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The Jefferson Mountain area, located at the eastern end of

the Centennial Mountains in Fremont County, Idaho and Beaverhead

County, Montana, is approximately 42 square miles in size. The

area contains exposed metamorphic, sedimentary, and volcanic

rocks ranging in age from Precambrian to Tertiary. Approximately

2,500 feet of Paleozoic and Mesozoic sedimentary rocks lie between

a basal complex of Precambrian metamorphic rocks and overlying

Tertiary volcanics and Quaternary alluvium.

The Precambrian rocks in the area are regionally meta-

morphosed sedimentary rocks of the Cherry Creek Group that

include hornblende schists, granite gneisses, quartzites, and

dolomites.

Eleven Paleozoic formations occur in the area, representing



all of the Paleozoic periods except Ordovician and Silurian. The

dominant rock types representing the Paleozoic are dolomites and

limestones, but sandstone and shales make up a significant part of

the section. The Triassic Dinwoody Formation, a silty dolomite, is

the only representative of Mesozoic deposition in the thesis area.

The volcanics in the area are part of the late Tertiary Yellow-

stone Tuff and Snake River volcanics of eastern Idaho and north-

western Wyoming.

Pliocene and Early Pleistocene downwarping of the Snake

River Plain resulted in block-faulting along its northeastern margin,

forming the Centennial Range, a large south-tilting cuesta.

The sedimentary rocks were deposited by a series of trans-

gressions and regressions of marine water during the evolution of

the Cordilleran Geosyncline. The sedimentary rocks represent the

shelf facies along the eastern margin of the miogeosyncline.

Oil and gas possibilities in the area are negligible. Structural

and stratigraphic relationships do not indicate any type of control

for the entrapment of petroleum. The economic potentiality for

phosphate mining in the area is low because of the thinness of the

phosphate-bearing member of the Phosphoria Formation.
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STRUCTURE AND STRATIGRAPHY OF THE JEFFERSON
MOUNTAIN AREA, CENTENNIAL RANGE,

IDAHO - MONTANA

IN TR OD UC TION

Location and Accessibility

The Jefferson Mountain Area is located at the extreme eastern

end of the Centennial Range (Figure 1). The Centennial Range

extends westward from the Henry's Fork of the Snake River to the

southern part of the Beaverhead Mountains. Straddling the Continen-

tal Divide, the area of this study is located in Beaverhead County,

Montana and Fremont County, Idaho and lies approximately 20 miles

southwest of West Yellowstone, Montana. The 42 square mile area

includes parts of Tps. 14 and 15 S., Rs. 1 and 2 E. in Montana

and Tps. 14 and 15 N., Rs. 41 and 42 E. in Idaho.

Two Forest Service roads, which enter the area from the south

along Willow and Blue Creeks, can be reached by the Forest

Development Road 030 which connects, with Highway 191 in Idaho.

Another road constructed by the Federal Aviation Administration,

connecting with Highway 191, gives access to the area from the east.

Previous Work

D. D. Condit, E. H. Finch, and J. T. Pardee (1927) were the
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Figure 1. Index map of southwestern Montana showing location of the Jefferson Mountain area.
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first to measure and describe several stratigraphic sections of Late

Paleozoic and Early Mesozoic rocks in the Centennial Range. In

1947-48 G. C. Kennedy mapped and described the Lyon Quadrangle,

which includes the central part of the Centennial Mountains. Other

geologists who have worked in the Centennials are L. L. Sloss and

C. A. Mortiz (1951), J. P. Jemmet (1955), R. W. Swanson (1953),

F. S. Honkala (1953), and J. L. Moran (1970).

Purpose and Methods of Research

The purpose of this study was to describe the major rock units

and to provide a detailed geologic map of the Jefferson Mountain Area.

Field work was accomplished in approximately two and a half

months during the summer of 1970. The geology was plotted in the

field in low altitude (1 :15, 840) aerial photographs obtained from the

U. S. Department of Agriculture, Denver, Colorado. Data were

transferred from the photographs to U. S. Geological Survey topo-

graphic maps. The maps include the 15 minute Upper Red Rock

Lake Quadrangle map and the adjacent 7-1/2 minute Sawtelle Peak

Quadrangle map. Stratigraphic sections were measured with a

Jacob's staff and Brunton compass. A Rock Color Chart was used

to help give a consistent color description of the rocks. The use of

a trail bike proved to be of great value in providing access to much

of the more remote parts of the area.
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Relief and Drainage

The minimum elevation in the area is about 6, 600 feet in

Alaska Basin at the base of the north-facing scarp of Red Rock

Mountain and Sawtelle Peak. Mount Jefferson, 10,196 feet in eleva-

tion, is the highest peak in the area. Highly resistant Precambrian

metamorphic rocks and Cambrian and Mississippian limestones

form steep slopes that commonly approach the vertical along the

north-facing escarpment.

Pleistocene glaciers gouged U-shaped valleys northward from

cirques located near the crests of the mountains and deposited

glacial till at the base of the scarp. Many small streams flowing

normal to the strike of the rocks dissect and drain the extensive

dip slopes on the south flanks of the Range. In the northwest corner

of the area, Red Rock Creek, has been superimposed through several

hundred feet of Nemesis Mountain Precambrian quartzites.

Climate and Vegetation

The climate is rigorous in the Centennial Region with short

hot summers and long cold winters. Precipitation commonly occurs

in the form of snow although frequent thunder showers during the

summer months provide much of the precipitation.
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Dense stands of Douglas Fir and Lodgepole Pine grow generally

on the volcanic terrain, the glacial moraines, and along the belt of

Precambrian rocks.. Grasses dominate the dip slopes of the sedi-

mentary units, affording summer forage for sheep.
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STRATIGRAPHY

Sedimentary, volcanic, and regionally metamorphosed sedi-

mentary rocks ranging in age from Precambrian to Tertiary are

exposed in the Jefferson Mountain area (refer to geologic map). An

undetermined thickness of Precambrian metamorphic rocks is over-

lain by approximately 2, 500 feet of Paleozoic and Mesozoic sedimen-

tary rocks.

The Paleozoic is represented by rocks of all the periods except

Ordovician and Silurian. Eleven Paleozoic formations are recog-

nized; mainly limestones and dolomites, there also are subordinate

sandstones and shales.

The Mesozoic is represented by one Triassic formation, com-

posed of shales and silty dolomites. Although Jurassic and

Cretaceous formations are present in adjacent localities, the units

have been either eroded away or covered by overlapping Tertiary

volcanics in the area of study.

The Cenozoic is represented by Tertiary volcanics, Quaternary

till and aluvium, and landslide debris.

Precambrian Rocks

The oldest rocks exposed in the area are Precambrian and

consist of schists, gneisses, dolomites, and quartzites. These



Table 1. Summary of rock units, Jefferson Mountain Area, Montana.

Age
Rock
Units Lithology

Thic kne s s
in feet

Quaternary Landslide Unconsolidated debris from the
Flathead, Meagher, Park, Pilgrim
and Jefferson Fms.

Quaternary Alluvium Unconsolidated gravels, sands,
silts, and clays.

Quaternary Glacial till Unconsolidated mixture of boulders,
cobbles, and pebbles in a clay
and silt matrix.

Unconformity
Tertiary Welded tuffs Olivine basalts and welded tuffs 50-200

and basalt flows

Unconformity
Triassic Dinwoody Fm. Very thin- to thin-bedded 118

calcareous siltstones with a
basal shale member.

Permian Phosphoria Fm. Quartzose sandstones (Shedhorn) 138
chests, mudstones, and
Phosphorites.

Pennsylvania Quadrant Fm. Locally cross-bedded white 80
quartzose sandstone s.

Mississippian- Amsden Fm. Light gray to white dolomite.
Pennsylvanian

-4



Table 1. Continued.

Age
Rock
Units Litho logy

Thickne s s
in feet

Disconformity
Mississippian Mission Canyon Fm. Thick-bedded, porous, light gray 470

dolomites with local chert beds.
Mississippian Lodgepole Fm. Thin- to medium-bedded, gray 508

fos siliferous, microcrystalline
limestones with random chert beds.

Disconformity
Devonian Three Forks Fm. Interbedded limestones, calcareous 68

dolomites and siltsones and shales.
Devonian Jefferson Fm. Dark gray, thick-bedded, vuggy 262

dolomites.
Disconformity

Cambrian Pilgrim Fm. Dolomitic limestones with zones of 109
intraformational conglomerates

Cambrian Park Frn. Fissile shales with intercalated 110
limestone s.

