledges up to

three feet high. Bedding planes within the unit are sharp, undulatory,

and have irregular weathered surfaces. Fine-grained subhedral

dolomite crystals compose 94 percent of the rock. One percent of the

dolomite forms slightly larger crystals up to 0.1 mm across,

The remaining 5 percent of the rock is angular pores up to 0.1 mm

across.

The upper unit of the Upper Mission Canyon Member is 240 feet

thick and is formed by very thick-bedded dolomites. In the upper

part of the unit, chert lentils up to 4 feet long and 3 inches

in thickness and chert nodules from 4 to 5 inches in diameter

are common. Bedding planes within the unit are poorly developed

and have an irregular pock-marked weathered surface.

A representative rock near the top of the unit consists of 87

percent anhedral dolomite crystals and 13 percent micrite. The

dolomite crystals are up to 0.75mm across and appear very dirty in
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transmitted light because of impurities.

Fossils and Age

Fossils are much less abundant in the Mission Canyon than the

underlying Lodgepole Formation, and only a few corals were found in

the lower half of the formation. Probably most of the fossils that once

existed in the formation were destroyed by dolomitization.

According to Sloss and Moritz (1951), the common coral fauna

of the Mission Canyon in southwestern Montana is characterized by

various species of Syringopora, Lithostrotionella, Triplophyllites, and

undescribed caninoids.

Robinson (1963) collected Early Mississippian fossils from the

Lodgepole and Late Mississippian forms from the overlying Amsden

and Big Snowy Formations. The ages of these formations indicate that

the intermediate Mission Canyon is also Mississippian in age. Dating

by regional workers indicates the Mission Canyon is Early Mississip-

pian in age (Andrichuk, 1955). The uppermost beds of the Mission

Canyon however, may be Middle Mississippian (Gardner and others,

1945). Strickland (1960) assigned an Osagian and upper Kinderhookian

age to the Mission Canyon.

Depositional Environment

According to Sloss and Hamblin (1942), the Mission Canyon
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Formation was deposited during the most widespread advance of the

sea in the east-west trough through central Montana in which the Lodge-

pole was deposited. Deposition was continuous from Lodgepole into

Mission Canyon time.

Lack of terriginous debris indicates an offshore environment of

deposition for the formation. No evidence was found to indicate restric-

ted environmental conditions such as existed in early Lodgepole time.

The fairly deep neritic conditions of the late Lodgepole sea continued

during deposition of the Mission Canyon. Generally, deposition was

uninterrupted, forming poorly developed very thick-bedded limestones.

Sometime after deposition and before the present, the limestones were

dolomitized. Little can be determined concerning the original nature

of the limestones because of almost complete dolomitization.

Regional Correlation-Madison Group

The Lodgepole Formation of the Madison Group is the same as the

"Laminated Limestone" of Peale (1893), Weed's (1899) lower thin-

bedded part of the Woodhurst, and the lower unit of the Madison Group

of Andrichuk (1955).

The Mission Canyon Formation of the Madison Group was des-

cribed as the "Massive Limestone" (Peale, 1893), the upper Woodhurst

beds (Weed, 1899), the lower part of the middle unit (Andrichuk, 1955),

and the lower Mission Canyon (Denson and Morrissey, 1955).
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The Madison Limestone, Formation, or Group is a prominent

carbonate sequence found in Montana, Colorado, Idaho, Wyoming, Utah,

and southern Alberta. Throughout western Wyoming, most of Montana,

and southern Alberta, the Madison Group conformably overlies the

Late Devonian Three Forks Formation (Minnewanka of Alberta). From

the Big Horn and Pryor uplifts of northern Wyoming and southern

Montana eastward to the Black Hills, the Madison disconformably

overlies Ordovician rocks. Early Mississippian rocks of southeastern

Wyoming rest successively on older and older horizons in a south-

easterly direction until, in the Medicine Bow and Laramie mountains,

the Madison Group lies with pronounced angular unconformity on

Precambrian basement rocks.

The Banff Formation of Kinderhookian age in the Rocky Mountains

of Alberta is correlative with the Lodgepole Formation. The basal

formation of the Rundle Group in the Canadian Rockies is correlative

with the Mission Canyon (Stockwell, 1957).

Amsden Formation

The Amsden Formation is correlative with the Red Limestones

that Peale (1893) originally included in the Quadrant Formation in the

Three Forks Quadrangle. Darton (1904) named the formation for the

excellent exposures along the Amsden Branch of the Tongue River in

the Big Horn Mountains, Wyoming. At the type locality, the Amsden
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consists of a varied succession of red shales and limestones with

cherty and sandy members. At this locality, the formation lies above

the Madison Limestone and below the Tensleep Formation.

Although seldom well-exposed, the Amsden in most areas serves

as an excellent marker unit within the Paleozoic section. A thin-

bedded, moderately red siltstone and shale member, overlain by thick-

bedded red sandstones, forms a characteristic band of red soil which

marks the outcrop of the formation. The basal contact of the Amsden

with the Madison, as previously described, is generally covered. The

contact of the Amsden with the overlying Quadrant Formation is not

sharp but is transitional. Above the red beds, the formation consists

of limestones and dolomites, which become sandy toward the top and

grade into the overlying quartz arenites of the Quadrant. Robinson

(1963) reported that contact between the two formations in the Three

Forks area involves 50 feet or more of transitional beds in which

limestones and quartz arenites are about equal in abundance. Because

of the gradational contact and the poorly exposed nature of the forma-

tion in the thesis area, the Amsden was mapped with the Quadrant

Formation as a single unit.

Distribution and Topographic Expression

The Amsden is a slope-former in the thesis area. Outcrops are

rare because of deep weathering and a talus cover from the overlying
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Quadrant; hence a complete section of the formation could not be

described. Although the Amsden is one of the less resistant forma-

tions in the area, it crops out chiefly along the top of the Centennial

Range east of the Odell Creek fault and along ridge crests south of the

Continental Divide. It occupies this high topographic position mainly

because of its position between two resistant units, the underlying

Madison Group and the overlying Quadrant. Outcrops are also present

on the Odell Creek fault block from the NW 1/4, sec. 31 to the NW 1/4,

sec. 29, T. 14 S. , R. 1 W.

The Amsden in the thesis area does not form a good stratigraphic

marker, as it does elsewhere in southwestern Montana, because the red

siltstone, shale, and sandstone member is missing. Honkala (1949)

reports approximately one foot of red shale five miles east of the area

on Hellroaring Creek, which may represent this member.

Thickness and Litho logy

Detailed study of the Amsden in the Centennial Range was impos-

sible because of the poorly-exposed nature of the formation. It crops

out about 150 feet below the top of Sheep Mountain where the upper and

lower contacts can be located with some certainty. A section measured

here indicates the formation is 80 feet thick. Detailed description of

part of the Amsden, however, was made from other exposures in the

thesis area where outcrops could be found.
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The Amsden Formation lithology changes from a biomicrite

limestone at the base to a sandy dolomite at the top. The actual thick-

ness of each of these units could not be determined. The units range

from thin- to thick-bedded.

The biomicrite is yellowish gray (5Y 8/1) and weathers very light

gray (N 8), Microscopically, it is seen to consist dominantly of micrite

patches (50%) up to 1 mm in diameter and microspar (15%) and pseudo-

spar (15%), which are recrystallization products of the micrite. About

10 percent of the rock consists of unidentifiable fossil material. Sparry

calcite also forms 10 percent the rock and occurs as patches up to 2

mm in diameter. Minor, isolated authigenic quartz and euhedral hema-

tite crystals up to 0.2 mm across are also present.

The upper sandy dolomites are yellowish gray (5Y 8/1) and

weather light olive gray (5Y 6/1). They consist mainly of subhedral

crystals of dolomite (90%), which average 0.3 mm in width. Sub-

rounded to rounded detrital quartz grains up to 0. 1 mm in diameter

form ten percent of the rock. Some of these quartz grains are partially

replaced by dolomite and consequently have subangular boundaries.

Accessory detrital zircon and tourmaline grains, which average 0.1

mm in diameter, are also present. Locally, the rock is stained by

limonite.
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Fossils and Age

Fossil studies of collections by the United States Geological Sur-

vey and the Montana Bureau of Mines and Geology in south-central

Montana indicate that many of the species in the Amsden are of both

Late Mississippian and Early Pennsylvanian ages. Typical Mississip-

pian species occur in the lower two-thirds of the formation. The upper

beds are not commonly fossiliferous, but the scanty fauna that has been

collected has a mixed Mississippian and Pennsylvanian aspect which is

typical of Morrowan age (Gardner et al. , 1946).

Scott (1935) assigned a middle or late Chester age to the Amsden

based on a study of fossils from the formation and its stratigraphic

relationships. Robinson (1963) found only a few poorly preserved

fossils from the middle of the formation in the Three Forks Quadrangle

and could date it no closer than Late Mississippian or Early

Pennsylvanian.

According to Sloss and Moritz (1951), the Centennial Range was

a more positive part of the shelf area during the Mississippian-

Pennsylvanian transition, and the Amsden in this area probably

includes no beds older than Early Pennsylvanian.

Some poorly preserved brachiopod and pelecypod fragments were

found in the lower 15 feet of the formation on the Continental Divide in

sec. 1, T 15 S. , R. 1 W. , but no identification was attempted.
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Regional Correlation

The Amsden Formation is present in all of Montana except the

north-central part, in the northern half of Wyoming, and in the western

third of North and South Dakota (Perry, 1962).

In south-central Montana and north-central Wyoming, the

Amsden consists of two members, a lower red magnesium shale or

sandstone and an upper limestone member (Scott, 1935). As pre-

viously noted, the red zone is missing in the thesis area.

Gardner et al. (1946) described the Amsden in the Big Snowy

Range of central Montana as red siltstone, claystone, and fossiliferous

limestone overlain by patches of red shales and siltstones. Farther

east, the formation becomes progressively more shaly until it is dif-

ficult to distinguish from the Minnelusa Formation of eastern Montana

and western North Dakota (Perry, 1945).

Scholten (1955) mapped 200 feet of Amsden beds west of the

thesis area in the Tendoy Mountains, where the formation consists of

limestones and red calcareous sandy shales and sandstones.

Depositional Environment

Robinson (1963) states that the Amsden Formation was deposited

in the shallow waters of a transgressive sea. Deposition occurred

under conditions of climate and provenance much like those that led
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to deposition of the Flathead Sandstone and Wolsey Shale.

The large concentration of detrital quartz in the Amsden indicates

a sedimentary rock provenance. Robinson (1963) states that erosion

of Paleozoic, Belt, and pre-Belt rocks exposed far to the west may

have contributed detrital components during deposition of the formation.

Quadrant Formation

Peale (1893) first applied the name Quadrant to a sequence of

red limestones and overlying cherty limestones in the Three Forks

Quadrangle. The Quadrant Formation was subsequently named by

Iddings and Weed (1899) from its exposure at Quadrant Mountain in

the northwest part of Yellowstone National Park. At the type section,

they described the Quadrant as consisting of 400 feet of "white, yellow-

ish, and occasionally pink beds of quartzite, with intercalated beds

of drab, saccharoidal limestone" which overlie the Madison Lime-

stone and are overlain by the "Teton Formation," the latter equivalent

to the Phosphoria Formation.

In 1935, Scott redefined the formation at the type section. He

assigned the basal 100 feet of the lower beds of Iddings and Weed to

the Amsden Formation and stated that the Quadrant lies between the

top of the Arrisden and the bottom of the Phosphoria.

Scott (1935) stated that the Quadrant Formation is overlain

conformably by the Phosphoria in south-central and southwestern
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Montana. Near the crest of the Centennial Range east of Odell Creek,

however, the author measured a two foot thick bed of conglomerate at

the Quadrant-Phosphoria contact. This implies that locally the

Phosphoria disconformably overlies the Quadrant.

As previously described, the contact between the Quadrant and

the underlying Amsden is conformable and gradational.

Distribution and Topographic Expression

The Quadrant Formation crops out from the Odell Creek fault in

the NW 1/4, sec. 1, T. 15 S. , R. 2 W. eastward, at or near the crest

of the Centennial Range. At Taylor Mountain, outcrops of the forma-

tion turn southward and are present on the dipslope of the Centennial

Range and in steep canyon walls where Taylor Creek and its tribu-

taries have dissected the dipslope. Where the Quadrant crops out at

the crest of the range, it for -ms very steep slopes, which are mostly

covered by slopewash from the overlying Phosphoria. South of the

Continental Divide, the formation forms gently-dipping grass-covered

slopes, which have been deeply dissected by erosion. Along Taylor

Creek, also, the Quadrant also forms very steep covered slopes.

Outcrops are present on the Odell Creek fault block from the C. ,

sec. 31, T. 14 S. , R. 1 W. to the NW 1/4, sec. 29, T. 14 S. , R. 1

W. The presence of the formation, where covered, is manifested by

flaggy and slabby (McKee and Weir, 1953) sandstone fragments.
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Thickness and Litho logy

The Quadrant Formation in the thesis area is 90 feet thick and

composed of thin- to thick-bedded, moderately well-cemented quartz

arenites and local intercalated thin-bedded dense limestones, which

are white (N 9) on fresh and weathered surfaces. The quartz arenites

locally are friable and have a very light gray (N 8) to yellowish gray

(5Y 8/1) color on a fresh surface. They weather pinkish gray (5YR

8/1), light olive gray (5Y 6/1), and pale red (10R 6/2).

The quartz arenites are characterized by their uniformity of

composition, excellent bedding formed by sharp, planar bedding

planes, and local cross-laminations. The quartz arenites are well-

sorted and consist dominantly of fine to medium detrital grains of

quartz (95%), which are angular to subrounded. The quartz grains

are cemented by silica in the form of quartz overgrowths and embay

each other, showing the effects of compaction. Subordinate detrital

chert grains (3%) are also present. Calcite (2%) forms patches

up to 0.2 mm in diameter where it has filled voids as a minor

cement. Calcite is present in nearly every bed in the formation and

locally is the principal cement. Those beds in which calcite forms

the principal cement crop out poorly because of deep weathering and

yield a thin rubbly soil.
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Fossils and Age

No fossils were found in the Quadrant in the thesis area.