Cambrian Meagher Fm. Locally glauconitic, gray to brown, 383
mottled microcrystalline limestones.

Cambrian Flathead Fm. Pebbly quartzose sandstone, locally 192
glauconitic, and shales.

Unconformity
Precambrian Cherry Creek Group Schists, quartzites, dolomites,

and gneisses.
00



Figure 2. Precambrian-Cambrian unconformity on
the east canyon wall at the headwaters of
the south fork of Duck Creek. PC s, Pre-
cambrian schists; Cm, Meagher Formation.
The tree-fringed, lobe-shaped structure in
the center of the photo is a glacial moraine
from Mt. Jefferson. Man-made trenches
to decrease soil erosion can be seen at the
upper right of photo.
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rocks are similar in lithology to rocks of the Cherry Creek Group

named and described by Peale (1896) near Ennis, Montana. Peale

assigned an Algonkian (Proterozoic) age to the Cherry Creek Group.

The metamorphics represent siltstones, sandstones, and

carbonates that have been regionally metamorphosed. The Pre-

cambrian rocks, which have a general westward dip, are exposed

along the base of the range, an upthrown fault block.

Schists

The medium gray (N5) to medium dark gray (N4) schists crop-

out in the area as ledges dipping to the west. The schists have

excellent planar foliation 1-1/2 to 2 feet in thickness. The schists

are similar in composition but differ texturally. The rocks are

hornblende biotite schists and exhibit porphyroblastic and grano-

blastic textures. The schists belong to the amphibolite facies of

regional metamorphism.

The porphyroblastic schist contains prophyroblasts of subhedral

to anhedral green hornblende (25%) 0. 50 mm to 1.0 mm in size, but

occur up to 2.0 mm in length. Quartz (40%) occurs in equigranular

angular grains approximately 0.20 mm in diameter. Approximately

50 percent of the quartz grains are strained. Biotite (34%) exhibits

elongate tabular grains ranging from minute flakes to 0.30 mm.

Strained biotite occurs where the crystals are bent. Chlorite and



plagioclase occur in 1 percent of the rock. Quartz and biotite are

poikiliticly included in the hornblende porphyroblasts, and biotite

grains have been pushed aside by the hornblende, indicating that

the hornblende has been formed in a later stage of metamorphism

than the biotite and quartz, Hornblende has replaced some biotite

and chlorite indicates a retrogressive phase of metamorphism.

The granoblastic schist is lithologically similar to the pre-

viously described schist. The schist is fissile and has a greenish

gold sheen on cleavage surfaces. The schist is medium gray (N5)

on a fresh surface. The texture is granoblastic with a crenulate

fabric, showing that the rock has been under two directions of stress.

The constituents of the schist include strained and unstrained sub-

hedral quartz (39%) 0.10 mm to 0.30 mm in size, subhedral to

euhedral biotite (25%) up to 0.75 mm in length, and subhedral horn-

blende (35%) 0.20 mm in length. Small amounts of chlorite after

biotite comprise 1 percent of the rock. Accessory minerals include

magnetite and epidote.

Gne is se s

The gneissic rocks are light gray (N7), coarsely crystalline

and exhibit a gneissose structure. The gneiss has an augen

xenoblastic texture, with porphyroblasts of plagioclase, The rock

out crops as beds 1/2 to 2 feet thick with the compositional banding
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paralleling the foliation of the rock. The gneissic rocks are com-

posed of quartz (45%), plagioclase (oligoclase or albite) (33%),

muscovite (15%), biotite (5%), and chlorite (2%), with accessory

amounts of microcline and calcite. The quartz grains are anhedral

and exhibits irregular sutured contacts and range in size from

minute blebs up to 1.0 mm. Quartz has replaced some plagioclase.

Subhedral laths of plagioclase range in size from 0.50 mm to 4.0

mm. The schistose minerals, muscovite, biotite, and chlorite

(after biotite) are segregated into irregular bands up to 1.0 mm in

width.

Dolomites

Metamorphosed dolomite weathers white (N9) but is pale red

(5 R 6/2) in color on a fresh surface. The rock is dense and contains

numerous crenulated gray segregated bands of quartz averaging 2

inches thick that have been deformed into tight folds. The dolomite

outcrops as resistant bold ledges and cliffs. In thin-section the

dolomite grains are xenoblastic equigranular (0. 20 to 0.30 mm) and

are tightly intergrown. Quartz grains (15%) (0. 10 mm) in the

dolomite are anhedral and exhibit a crude alignment. Quartz over-

growths occur where grains of quartz have come into contact with

each other. The dolomite weathers out into large subangular

cobbles and boulders.
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Quartzites

The quartzites are the best exposed of all the metamorphic

rocks in the area. Nemesis Mountain, located in the northwest

corner of the thesis area, is composed of quartzites several thou-

sand feet thick. The quartzites are highly resistant to weathering

and forms steep rugged cliffs. The rocks weather to a medium light

gray (N6), but fresh surfaces have a range of colors through red,

green, tan, and pink. Fracture planes are sharp and planar with

the separations averaging several feet thick. Secondary planes

running nearly normal to the dominant west-trending fracture set,

causes the rock on weathering to form angular blocks 6 inches on

a side.

The quartzite is relatively pure, consisting of quartz (98%),

0.030 mm to 1.50 mm and laths of muscovite (2%) segregated into

bands. The quartz grains are sutured, strained and have a xeno-

blastic fabric. The textural pattern is a tight mosaic of quartz

grains in which small crystals of muscovite wind between the quartz

boundaries.



Figure 3. Precambrian to Mississippian rocks at the
northwest face of Mt. Jefferson. PCs, Pre-
cambrian schists; -Cf, Flathead Formation;
-Cm, Meagher Limestone; -Cr, Park Shales;
Cpil, Pilgrim Formation; DJ' Jefferson
Formation; MDt Three Forks Formation;
M1, Lodgepole Limestone.

14
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Paleozoic Rocks

Flathead Formation

Peale (1893) was the first to name and describe rocks of the

Flathead Formation near Three Forks, Montana. Peale named the

sandstone the Gallatin Sandstones but later changed the name to

Flathead Quartzite. Later, Weed (1900) gave the Flathead forma-

tional rank and described the formation as a tripartite unit.

The lowest member is a well-indurated, cross-bedded,
white, pink, or red sandstone, and often conglomeratic.
The middle member is a fissile impure shaly sandstone,
and the upper member is a white granular sandstone
(p. 285).

Deiss (1936) amended the definition and described the Flathead

Formation as generally a thin- to thick-bedded, often cross-bedded

sandstone. He further stated that basal beds of the Flathead are

characterized by quartz pebbles. The Flathead in Montana and

Yellowstone National Park lies upon Precambrian rocks.

Distribution and Topographic Expression

The Flathead Formation forms steep slopes with discontinuous

ledges up to 15 feet thick. Flathead rocks are not well exposed

because of talus and vegetation, but at a few localities the formation

lies with angular unconformity on the metamorphic rocks. The
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contact between the Flathead Formation and the overlying Meagher is

conformable and planar.

Thickness and Litho logy

The Flathead Formation is 192 feet thick where the formation

was measured in the SW1/4 sec. 35, T. 15 N., R 42 E. Ten miles

to the west, Moran (1970) measured 137 feet of Flathead strata.

The Flathead Formation is typically a white, buff, and red

quartzose sandstone. Rounded quartzite pebbles are characteristic

throughout the formation. The Flathead exhibits local features such

as planar foreset cross-bedding and glauconite zones. Locally the

Flathead becomes conglomeratic with boulders as large as 2 feet

in length. The basal 60 feet is a medium-bedded (1/2 to 3 feet)

sequence of pebbly (quartzite) sandstone. The sandstone weathers

to a pale yellowish brown (10 YR 6/2) and is pale red (10 R 6/2) on

a fresh surface. The framework (60%) i disrupted owing to the

encroachment of calcite cement (40%). The framework consists of

angular fine-grained (0.20 mm) quartz (50%), and metamorphic

lithics (10%). Accessory constituents include muscovite, glauconite,

hornblende, dolomite, and iron oxide, which is concentrated around

grain boundaries. Quartz grains in contact with calcite exhibit

pitted surfaces that indicate replacement of quartz by calcite.

The middle unit is 82 feet thick and composed of well-sorted
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quartz sandstone. Outcrops form steep slopes with ledges of sand-

stone averaging 4 feet in thickness. The basal beds are 6 to 12

inches thick but increase to as much as 3 feet upward in the unit and

the bedding planes are sharp and planar. The quartz sandstone

ranges in color from pale red (5 R 6/2) to a grayish orange pink

(10 R 8/2). Quartz pebbles are more scarce in this unit than in the

basal unit. The framework consists of fine-grained (0. 20 mm)

quartz (9 8%) with minor amounts (2%) of quartzite, chert, zircon,

muscovite, hornblende and iron oxide. Authigenic quartz (25%) is

the dominant cement, forming overgrowths on the quartz grains,

although hematite occurs around grain boundaries and acts as a

minor cementing agent.

The upper 50 feet of the Flathead Formation consists of alter-

nating highly glauconitic limestone and shale beds. The contact with

the middle sandstone unit is transitional. The shale bedding planes

are sharp and exhibit a crinkly weathered surface. Limonite has

stained the shale a yellowish brown, but on a fresh surface it is a

medium gray (N4). The limestone contains well-rounded grains of

glauconite (30%) and iron oxide (10%).

A 10 foot thick, fine-grained, thin-bedded pebbly sandstone

unit lies just below the sharp contact with the Meagher Formation.

The upper sandstone unit is a fine-grained (0. 15 mm) thin-bedded

(1/8 to 7 inches), calcarous quartz arenite pale red (10 YR 6/2) in
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Figure 4. Excellent exposure of the Cambrian Flathead
Sandstone in the SE1/4 SW1/4 Sec 35, T. 15
N., R. 42 E. Note the well developed planar
foreset cross-beds.
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color. The framework contains quartz (95%), quartzite (4%), and

plagioclase (1%). Minor constituents include chert, muscovite,

zircon and iron oxide. Calcite (25%) and authigenic quartz (10%)

form the cementing material.

Fossils and Age

The Flathead Formation was considered to be Middle Cambrian

in age by Weed (1900), although no fossils had been found in the

Flathead at that time. No fossils were found by the writer in the

thesis area, but Deiss (1936) discovered crinoid stems, trilobites,

and brachiopods at Crowfoot Ridge in Yellowstone National Park.

Miller (1936) found the fossil Lingulepis aculinatus, which is Middle

Cambrian in age, in northwestern Wyoming, Hanson (1952)

assigned the Flathead to the Middle Cambrian because the formation

grades into the overlying Wolsey Formation, which contains Middle

Cambrian fossils. The Flathead was unfavorable for the preserva-

tion of fossils because the sands were cleansed and sorted by wave

action, and organic material was destroyed.

Regional Correlation

The Flathead Formation is the basal member of the Cambrian

System in western Montana and northwestern Wyoming. Hanson

(1952) stated that the formation ranges from a few feet to 300 feet
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in thickness in southwestern Montana. Deiss (1936) gives the aver-

age thickness of the Flathead as 180 feet in southwestern Montana. The

presence of quartz pebbles is perhaps the most diagnostic character-

istic of the Flathead Formation regionally.

Depositional Environment

Hanson (1952) stated that deposition of the Flathead Sandstone

was initiated by the eastward advance of a transgressive sea from

the miogeosynclinal trough to the west. Topographic irregularities

of the Wyoming Shelf controlled sedimentation, resulting in varia-

tions of thickness at different localities. Cross-bedding, clean

well-sorted sands (locally conglomeratic) and the general lack of

fossils in the Flathead attests to a turbulent, shallow water

environment.

Meagher Formation

The Meagher Formation in the area of this study is a thick

carbonate sequence, which is correlative to the beds in the Little

Belt Mountains to which Weed (1900) originally assigned the name

Meagher Limestone. Deiss emended Weed's original description

of the Meagher to included thick- and thin-bedded, gray and tan

limestones that contain thin shale partings.
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Distribution and Topographic Expression

The Meagher Formation lies conformably on the Wolsey Shale

in most of southwestern Montana. In the Centennial Mountains beds

of the Wolsey are absent, and the Meagher paraconformably over-

lies the Flathead Formation with a sharp planar contact. The cliff-

forming Meagher stands, out between the moderate slopes of the

Flathead and the overlying bench-forming Park Formation. The

contact between the Flathead and the Meagher was defined at the base

of the lowest mottled limestone bed overlying the Flathead Forma-

tion.

Thickness and Litho logy

In the SW1/4 sec. 35, T. 15 N. R. 42 E. the Meagher

Formation is 383 feet thick. Moran (1970) measured 540 feet of

Meagher Limestone in the central Centennial Mountains. The forma-

tion is a gray and tan mottled micritic limestone. Bedding is

randomly thin (3/4 inch) to medium (14 inches). Bedding planes

are sharp and undulatory. (wave length, 1 to 1-1/2 feet, amplitude,

1 inch), and bedding surfaces are rough and pocked because of dif-

ferential weathering. Thin shale parting (1/2 to 1 inch) are common

and where the shale is absent the bedding becomes indistinct and

thick in appearance.
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Figure 5. Mottled limestone which characteristically
typifies the Meagher Formation. The
mottling is due to a slight difference in
lithologic character of the limestone.



24

The basal 55 feet of the formation is a sequence of thin-

(1/2 inch) to medium- (12 inches) bedded and locally pebbly or sandy

micritic limestone. Glauconite and oolite zones, 1 to 2 inches in

thickness, are common within the individual beds. Limonite stains

the rock a dark yellowish gray (10 YR 6/2). The fresh surfaces are

pale brown (5 YR 5/2). Micrite (84%) is the dominant constituent

with minor patches of microspar (10%) formed by the recrystalliza-

tion of the micrite. Iron oxide (2%) is concentrated along veins.

Minor amounts of detrital quartz grains (1%) average 0.06 mm in

diameter.

The oolitic limestone zones contain oolites (70%) from 0.03

mm to more than 2.0 mm in diameter. The oolites,, glauconite (1%)

and fossil debris (15%) are cemented in a matrix of micrite. The

oolites show typical concentric banding and well-formed radiating

calcite crystals, The matrix is composed of subrounded detrital

quartz (5070), microspar (15%), micrite (10%), and minor limonite.

The upper 328 feet are a monotonous succession of thin-.

(1/2 inch) to medium- (12 inches) bedded, aphanitic limestones of

little variation. Mottling usually occurs as irregular blebs of

grayish orange (10 YR 7/4) silty micrite in a background of medium

gray (N5) micritic limestone. Mottling crudely parallels bedding,

and shale laminae between the beds give the bedding a sharply

accentuated surface. Where the shale laminae are missing, bedding
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is indistinct, and locally, calcite has filled the interstices of the

bedding planes. Glauconite and oolite zones are abundant near the

top of the formation. The glauconite pellets (50%), from 0. 20 mm

to 0.50 mm in diameter, are contained in a sparry calcite cement.

The glauconite pellets are fractured and distorted, with radiating

calcite crystals filling the fractures. According to Ehlmann et al.

(1963) mature glauconite form des sication cracks resulting from

volume reduction by the expulsion of water with concurrent potas-

sium attachment. A later infilling and precipitation of calcite within

the fractures perhaps distorted and replaced some of the glauconite.

Mudge (1972) described a similar structure in the Gordon Shales of

the Sun River Canyon area in Montana. He stated that the structures

are agal bodies that have been partially replaced by glauconite.

Fossils and Age

One unidentifiable trilobite was found near the top of the

formation in the area, and fossil debris was noted in thin-section.

Fossils in the Meagher are rare, but Deiss (1936), Hanson (1952),

and Witkind (1969) discovered trilobite and brachiopod fossils in

their areas of investigation. Lochman (1957) assigned a Middle

Cambrian age for the Meagher Formation because of the presence of

brachiopods, trilobites, gastropods, calcareous algae, and impres-

sions of soft-bodied animals, which are Middle Cambrian in age.
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Figure 6. Photomicrograph of glauconite-calcite
structures believed to be algal bodies or
dessicated glauconite pellets replaced by
calcite. Note radial structure of clacite.
The dark central parts are high concentra-
tions of iron oxide.
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A. R. Palmer of the U. S. Geological Survey, who identified a

trilobite and brachiopod fauna for Witkind, considered the fauna to

be typical of the Middle Cambrian.