Thompson and Scott (1941), however, reported two fusulinid genera

from the type section at Quadrant Mountain that indicate a middle

Desmoinesian age for the formation. Scott (1935) reported siliceous

sponge spicules from the Quadrant in Jefferson Canyon at the north

end of the Tobacco Root Mountains. These fossils and others found

in the laterally correlative Tensleep Formation indicate a Middle

Pennsylvanian age for the Quadrant.

Regional Correlation

The Quadrant Formation is widespread in southern and western

Montana but is generally absent in central and northern Montana. In

Wyoming, the Tensleep is the lithologic equivalent of the Quadrant.

According to Sloss and Moritz (1951), established practice has been

to call beds Quadrant where the sands are tightly cemented by silica

and secondary grain enlargement and to apply the term Tensleep to

sands that are relatively loose and friable. Quadrant, however, is

the more familiar Mountain term.

The Wells Formation of eastern Idaho is correlative with the

Quadrant and consists of 2,400 feet of sandy and cherty limestones,

calcareous sandstones and a few intercalated beds of "quartzite"



71

(Richards and Mansfield, 1912).

Calcareous zones become more pronounced westward towards

the Idaho-Montana line and less pronounced eastward into the Big Horn

Mountains. The east-west changes in lithology are due to environ-

mental conditions of deposition, indicating a partly eolian environment

in the Big Horn Mountains that gave way to true marine deposition

westward.

Depositional Environment

The textural and mineralogic maturity of the Quadrant Formation

indicates deposition in a stable environment. Under conditions of

slow deposition, the sediment was so winnowed through wave or current

action that argillaceous material was almost completely removed or

destroyed. Oxidizing conditions in the environment of deposition are

indicated by the presence of iron oxide coatings on individual grains.

The cross-laminated, well-sorted, and calcite-cemented nature

of the Quadrant suggest deposition in a marine littoral to shallow

neritic environment. Fossil debris is generally destroyed in this type

of environment and some of the calcite cement may represent recrystal-

lized shell material. Scott (1935) estimated that 95 percent of the for-

mation at Quadrant Mountain represents marine deposited or re-

worked material.

The provenance of the Quadrant was rich in quartzose rocks, as
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indicated by the high detrital quartz content. Subordinate chert frag-

ments also suggest the presence of carbonates in the provenance.

Phosphoria Formation

The Phosphoria Formation was named by Richards and

Mansfield (1912) for exposures of Permian rocks in Phosphoria

Gulch near Meade Peak, Idaho. At the type section, the formation

is approximately 420 feet thick and consists of a lower phosphatic

shale member and an upper bedded chert member termed the "Rex

Chert."

The term Phosphoria was first extended into Montana by Stone

and Bonine (1914), who applied it to a series of beds near Elliston

that contains a thin basal bed of phosphate rock. Before that time,

equivalent Montana strata had either been considered part of the

Quadrant Formation or grouped with overlying Triassic rocks in the

Teton Formation. Phosphatic rocks of Permian age in Montana were

first mapped by Condit, Finch, and Pardee (1916) in the Madison,

Gravelly, and Centennial Ranges.

In 1956, McKelvey et al. revised the stratigraphic nomencla-

ture of Permian strata in the northern half of the Western United

States. He and his associates retained the name "Phosphoria

Formation" and applied it to the mudstone-phosphorite-chert facies

as typified in southeastern Idaho. They retained the name "Park
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Figure 8. Grass-covered slopes typically developed on the
Phosphoria and Dinwoody Formations where they
crop out on the dipslope of the Centennial Range.
The Snake River Plain, Island Park Reservoir,
and the rim of the Island Park Caldera are visible
near the center of the picture.
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City Formation," exposed near Park City, Utah, for the carbonate

facies, and introduced the name "Shedhorn Sandstone" for a quartz

sandstone facies present in northwestern Wyoming and adjacent parts

of Montana. Member names were given to units of different litholgies

within the three formations. These formations are recognized in the

area of the present study, but, because of their thinness and poorly

exposed nature, were collectively mapped as the Phosphoria Forma-

tion.

The contact between the Phosphoria and the underlying Quadrant,

as previously described, is disconformable and Late Pennsylvanian:.

Early Permian rocks are absent in the thesis area. The contact

between the Phosphoria and the overlying Triassic Dinwoody Forma-

tion is transitional from shale of the upper Phosphoria to limestones

and interbedded shales of the lower part of the Dinwoody. Throughout

most of southwestern Montana, a conformable Phosphoria-Dinwoody

relationship has been recognized (Sloss and Moritz, 1951).

Distribution and Topographic Expression

The Phosphoria Formation crops out from the Odell Creek

fault eastward along the crest of the Centennials, in Spring Creek

Canyon, and along Taylor Creek in the southeast corner of the thesis

area. Outcrops are also present near the top of the Odell Creek fault

block in the northwest corner of the area from the NW 1/4, SW 1/4,
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sec. 31 to the SE 1/4, sec. 29, T. 14 S. , R. 1 W.

The formation is poorly exposed within the area. Typically, it

forms shaly grass-covered slopes, which are upheld by resistant

chert beds. Where the chert beds have been exposed by erosion, they

form cliffs up to 15 feet high.

Incomplete sections of the Phosphoria are well-exposed where

the J. R. Simplot Company mined phosphatic rock from the basal

part of the formation. Open-pits are present on the dipslope of

Sheep and Taylor Mountains just south of the range crest and in the

NE 1/4, sec. 14, T. 14 N. , R. 40 E. Numerous trenches have been

dug in the area where testing for the presence of phosphatic rock

occurred.

Thickness and Litho logy

The Phosphoria is 200 feet thick where it is exposed at the top

of Sheep Mountain. Honkala (1949) states that the formation thins to

the east until it is 80 feet thick on Hellroaring Creek at the eastern

end of the Centennial Range. The formation is divisible into five

units within the thesis area.

Unit 1: The basal unit is 30 feet thick and consists of inter-

bedded calcareous sandstones, sandy limestones, and a basal con-

glomerate. Because the unit is mostly covered where the formation

was measured in the NE 1/4, sec. 33, T. 14 S. , R. 1 W. , it was
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described from exposures in Spring Creek Valley. The sandstones

are quartzose and thin-bedded. They range in color from very pale

orange (10YR 8/2) to moderate yellowish brown (10YR 5/6) and

weather yellowish orange (10YR 7/6) because of limonite staining.

The limestones also are thin-bedded and have very light gray (N 8)

fresh and weathered surfaces. Most bedding planes within the unit

are sharp and planar. Locally, however, there appears to be an

almost gradational contact between sandstone beds and overlying

sandy limestone beds.

A single light brownish gray (10YR 6/1) bed of conglomerate

2 feet thick lies at the base of this unit. The conglomerate consists

dominantly of subrounded pebbles of chert but contains subordinate

limestone and sandstone pebbles which are also subrounded. The

pebbles are supported by a matrix that consists mainly of sand-sized

quartz and chert grains which are calcite-cemented. The conglomerate

exhibits scour-and-fill structure. The basal contact with quadrant

beds is an undulatory surface that has up to 3 inches of relief.

Unit 2; Overlying the basal unit where the Phosphoria was

measured at the top of Sheep Mountain are 20 feet of conglomerate,

phosphorite, chert, and limestone. This unit thins to the west and

is absent west of a point half a mile east of Odell Creek. A 1 foot

thick bed of conglomerate at the base of this unit lithologically similar

to the one present at the base of the formation grades up into an 8
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foot bed of phosphorite. The phosphorite is light brownish gray (5YR

6/1) and weathers into grayish blue (5PB 5/2) angular fragments up to

1 foot across and 2 to 6 inches thick. Oolitic collophane makes up 90

percent of the phosphorite. Five percent of the rock is composed of

subangular to subrounded detrital quartz grains, and the remaining

5 percent is formed by collophane cement. The phosphorite is

slightly stained by limonite.

A bed of medium light gray (N 6) chert 1 foot thick overlies the

phosphorite, followed by 10 feet of thin-bedded dark yellowish orange

(10YR 6/6) sandy limestone. Fine- to coarse-grained quartz makes

up the sandy fraction of the limestones.

Unit 3: The third member of the Phosphoria consists of approxi-

mately 65 feet of thin-bedded sandy dolomites and quartz arenites.

The dolomite is yellowish gray (5Y 8/2) and is intercalated with the

quartz arenites only in the basal 9 feet of the,rrkember. It is com-

posed of finely-crystalline dolomite (90%) and subrounded to angular

detrital quartz grains (10%) up to 0.25 mm in diameter. Minor

detrital chert grains are also present. The detrital grains show some

replacement by dolomite, which adds to their angularity. Accessory

hematite grains are almost completely altered to limonite.

The quartz arenites of the member are tighly cemented and form

small ledges up to 4 feet in height. They are composed of subangular

to subrounded detrital grains of quartz (89%), chert (1%), and
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collophane (10%), which average 0. 2 mm in diameter. Unidentifiable

fossil debris has been replaced by collophane. One percent of the rock

is composed of very fine argillaceous matter. The rock is cemented

by quartz overgrowths.

The quartz arenites are characterized by numerous rod-like

structures, which appear to be filled animal burrows. The structures,

up to 2 inches in diameter and 2 feet long, are always oriented

perpendicular to the bedding.

Unit 4: The fourth member of the Phosphoria is composed of

38 feet of phosphatic shale. The unit is a slope-former and generally

is covered. The shale is medium dark gray on a fresh surface and

weathers into angular plates several inches on a side and 1/4 to 1/2

inch in thickness.

Unit 5: The upper member of the Phosphoria is a very thin-

bedded cliff-forming chert, which grades upward into shale. Bedding

planes within the chert are undulatory and according to Cressmen

et al. (1964) are likely to be a diagenetic feature. The unit is 75 feet

thick, of which the basal 30 feet is medium light gray (N 6) chert

beds, between which are intercalated thin laminae of shale. Shale,

similar to that present in the fourth member, grades upward into the

Triassic Dinwoody Formation. On a freshly broken surface the shale

has a heavy petroliferous odor.



Ali. ,_

A.-Itair
, ,. s ....41!---A ,--

. 2.7,;le ',- -
1-'1,, er5?4.44,,..r k 17

, .!.--*e."--...- .,... .',,, -,01,"

Figure 9.

79

Tosi Chert Member of the Phosphoria Formation (Pp)
in the SW 1 /4, sec. 6, T. 15 S. , R. 1 W. Note the
shale partings along wavy bedding planes and the
locally discontinuous bedding.
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Fossils and Age

Condit, Finch, and Pardee (1927) identified most of the shell

fragments in the Phosphoria Formation as the brachiopod

Lingulodiscina utahensis (Girty). Where phosphatic rock occurs in the

Phosphoria, fossils present have been partially to wholly phosphatized.

Jemmett (1955), reported that the fossil specimens in the thesis area

closely resembled Orbivuloides utahensis (Meek) and also reported

Crassidonta, Helodus, Conularia, fish teeth, and bits of wood from

formation in the Centennial Range. The writer found Brachiopod,

gastropod, cephalopod, and bryozoa shell debris in the Phosphoria in

the area.

Fusulinids of Wolfcampian age were described from the basal

part of the formation near Three Forks, Montana, by Frenzel and

Mundorff (1942). McKelvey et al. (1959) concluded, on the basis of

fossil studies and stratigraphic relationships, that the Permian

System in Montana and adjacent areas ranges in age from Wolfcampian

to Leonardian.

Regional Correlation

The Phosphoria Formation extends from Alberta to Utah. In

southwestern Montana, the formation thickens to the southeast and

reaches a maximum thickness of 500 feet in the Lima region
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(Cres sman , 1955).

In southern Montana, the Phosphoria grades eastward into the

Embar Formation, which consists of yellowish brown sandstone, silt-

stone, and limestone (Gardner et al. , 1945). In southeastern Montana

and eastern Wyoming, the Minnekahta and Opeche Formations have

been correlated with the Phosphoria (Perry, 1945).

Correlation of the units in the thesis area with Permian units

defined by the stratigraphic nomenclature of McKelvey et al. is as

follows:

Unit 5 . . . . Tosi Chert member of the Phosphoria Formation

Unit 4 . . . . Retort Phosphatic Shale Tongue of the Phosphoria
Formation

Unit .3 Lower tongue of the Shedhorn Sandstones

Unit 2 . . . . Meade Peak Phosphatic Shale Member of the
Phosphoria Formation and the Franson Tongue
of the Park City Formation

Unit 1 . . . Grandeur Tongue of the Park-City Formation

Depositional Environment

Abundant detrital quartz and chert characterize the Phosphoria

Formation and suggest a provenance of pre-existing sandstones and

limestones. Mansfield (1927) states that the source of sediments for

the Phosphoria was peneplained Pennsylvanian terrain adjacent to the

Permian sea.



Figure 10. View from the top of Sheep Mountain the NW 1/4,
sec. 33, T. 14 S. , R. 1 W. looking to the west.
Baldy Mountain in the background is three miles
west of the thesis area and is capped by rhyolite
flows, which dip under the basalts of the Snake
River Plain to the south. The mountain is on the
western block of the Centennial Range, which has
been downdropped along the Odell creek fault.
The shales in the foreground are part of the
Phosphoria Formation (Pp). Overlying the
Phosphoria in the upper center of the picture is
the Dinwoody Formation (Id). The picture
illustrates the typical grass-covered slopes
developed on the two formations.
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Cressman has suggested that the non-detrital bedded cherts

were formed by diagenetic alteration of sponge spicules. He has noted

that these sponges were shallow-water forms that required normal

oceanic salinity (Cressman et al. , 1964).

The phosphorite oolites probably formed in shallow water on a

"gently shoaling bottom that received cold, phosphate-rich waters from

the open oceans" (McKelvey et al. , 1959). The pH was "certainly

above 7.8, probably above 8.0, and perhaps as high as 8.2" (Cressman

et al. , 1964).

The carbonaceous shales of the formation apparently were

deposited below wave base in water containing little or no oxygen. It

is probable that during deposition of the shales, bottom circulation

was impeded, resulting in reducing conditions.

Dinwoody Formation

The Dinwoody Formation was named and defined by Blackwelder

(1918) for exposures in Dinwoody Canyon on the northeastern flank of

the Wind River Range, near Dubois, Wyoming. The limits of the for-

mation were defined by the Phosphoria Formation below and the red

shales and siltstones of the overlying Chugwater Formation (Kummel,

1954).