Regional Correlation

The Meagher has numerous correlative formations throughout

Montana, Wyoming, Utah and Idaho. Hanson (1952) stated that the

Meagher is similar in age and lithology to the Blacksmith Formation

of northern Utah and southeastern Idaho and suggested that they are

correlative. Theodosis (1955) stated that the Pagoda Limestone,

the Dearborn Limestone and the upper part of the Damnation Lime-

stone of northwestern Wyoming are correlative with the Meagher,

although they differ lithologicaly. Deiss (1936) pointed out that the

lithology and mottling of the Death Canyon Member of the Gros Ventre

Formation of western Wyoming are similar to the Meagher and

suggested correlation between the two formations.

Deis s (1936) stated that the Meagher has several distinctive

lithogic features, including mottling, oolites, and limestone con-

glomerates, which are continuous over wide geographical areas.

He further stated that regionally the Meagher is composed of two

facies, a western dolomite facies and an eastern limestone facies.

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

Meagher is a dolomite. East of a line connecting Ennis and
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Whitehall, the Meagher is limestone. Intertonguing of the dolomite

and limestone occurs within the transition zone.

Depositional Environment

A continuing transgressive sea to the east and a subsidence of

the Wyoming shelf resulted in the deposition of the Meagher. The

presence of oolites and fragmental fossil debris indicates a shallow

sea environment with intermittent current action during deposition

of the Meagher Formation {Hanson, 1952).

Park Formation

The Park Formation was first named and described in the

Little Belt Mountains by Weed (1900). Weed stated that the Park is

a gray or greenish micaceous shale with interbedded layers of

limestone in the upper part of the formation. Deiss (1936) later

modified the description, pointing out that limestone beds occur

throughout the formation.

Distribution and Topographic Expression

The Park Formation is a non-resistant shale unit in the area

studied and forms soil-covered benches or strike valleys between

the Meagher and the Pilgrim formations. Soil cover or talus from

overlying formations generally cover the Park shales, but limited
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outcrops occur along stream beds. A large landslide (refer to

geologic map) on the southern slopes of Mt. Jefferson in Secs. 5

and 6, T. 15 S., R. 2 E., involving rocks of the Park, Pilgrim,

and Jefferson formations, probably occurred because of the incom-

petency of the Park Shales.

The contact between the Park and the Meagher formations is

sharp and conformable in the Centennial Mountains. The Meagher

usually forms a limestone bench where the Park beds have weathered

back. In the thesis area the contact is sharp and planar. Sloss and

Moritz (1951) suggested that a prominent hiatus is present between

the Park and the Pilgrim where pre-Pilgrim erosion has occurred.

Their evidence lies in the thickness and distribution of the Park,

which shows considerable variability.

Thickness and Litho logy

The Park Formation measured in the SE1/4 NW1/ 4 NW1/4

sec. 17, T. 14 N., R. 42 E. is 110 feet thick. Moran (1970)

reported 125 feet of Park Shale in the central Centennial Mountains.

The Park Formation is composed of medium dark gray (N4)

finely fissile shales and subordinate thin beds of light gray (N7)

micritic limestones. The shales weather into small, thin chips,

and where there, is good exposure the Park exhibits well formed

laminae. The limestone beds in the Park are thin (1/8 to 5 inches)
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and become nodular near the top of the formation. A bed of intra-

formational conglomerate 8 inches thick composed of tabular rounded

limestone pebbles showing no orientation occurs just below the con-

tact with the Pilgrim Formation. X-ray analysis of the shale indi-

cates that the clay mineral is dominately Mite.

Fossils and Age

The Park Formation is considered to be Middle Cambrian in

age by reason of stratigraphic position and the few fossils reported.

No fossils were found in the thesis area, although other authors

have described trilobite and brachipod fragments associated with

limestone beds within the Park Shale.

Hanson (1952) stated that fossils have been noted in the shales,

but these accounts are rare. Normally the fossils occur in associa-

tion with the limestones. According to Hanson, Norman Denson

(1939) considered the upper boundary of the Park to differ in age

regionally. Near Three Forks, Montana, Denson assigned the basal

Pilgrim beds to a late Middle Cambrian age according to faunal

evidence, and the Park Formation of western Wyoming to an early

Late Cambrian age.

Depositional Environment

The Park Shale is a marine shale, typical of quiet water and
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represents a brief regression of the Cambrian sea with emergence

of a positive area to the west, causing migration of the Park mud

facies across the shelf (Sloss, 1950). Willis (1907) first recognized

the northwest-trending high, which was located in the present

vicinity of the Idaho Batholith.

Pilgrim Formation

In 1890, Peale divided the Cambrian rocks into two major units,

the Gallatin sandstones and the Gallatin limestones. Peale later

(1893) renamed the Gallatin limestones and called them the Mottled

limestones. Weed (1900) subdivided the Mottled limestones,

assigned them formational status, and named them the Meagher

Limestone and the Pilgrim Limestone. Weed described the Pilgrim

as a gray fossiliferous limestone with no mottling, whose basal

beds contain limestone conglomerates with intercalated shale part-

ings. Weed and Walcott (1900) dated the Pilgrim as Middle Cam-

brian, but the Pilgrim is now known to be Late Cambrian in age

(Deiss, 1936). Emmons and Calkins (1915) named the dolomitic

limestones of Late Cambrian age in the Phillipsburg Quandrangle

the Hasmark Formation, which they correlated with,the Pilgrim of

the Three Forks and Livingston Quandrangles. Sloss and Moritz

(1951) used the name Hasmark for correlative dolomite-limestones

in the Centennial Mountains, but the name Pilgrim will be used
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in this paper,

Lochrnan (1957) stated that the Pilgrim Formation of the

type section in the Little Belt Mountains has little in common with

the Pilgrim Formation in the Three Forks area. Lachman suggested

the name Maurice instead of Pilgrim for correlative beds in the

Three Forks area of Montana.

Distribution and Topographic Expression

The Pilgrim Formation crops out in the area as a steep slope-

and ledge-former. The contact between the Park and Pilgrim is

sharp and planar, The Pilgrim is disconformably overlain by the

Devonian Jefferson Formation, but the contact between the two

formations was not found exposed in the area. The light tan and

gray limestones of the Pilgrim are readily distinguished from the

more massive, vuggy, and impure gray dolomites of the Jefferson.

Thickness and Lithology

The Pilgrim Formation is 109 feet thick in the SE1/4 NW1/4

NW1/4 Sec. 17, T. 14 N., R. 42 E. Witkind (1969) measured 195

feet of Pilgrim limestones in the Tepee Creek Quadrangle of

Montana and Wyoming.

The Pilgrim Formation is composed of thin- to medium-

bedded, light gray slightly mottled dolomitic limestones, On
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weathered surfaces colors range from a light gray (N6) to a very

pale orange (10 YR 8/2). Fresh surfaces are a light brownish gray

(5 YR 6/1) to a very light gray (N8).

The basal 63 feet is composed of alternating thin- (1 to 3

inches) to medium- (1 to 2 feet) bedded dolomitic limestone. Bedding

planes are sharp and somewhat crinkly and commonly pinch out after

several feet. Near the base of the unit, bluish green to dark gray

shale partings are few and incomplete. Higher in the unit, bedding

is more consistent, and shales become more prominent. Intra-

formational conglomerates are common in the upper beds and con-

sist of angular fragments (1/8 to 1/2 inch) of dolomite in a matrix

of microspar limestone.

Examined microscopically the limestones are seen to be

similar throughout the section and consist predominately of micro-

spar (90%) recrystallized from micrite. Staining the rocks with

Alizarine Red S reveals a network of dolomite crystals (10%) that

gives the limestones a speckled appearance. The limestone crystals

occur in a mosaic pattern giving the rocks a xenotopic granular

texture. Scattered well formed rhombohedrons of dolomite are

apparent in thin-section. Mottling in the Pilgrim results from the

local staining of dolomite crystals with hematite.
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Fossils and Age

A few unidentifiable brachiopods were found in the Pilgrim

beds in the thesis area. Deiss (1936) listed numerous fossils col-

lected from the Pilgrim rocks, which he considered to be Late

Cambrian in age. Lochman and Duncan (1944) assigned the Pilgrim

to Late Cambrian and Early Ordovician ages after detailed faunal

studies of the Pilgrim in central and southern Montana. Witkind

(1969) found and identified trilobites, brachiopods, gastropods.,

sponges and conodonts from the Tepee Creek Quadrangle in south-

western Montana and northeastern Wyoming, He also assigned a

Late Cambrian age to the Pilgrim.