Newell and Kummel (1942) found that the color boundary between

the Dinwoody, as originally defined, and the Chugwater did not follow
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a stratigraphic plane but varied in position even within a few hundred

yards. Consequently, they redefined the upper contact of the formation

at the type locality and placed it at the top of the resistant siltstone

about half-way to the top of the original Dinwoody. The resistant

siltstones at the type section are overlain abruptly by red and, locally,

gray soft shales.

Newell and Kummel recognized three major units in the Dinwoody,

which are lithologically distinctive and relatively extensive. These

are: a "basal siltstone," a "Lingula. zone, " and in the upper part a

"Claria zone. "

In the thesis area, the Dinwoody conformably overlies the Tosi

Chert Member of the Phosphoria Formation. The contact is grada-

tional and was placed at the base of the lowest thin-bedded dolomite.

The contact bwtween the Dinwoody and the overlying Woodside Forma-

tion is not exposed in the area. Witkind (1969), however, reports that

the Dinwoody is conformably overlain by, and grades transitionally

into, the Woodside in the Tepee Creek Quadrangle 30 miles northeast

of the thesis area.

Distribution and Topographic Expression

The Dinwoody crops out from the Odell Creek fault about 100

feet east of the C. , sec. 1, T. 15 S. , R, 2 W. , eastward to Taylor

Creek Ridge in the southeastern part of the area, where its southern
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extension is covered by Tertiary volcanic rocks. The formation is

present at the crest of the Centennial Range and forms the moderately

dipping grass-covered dipslope of the range. Outcrops also occur at

the top of the Odell Creek fault block in the northwest corner of the

area.

Spring Creek and its tributaries have cut deep canyons into the

non-resistant beds of the Dinwoody in secs. 4, 5, and 6, T. 15 S. ,

R. 1 W. , exposing the underlying Phosphoria and Quadrant Forma-

tions. The undercutting action of these streams has caused

numerous tension cracks, some up to 30 feet deep, to form on the

dipslope of Sheep Mountain. The open cracks appear to be active and

indicate gravity induced bedding-plane faults, which are confined to

the Dinwoody Formation. Aerial photographs reveal small scale

folding related to the slippage, and at this locality the formation has

a local "crumpled" surface.

Thickness and Litho logy

The Dinwoody Formation is fairly uniform throughout, consist-

ing of a succession of very thin- and thin-bedded alternating dolomites

and siltstones and locally intercalated sandstones. Because of the

poorly exposed nature of the formation, a complete section could not

be described. Honkala (1949) reports that Kennedy found the forma-

tion to be 471 feet thick five miles east of Odell Creek in the thesis
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area.

The dolomites of the formation are very pale orange (10YR 8/2)

and weather grayish orange pink (5YR 7/2) to pale yellowish brown

(10YR 6/2). Lingula and gastropod shells, where present, lie parallel

to the bedding planes.

The dolomites consist dominantly of subhedral crystals of

dolomite (93%) which average 0.025 mm in diameter. Brachiopod and

gastropod shell debris forms three percent of the rock and is con-

centrated in thin layers. Silt-sized subangular quartz (1%) and

hematite (3%) grains make up the remainder of the rock.

The interbedded siltstones of the Dinwoody are light olive gray

(5Y 6/1) and weather the same color. They consist dominantly of sub-

angular silt-sized grains of quartz (92%) and chert (3%). One percent

of the rock consists of rounded silt-sized grains of tourmaline, zircon,

and apatite, and muscovite laths up to 0.01 mm in length. Argillaceous

material forms the remaining 4 percent of the rock.

The sandstones, present locally as intercalated beds in the

Dinwoody, are light olive gray (5GY 6/1) and weather pale yellowish

brown (10YR 6/2). They contain the same grains as the siltstones

and are only slightly coarser. The only constituents present in the

sandstones not recognized in the siltstones are minor quartzite grains.



Figure 11. Alternating dolomite and siltstone beds of the Din-
woody Formation (M) in the SE 1/4, sec. 32, T.
14 S. , R. 1 W. The outcrop is in a tension crack,
which has resulted from the undercutting action of
Spring Creek and its tributaries on the dipslope of
Sheep Mountain.
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Fossils and Age

The only fossils found in the Dinwoody Formation within the

mapped area were Lingula borealis and locally, poorly preserved

gastropods. Moritz (1951) measured sections throughout southwestern

Montana and found well-preserved specimens of Lingula in every sec-

tion. In many sections he also found the uppermost limestone beds

and many of the siltstones to contain internal and external molds of

Claria and Eumorpholis.

Newell and Kummel (1942) stated that the "marine invertebrate

fauna of the Dinwoody has a marked affinity for the Otoceras fauna

from east Greenland, Seis (lower Warfen) fauna of the Alps, and

Early Triassic faunas from eastern Siberia. " Kummel (1954), in a

separate paper, assigned an Early Triassic age (early Scythian) to

the Dinwoody.

Regional Correlation

The Dinwoody and its correlatives occur throughout southwestern

Montana, southeastern Idaho, western Wyoming, northern Arizona,

southern Nevada, and Utah.

The Dinwoody can be traced from the Centennial Range into

southeastern Idaho, where it is up to 2,200 feet thick. The formation

there is very similar to its occurrence in the thesis area. It differs,
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Figure 12. View looking south from the SE 1/4, sec. 31, T. 14 S. ,
R. 1 W. The lower half of the photo shows a large ten-
sion crack, which has formed by bedding-plane faulting
in the Dinwoody Formation. The Woodside Formation
is marked by the heavily-wooded slopes in the back-
ground.
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however, in that the lowermost part is a shale sequence,

The Dinwoody or its correlative is unknown in northern Montana.

Prior to the advance of the Middle Jurassic sea, this area had under-

gone a considerable interval of erosion (Sloss, 1950). Farther north,

in Alberta and British Columbia, the Dinwoody correlative is known

as the Spray River Formation (Stockwell, 1957).

In western Wyoming, the Dinwoody Formation contains the

three lithologic and faunal zones as described by Newell and Kummel

(Kummel, 1954). To the east in Wyoming, the formation becomes

arenaceous and grades into a redbed facies that is possibly equivalent

to the Woodside Formation in the thesis area.

In Utah, Arizona, and Nevada, the lower part of the Moenkopi

Formation is considered to be correlative with the Dinwoody (Reeside

et al. , 1957).

Depositional Environment

Detrital quartz, chert, and quartzite grains contained in the silt-

stones and sandstones of the Dinwoody indicate a provenance of pre-

existing sandstones, limestones, and metamorphic rocks.

The presence of Lingula suggests deposition occurred in a shal-

low, temperate Triassic sea. Mineralogic maturity and good sorting

in the Dinwoody indicate that the sea was transgressing and that effec-

tive winnowing of sediments was effected by active bottom currents.
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According to Moritz (1951) the Dinwoody exhibits character-

istics suggestive of deposition on a mildly unstable shelf, or possibly,

an intracratonic basin. The source area of clastic material was to the

east. This material was probably transported across the shelf area in

Wyoming and eastern Montana to be deposited in southwestern Montana.

Woodside Formation

The Woodside Formation was named and defined by Boutwell

(1907) for 1,000 feet of maroon and red, unfossiliferous, shaly silt-

stones which are exposed in Woodside Gulch in the Park City Mining

District, northeastern Utah. In 1915, Mansfield extended the name

Woodside into southeastern Idaho. He included all beds between the

Rex Chert Member of the Phosphoria and the Meekoceras zone of the

Thaynes Formation in the Woodside Formation. Mansfield's definition

of the Woodside was used in southeastern Idaho until it was redefined

to include only the beds that bear lithic similarity to the Woodside at

the type locality in Utah (Newell and Kummel, 1942).

The Woodside conformably overlies the Dinwoody in south-

western Montana. The contact with the Dinwoody in the thesis area

is gradational and, because of lack of exposures, is arbitrarily placed

where the soil is red. The Thaynes Formation conformably overlies

the Woodside in the area and the contact is gradational through a

thickness of about 10 feet. The upper contact also has been determined
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by soil color change. Locally, the red calcareous siltstones of the

Woodside terminate abruptly and are overlain by the grayish orange

(10YR 7/4) quartz arenites of the Thaynes Formation.

Distribution and Topographic Expression

The Woodside Formation crops out from the Odell Creek fault

in the SW 1/4, sec. 12, T. 15 S. , R. 2 W. eastward in a belt parallel

to the underlying Dinwoody. The formation in the southeastern corner

of the area is partly overlain with angular unconformity by Tertiary

volcanics which are exposed on Taylor Creek Ridge. South of the

thesis area, Tertiary volcanic rocks completely cover the formation.

The red siltstones and shales of the formation are non-resistant

and commonly form steep, soil-covered slopes, which are protected

by the overlying more resistant Thaynes Formation. Commonly, the

outcrop of the Woodside can be recognized by its heavily wooded steep

slopes, in contrast to the overlying formations, which, except for the

Thaynes, form gentle grass-covered slopes.

The best exposed section of the formation is located along Odell

Creek in sec. 12, T. 15 S. , R. 2 W. , where a few, good, discontinuous

outcrops are present. The upper beds of the formation are well-

exposed in a roadcut at the head of the East Fork of Sheridan Creek,

NW 1/4, sec. 14, T. 14 N. , R. 40 E.
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Thickness and Litho logy

The Woodside Formation is 800 feet thick in the thesis area

and consists mainly of very thin-, thin-, and locally thick-bedded,

moderate reddish brown.(10R 4/6) sandstones, siltstones and shales.

The shales are pale reddish brown (10R 5/4) and are intercalated with

siltstone in the basal few feet of the Woodside. Near the top of the

formation there are a few intercalated thin-bedded yellowish gray

(5Y 7/2) limestones which weather into grayish orange (10YR 7/4)

slabs and flags up to one foot on a side.

The siltstones are calcareous and commonly have thin white

veins of calcite perpendicular to the bedding planes. They are well-

sorted and consist of silt-sized detrital grains of quartz (40%),

hematite (10%), muscovite (1%), and rare zircon, plagioclase, and

monazite. Most of the quartz grains are subangular. Muscovite

occurs in the form of isolated very thin tabular crystals scattered at

random in the rock. Hematite, which gives the formation its distinc-

tive red color, commonly occurs as anhedral grains. Locally the grains

are concentrated into thin laminae. The remaining 49 percent of the

rock is composed of calcite. Because of hematite staining, the original

nature of the calcite could not be determined. One percent, however,

is sparry calcite which forms isolated, colorless patches up to 0.3

mm across and rare veins that are less than 0.1 mm in thickness.
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Outcrop of the Woodside Formation (Tw) in the NW 1/4,
sec. 14, T. 14 N. , R. 40 E. The outcrop is exposed
in a roadcut and shows bedding typical of most of the
Woodside.
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Sandstones are not numerous in the Woodside, and those present

commonly have gradational contact with the siltstones. Locally they

are very light gray (N 8) on a fresh surface but generally are stained

pale reddish brown (10R 5/4) by hematite from the overlying siltstones.

The sandstones are very fine-grained quartz arenites, which consist

of quartz (88%), chert (2%), and rare monazite, tourmaline, hematite,

and muscovite grains cemented by calcite (10%). The quartz and

chert grains are subangular and average 0.025 mm in diameter.

Monazite, hematite, and toumaline occur as rounded grains,

which average 0.25 mm in diameter.. Calcite occurs as void-filling

sparry calcite cement and as pseudospar that has recrystallized from

micrite.

Bedding planes within the Woodside, where observed, are sharp

and undulatory. Well-developed asymmetrical ripple marks on some

surfaces have wave lengths of one-half inch to 3 inches and an average

strike of N. 15° E. , indicating current direction from the west.

Mudcracks are also present locally on bedding planes.

Fossils and Age

No fossils were found in the Woodside Formation in the thesis

area, nor have they been reported from adjacent areas. Newell and

Kummel (1941) identified caratites and pelecypods from the Woodside

that indicate an Early Triassic age for the formation. On the basis of
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stratigraphic position and lithologic similarity with the Woodside at

the type section, the formation in the thesis area is considered to be

Early Triassic in age.

Regional Correlation

The Woodside Formation and its correlatives occur throughout

northern Utah, southeastern Idaho, western Wyoming, and south-

western Montana. In southeastern Idaho, both red and non-red strata

are present in the formation.

In western Wyoming and north of Montpelier, Idaho, the Wood-

side consists of red shales and siltstones that overlie and intertongue

with the Dinwoody Formation. East of the thesis area in the Big Horn

Basin of Wyoming and Montana, the Woodside is correlative with the

Red Peak Member of the Chugwater Formation. In the Black Hills

and Williston Basin, the Woodside is partly correlative with the

Spearfish Formation.

Depositional Environment

Detrital grains of quartz and chert and a minor heavy mineral

suite indicate a provenance of pre-existing sedimentary rocks for the

Woodside.

Origin of the red beds of the formation is controversial. The

author believes that the presence of mudcracks, and the association of
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red beds and gypsum reported by Ray (1967) indicate subaerial to con-

tinental origin for part of the Woodside. On the other hand, the author

also agrees with Reeside (1929) who states that the lack of coarse

materials, the great thicknesses of rock with widespread parallelism,

and regularity of bedding indicate that much of the formation was

deposited in a marine environment. Ripple marks present on many

bedding planes further limit the marine environment to one of shallow

water.

Thaynes Formation

The Thaynes Formation was named by Boutwell (1907) for expo-

sures in Thaynes Canyon in the Park City Mining District, Utah. The

formation there consists of 1,190 feet of very fossiliferous limestone,

calcareous sandstone, sandstone, shale, and, in the middle, a red

shale member. The Thaynes is underlain by the Woodside Formation

and the Ankareh Formation at the type locality.

In most of southwestern Montana, pre-Jurassic erosion removed

much of the rocks of Triassic age. Most sections are incomplete and

unconformably overlain by the Jurassic Ellis Group or the Cretaceous

Kootenai Formation. In the thesis area, a thin, incomplete section of

Thaynes is present which is disconformably overlain by the Sawtooth

Formation of the Ellis Group. The contact between the two formations

is represented by a sharp lithologic break. The less resistant
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limestones of the Sawtooth commonly weather back to form a narrow

soil-covered ledge on top of calcareous sandstones of the Thaynes.

The contact surface was not observed in the area because of the soil

cover. The contact between the Thaynes and the underlying Woodside,

as previously described, is conformable and transitional.