Regional Correlation

The Pilgrim Formation is thin and locally absent in south-

western Montana but thickens to the north and northwest. At

Arrowhead Mountain in the Centennial Mountains, Hanson (1952)

measured 50 feet of Pilgrim Limestone. Deiss (1936) stated that

the Pilgrim is thickest (661 feet) in the Big Snowy Mountains, and

thins southwestward where the formation is 172 feet thick at Crow-

foot Ridge in Yellowstone Park, The Pilgrim is 1, 438 feet thick

in the Phillipsburg Quadrangle of northeastern Montana (Calkins

and Emmons, 19 1 5 ) .
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The Pilgrim is represented by a western dolomite facies and

an eastern limestone facies. According to Hanson (1952), east of

the Missouri and Gallatin rivers the Pilgrim is a limestone and

west of a line connecting Helena, Whitehall and the upper Ruby

Valley, the Pilgrim is a dolomite. The intervening area is a suc-

cession of intertonguing limestones and dolomites. The Pilgrim in

the thesis area lies along the western boundary of the limestone

facies and the eastern edge of the limestone and dolomite tongues.

This facies change is exhibited in the dolornitized limestones of the

Pilgrim in the Jefferson Mountain area.

Depositional Environment

Deposition of the Pilgrim Formation in southwestern Montana

took place under stable shelf conditions during Late Cambrian and

Early Ordovician time. Oolites and intraformational conglomerates

indicate current and wave action similar to the environment during

Meagher time. Dolomitization was due to physiochemical factors

that caused replacement of limestone by dolomite. Sandy zones in

the, upper Pilgrim beds suggest slight uplift to the east, causing

changes in sedimentation of the Pilgrim's depositional environment.

The absence of Ordovician and Silurian rocks in southwest Montana

indicate uplift and erosion after Early Ordovician time which

apparently removed much of the Pilgrim Formation in
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southwe stern Montana (Hanson, 1952).

Jefferson Formation

Peale (1893) named the saccharoidal Devonian dolomites of

the Three Forks area the Jefferson Formation. He described the

formation as consisting of black and brown crystalline limestones

occurring in alternating medium to thick beds lying between the

lower Pilgrim beds and the Three Forks shale above. Sloss and

Laird (1947) divided the Jefferson into a lower limestone unit and

an upper dolomite unit. The limestone unit is irregular and dis-

continuous and apparently was deposited in topographically lower

areas of the pre-Devonian surface. The dolomite unit is present

everywhere in central and southwestern Montana. Sloss and Mortiz

(1951) described the unit as a saccharoidal dolomite, gray-brown

to black, with a fetid odor due to hydrocarbons. The unit is thin- to

thick-bedded and forms thick ledges. The Jefferson Formation

ranges in thickness from 150 to 600 feet in southwestern Montana.

Distribution and Topographic Expression

The Jefferson Formation in the thesis area outcrops commonly

as steep slopes with thick (10 to 15 feet), dark, prominent ledges.

The contact between the Jefferson and the overlying Three Forks is

conformable, sharp and planar. The Jefferson forms a prominent
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ledge at the contact, and the Three Forks forms loose talus slopes

above.

Thickness and Lithology

The Jefferson Formation is 262 feet thick in the SW1/4 NE1/4

NW1/4 Sec. 17, T. 14 N., R. 42 E. Witkind (1969) estimated the

Jefferson to be from 260 to 320 feet thick in the Tepee Creek

Quadrangle.

In the thesis area the Jefferson is composed of dark, thin- to

medium-bedded, impure dolomite, generally with a heavy petro-

liferous odor when struck with a hammer. The basal 96 feet of the

Jefferson contains shale partings between thin (1/4 to 4 inches)

planar beds of dolomite, Upward in the section the dolomite beds

are as, much as 2 feet thick. The upper 166 feet consists of dark,

grayish brown dolomite, with beds on the average thicker than the

basal unit. Bedding in the upper unit ranges from 7 inches to 2 feet.

Colors on a fresh surface range from a medium light gray (N6)

to a light olive gray (5 Y 6/1). The dolomite weathers to a medium

gray (N5) and to a pale yellowish brown (10 YR 6/2).

Lithologically the dolomite is constant throughout the forma-

tion. The dolomite (95%) crystals are hypidotopic granular (0. 10

mm in diameter) and appear dirty because of impurities. Isolated

vugs are filled with clear sparry calcite (3%), and some vugs are,
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in addition, lined with dolomite rhombohedrons (1%). Iron oxide

occurs concentrated along fractures.

Fossils and Age

A few relict fossil fragments were found in thin-section, but

no identifiable fossils were found in the field. Fossils are, generally

rare in the Jefferson owing to dolomitization. Kindle (1908)

described gastropods, brachiopods, pelecypods, and coelenterates

that he considered to be of Early and Middle Devonian age. Mann

(1954) collected a few Middle Devonian brachiopods in the Gravelly

Range. According to Scholten and Hart (1962), west of the Beaver-

head Range the Jefferson fauna indicates a Middle to Late Devonian

age, and further east in the Beaverhead, Tendoy, and Blacktail

Ranges the Jefferson is Late Devonian. Witkind (1969) described

poorly preserved corals and stromatoporoids, which were "pre-

Mississippian and probably Devonian in age".

Regional Correlation

The Jefferson is a prominent formation in western Montana

and Idaho with correlatives in Wyoming and northern Montana.

McMannis (1962) stated that the Jefferson decreased in thickness in

a southeasterly direction in western Montana. Where it becomes

characteristically argillaceous in western Wyoming it is known as
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the Darby Formation. The Duperow Formation of northwestern

and north-central Idaho is correlative with the Jefferson but differs

in that the Duperow contains anydrite beds.

Depositional Environment

Sloss (1950) stated that the major sedimentary units of the

Jefferson in Devonian time were dolomite, limestone, and evaporite

deposits. However Andrichuk (1951) suggested that the Jefferson

Formation in southwestern Montana was deposited under normal

marine conditions. Both primary dolomite and evaporite deposits

indicate abnormal conditions in the environment. Such deposits

suggest stagnant, shallow water and a high evaporation rate.

Three Forks Formation

Peale (1893) named and described the Three Forks Shale as

a sequence about 135 feet thick composed of lower and upper units

separated by 15 to 20 feet of limestone. The Three Forks Shale

was described east of the junction of the three forks of the

Missouri River.

Haynes (1916) renamed the Three Forks Shale of Pea les and

called it the Three Forks Formation because it is a composite of

shales, limestones, and sandstones. Haynes divided the formation

into seven members and described the Three Forks Formation in
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detail. Robinson (1963) divided the Three Forks into three units:

the Logan Gulch Member, a basal orange thin-bedded siltstone and

limestone; the Trident Member, a dark green shale; and the Sap-

pington Member, an upper orange siltstone, shale and limestone.

Much confusion ensued about the age and upper formational

boundary of the formation. Sloss and Laird (1947) concluded that the

Sappington is Devonian in age and should be included with the Three

Forks. Sandberg (1965), Robinson (1963) and others believe the

Sappington Member is Mississippian in age but still assign the

Sappington to the Three Forks Formation.

Distribution and Topographic Expression

The Three Forks Formation is represented by only two mem-

bers in the area. The middle Trident Member apparently is not

present, but the Logan Gulch and Sappington members are repre-

sented. The overlying Lodgepole Formation is conformable with

the Three Forks and their contact is transitional. Outcrops are

rare in the area because of talus derived from the Lodgepole, but

where the Three Forks is not covered by talus the formation out-

crops as steep slopes and small ledges 1/2 to 1 foot in thickness.

Good exposures of Three Forks rocks are located in the S1/2 Sec. 3,

T. 14 N., R. 42 E. of Montana.
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Thickness and Litho logy

In the SW1/4 NE1/4 NW1/4 Sec. 17, T. 14 N., R. 42 E. the

Three Forks Formation is 68 feet thick. Ten miles to the west in

the Centennial Mountains Moran (1970) measured 184 feet of Three

Forks strata.

The basal Logan Gulch Member is represented by 23 feet of

sandy dolomite (13 feet) and an upper calcareous dolomite (10 feet).