Distribution and Topographic Expression

The Thaynes Formation crops out from the Odell Creek fault

in the SW 1/4, sec. 12, T. 15 S. , R. 2 W. eastward in a thin belt

parallel to the underlying Woodside. In the NW 1/4, sec. 14, T.

14 N. , R. 40 E. , outcrops of the formation turn southward and expo-

sures occur along the East Fork of Sheridan Creek and at the top of

the ridge along the west side of Howard Creek. Locally, these out-

crops are discontinuous because of faulting. South of the thesis area

the formation is covered by Tertiary volcanic rocks.

The Thaynes is the dominent cliff-forming formation of the

Mesozoic, commonly forming steep cliffs up to 20 feet high. Locally,

the formation is almost completely covered by slopewash from the

overlying Jurassic formations and its presence is manifested by dis-

continuous outcrops of thin-bedded ledge-forming sandstones. The

resistant sandstones of the Thaynes have protected the underlying

non-resistant Woodside, permiting steep slopes to form on that

formation.
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Thickness and Litho logy

The Thaynes is 132 feet thick in the thesis area and consists of

laminated, very thin- and thin-bedded, very pale orange (10YR 8/2)

quartz arenites which weather grayish orange (10YR 7/4). The quartz

arenites are very fine-grained and consist of subangular to subrounded

detrital grains of quartz (80%) and subordinate rounded zircon, plagio-

clase, tourmaline, apatite, and hornblende grains. Muscovite (1%)

occurs as very fine scattered tabular crystals. Three percent of the

rock is composed of rounded hematite grains almost completely

weathered to limonite. Sparry calcite cement, some of which is stained

by limonite, forms 15 percent of the rock. The quartz grains show

evidence of replacement by calcite. Bedding planes within the sand-

stones are sharp and undulations have up to one inch relief.

Near the middle of the formation is a highly fossiliferous lime-

stone which forms a single bed approximately 2 feet in thickness.

The rock is composed of fossil debris (70%), which forms a "hash,"

and sparry calcite (30%), which forms patches up to 2 mm across.

Penetrative limonite staining gives the rock grayish orange (10YR

7/4) fresh and weathered colors. Numerous chert nodules up to 1

inch in diameter are present in the upper part of the formation.
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Fossils and Age

The only fossils found in the Thaynes in the thesis area are

localized in the limestone bed near the center of the formation. Most

of the fossils are unidentifiable, but a few echinoid spines were noted.

The Thaynes Formation is the most fossiliferous formation of

Triassic age in the Middle Rocky Mountains. Throughout eastern

Idaho the Thaynes contains a prominent limestone bed that contains an

abundant ammonite fauna characterized by Meekoceras. Smith, in

his study of Early Triassic ammonoids of North America, recognized

three ammonite zones in the Thaynes: the lower Meekoceras zone,

a Tirolites zone, and an upper Columbites zone. Other authors have

also recognized an Anasibirites zone (Mathews, 1929) and a

Prohungarites zone (Kummel, 1954). These zones are not present

everywhere in southeastern Idaho and adjacent areas, but locally one

or more of the zones is well-developed. Kummel (1960) also

recognized pelecypods, brachiopods, and Pentacrinus columnals in the

Thaynes at Little Water Canyon in southwestern Montana.

Pentacrinus columnals are also common in the Thaynes Formation in

the Salt River Range, western Wyoming (Oles, 19.70).

Kummel (1954) assigned an Early Triassic age to the formation,

basing this on the characteristic Meekoceras fauna that has been found

in most sections where the formation crops out.
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On the basis of stratigraphic position and lithologic correlation,

the Thaynes in the thesis area is considered to be Early Triassic in

age.

Regional Correlation

A prolonged period of pre-Jurassic erosion in west-central and

northwestern Montana resulted in the removal of all the Early Triassic

rocks. These rocks were reported to be present in the southern

Gravelly Range, just north of the thesis area (Christie, 1961; Mann,

1954), but are absent in the northern part of the range (Manske, 1961).

The Thaynes Formation crops out over a wide area in south-

western Montana, western Wyoming, eastern Idaho, and northern

Utah. In western Wyoming, eastward thinning takes place by lateral

change into the lithology of the underlying Woodside and overlying

Ankareh Formations. The same relationship exists eastward along

the Uinta Mountains.

Depositional Environment

The Thaynes is thought to have been deposited under relatively

stable shelf and mildly negative basin conditions. The spread of the

Early Triassic sea across Montana and into Canada after deposition

of the Woodside resulted in the deposition of the Thaynes.

The abundant quartz grains and a sparse heavy mineral suite in
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the quartz arenites indicate a provenance of pre-existing sedimentary

rocks. Slow deposition and winnowing occurred, resulting in the

destruction of argillaceous minerals to produce "clean sand. "

Ellis Group

The rocks of the Ellis Group were first described as the Ellis

Formation by Peale (1893) from exposures in the general area between

Livingston and Three Forks, Montana. He named the formation for

Fort Ellis, 50 miles north of Yellowstone National Park, but he did not

designate a type section. In 1945, Cobban et al. described the type

section of the Ellis Formation from its exposures in Rocky Creek

Canyon, Gallatin County, Montana. Shortly thereafter, Cobban (1945)

raised the formation to group status and recognized three lithologic

divisions or formations which are, from oldest to youngest, the

Sawtooth, Rierdon, and Swift.

Sawtooth Formation

Cobban (1945) defined the Sawtooth Formation as consisting of

a basal fine-grained sandstone, an overlying dark-gray shale with

intercalated limestones, and an upper light-gray calcareous silt-

stone. He named the formation for exposures in the Sawtooth Mountains

of Montana and designated the type locality as Rierdon Gulch, where the

Sawtooth is 136 feet thick.
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According to Moritz (1951), the maximum thickness of the

Sawtooth in southwestern Montana is attained at Little Sheep Creek

and Little Water Creek where he recorded thicknesses of 140 and 110

feet. Outcrops of the formation are almost invariably covered with

"a veneer of chippy and splintery fragments of the argillaceous lime-

stones or calcareous shales" (Moritz, 1951).

As previously described, the contact between the Thaynes and

Sawtooth Formations is represented by a sharp lithologic break and

is disconformable in southwestern Montana. The Rierdon Formation

is missing in the thesis area, and the contact between the Sawtooth

and overlying Swift Formation is disconformable and marked by a 2

foot thick conglomerate bed which was deposited on an undulatory

erosional surface. The best exposure of the contact is along the

ridge in the El /2, sec. 15, T. 14 N. , R. 40 E.

Distribution and Topographic Expression

The Sawtooth Formation crops out from the Odell Creek fault

in the NW1/4, sec. 13, T. 14 N. , R. 2 W. eastward in a belt parallel

with the underlying Thaynes. In the NE1 /4, sec. 15, T. 14 N. , R.

1 W outcrops of the formation turn southward and are present on the

dipslope developed on the underlying Thaynes on both sides of the East

Fork of Sheridan Creek. In secs. 14, 23, 25, and 26, T. 14 N. , R.

40 E. , faulting has formed local discontinuous outcrops of the
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formation.

The Sawtooth commonly forms gentle grass-covered slopes,

which have a heavy soil cover. Pencil-like fragments of argillaceous

limestone weathered from the Sawtooth are abundant locally where the

soil cover is thinner.

Thickness and Litho logy

The Sawtooth Formation in the thesis area is 131 feet thick and

consists of very thin- and thin-bedded, light olive gray (5Y 5/2)

argillaceous micritic limestones, which are friable and weather light

olive gray (5Y 6/1). Thirty feet above the base and 15 feet below the

top of the formation are pale yellowish brown (10YR 6/2) fossiliferous,

oomicrosparites. These rocks occur in 2 foot thick beds and weather

light olive gray (5Y 6/1).

The argillaceous micritic limestones consist dominantly of

micrite (67%), extremely fine argillaceous material (15%), and

microspar (15%), which was formed by recrystallization of the micrite.

Silt-sized subangular quartz grains (3%), sparse unidentifiable fossil

debris, and rare patches of pseudospar up to 0.25 mm in diameter

form the remaining part of the rock.

Each of the two oomicrosparite beds is approximately 2 foot

thick and consist of oolites (60%), fossil debris (10%) containing some

identifiable echinoid spines, microspar (25%), and pseudospar (5%),
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which has formed by the continued recrystallization of microspar. In

the lower zone, the fossil debris and oolites are concentrated in layers

up to one-half inch thick that grade into one another. The fossil

debris in the upper zone is scattered throughout the oolites. In the

E1/2, sec. 15, T. 14 N., R. 40 E. , and the SE1/4, sec. 23, T. 14

N. , R. 40 E. , the upper bed is exposed on dipslopes and forms

"flagstone pavement. "

Because of the poorly exposed nature of the formation, bedding

can only be generally described from the few outcrops that were found.

Bedding planes in these outcrops are sharp and planar and form

generally smooth weathered surfaces. The oomicrosparies form

somewhat rougher weathered surfaces because the more ready

weathering of the microspar causes fossils to protrude slightly above

the surface.

Fossils and Age

Numerous stem plates of Pentacrinus and some poorly preserved

cephalopods were found in the Sawtooth in the thesis area. To the

north in the Gravelly Range, Mann (1954) identified Pentacrinus from

the formation as well as the pelecypod Ostrea. Thirty miles to the

northeast in the Tepee Creek Quadrange, Witkind (1969) identified

echinoderms, ammonoids, and numerous pelecypods from the

Sawtooth. Several of Witkind's forms are identical with fossils found
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in member C of the Twin Creek Limestone in southeastern Idaho

and western Wyoming which is considered to be of Middle Jurassic

(Bathonion) age (Imlay, 1950). On the basis of lithologic similarity

with Sawtooth beds described by Witkind, the Sawtooth Formation in

the thesis area is considered to be Middle Jurassic in age.

Regional Correlation

The Sawtooth Formation occurs in southwestern, west-central,

and northwestern Montana. East of the Sweetgrass-Big Belt-Bridger

line of uplift in Montana, correlative rocks of the Sawtooth are known

as the Piper Formation, In southeastern Idaho, northern Utah, and

western Wyoming, the Sawtooth is correlative with the dark shale

and oolitic limestone member of the Twin Creek Limestone. Farther

east in Wyoming, similar rocks of the "lower Sundance" Formation

are correlative with the Sawtooth in the thesis area (Imlay, 1952).

Depositional Environment

Following a long period of base leveling at the close of the

Triassic in southwestern Montana, the Middle and Late Jurassic sea

advanced across Montana from the north, resulting the deposition of

the Ellis Group (Moritz, 1951). Normal marine conditions with

relatively clear waters during deposition of the Sawtooth are indicated

by the presence of Pentacrinus. The minor occurrence of detrital
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grains and the abundance of argillaceous material in the limestone

indicate that the provenance was probably a low-lying plain that

bordered the Middle Jurassic sea. Twice during Sawtooth time

depositional conditions changed slightly to form the 2 fossiliferous

oomicrosparite beds. During these times, persistent bottom currents

and continuous agitation in a shallow water environment resulted in the

formation of fragmental fossil and oolitic deposits.

Swift Formation

The Swift Formation is the youngest marine Jurassic formation

along the Rocky Mountain front, where it consists of dark gray, non-

calcareous shales, overlain by fine-grained, glauconitic, flaggy sand-

stones. Cobban (1945) named the formation from exposures at Swift

Reservoir on Birch Creek in the Sawtooth Mountains.

In the thesis area, the Swift disconformably overlies the Saw-

tooth Formation, and the contact is marked by a 2 foot thick, fossili-

ferous, pebbly sandstone bed, which is a scour-and-fill deposit. The

contact between the Swift and the overlying Morrison Formation is

indeterminate in most places because of poor exposures. Where

exposed, it is placed between the upper glauconitic sandstone bed of

the Swift and the lower non-glauconitic sandstone bed of the Morrison.

Because of the poorly exposed nature of the.'contact in the area, the

Swift and Morrison Formations were mapped together as one unit.
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Distribution and Topographic Expression

The Swift Formation crops out in the thesis area from the Odell

Creek fault in the SW1 /4, sec. 12, T. 15 S. , R. 2 W. eastward to

sec. 15, T. 14 N. , R. 40 E. where outcrops turn southward at the

Continental Divide. A local exposure of the formation is present in a

small graben in the SE1 /4, sec. 14, T. 14 N. , R. 40 E. To the south

in secs. 22 and 23, T. 14 N. , R. 40 E. , the Swift crops out on both

sides of the East Fork of Sheridan Creek. Locally, to the south of

the Continental Divide, the formation is covered by slopewash

from the, overlying Morrison and Kootenai Formations.

The Swift forms unobtrusive outcrops in the thesis area. Com-

monly, it forms a grass-covered slope with local ledges of glauconitic

sandstone.exposed.

Thickness and Litho logy

The Swift Formation in the thesis area is 48 feet thick and con-

sists of thin- and thick-bedded fossiliferous pebbly sandstone,

fossiliferous glauconitic limestone, and glauconitic sandstone.

The basal unit of the Swift consists of a 2 foot thick bed of

pebbly sandstone, which weathers yellowish gray (5Y 7/2). Locally,

the bed becomes thicker, up to 3 feet, and conglomeratic. The

detrital pebbles (20%) of the rock are siltstone, fossiliferous
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oomicrite, and calcite. The siltstone pebbles contain silt-sized sub-

angular quartz grains (25%) in an argillaceous, calcareous matrix

(75%). The fossiliferous oomicrite pebbles are composed of unidenti-

fiable fossil debris (5%) and oolites (65%) in a micritic matrix (30%).

Calcite pebbles are composed of clear sparry calcite and display

well-developed twins. The oomicrite and calcite pebbles may

represent weathered remnants of the limestones and oolitic limestones

of the Rierdon Formation, which is absent in the thesis area.

The remaining 80 percent of the rock is composed of rounded and

well-rounded quartz (7%) and chert (1%) grains up to 0.25 mm across;

oolites (10%), some of which are broken as a result of transportation;

glauconite (2%), which forms grains up to 0.1 mm in diameter;

argillaceous material (2%); fossil debris (38%); and sparry calcite

cement (20%), which forms clear patches up to 1 mm in diameter.

The rock is moderately stained by limonite. Locally in this unit,

pseudomorphs of geothite after pyrite have formed. The pseudo-

morphs exhibit the original penetrating cube habit of the pyrite and

are up to 10 mm a side.

Overlying this unit are 10 feet of thick-bedded glauconitic

oosparite, which is light gray (N 7) and weathers moderate yellowish

brown (10YR 5/4). The unit consists of oolites (15%), some of which

exhibit calcite or quartz grains as nuclei; fossil debris (10%); well-

rounded quartz (5%) and chert (1%) grains up to 0.25 mm in diameter;
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Figure 14. Multiple scour-and-fill exhibited in the glauconitic
sandstones of the Swift Formation (Js).
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glauconite (1%), which forms rounded grains up to 0.2 mm in diameter;

pseudomorphs of geothite after pyrite (1%), with some pyrite still

present in the pseudomorphs; pseudospar (15%); and sparry calcite

(52%), which forms patches up to 2 mm in diameter. Brown iron stains

are irregularly dispersed throughout the rock.

The upper unit of the Swift is composed of grayish green (5GY

6/1) glauconitic quartz arenite. This unit is poorly exposed because

of its friable nature. Where exposed the unit is thick-bedded, weathers

light olive gray (5Y 6/1), and locally displays multiple scour-and-

fill structures. The rocks consist dominantly of well-sorted quartz

(25%) and chert (60%) grains, which average 0.3 mm in diameter,

and are subangular to subrounded. Glauconite occurs as rounded

grains up to 0.2 mm in diameter and forms 3 percent of the rock. Silt-

stone grains (5%), muscovite, and minor fossil debris are also present.

The rock is matrix-cemented by fine-grained argillaceous material

(7%), which accounts for its friable nature.

Fossils and Age

In the Centennial Range, the Swift Formation is very fossili-

ferous. Belemnoid shells, echinoid spines, and unidentifiable

brachiopods, pelecypods, and corals were collected from the forma-

tion in the thesis area. In the southern part of the Gravelly Range,

to the north of the area, Christie (1961) reported Ostrea from the
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base of the formation.

Imlay (1948) assigned a middle Late Jurassic (Oxfordian) age

to the Swift based on the study of ammonites from the formation and

its correlatives. Moritz (1951) and Schmitt (1953) also assigned a

Late Jurassic (Oxfordian) age to the formation.

Regional Correlation

The Swift Formation and its correlatives occur throughout

Montana and Wyoming, northeastern Utah, and western North and

South Dakota. In most of Montana the formation consists of non-

calcareous shale overlain by fine-grained, glauconitic sandstones.

In the thesis area, however, the lower shales are missing, and the

Swift there is correlative with the upper part of the Swift at the type

locality.

The Swift Formation is correlative with the Redwater Shale Mem-

ber of the Sundance Formation in the Black Hills, the Curtis Forma-

tion of Utah, the "Upper Sundance" Formation of central Wyoming,

and the Stump Sandstone of eastern Idaho and westernmost Wyoming.

This correlation is based upon the occurrence of Cardioceras,

Goliathoceras, and Pachycardioceras in the lower parts of these

formations (Imlay, 1952). The correlatives also contain glauconite,

a characteristic and ubiquitous feature of the Swift Formation.
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Depositional Environment

The abundant detrital quartz and subordinate siltstone clasts are

indicative of a provenance with pre-existing sedimentary rocks. Lime-

stones were also present in the provenance as indicated by the detrital

chert, limestone, and recycled oolites present in the Swift.

The rocks of the Swift are of shallow marine origin. Oolites in

the lower part of the formation were deposited in shallow, constantly

agitated, saline water. Belemnoid, echinoid, brachiopod, pelecypod,

and coral fossil debris along with multiple scour-and-fill structures in

the upper part of the Swift indicate deposition specifically occurred

in the littoral zone.

The presence of pyrite and goethite pseudomorphs after pyrite

indicate that reducing conditions were present in the Late Jurassic

sea. These conditions could only have been local and short-lived,

however, as indicated by the abundant fossil debris found in the forma-

tion.

Morrison Formation

The name Morrison was first used by Cross (1894) in his folio

on the Pikes Peak quadrangle in Colorado. The Morrison Formation

was formally named and described by Eldridge (Emmons et al. , 1896)

from incomplete sections north of Morrison, Colorado. Eldridge,
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however, did not define a type section of the formation. Lee (1920,

1927) redefined the limits of the formation near Morrison, but also

did not designate a type section. In 1944, Waldschmidt and Leroy

designated the type section of the Morrison to be along the north

side of the west Alameda Parkway roadcut (SE1 /4, sec. 23, T. 4 S. ,

R. 70 W. , Morrison quadrangle, 71/2 minute series, Jefferson County,

Colorado)(Pl. 1, Fig. 1), 2 miles north of Morrison. . . " They

subdivided the formation into six lithologic units, which are, in

ascending order: a basal sandstone unit, a gray and red shale unit, a

gray clay and limestone unit, a gray shale and sandstone unit, a red

shale unit, and an upper sandstone and shale unit.

According to Suttner (1969), the Morrison-Swift boundary in

southwestern Montana is located at the top of the uppermost slightly

fossiliferous and glauconitic sandstone of the Swift. Locally, the

glauconite has been reworked into the basal Morrison which results in

a transitional zone generally less than 20 feet thick. Because of heavy

soil cover, this contact was not observed in the thesis area, and the

two formations were mapped together as one unit.

The contact of the Morrison and Kootenai formations was placed

at the base of the prominent conglomerate that is the basal unit of the

Kootenai.
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Distribution and Topographic Expression

The Morrison Formation crops out from the Odell Creek fault

in the SW1/4, sec. 12 and the NW1/4, sec. 13, T. 15 S. , R. 2 W.

eastward to the center of sec. 15, T. 14 N. , R. 40 E. where out-

crops swing southward. In secs. 22 through 27, T. 14 N. , R. 40 E.

outcrops of the formation are interrupted by faulting. A local expo-

sure of the formation occurs in a small graben in the SE1 /4, sec. 14

T. 14 N. , R. 40 E.

Generally the Morrison is very poorly exposed and forms gentle

grass-covered slopes that lie below the resistant conglomerate beds

of the basal part of the Kootenai. Locally, sandstone and limestone

beds crop out as low discontinuous ledges.

Thickness and Litho logy

The Morrison Formation is 245 feet thick in the thesis area.

Where the section was measured, in the SW1 /4, sec. 12 and the

NW1/4, sec. 13, T. 15 S. , R. 2 W. , the formation is mostly covered

and some of the rock types present were described from other

localities.

The basal 45 feet of the formation in the area consist of thin-

and thick-bedded, grayish orange (10YR 7/4) quartz arenites, which

weather light gray (N 7), moderate red (5R 5/4), and grayish orange

(10YR 7/4), depending on the iron content and the degree of weathering.



116

The quartz arenites are friable and locally are very thinly cross-

bedded. They consist dominantly of detrital grains of quartz (89%)

and chert (3%), which are well-sorted, average 0.3 mm in diameter,

and are subangular to subrounded. Hematite grains up to 0.3 mm in

diameter form 5 percent of the rock and-itr-peaces are almost. com-

pletely weathered to limonite. The rock is cemented by sparry cal-

cite, which forms patches up to 0.2 mm in diameter, and silica, which

occurs as minor quartz overgrowths.

Overlying the basal unit are 200 feet of structureless mudstone,

a unit which is usually concealed beneath a thin soil whose color,

grayish red (10R 4/2), greenish gray (5GY 6/1), or light gray (N 7),

reflects the color of the underlying unit. Where exposed the rock

commonly breaks into angular fragments 1/4 to 1/2 inch on a side.

A 3 foot thick quartz arenite bed is intercalated in the mud-

stones 155 feet above the base of the unit. The rock is grayish yellow

green (5GY 7/2), weathers pale yellowish brown (10YR 6/2), and is

similar in lithology to the quartz arenites at the base of the formation.

Thin-bedded medium light gray (N 6) micrite beds up to 2 feet

thick, which weather yellowish gray (5Y 8/1), occur at random

throughout the mudstones. The author suspects, but could not prove

because of poor exposures, that these limestone beds are actually

lenses, only a few hundreds of feet long of highly argillaceous micrite

(100%). Rare authigenic pyrite is present as subhedral crystals up to
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1 mm across. Its limonite weathering product locally imparts a

yellow color to the rock.

Fossils and Age

No fossils were found in the Morrison in the thesis area.

According to Moritz (1951), fossils are very scarce in the formation

in southwestern Montana and the few organic remains he found had no

stratigraphic value. Both Christie (1961) and Mann (1954) report

dinosaur bones from the formation in the Gravelly Range to the north

of the thesis area. At the type section, Eldridge (Emmons et al. ,

1876) found dinosaur remains so abundant in the clays of the lower two-

thirds of the formation that he named them "Atlantosaurus clays, "

Based on a study of all reptile and fish fossils found in the

formation up to 1926, Simpson (1926) concluded that the Morrison is

Late Jurassic in age. Recent studies of fossil evidence by Yen (1952),

Imlay (1952), and Peck (1956) also support a Late Jurassic

(Kimmeridgian to Portlandian) age for the Morrison.

Regional Correlation

The Morrison Formation is very widespread and occurs in

Montana, western North and South Dakota, western Nebraska,

Wyoming, Colorado, western Kansas, Utah, New Mexico, and Arizona.

In southeastern Idaho, the Gannett Group is partly correlative with the
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Morrison (Oles, 1970).

In westernmost Montana, Morrison strata are absent. Eastward

from there, the formation thickens, reaches maximum thickness values

in west-central Montana, and thins again towards eastern Montana.

Correlation of individual zones in the formation throughout Montana

is impossible because of abrupt facies changes.

Morrison lithology in the thesis area is similar to that which has

been reported elsewhere in southwestern Montana (Robinson, 1963;

Witkind, 1969; Christie, 1961; and Rose, 1967). In southwestern

Montana, the formation is less than 400 feet thick and is composed

largely of non-resistant sediments which are very poorly exposed

(Moritz, 1951).

Depositional Environment

According to Suttner (1969), westernmost Montana and Idaho

provided most of the sediments for the Morrison Formation in west-

central Montana. Other authors (Gwinn, 1965; McGuire, 1957; and

McMannis, 1965) are in agreement with this. The abundant quartz

grains, minor chert grains, and an impoverished heavy mineral suite

indicate the provenance contained pre existing sedimentary rocks.

Deposition of the formation occurred on a plain of low relief by

relatively large meandering rivers. These conditions, over such a

vast area, have no counterpart in the present landscape (Moritz, 1951).
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The presence of Morrison limestone in the thesis area probably indi-

cates deposition in ephemeral fresh-water lakes, which were

periodically present on this plain.

Kootenai Formation

The name Kootenie was first used by Dawson (1885) for a

sequence of sandstone, shale, and conglomerate exposed along Old Man

River and Martin and Coal Creeks in southern British Columbia. The

formation there contained a supposed Jurassic-Cretaceous flora and

was named for a tribe of Indians that hunted over that part of the

Rocky Mountains between the 49th and 52nd parallels.

In 1892, Weed applied the name Kootenie to coal-bearing rocks

of the Great Falls, Montana area that overlie marine Jurassic beds.

In 1899, however, he discarded the term Kootenie in favor of the term

"Cascade Formation."

In 1908, Fisher designated the Early Cretaceous coal-bearing

rocks near Belt, Montana, as Kootenai. He thus discarded the term

Cascade Formation used by Weed (1899) and first used the now

accepted spelling of Kootenai in central and southern Montana. Sub-

sequent workers (Douglas, 1909; Calkins and Emmons, 1915; and

Pardee, 1917) also applied the term Kootenai to early descriptions of

Early Cretaceous rocks in southwestern Montana.

The base of the Kootenai in southwestern Montana is marked by
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a salt-and-pepper coarse-grained sandstone or conglomerate.

Locally, this unit is called the Pryor Conglomerate or the Third Cat

Creek Sandstone. In the Centennial Range, a similar unit 20 feet

thick forms the basal part of the Kootenai.

The contact between the Kootenai and the underlying Morrison

Formation is covered in the thesis area. Available evidence in cen-

tral and western Montana indicates a period of uplift and considerable

erosion occurred prior to the deposition of the Kootenai. The uplift

was sufficient to remove Jurassic strata from part of southwestern

Montana, to cause moderate Jurassic-Cretaceous angular relationships

in west-central and southwestern areas, and to produce regional

angular relationships in north-central Montana (Mann, 1954). In the

thesis area, the Kootenai probably disconformably overlies the

Morrison.

The upper unit of the Kootenai in the thesis area is the well-

known "gastropod limestone," which forms the top of the Kootenai

over much of southwestern Montana and as far north as the Sixteen-

mile Creek area approximately 20 miles northeast of Three Forks,

Montana (Klemme, 1949). The Kootenai is disconformably overlain

by the Thermopolis Formation, where the two are present, and a

similar relationship probably exists in the Centennial Range. The

contact between the two formations is covered in the area by soil

developed on slopewash from the overlying non-resistant Thermopolis.
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Distribution and Topographic Expression

The Kootenai Formation crops out from the NW1/4, sec. 13,

T. 15 S. , R. 2 W. eastward in a belt parallel to the underlying

Morrison. In the NW1/4 sec. 15, T. 14 N. , R. 40 E. , outcrops of

the formation turn southward and form a gentle tree- and grass-

covered slope to the southern edge of the area. Large boulders of

conglomerate up to 4 feet on a side and abundant pebbles from these

rocks cover outcrops of the formation in sec. 22, 27, and 28, T. 14 N. ,

R. 40 E. Locally, in the S1/4 sec. 23 and the NW1/4 sec. 25, T.

14 N. , R. 40 E. , outcrops are exposed because of faulting. South

of the thesis area the formation is covered with angular unconformity

by Tertiary volcanic rocks.

The Kootenai Formation forms gentle slopes, which are upheld

by the basal conglomerate and pebbly sandstone of the formation.

Where this unit crops out, it is resistant and forms a cliff up to 20

feet high. Locally, the unit is mostly covered and crops out as a

ledge from 3 to 10 feet high. In many places in the thesis area,

the nearby presence of the formation is indicated by large boulders of

conglomerate and pebbly sandstone lying on outcrops of older forma-

tions.
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Thickness and Litho logy

The Kootenai Formation is estimated to be 500 feet thick in the

thesis area. Because the formation is extensively covered by soil

and has been subjected to considerable landsliding, the author did not

attempt to measure and describe a section. The basal conglomerate

and pebbly sandstone unit and the upper "gastropod limestone" were

the only resistant and recognizable Kootenai strata in the area.