The beds form small benches 1/2 to 3 feet thick between partly

covered shale units. The bedding planes are sharp and planar.

Both the sandy and calcarous dolomites are grayish orange (10 YR

7/4) in color. The sandy dolomite is composed of well defined

dolomite rhombohedrons (85%) from . 1 mm to 5 mm in diameter.

Angular to subangular detrital quartz grains averaging 2 mm to

.3 mm in diameter make up 3 percent of the rock. Concentrated

stringers of argillaceous material (4%) and laminae of iron oxide in

the interstices of the dolomite compose 7 percent of the rock. The

upper calcareous dolomite of the Logan Gulch Member consists of

hypidotopic dolomite (75%), isolated patches of cryptocrystalline

microspar polyhedra (20%), and isolated minute blebs of iron oxide

(4%). Small amounts of detrital quartz also are present.

The absence of the Trident Member in the Centennial Mountains

suggests either regional erosion (Sandberg, 1965) or non-deposition
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(Rau, 1962). Witkind (1969) also reported the Trident Member

missing in the Tepee Creek Quadrangle and suggested a possibility

of detachment faults to explain the absence of the Trident.

The Sappington Member (45 feet) consists of interbedded

limestone, silty dolomite, and silty limestone. Bedding generally

is poorly developed, but during the transition to the Lodgepole

Formation bedding develops to form sharply defined surfaces (1 to

4 inches). The basal unit (20 feet) is light gray (N7) micritic lime-

stone, which contains contorted stringers of clay (20 %). Seventy

percent of the rock is composed of dirty micrite; sparry calcite

(30%) makes up the remainder of the rock. Rare detrital quartz

grains are present.

The middle unit (10 feet) of the Sappington is a silty dolomite

showing well-formed laminae ( 3 to 4 mm) and colored a very pale

orange (10 YR 8/2). The rock is composed mainly of subhedral to

euhedral rhombohedrons of dolomite (75%). Twenty-five percent

of the rock is angular quartz grains averaging 0.06 mm in diameter

(coarse silt). Minor amounts of calcite, limonite, zircon, and

hornblende compose the remaining part of the rock.

The upper unit (15 feet) is transitional with the middle unit

and consists of a light brownish gray (5 YR 6/1) silty limestone.

The calcite is microspar (88%) formed by the recrystallization of

micrite. Quartz (10%) grains, which are subangular to subrounded
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and average 0.05 mm in diameter, are partly, replaced by calcite.

Limonite (2%) and rare dolomite crystals are present and many

small veinlets are filled with sparry calcite.

Fossils and Age

No fossils were found in the Three Forks in the area mapped,

although the formation is highly fossiliferous in rocks elsewhere.

Extensive work has been done with fossils trying to determine the

age of the Three Forks Formation.

Gutshick (1962), who made extensive studies of Three Forks

fossils in an attempt to determine the age of the formation found in

the Sappington Member numerous corals, bryozoans, brachiopods,

gastropods, foraminifera, ostracods and sponges that indicate a

Late Devonian to Early Mississippian age for this part of the Three

Forks Formation. Robinson (1963), after studying Three Forks

fauna, concluded that the Three Forks Formation is Late Devonian

to Early Mississippian in age.

Regional Correlation

In southwestern Montana and central Idaho, the Three Forks

varies considerably in thickness. According to Sloss and Moritz

(1951) the Three Forks Formation is 190 feet thick at Cedar Creek

north of the Tendoy Range, 115 feet in the Blacktail Range, and 110
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feet at Arrowhead Mountain in the Centennial Range. Ross (1947)

reported about 259 feet of Three Forks strata in the southern part

of the Lemhi Range of Idaho.

McMannis (1962) stated that the Three Forks Formation

becomes less shaly and dolomitic, and more calcareous westward.

In southeastern Idaho the formation is dominately a sandy limestone

(Mansfield, 1927), and in southwestern Montana the formation is

composed of calcareous shales and siltstone, shaly limestone and

dolomite.

Formations correlative with the Three Forks Formation are

the Devonian Exshaw Shale (correlative with the Sappington Member)

of northwestern Montana and southern Alberta. The Bakken Forma-

tion of the Williston Basin, also has been correlated with the

Sappington Member (Sandberg and Hammond, 1958).

Depositional Environment

Robinson (1963) has suggested that the Three Forks sediments

were deposited in shallow, near shore, well-aerated marine waters.

According to Sandberg (1965) the Logan Gulch Member of the forma-

tion was deposited in the southern part of a large evaporitic basin

that extended from northwestern Montana north into Alberta and

south into southwestern Montana. The Trident Member was

deposited in shallow, locally restricted marine shelf waters. The
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Sappington beds perhaps represent deposition in an environment

transitional between open marine and brackish water.

Madison Group

The Madison Group, as now defined, was first recognized as

a single formation, the Madison Limestone, by Peale (1893), who

defined the formation as a carboniferous limestone that overlies

the Devonian Three Forks Formation and underlies the Pennsylvanian

Quadrant Formation. Peale subdivided the formation into a basal

"Laminated LimestoneTM, a middle "Massive Limestone", and an

upper "Jaspery LimestoneTM.

In 1900, Weed renamed the three subdivisions of Peale's

Madison Limestone, assigning the name Paine Shale to the Laminated

Limestone, Woodhurst Limestone to the Massive Limestone, and

Castle Limestone to the Jaspery Limestone.

Collier and Cathcart (1922) elevated the Madison Limestone to

group rank. They gave the name Lodgepole Limestone to beds of

the lower part of the Madison Limestone and the name Mission

Canyon Limestone to beds of the upper Madison Limestone, taking

names from canyons in the Little Rocky Mountains where the beds

are well exposed.

Sloss and Hamblin (1942) proposed that the names Lodgepole

Limestone and Mission Canyon Limestone be applied to the Madison
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Group and suggested that the group be given regional status. They

upheld the validity of Weed's Paine and Woodhurst units and applied

and regarded the units as members of the Lodgepole Limestone.

Regional Correlation of the Madison Group

The Madison Group extends throughout all or parts of Montana,

Idaho, Wyoming, Utah, Colorado, the Dakotas, and southern Alberta.

The Englewood and lower Pahasapa formations of the Black Hills

and the Guernsey Formation in northern Wyoming are equivalent to

the Lodgepole Formation. In Alberta, the Banff Formation is

correlative with the Lodgepole, and in the Canadian Rockies, the

basal formation of the Rundle Group is correlative with the Mission

Canyon (Stockwell, 1957).

In a southeasterly direction, the Madison Group rests on

progressively older rocks. In the Medicine Bow and Laramie

Mountains, Early Mississippian rocks lie with angular unconformity

on Precambrian crystalline rocks. From the Pryor and Bighorn

uplifts of northern Wyoming and southern Montana to the Black Hills,

the Madison rests upon Ordovician rocks. However, in Montana,

western Wyoming, and southern Alberta the Madison Group rests

conformably upon the Devonian Three Forks Formation.
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Lodgepole Formation

Distribution and Topographic Expression

The Lodgepole Limestone is well-exposed where it outcrops

on Jefferson Mountain. Here the formation is a prominent cliff-

former with nearly vertical cliffs approximately 200 feet high and

accompanying steep talus slopes. Lodgepole exposures on Reas

Peak are poorer than on Jefferson Mountain, owing to soil and talus

cover. In general the Lodgepole is resistant to weathering and is

one of the main cliff-forming formations in the area. The formation

conformably overlies the Sappington Member of the Three Forks

Formation and is also conformable with the overlying Mission Canyon

Formation in the Centennial Mountains. The contact between the

Lodgepole and Mission Canyon is sharp and planar and is best

exposed on the north face of Mount Jefferson.

Thickness and Litho logy

The Lodgepole Formation in the area is 508 feet thick where

measured in the SW1/4 NW1/4 Sec. 8, T. 14 N., R. 2 E. Moran

(1970) measured 688 feet of Lodgepole Limestone 10 miles to the

west of the present area of study in the Centennial Mountains.

The Lodgepole Formation consists of thin- (3 inches) to
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A

Figure 7. Typical exposure of the thin-bedded
Mississippian Lodgepole Limestone.
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medium-bedded (1-1/2 feet) fossiliferous limestones with interbedded

shale partings. The Lodgepole is characterized by generally thin

planar beds, a high fossil content, and bedded chert.