The basal unit of the Kootenai is 20 feet thick and consists of

very light gray (N 8) sandstones, pebbly sandstones, conglomerates,

and sandy conglomerates, which are very thinly cross-bedded and

weather light gray (N 7). No persistent current flow direction could

be determined from the cross-bedding. The unit ranges from thin-

to very thick-bedded with poorly defined bedding planes. Contacts

between conglomerates and sandstones range from gradational to

sharp. The sharp contacts are scour-and fill surfaces that have up to

three inches of relief.

The sandstones in the unit are medium-grained and have a salt-

and-pepper appearance because of numerous dark and light colored

grains. The dark grains are black chert and volcanic rock fragments,

which are subrounded to rounded. The light colored grains are mostly

quartz but include light colored chert. Silica is the dominant cement

and occurs as quartz overgrowths. Calcite and hematite locally act
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as void-filling cements.

The pebbles in the pebbly sandstones and conglomerates are

well-rounded dark red, black, and brown colored chert and white and

clear quartz and quartzite. They range from 2 to 60 mm in diameter.

The upper unit of the Kootenai in the thesis area is the well-

known "gastropod limestone. " Because the unit is nowhere completely

exposed, the thickness could not be determined. The unit is very

thin- and thin-bedded, light gray (N 7), and weathers very light gray

(N 8).

The rock is a biomicrite and consists of fossils (42%) which

have been filled by sparry calcite (15%) and some micrite; micrite

(30%); pseudospar (10%), which has formed by advanced recrystalliza-

tion of micrite; and detrital hematite grains (3%), which have almost

completely weathered to limonite.

Fossils and Age

Stanton (1903) first described a Kootenai invertebrate fauna from

exposures of the formation near Harlowtown, Montana. He concluded

that the fossil-bearing bed of the Kootenai at that locality was no older

than Early Cretaceous. Stanton's assemblage is still recognized as

the fresh-water mollusk standard for Early Cretaceous faunas of North

America. Yen (1951) studied additional pelecypod and gastropod fos-

sils from Stanton's faunal locality, and he also concluded that the
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Kootenai is Early Cretaceous in age.

The characteristic Aptian pelecypod Eupera onestae is widely

present in the upper Kootenai (Katich, 1951; Simmons, 1957). In

addition, the pelecypods Protelleptio douglassi and Unio farri are also

common in the upper Kootenai of Montana. Although these are less

reliable Aptian indicators (Young, 1960), the Kootenai is now generally

accepted as being of Aptian age.

Abundant fossil gastropods are found in the upper "gastropod

limestone" unit of the Kootenai in the thesis area. Locally, pelecypods

are also present in this unit. In the southern Gravelly Range, Christie

(1961) identified the gastropod Circamelania ortmanni and the

pelecypod Unio from the "gastropod limestone" and in the southern

Madison Range, Rose identified the gastropods Reesidella montanaensis

and Viviparus, also from this unit. Because these areas are closely

adjacent to the thesis area and the fossils were described from a unit

similar to that in the area, the writer did not attempt to identify the

fossils found in the "gastropod limestone."

On the basis of similarity of lithology and stratigraphic position

to other reported sections in Montana, the Kootenai in the Centennial

Range is considered to be late Early Cretaceous in age.
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Regional Correlation

The Kootenai Formation and its correlatives are found through-

out Montana, Idaho, Wyoming, and Colorado (Cobban and Reeside,

1952). The lithology of the formation varies little over most of

Montana. In Wyoming, rocks of similar lithology and age are included

in the basal part of the Clover ly Group.

The upper half of the Gannet Group in southern Idaho is correla-

tive with the Kootenai of southwestern Montana and consists of lime-

stones, shales, and conglomerates. Eastward from Idaho into western

Wyoming, the conglomerate thins and disappears, and the shale

increases in the Gannet Group (Cobban and Reeside, 1952).

Depositional Environment

Peterson (1966) suggested that the basal Kootenai sandstone and

conglomerate unit "probably represents a time of drier climate and

perhaps uplift of the western source area of mountainous terrain,

immediately following the wetter interior drainage lacustrine phase

of the upper Morrison carbonaceous shale, sandstone, and coal

sequence." The great quantities of chert that abruptly appear in the

basal Kootenai clearly reflect Peterson's postulated western orogenic

pulse. The detrital chert and quartz grains in the conglomerate

indicate the presence of pre-existing sedimentary rocks in the western

source area.
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The biomicritic limestone of the Kootenai was deposited in

freshwater lakes, as indicated by its abundant freshwater fauna (Yen,

1951). The origin of such regionally extensive lake beds and their

preservation for an extended period of time is difficult to explain.

Depositional conditions of the "gastropod limestone" may have been

similar to the Eocene lacustrine beds of the Green River Formation of

Wyoming and Colorado, which formed in slowly subsiding intermontane

basins during times of decreased sediment influx (Bradley, 1929).

Thermopolis Formation

The youngest consolidated sedimentary rocks in the thesis area

are tentatively correlated with the Thermopolis Formation of Early

Cretaceous age. Inadequate exposures of the Thermopolis beds in the

area prevented detailed measured descriptions of these rocks, and

the Litho logy of the formation was described, as closely as possible,

from those discontinuous outcrops exposed along Odell Creek.

Ray (1967) and Witkind (1969) reported lithologically similar

rocks in the Madison and Gallatin Ranges to the northeast of the

Centennial Range and assigned them to the Thermopolis Formation.

A few miles north of the Centennials, Christie (1961) assigned similar

rocks of the southern Gravelly Range to the Colorado Shale. The

same Cretaceous rocks in the central and northern Gravelly Range

were not differentiated by Mann (1954). Based on the correlation of
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the Thermopolis with the lower part of the Colorado Group and

stratigraphic position, the author has followed Ray (1967) and Witkind

(1969) and has assigned Early Cretaceous rocks overlying the Kootenai

Formation in the thesis area to the Thermopolis Formation.

The Thermopolis was named by Lupton (1916) for exposures of

shale underlain by the Clover ly Formation and overlain by the Mowry

Shale near Thermopolis, Wyoming. Sections described by Lupton from

drill holes in the Big Horn Basin near Basin, Wyoming, indicate the

Thermopolis to be predominantly dark shale that contains one or more

lenticular beds of sandstones, one of which is the "Muddy Sand. " In

1948, Love proposed that the term "Thermopolis Shale" be limited,

in the Wind River Basin, to the interval between the Clover ly Forma-

tion and the Muddy Sandstone. He further proposed that the Muddy be

raised to formational rank. Since 1948, Love's suggested terminology

has increased steadily in popularity. Recent workers (Mills, 1956;

and Eicher, 1960) have considered the Thermopolis in Wyoming to

consist of a lower shale member, a middle silty shale, and an upper

shale member which is overlain by the Muddy Sandstone.

Witkind (1969) reports that the Thermopolis Formation uncon-

formably overlies the Kootenai in the Tepee Creek Quadrangle. The

contact surface was not observed in the thesis area, but the author

assumes a similar relationship between the formations exists within

the thesis area. The contact appears to be sharp and is expressed
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by a break in slope. The overlying non-resistant Thermopolis com-

monly weathers at the contact to form a gentle slope on top of the

more resistant, steep slope-forming "gastropod limestone" of the

upper Kootenai.

Distribution and Topographic Expression

The Thermopolis Formation crops out from the NW1 /4 sec. 13,

T. 15 S. , R. 2 W. eastward in a belt parallel to the underlying

Kootenai. In sec. 18, T. 15 S. , R. 1 W. , and parts of sec. 20, 21,

28, and 29, the Thermopolis is covered with angular unconformity by

Tertiary volcanics. Local exposures of the formation occur in the

SE1/4 sec. 7, T 15 S. , R. 1 W. and the NE1/4 sec. 18 and NW1/4

sec. 21, T. 14 N. , R. 40 E. At the last two localities, a sill of

dense finely-crystalline olivine basalt has intruded along the contact

between the Kootenai and Thermopolis Formations.

The Thermopolis shale typically forms steep antidip slopes

protected by more resistant sandstone beds; gentle dipslopes also are

developed on the formation and heavy grass and tree growth effectively

cover these slopes so that outcrops are few and isolated.

Thickness and Litho logy

The Thermopolis Formation is estimated to be 800 feet thick

in the thesis area. It consists predominantly of pale yellowish brown
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(10YR 6/2) well-sorted quartz arenites, which weather moderate

yellowish brown (10YR 5/4). Where exposed, they are thin-bedded,

exhibiting local very thin cross-bedding. Most of the quartz arenites

are friable. Those that form resistant beds weather to slabs that

litter the surface and are the only evidence of the presence of under-

lying sandstone beds.

The quartz arenites consist of angular to subrounded detrital

quartz grains (90%) up to 0.3 mm in diameter. In the more resistant

beds, the quartz grains are well-cemented by quartz overgrowths,

iron oxide (3%), and sparry calcite (7%). Minor detrital chert,

tourmaline, and zircon grains up to 0.3 mm in diameter are also

present.

Interbedded with the quartz arenites are highly fissile, olive

black (5Y 2/1) nonresistant mudstones. They are carbonaceous and

weather into angular chips up to 1/4 inch thick and one inch on a side.

Scattered irregularly through the mudstones are dark yellowish

brown (10YR 4/2) concretions, which show a high degree of iron

staining. These concretions are commonly several inches in diameter.

Fossils and Age

No fossils were found in the Thermopolis Formation in the thesis

area. Fossil leaves, poorly preserved casts of pelecypods and

gastropods, trails and castings of burrowing organisms, arenaceous
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Figure 15. Mudstones of the Thermopolis Formation (Kt)
in the SE1 /4, sec. 19, T. 14 N. , R. 40 E.
The formation is covered by rhyolite south of
the thesis area. The Snake River Plain is in
the background.
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foraminifers, and scattered reptile bones have been collected from the

formation in the Big Horn Basin. Ray (1967) reported the ammonite

Douvilleiceras sp. and the pelecypods Inoceramus sp. and Unio sp.

from along the West Fork of the Gallatin River in sec. 35, T. 6 S. , R.

3 E. These fossils indicate a late Early Cretaceous (Albian) age for

the Thermopolis (Eicher, 1962).

Regional Correlation

The Thermopolis Formation occurs throughout Montana, Wyoming,

and western South Dakota. The Thermopolis is correlative with the

lower part of the Colorado Group as understood by workers in Montana.

In Wyoming, the Thermopolis thins to the south and east, a result of

the disappearance of one or more of its members. In central and

eastern Montana, eastern Wyoming, and western South Dakota, the

Thermopolis is known as the Skull Creek Shale (Cobban, W. A.

and Eicher, 1962) of the basal Colorado. Similar beds exist in the

lower part of the Warm Creek Formation in the Little Rocky Mountains

(Gries, 1952) and the Black leaf Member of the Colorado in north-

western Montana (Cobban, 1955).

Depositional Environment

The medium-grained well-sorted quartz arenites of the

Thermopolis were deposited in a shallow transgressing sea. Wave
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action and active bottom currents winnowed the sediment to produce

a "clean" cross-bedded sand.

The mudstones of the Thermopolis are black and carbonaceous,

which indicates restricted, toxic bottom conditions, Moberly (1960)

and Eicher (1962) agree that these conditions existed in a shallow

rather than deep marine environment during transgression of an exten-

sive Cretaceous sea from the north.

Basalt Flows

Basalt flows crop out along the northwest edge of the area, west-

ward along the north-facing front of the Centennial Range, and on the

lower spurs of the Gravelly Range north of the Centennial Range

(Honkala, 1949). In the thesis area, the basalt is unconformable on

underlying Cretaceous (? ) strata. To the west of the area, the flows

are disconformably overlain by younger tuffs and rhyolites of the

Island Park-Yellowstone volcanic sequence.

Distribution and Topographic Expression

Basalt flows in the thesis area crop out in parts of secs. 25 and

36, T. 14 S. , R. 2 W. and secs. 1 and 12, T. 15 S. , R. 2 W. The

basalts form irregular knobby topography except where they are dis-

sected by streams to form cliffs and very steep-sided ridges. Deep

weathering has formed a thick soil cover over the basalts, and
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outcrops are rare. In some places, only surface slabs of basalt up to

1 foot on a side and several inches thick, indicate the presence of the

underlying flow.

Thickness and Litho logy

No estimate was made of the thickness of the basalt in the thesis

area because of its poorly exposed nature. The basalt is medium

dark gray (N 4) on a fresh surface and weathers dark yellowish-

brown (10YR 4/2). Thin section analysis indicates that the rocks are

porphyritic holocrystalline olivine basalts. They consist of pheno-

crysts of olivine (2%) and augite (rare) in a groundmass composed

of plagioclase (50%), augite (20%), magnetite (10%), and olivine

(10%). The olivine and augite phenocrysts occur as subhedral cry-

stals up to 1 mm in diameter. The olivine crystals have reddish-

brown edges where they are partially altered to iddingsite. Micro-

crystalline plagioclase (An54) occurs as euhedral laths with random

orientation. Microcrystalline magnetite and augite occur as subhedral

crystals scattered through the thin section and the groundmass olivine

has been almost completely altered to iddingsite. Pale green non-

tronite forms 7 percent of the rock and occurs as whole rock altera-

tion. Calcite (1%) fills fractures and vesicles that once existed in the

rock.
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Age

According to Honkala (1949), this basalt seems to be the oldest

Tertiary volcanic rock in the Centennial region. In 1927, Kirkham

described the lavas of the Centennial Range and Snake River Plain

and assigned a Pliocene age to them. To the west of the thesis area,

the author found freshwater limestone and volcanic conglomerate

interbedded with the basalts, an assemblage that resembles Kirkham's

(1927) Pliocene Salt Lake Formation.

Rhyolite Flows

In 1961, Boyd described in detail the welded tuffs and rhyolite

flows that form the rhyolite plateau of Yellowstone Park. Four years

later, Hamilton (1965) described the rhyolite and basalt flows of the

Island Park Caldera in eastern Idaho. He found that the rhyolites

there were compositionally indistinguishable from those of the

Yellowstone Plateau. The rhyolite flows of the thesis area appear to

be the same as the Yellowstone Tuff described by Boyd (1961) and

the Island Park Rhyolites described by Hamilton (1965).

Distribution and Topographic Expression

Rhyolite flows unconformably overlie Mesozoic rocks in the

southern part of the thesis area. Most of the higher elevations there
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are the direct result of the resistance to erosion of the rhyolites.

Along Taylor Creek Ridge in the S1 /2, sec. 19 and the El /2 sec. 30,

T. 14 N. , R. 39 E. and the SE1/4 sec. 24, T. 14 N. , R. 40 E. ,

rhyolite unconformably overlies Triassic Dinwoody and Woodside

strata. To the west, along the East Fork of Sheridan Creek in sec.

26 and the SE1/4 sec. 27, T. 14 N. , R. 40 E. , rhyolite unconformably

overlies Sawtooth and Kootenai beds. Between the West Fork of

Sheridan Creek and East Fork of Dry Creek in sec. 18, T. 15 S. ,

R. 1 W. and parts of secs. 20, 21, 28, and 29, T. 14 N. , R. 40 E. ,

rhyolite unconformably overlies the Kootenai and Thermopolis

Formations and a sill that was intruded along their contact.

Thickness and Litho logy

The rhyolites in the thesis area thicken to the south and join a

much larger rhyolite field along the southern edge of the Centennials.

The writer estimates that the rhyolites are less than 100 feet thick

in the area.

The rhyolites are pale red purple (5RP 6/2) on a fresh surface

and weather to a dark yellowish brown (10YR 4/2). They consist of

phenocrysts of sanidine (3%), magnetite (1%), and plagioclase (rare)

in a glassy groundmass (94%) that exhibits prominent flow banding,

Sanidine occurs as subhedral crystals, which range from 0.5

to 2 mm in diameter. Magnetite occurs as anhedral crystals up
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to 1 mm across. The flow banding in the groundmass bends around

the ph.enocrysts, and much of the glass has devitrified to crytpo-

crystalline aggregates of trydimite and cristobalite parallel to the

flow banding. The two minerals also form small spherulites up to

0. 2 mm in diameter.

Age

Because of the proximity to the extensive rhyolite extrusions of

the Yellowstone Plateau and Island Park areas, the rhyolites in the

thesis area are believed to be the result of the same episode of

volcanism. Hamilton (1965) states that "the Island Park caldera is

part of the Snake River-Yellowstone province of intense Pliocene

and Quaternary volcanism of olivine basalt and rhyolite. " The

similarity of composition of the rhyolites in the thesis area (Table 3)

and their close proximity to those of the Island Park Caldera strongly

suggest that the two are correlative and that Pliocene extrusions from

the caldera reached northward to the southern part of the Centennial

Range.

Intrusive Basalt

In the SW1/4, SW1/4 sec. 16 and the NW1/4 sec. 21, T. 14 N. ,

R. 40 E. near the headwaters of the West Fork of Sheridan Creek, a

basalt sill has been intruded along the contact of the Kootenai and
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Table 3. Comparison of analyzed samples of rhyolite from the thesis

area and the Snake River Plain. Thesis area rhyolites
analyzed by Dr. Edward Taylor, Associate Professor of
Geology, Oregon State University. Data from analyzed
sample of rhyolite from East Twin Butte taken from
Hamilton (1965) who states that the East Twin Butte rhyolite
is "compositionally like that of the Island Park Caldera and
the Yellowstone Plateau."

Data from X-ray emission spectroscopy of thesis area rhyolite (Taylor,
1970)

Oxide Weight Percent

SiO
2

73.60

A1203 15.40 (May be high)

FeO 2.10

CaO 0.30

MgO negligible

K2O 5.50

TiO
2

0.18

Others 3.80*

Total 100.88

Total for non-analyzed oxides taken from Hamilton's (1965) average
for Snake River Plain rhyolite.

Data from chemical analysis by standard silicate methods of rhyolite
from East Twin Butte, Idaho (Hamilton, 1965).

Oxide Weight Percent

SiO
2

74.89
A1203 12.47
FeO 2.10
CaO 0.59
MgO 0.70
K2O 5.13
TiO

2
0.18

Others 3.84
Total 99. 90
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Thermopolis Formations. The sill, approximately 40 feet thick,

occurs as a small rounded hill on which no outcrops are present

because of a thin soil cover. The presence of the sill, however, is

manifested by abundant angular basalt fragments up to six inches

long and two inches on a side, which litter the surface between out-

crops of the Kootenai and Thermopolis Formations.

The sill is a dark gray (N 3) olivine basalt, which weathers

light olive (5Y 6/1). It contains plagioclase feldspar (55%), augite

(20%), olivine (15%), and magnetite (10%) arranged in a porphyritic,

intergranular texture. Labradorite (An 52) occurs as euhedral to

subhedral laths up to 0.5 mm in length. Microcrystalline augite is

very pale brown and occurs as subhedral single crystals or groups of

crystals scattered randomly through the groundmass. Magnetite

occurs mainly as anhedral to subhedral phenocrysts up to 2 mm in

diameter. Some microcrystalline magnetite is also present in the

groundmass. Olivine forms subhedral phenocrysts up to 2.5 mm

in diameter and is partially altered to iddingsite.

Age

The youngest beds overlying the sill belong to the Thermopolis

Formation. The sill, therefore, is at least younger than Early

Cretaceous.

The sill is compositionally similar to the Pliocene basalts,
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which crop out along the northwest edge of the thesis area. This

similarity strongly suggests that the two may have been derived from

the same magma chamber.

Unconsolidated Sediments

Unconsolidated sediments within the thesis area include

Quaternary glacial till, alluvium, mass-gravity deposits, and hill-

wash.

Glacial Till

The glacial features along the north side of the thesis area are

described under Geomorphology in this report. The glacial sediments

deposited in the area are shown on Plate 3 as terminal moraines in

parts of secs. 25 and 26, T. 14 S. , R. 1 W. along the base of Taylor

Mountain, and in parts of secs. 26, 27, and 28, T. 14 S. , R. 1 W.

along the base of Sheep Mountain. Locally, near the center of sec.

35, T. 14 S. , R. 1 W. , on the north face of Taylor Mountain, a

terminal moraine lies at the base of a small cirque. The terminal

moraines contain subrounded pebbles to boulders of schist, lime-

stone, and dolomite in a matrix of clay and silt. All of these rock

types are represented in the Paleozoic formations that crop out on the

face of the Centennial Range. Locally, the moraines reach 300 feet

in thickness.
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Quaternary Alluvium

Deposits of alluvium occur mainly in the Centennial Valley,

where northward flowing streams emerge from the Centennial Range

and deposit sediment as alluvial fans along the south margin of the

valley. The largest of these fans is located at the mouth of Odell

Creek in secs. 19 and 30, T. 14 S. , R. 1 W. and parts of secs. 24

and 25 T. 14 S. , R. 2 W. Smaller fans along the base of the range

east of Odell Creek slope gently northward toward Upper Red Rock

Lake. The alluvial fill in these fans consists of gravel- to clay-

sized material, a great deal of which comes from the terminal

moraines over which many of the intermittent streams flow.

Odell Creek meanders along a small alluvial floodplain from the

NW1/4, sec. 13 to the NE1/4 sec. 1, T. 14 S. , R. 2 W. where the

more resistant Paleozoic formations act as a temporary base level.

The flood plain is covered by alluvium, which consists of gravel,

sand, and clay derived from the breakdown of Mesozoic rocks over

which Odell Creek has cut its course.

Alluvium along Taylor, Howard, Sheridan, and Dry Creeks is

mainly recent "wash" from the surrounding hills. It consists of gravel,

sand, and clay derived from the breakdown of Paleozoic and Mesozoic

rocks.
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Mass Gravity Deposits

Mass gravity deposits in the thesis area are the result of land-

slides, slump, rock fall, and rock creep.

Approximately two square miles of Late Cretaceous (? ) rocks

have been landslid to the west of the Odell Creek fault. These rocks

consist of greenish gray (5GY 6/1) tuffaceous sandstones which con-

tain plant fragments and light gray (N 7) to moderate red (5R 5/4)

siltstone, Because of their disturbed nature, the rocks were not

described in the area. McMannis and Honkala (1960) questionably

assigned these rocks to the lower Colorado Group. Landsliding in

this area is related to the nonresistant, loosely consolidated nature

of the rocks, undercutting by tributaries of Odell Creek, and

steepened slopes formed by movement that occurred along the

Centennial and Odell Creek faults

The valley walls of Odell Creek and its tributaries in the south-

western part of the area are affected by minor local slumping of the

nonresistant Swift, Morrison, Kootenai, and Thermopolis Formations.

Rock fall and rock creep are well displayed along the north-

facing front of the Centennial Range. The nearly vertical cliffs of the

Meagher and Madison Group limestones have large, steep talus piles

associated with them that are conspicuously developed. This talus is

slowly creeping downslope to the Centennial Valley.
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STRUCTURE

Regional Structure

The structural pattern in southwestern Montana and northern

Wyoming is dominated by elongate north- and northwest-trending

mountain ranges separated by parallel intermontane basins. This

pattern reflects the combination of old structural trends in the base-

ment and orientation of stress systems during the Cretaceous-Early

Tertiary Laramide orogeny (McMannis and Chadwick, 1964). Almost

every mountain range in the region represents an upthrown tilted

fault block that is bounded by an adjacent downthrown block. Between

the blocks are high angle normal faults that invariably dip toward the

basin. This antithetic faulting is similar to that which formed the

Basin and Range Province of the southwestern United States (Pardee,

1950),

In regional aspect, the part of southwestern Montana in which

the thesis area is located is dominated by two intermontane basins,

the Madison and Centennial Valleys, and associated mountain ranges

that form the Madison, Centennial, and Gravelly Ranges. The moun-

tain ranges are characterized by general simplicity of structure

including broad open folds and high angle faults. Extensive thrust

faulting is generally lacking.
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The only exception to the northwest structural trend of the area

is found in the Centennial Range and Valley which cut across the pre-

vailing structural grain. The east-west trend of these structures is

the result of late Pliocene downwarp that occurred on the Snake River

lava plain to the south (Kirkham, 1931). The margins of this down-

warp are delineated by normal faults that dip to the north. Beyond

the immediate north margins, lesser downwarping occurred. Thus,

the front of the Centennial Range forms the northern margin of the

Snake River downwarp and extra-marginal downwarping is probably

represented by the downtilted Centennial Valley.

Thesis Area Structure

Precambrian metamorphic rocks, Paleozoic and Mesozoic

sedimentary rocks, and Cenozoic volcanic rocks present in the area

mapped are deformed by late Pliocene and Pleistocene faulting. The

bold north front of the Centennial Range is the eroded scarp of a high

angle normal fault that has elevated and tilted the Range, forming a

giant cuesta that dips gently to the south (see Plate 1). Folding related

to the orogenic processes which formed the Centennial Range is not

present in the thesis area. Honkala (1949), however, reports folding

in the western part of the range.
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Faults

Centennial fault: The north side of Sheep and Taylor Mountains

is truncated by the Centennial Fault, which was mapped by Pardee

(1950) as a series of an echelon high angle normal faults that form the

scarp of the Centennial Range that extends westward from Henry's

Lake, Idaho, to Monida, Montana. The segment that forms the north

face of Sheep and Taylor Mountains begins approximately one mile

east of the eastern boundary of the area and disappears under Odell

Creek alluvium in the northwest corner of the area. Geologic

criteria for determining the stratigraphic displacement of the fault

are absent in the area, but the height of the mountain front suggests

an uplift of 3,500 feet or more.

The trace of the Centennial fault is indicated by a small scarp

of recent origin in the Si /2, T. 14 S. , R. 1 W. , which is six to ten

feet high and trends about N. 75° W. The scarp is formed in uncon-

solidated late Pleistocene and Recent deposits along the base of the

range, evidence that the Centennial fault probably is still active.

Odell Creek fault: The Centennial Range is cut by a number of

north-trending normal faults. The largest of these faults, the Odell

Creek fault , is located approximately along Odell Creek and divides

the range into an upthrown eastern half and a downthrown western half.

It is a high-angle normal fault and has a large throw as shown by the

juxtaposition of Paleozoic and Cretaceous (? ) strata. The fault trace
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is irregular, with a general strike of N. 30° E. Its northward

extension is terminated in the SE1 /4, SW1 /4, sec. 21, T. 14 S. , R.

1 W. by the Centennial fault. The southward extension of the fault

was not mapped beyond the NW1 /4, NW1/4, sec. 13, T. 15 S. ,

R. 2 W. where it leaves the thesis area. In the SW1 /4, sec. 31, T.

14 S. , R. 1 W. where the Lodgepole Formation is in contact with

Cretaceous (? ) rocks, the estimated stratigraphic displacement is

3,000 feet. At this locality, evidence for the presence of the fault can

be seen in the streambank cut by Odell Creek where Lodgepole beds

are bent almost 90° by drag.

East of the mouth of Odell Creek in secs. 29, 30, 31, and 32

is a graben whose north side is bounded by the Odell Creek fault.

The south side of the graben is bounded by a high-angle normal fault

that has juxtaposed Dinwoody and Lodgepole beds. Stratigraphic dis-

placement along the fault is approximately 1,100 feet. Only slight

dip changes were noted on the beds in the graben relative to cor-

responding beds on the northwest face of Sheep Mountain.

In the W1/2, SE1/4. sec. 1 and the NW1/4, NW1 /4, sec. 12,

T. 15 S. , R. 2 W is a block approximately one-fourth square mile

in area which appears to be the result of faulting associated with the

Odell Creek fault., Because of poor exposures, the author is not

sure of the stratigraphic relationships within the block.

Sheep Camp fault: The Sheep Camp fault is a high angle normal



146

fault, named by the writer, that cuts late Paleozoic-early Mesozoic

rocks in secs. 11, 12, 14, and 23, T. 14 N. , R. 40 E. The fault

trends N. 25° E. , with the upthrown side being to the east. With a

maximum stratigraphic throw of 225 feet, the fault has brought the

upper part of the Quadrant Formation into fault contact with the lower

part of the Dinwoody Formation.

In secs. 14 and 23, T. 14 N. , R. 40 E. there are several

smaller normal faults that are related to the Sheep Camp Fault. These

faults displace early and middle Mesozoic beds and have a maximum

stratigraphic displacement of 50 feet. In the NW1 /4, sec. 14 T.

14 N. , R. 40 E. two of the faults have formed a small graben, by

which the Thaynes Formation has been downdropped to make fault

contact with the upper Woodside Formation.