The Paine Member in the area is 493 feet thick and is divided

into two units. The lower unit is a light gray (N7) micritic lime-

stone 50 feet thick. Basal beds average 1 foot in thickness and thins

upwards to 3 inches at the top of the unit. The unit is not as fossil-

iferous as compared with the rest of the formation. Fine styolitic

fissures and fractures filled with calcite are common.

The upper unit is 443 feet thick and is a thin- (2 inches) to

medium - (3 feet) bedded fossiliferous micritic limestone, separated

by laminated shale beds (1 to 2 inches). Fossils become increas-

ingly abundant upwards in the unit, Well preserved fossils generally

occupy the medium gray (N5) argillaceous laminae on top of the

limestone bedding surfaces. Weathered surfaces are a light gray

(N7) color, and fresh surfaces show a dark gray (N3) to black(N1)

color. A petroliferous odor is distinguishable on a freshly broken

surface. Grayish black (N2) to black (NI) discontinuous chert beds,

up to 3 inches thick are found randomly throughout the Paine.

Bedding planes are sharp and slightly undulatory in the Paine Member.

The Paine is a uniform micritic limestone composed of 80

percent argillaceous micrite, 15 percent fossil debris filled with

sparry calcite, and 5 percent microspar that has recrystallized from
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the micrite. A random fossiliferous sample taken from the Paine

contains echinoid and other skeletal debris (40%), intraclasts (25%)

0.10 mm to 1 mm in diameter, sparry calcite (35%) as the cement-

ing agent, and a few large dolomite rhombohedrons up to 0.50 mm in

diameter.

The Woodhurst Member is 155 feet thick and consists of brown-

ish gray (5 YR 4/1) skeletal limestone, weathering to a light gray

(N7) or medium gray (N5) color. The Woodhurst is distinguished

from the Paine by the thicker beds of the upper unit, which are 2 to

3 feet thick. A bed of brecciated chert fragments 2 feet thick occurs

near the top of the Woodhurst. The chert fragments are from 1/2

inch to 5 inches in diameter.

The Woodhurst is a micrite (68%) with 20 percent dolomite,

10 percent skeletal debris, and 2 percent detrital quartz (0.02 mm).

Fossils and Age

The Lodgepole Formation is highly fossiliferous and contains

numerous corals, crinoids, bryozoa, and varied species of brachio-

pods. No detailed faunal breakdown was attempted by the author

because the Lodgepole fauna has been thoroughly collected and

described. W. J. Sando and J. T. Dutro (1960) made a detailed

study of the faunal assemblage in the Madison Group near White Peak

in the Three Forks Quadrangle. These workers agree that their faunal
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collection compares closely with other collections from the Lodge-

pole.

Fossil dating has indicated an early Mississippian age for the

Lodgepole Limestone. Laudon and Sevenson (1953), and Andrichuk

(1955) have assigned a Kinderhookian age to the Lodgepole, and

Sando and Dutro have assigned a general Early Mississippian age

for the formation.

Depositional Environment

Regional studies by Andrichuk (1955) led him to, conclude that

two depositional environments existed during Lodgepole and

Mission Canyon deposition: a basinal type environment in Montana

and the Dakotas (Williston Basin); to the south the environment of

the Wyoming Shelf.

According to Robinson (1963) the transgression of marine water

from the Idaho geosyncline along an east-west trough through cen-

tral Montana provided carbonate-saturated waters. Robinson stated

that the environment for the deposition of the Lodgepole occurred

under gently oscillating seas that produced thin, even bedding.

Shale beds indicate a reworking of the Lodgepole or an influx of

clastic material. Dark calcareous shales and limestone, as well

as a lack of fossils, indicate a reducing environment, but an increase

of faunal debris in the upper Paine and Woodhurst members
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suggest well-aerated water congenial for marine life.

Mission Canyon Formation

The Mission Canyon Limestone is characterized by very thick

bedding, unvarying lithology, and a scaricity of fossils. The forma-

tion lies conformably upon the Lodepole Limestone. The overlying

Amsden Formation, lying with angular unconformity upon the Mission

Canyon, was mapped with the Mission Canyon as one unit because of

the Amsden's poor exposure and similarity of lithology with the

Mission Canyon in the thesis area.

Distribution and Topographic Expression

The Mission Canyon Limestone outcrops as a ridge- and cliff-

former supported by the underlying Lodgepole Formation along the

crest of Jefferson Mountain, where the Mission Canyon is best

exposed. Exposures of Mission Canyon dolomite on Reas Peak are

less conspicuous. The formation generally forms steep tree

covered slopes with subdued hoodoo-type outcrops. The Mission

Canyon-Amsden contact is not exposed in the area.

Thickness and Litho logy

The Mission Canyon Limestone is 470 feet thick where the

section was measured in the NW1/4 SE1/4 Sec. 8. T, 14 N., R. 2 E.



53

Moran (1970) measured 970 feet of Mission Canyon in the central

Centennial Mountains.

Weathered outcrops display smooth, friable surfaces, com-

monly with calcite filled vugs and boxwork chert caused by the leach-

ing out of dolomite. The formation is very thick-bedded with

indistinct planar bedding planes. Beds range up to 20 feet thick.

The formation contains numerous dark gray to black chert lentils

1-1/2 to 20 inches thick. Located near the top of the Mission Canyon

is a breccia zone 5 to 10 feet thick, composed of angular to sub-

angular fragments of chert and dolomite cemented by a fine

argillaceous matrix. Brecciation probably was the result of col-

lapse caused by groundwater leaching. This breccia zone is a

prominent feature of the Mission Canyon throughout most of south-

western Montana. The dolomite weathers to a yellowish gray (5 Y

8/1) and is light gray (N7) on a fresh surface. Locally, freshly

broken samples emit a petroliferous odor.

The rock is composed of 90 to 95 percent dolomite in a hypido-

topic mosaic fabric and 5 to 10 percent chert as veins and patches

that have replaced the dolomite. Dolomite crystals range in size

from 0.06 mm to 0.10 mm.

Fossils and Age

A few samples of horn and colonial corals and brachiopod
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molds were found in the Mission Canyon Formation but fossils are

relatively rare compared to the underlying Lodgepole.

Syringopora lithostrotionella and Triplophyllites in Mission

Canyon beds were found by Sloss and Moritz (1951) who assigned a

Meramecian age to the formation. Mann (1954) identified 19 fossils

from the Mission Canyon in the Gravelly Range and reported 90 per-

cent of the fossils were Kinderhookian and Osagian in age. Fossil

evidence reported by Strickland (1960) indicated a Late Kinderhookian

and Osagian age for the Mission Canyon Formation. Witkind (1969)

reported finding corals, bryozoa, brachiopods, and gastropods in

the Tepee Creek area. Sando, who identified the fossils for Witkind,

stated that the fossils are not truly representative of Madison faunas

but are of Mississippian age.

Depositional Environment

The depositional environment of the Mission Canyon was

essentially a continuation of the environment that formed the Lodge-

pole Limestone. Deposition occurred during the greatest trans-

gression of marine water along the east-west trough through central

Montana. The zone of deposition was deep neritic, while sea level

oscillations were fewer than in Lodgepole time, giving rise to the

thick bedding and lithologic consistency of the Mission Canyon

Formation (Robinson, 1963). Dolomitization of the Mission Canyon
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has been obscured.

Amsden Formation
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The Amsden Formation was named by Darton (1904) for

exposures of red shales, white cherty limestone, and sandy lime-

stones along Amsden Creek in the Big Horn Mountains. At the type

section, the Amsden lies between the Madison Group and overlying

Tensleep Sandstone.

The Amsden is typically a non-resistant formation, and expo-

sures of the unit are rare. No exposures were found in the area of

study, and the Amsden was mapped with the Mission Canyon as a

single formation. Jemmet (1955) reported the Amsden missing in

the Centennial Mountains, but Moran (1970) measured 80 feet of

Amsden strata near Sheep Mountain in the Centennial Mountains.

Although the contact between the Amsden and Mission Canyon

formation could not be located in the thesis area, the contact is

believed to be disconformable. Sloss and Moritz (1951) reported

that the Amsden Formation was deposited on a post-Madison ero-

sional surface. Sloss and Moritz also reported that the Amsden is

transitional with the overlying Quadrant Formation. Robinson (1963)

stated that the transitional zone involves 50 feet of alternating beds

of limestone and sandstone in the Three Forks area. Witkind (1969)



56

described a transitional zone of Amsden siltstone that grades into a

fine-grained Quadrant sandstone in the Tepee Creek area.