Troublesome fault: The Troublesome Fault is a high-angle nor-

mal fault in the southeast corner of the area. It has an irregular trace

and a general strike of N. 80° W. The westward extension of the fault

is covered by Tertiary volcanic rocks in the NW1 /4, NW1 /4, sec. 26,

T. 14 N. , R. 40 E. Eastward through sec. 25 and 26, T. 14 N. , R.

40 E. the fault has juxtaposed Kootenai beds in the downthrown block

to the north against Sawtooth beds in the upthrown block to the south.

The eastward extension of the fault is covered by Tertiary volcanic

rocks in the middle of sec. 30, T. 14 N. , R. 39 E. Maximum

stratigraphic displacement along the fault is approximately 300 feet.
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GEOMORPHOLOGY

Structural and Stratigraphic Control of Topography

The topography of the thesis area is controlled by the structural

configuration of the rocks and by differential weathering and erosion of

Paleozoic and Mesozoic strata. Limestones, sandstones, and con-

glomerates in the area exhibit a high degree of resistance and are

cliff- and ridge-formers. Conversely, the siltstones, shales, and

mudstones are less resistant and are eroded into strike and dip

valleys.

Most of the mapped area consists of a series of cuestas that have

south facing dipslopes and an approximate east-west trend. In the

southeast part of the area, deep dissection by streams has cut the dip-

slopes into a series of south-trending ridges and small valleys.

The south slopes of Sheep and Taylor Mountains are dipslopes

of the huge cuesta formed by uplift of the Centennials along the Cen-

tennial Fault. The dipslope is upheld by resistant Paleozoic lime-

stones and sandstones of the Madison Group and the Quadrant and

Phosphoria Formations. The dipslope is capped by the less-resistant

dolomites, siltstones, and sandstones of the Dinwoody Formation.

In the east-central part of the area, the dipslope has been deeply

dissected by Taylor Creek and its tributaries, exposing limestones
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of the Madison Group.

Rapid stream erosion of the Dinwoody and Woodside Formations

by Spring Creek and its tributaries has formed a north-facing cuesta

scarp in the N1/2 of secs. 7, 8, and 9, T. 15 S. , R. 1 W. The dip-

slope of the cuesta has been partially dissected by Sheridan Creek

and tributaries of Odell Creek and is underlain by the resistant Thaynes

Formation.

A small north-facing cuesta scarp has been developed by erosion

along a tributary of Odell Creek in the S1/2, sec. 13, T. 14 S. , R.

2 W. The dipslope of the cuesta is upheld by a resistant sandstone

unit of the Thermopolis Formation.

Stream Erosion Features

Streams with steep-walled valleys and narrow, rounded inter-

stream divides that are partially adjusted to lithologic variations in

the rocks indicate that the thesis area is in an early maturity stage of

the fluvial cycle (Thornbury, 1956).

Most of the smaller streams in the area are consequent streams.

Howard and Spring Creeks, however, appear to be subsequent streams

that have cut their courses along the more easily eroded strata of the

Dinwoody and Woodside Formations.

Odell Creek has cut a youthful V-shaped valley through the

Madison Group Limestones in the NW1 /4 sec. 6, T. 15 S. , R. 1 W. ,
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and the SW1/4, sec. 31, T. 14 S. , R. 1 W. as a result of super-

position. Odell Creek has eroded its course through the resistant

Paleozoic strata, matching the uplift that occurred along the

Centennial Fault.

Glacial Features

Extensive Pleistocene glaciation cut deep cirques and U-shaped

valleys into the north face of the Centennial Range east of Odell

Creek. Strongly developed, now wooded, terminal moraines deposited

by the northward flowing glaciers are present in parts of secs. 25, 26,

27, 28, and 36, T. 14 S. , R. 1 W. The moraines have an uneven

hummocky surface formed by ridges, knobs, and kettles.

Witkind (1969) recognized three separate episodes of Pleisto-

cene glaciation in the Tepee Creek Quadrangle 30 miles to the north-

east of the thesis area. He assigned the oldest glacial deposits in

the quadrangle to pre-Bull Lake age and stated that "Most, if not

all, of these deposits are likely of pre-Wisconsin, possible Illinoian

age. . . ." He recognized a second episode of glaciation as having

occurred in early Wisconsin or just in advance of early Wisconsin.

He assigned the glacial deposits of this ice advance to Blackwelder's

(1915) Bull Lake Stage or to Richmond's (1960) Bull Lake Glaciation.

Witkind also recognized a late Wisconsin episode of glaciation

and assigned deposits of this glaciation to Blackwelder's (1915)
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Pinedale Stage or to Richmond's (1960) Pinedale Glaciation. This

episode was the least widespread of the three.

In the thesis area, Alden (1953) recognized two stages of glacia-

tion separated by an interglacial stage of stream erosion. The first

advance of the ice deposited older terminal moraines at the base of

the range that may be correlative to pre-Bull Lake glacial deposits

recognized in the Tepee Creek Quadrangle by Witkind (1969). During,

or subsequent to the melting of the glaciers, the waters from the

glacial valleys shifted to the east side of the moraines, cutting a

narrow trough through them. Glaciers that advanced down these val-

leys in Wisconsin time deposited a new set of terminal moraines whose

tops are approximately 100 feet lower than and at one side of the older

moraines. These glacial deposits are probably correlative to Bull

Lake glacial deposits, also recognized by Witkind (1969) in the Tepee

Creek Quadrangle.
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16. View looking north and down from the Continental
Divide about one-half mile east of the top of Taylor
Mountain. The U-shaped valley was cut into the
Paleozoic rocks along the north face of the
Centennial Range by a Pleistocene glacier. The
heavily wooded area in the upper center of the
picture is the terminal moraine.
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GEOLOGIC HISTORY

Precambrian

Geosynclinal subsidence and sedimentation in western Montana

during Precambrian time produced a thick sequence of clastic and

non-clastic sediments. Following sedimentation, a major period of

orogenic compression strongly deformed and metamorphosed the

sediments forming the Cherry Creek Group. After this diastrophic

episode, uplift accompanied by erosion continued until the Precambrian

landmass was inundated by transgressing Middle Cambrian seas.

Paleozoic Era

Eastward transgression of the Middle Cambrian sea across the

Wyoming Shelf resulted in slow deposition of quartz sands and con-

glomerates derived from Precambrian metamorphic rocks to the east

of the area to form the Flathead Formation. Flathead deposition was

followed by deposition of the Wolsey Formation across most of the

shelf, This formation is missing in the Centennial Range, however,

the result either of non-deposition or removal of the Wolsey beds by

erosion. Advancing shorelines after Wolsey time were accompanied

by deposition of a thick sequence of lime muds that formed the Meagher

Formation. In late Middle Cambrian time, uplift to the east resulted
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in the return of clastic depositional conditions across the shelf area

accompanied by deposition of the Park Formation. Marine deposition

continued until it was ended by epeirogenic uplift at the end of the

Cambrian.

Most, if not all of southwestern Montana, including the thesis

area, was emergent during late Cambrian, Ordovician, Silurian, and

Early Devonian time. Late Cambrian strata and Ordovician and

Silurian strata, if ever deposited in this part of southwestern Montana,

were removed by pre-middle-Devonian erosion.

Sedimentation on the shelf was renewed in Middle Devonian time

and deposition of carbonates took place in clear seas. The carbonates

were later dolomitized to form the beds of the Jefferson Formation.

A slight lowering of sea level terminated carbonate deposition and

initiated deposition of the lime muds, silts, and sands of the Three

Forks Formation.

Marked changes in sedimentation occurred at the end of the

Devonian followed by deposition of the early Mississippian Lodgepole

Formation. Shallow marine depositional conditions of the Lodgepole

were followed by deeper water deposition of the Mission Canyon car-

bonate sequence. Mission Canyon seas were clearer, as indicated by

the lighter colored carbonates of the formation. Later, the carbonates

were dolomitized. Epeirogenic uplift and erosion during late middle

and early late Mississippian time formed a surface of low relief across
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the Mission Canyon beds. The removal of some of the upper Mission

Canyon is indicated by the breccia zone and erosional surfaces that

exists at the upper contact of the formation.

A marine depositional environment returned to the Wyoming

shelf by late Mississippian time resulting in deposition of the Amsden

Formation. The limestones of the Amsden were partially dolomitized

after deposition. Quadrant seas that followed were clear, shallow,

and in constant agitation, resulting in deposition of well-sorted,

cross-laminated arenites across the shelf.

After Quadrant time, slight emergence of the Wyoming shelf

resulted in an interval of little or no deposition, or possibly minor

erosion, until Phosphoria deposition began in early Permian time.

The clastic sediments that make up the bulk of the Phosphoria Forma-

tion accumulated on the shoaling sea floor of the shelt that sloped

westward into the miogeosyncline (McKelvey et al. , 1956). Sediments

from the north and east were deposited in the area forming sandstones

and limestones. The shelf area, bordered on the west by deep water

of the open ocean, was supplied with silica- and phosphate-rich water

by upwelling resulting in deposition of bedded chert and phosphorite.

Mudstones of the Phosphoria were deposited below wave base in water

containing little or no oxygen (Cressman and Swanson, 1964).
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Mesozoic Era

During Early Triassic time a north-trending geanticline in what

is now Nevada separated the miogeosyncline into eastern and western

troughs. This tectonic activity set the first stage in what eventually

would be destruction of the Cordilleran Geosyncline. Tectonism did

not begin in southwestern Montana until later in the Mesozoic, however.

Relatively stable shelf conditions continued into the Early

Triassic, a time interval marked by two extensive marine inundations

separated by an episode of sub-aerial and shallow-water deposition.

The first marine advance resulted in deposition of silt, sand, and

limy mud to form the Dinwoody Formation. Moderate uplift of the

shelf area, along with continuing deposition, resulted in the continental

and shallow marine red sandstones, siltstones, and shales of the

Woodside Formation. This interval of shallow water deposition was

halted by the second marine advance, during which the quartz arenites

of the Thaynes were deposited. Westward withdrawal of the sea into

the miogeosyncline marked the close of Early Triassic deposition.

Deposition of Middle or Late Triassic and Early Jurassic rocks

probably did not occur in this area.

A long period of base leveling at the close of the Triassic reduced

southwestern Montana to a low featureless plain that sloped upward to a

highland in western Montana, centered in eastern Beaverhead and
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western Madison Counties (Moritz, 1951). During Middle Jurassic

time the seas advanced across the shelf accompanied by deposition of

the Ellis Group. The limestones of the Sawtooth were deposited under

normal marine conditions. Following Sawtooth time the Centennial

Range area became slightly emergent resulting in removal of the

Rierdon Formation. Late Jurassic time was marked by shallow mar-

ine deposition of elastic material and the formation of glauconitic

limestones and sandstones of the Swift Formation of the Ellis Group.

Upon withdrawal of Late Jurassic seas, southwestern Montana

appeared as a broad plain of low relief. Continental deposition by

large meandering rivers and in ephemeral fresh-water lakes on this

plain resulted in the arenites, mudstones, and limestones of the

Morrison Formation.

Near the end of the Late Jurassic, the western interior of United

States was gradually elevated as orogeny destroyed much of the

Cordilleran Geosyncline. This is the first evidence of the Laramide

orogeny. Somewhere west of the area of the Centennial Range, pos-

sibly along the Pacific Coast this orogeny formed a major landmass

(Lammers, 1939). Coarse elastics shed from this landmass are

represented by the basal conglomerate of the Kootenai deposition.

Near the end of Kootenai deposition, the area became stable and

regionally extensive freshwater lakes formed. Gastropods were

abundant in these lakes and their shells accumulated to form the
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gastropod limestones of the upper Kootenai.

A new marine invasion of a large south-transgressing sea

resulted in deposition of the Thermopolis Formation. Periodic fluctua-

tions of sea level are reflected by the sandstones and shales of the

Thermopolis.

Late Cretaceous and Tertiary sedimentary rocks have been

stripped from the thesis area by erosion. These rocks in adjacent

areas reflect the increasing activity of the Laramide Orogeny in the

Rocky Mountains. The orogenic effects of the Laramide apparently

reached a climax during post-Paleocene and decreased rapidly with

only minor tectonic activity in the late Tertiary (Alpha, 1958).

Following the Laramide orogeny there was a long period of erosion

that produced mature topography before Pliocene time. Volcanism

became important during the Pliocene and produced extensive

rhyolite, welded tuff, and basalt flows in the Yellowstone and Snake

River Plain areas. Only remnants of this volcanism are present in

the thesis area today.

Post-Laramide downwarp of the Snake River Plain in late

Pliocene time resulted in corresponding uplift of the Centennial Range

along a north-dipping high angle normal fault. Movement along the

fault has continued up to recent time..

Pleistocene glaciation was the last great modifier of the

Centennial Range, carving cirques and U-shaped valleys along the north
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face of the range east of Odell Creek and depositing moraines at the

base of the range. The area is currently being eroded by Odell

Creek and smaller north and south flowing streams.
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ECONOMIC GEOLOGY

Oil and Gas Possibilities

No stratigraphic or structural conditions in the thesis area are

known that would be favorable for the accumulation and entrapment

of oil or gas. However, a highly petroliferous odor emanates on fresh

break from the limestones of the Madison Group and the shales of the

Phosphoria Formation.

Phosphate

The Phosphoria Formation has been the subject of intensive study

because of its associated phosphate, vanadium, and oil shale reserves.

In 1951, the J. R. Simplot Company became interested in the Phos-

phoria in the Centennial Range for possible economic exploitation of

phosphatic rocks found there. During the summers of 1954 through

1957, the company trenched and core-drilled the deposits and in 1958,

produced phosphate rock that was exported to a fertilizer plant in

Medicine Hat, Alberta. This has been the only strip mining of phos-

phate rock in Montana.

Further mining of phosphatic rock from the Phosphoria in the

area may prove to be economically unfeasible, however. That part of

the ore bed close enough to the surface to strip mine was removed by
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the Simplot Company, and the value of the phosphorite and distance to

markets would probably make underground mining uneconomical.
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Figure 17. J. R. Simplot open pit from which phosphorite was
removed during the summer of 1958. The pit is
located on the partially-dissected dipslope of Taylor
Mountain in the NE1/4, sec. 14, T. 14 N. , R. 40 E.
The blue rock is the phosphorite "ore bed" of the
Phosphoria Formation. Note the trenches that were
dug in exploring for the "ore bed. "
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