Distribution and Topographic Expression

The Amsden Formation is a slope former in the thesis area.

Talus, soil cover and vegetation made it impossible to measure and

describe the Amsden section. Dolomite talus on Reas Peak immedi-

ately below the Quadrant Formation is believed to be a representa-

tive of the lithology of the Amsden.

Thickness and Litho logy

Although a measured section of the Amsden was not undertaken

because of poor exposures, a lithologic study of the talus indicates

the Amsden to be, at least in part, composed of dolomite. Thin-

section study indicates a hypidotopic granular texture. The dolomite

crystals (100%) range in size from 0.10 mm to 0.40 mm in diameter.

Weathered surfaces of the rock are a pinkish gray (5 Y 8/1) with

a fine sugary texture. Fresh surfaces are very light gray (N8).

Fossils and Age

The Amsden is a time-transgressive formation and straddles

the Mississippian-Pennsylvanian boundary. Scott (1935), who col-

lected fusulinids from the Amsden of southwestern Montana, assigned
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a Morrowan age to the formation. Henbest (1954) studied foramini-

fers from the Amsden in Golden Valley and Carbon counties, Montana,

and assigned an Atokan age to theAmsden. Henbest found no

Mississippian fauna, but stated that the Amsden may very well be

Mississippian in certain areas. Shaw (1955) discovered a Missis-

sippian fauna at the base of the Amsden as well as a Springeran

(Early Pennsylvanian) fauna in west-central Wyoming. The Amsden

fauna in Teton County, Wyoming, according to Wan less et al. (1955)

is Morrowan or possibly Atokan in age.

Sloss and Moritz (1951) stated that where the Amsden was

deposited on a positive shelf area in southwestern Montana, the

formation is thin and represents a Pennsylvanian age. Where the

Amsden is thicker, as in west-central Wyoming, the Amsden

includes both Mississippian and Pennsylvanian rocks.

No fossils were found in the Amsden Formation in the Jeffer-

son Mountain area. However, in 1970 Moran found brachiopod and

pelecypod fossils in the Amsden 10 miles west of the thesis area

in the Centennial Mountains.

Regional Distribution

The Amsden is widespread and occurs in western North and

South Dakota, in Wyoming, except for the southeastern part, and

Montana except for the northwestern part.
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Mundt (19 56a) studied 19 well logs taken from Amsden Creek,

Wyoming northward to Lewiston, Montana, and noted that lower beds

of the Amsden pinch out near Lewiston. These logs also show that

homologous units of the Amsden, present in central Montana, pinch

out southward.

The Amsden is variable in lithology areally. Scott (1935)

noted that in south-central Montana and north-central Wyoming, the

Amsden consists of a lower red magnisium shale or sandstone mem-

ber and an upper limestone member. Perry (1945) noted that the

Amsden becomes more shaly eastward and is difficult to distinguish

from lower beds of the Minnelusa Formation of eastern Montana and

western North Dakota. The Amsden in the Big Snowy Range of

central Montana includes red siltstones, claystones, and fossiliferous

limestones (Gardner et al., 1946). McMannis (1955) described the

Amsden in the Bridger Range of southern Montana and recognized

two members a basal silty unit, and an upper carbonate unit that

grades into the overlying Quadrant Formation. In the central

Centennial Mountains, Moran (1970) noted that the Amsden is com-

posed of a basal biomicritic limestone and an upper sandy dolomite.

Depositional Environment

The Amsden sea was shallow and transgressive, according

to Robinson (1963), and large amounts of detrital quartz in the
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Amsden may indicate a sedimentary rock provenance. Erosion of

Paleozoic, Belt and pre- Belt rocks to the west may have contributed

sediments that formed the Amsden rocks.

Quadrant Formation

Peale (1893) was first to apply the name Quadrant to a basal

unit of red arenaceous limestone, a middle unit of cherty limestone,

and an upper unit of quartzite in the Three Forks area, Montana.

However, Peale's Quadrant included rocks that now are included in

the Amsden Formation. Iddings and Weed (1899) first described the

Quadrant Formation as white and pink quartzites and interbedded

limestones exposed on Quadrant Mountain in the northwest part of

Yellowstone National Park.

In 1935, Scott noted that the Quadrant is the equivalent of the

Tensleep Formation of Wyoming. Scott redescribed the Quadrant,

stating that the formation is "uniform in lithology, consisting of well-

bedded, white to pink, fine- to medium-grained quartzite, in places

more sandy than quartzitic; the thin interbeds of limestone present

in some sections were said to be siliceous" (p.1013). Scott assigned

the lower red beds of the Quadrant, described by Iddings and Weed,

to the Amsden Formation.

The Quadrant is conformable and transitional with the under-

lying Amsden. According to Sloss and Mortiz (19 51) the contact is
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at the lowest massive sandstone bed, although variable thicknesses

of dolomite interbed with the basal Quadrant, and Quadrant sand-

stones interbed with upper Amsden beds.

The contact between the Quadrant and overlying Phosphoria

Formation is covered in the thesis area. But, according to Sloss

and Moritz (1951) the Quadrant-Phosphoria contact is generally con-

formable in southwestern Montana except for numerous local diastems,

none of which are of great areal extent. In the Melrose area,

Theodosis (1956) interpreted a limonitic sandstone in the upper

Quadrant as a product of "pre-Phosphoria erosion". Moran (1970)

found a conglomerate bed at the top of the Quadrant in the central

Centennial Mountains that may mark a disconformity between the

Quadrant and Phosphoria formations.

Distribution and Topographic Expression

The Quadrant Formation crops out on the north face of Reas

Peak, just below the ridge crest, as steep slopes and small benches

(3 to 4 feet) of sandstone. At the west side of Reas Peak, Quadrant

outcrops turn southward and are present on the dipslope of the

mountain as smooth, grassy, and tree covered slopes. Where Dry

Canyon and Blue Creek dissect the dipslope of Reas Peak, the

Quadrant forms steep slopes with blocky, angular talus.

A complete section of the Quadrant was not found in the thesis
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area because of soil cover and talus form the Quadrant and overlying

Phosphoria Formation.

Thickness and Litho logy

The Quadrant Formation is 80 feet thick where the section

was measured in the SW1/4 NE1/4 SW1/4 SW1/4 Sec. 9, T. 15 S.,

R. 2 E. Moran (1970) measured 90 feet of Quadrant sandstone ten

miles to the west of the thesis area.

The Formation is made up of thin- (1 inch) to medium-(2 feet)

planar beds, well--cemented, and well-sorted quartzose sandstones.

Planar foreset cross-bedding occurs locally in the sandstone. The

color of the sandstone is grayish orange (10 YR 7/4) on weathered

surfaces and is very pale orange (10 YR 8/2) on fresh surfaces.

Petrographically, the Quadrant is a very mature sandstone.

A typical Quadrant sample is composed of 75 percent framework

material and 25 percent authigenic quartz cement. The framework

consists of 98 percent quartz, and accessory minerals (2%) include

hornblende, chert, zircon and limonite. Textural characteristics

indicate a very mature sandstone. The individual grains are well-

rounded and very well-sorted, with a median grain size of 0.16 mm

(fine sand). Recrystallization by compaction has occurred within

individual grains, indicated by crenulated grain boundaries, undula-

tory extinction, and fractures across grain boundaries. Authigenic
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quartz is the only cementing agent. The original outline of the

quartz grains can be seen in concentrations of impurities along the

grain boundaries where they have been trapped by quartz overgrowths.

Fossils and Age

No fossils were found -in. the Quadrant Formation in the thesis.

Thompson and Scott (1941) found fusulinids in limestone, near the

top of the type section of the Quadrant at Quadrant Mountain in

Yellowstone Park that indicate a Desmoinesian age for the Quadrant.

The Tensleep Formation of Wyoming has been dated by paleontologic

methods as being Late Atokan to Late Desmoinesian (Henbest, 1956),

a date that indicates the Tensleep is at least in part correlative with

the Quadrant.

Regional Correlation

The Quadrant is a prominent formation in southern and western

Montana, but is absent in central and northern Montana. In north-

western Wyoming, the Tensleep Formation is in part correlative

with the Quadrant but lithologically differs from the Quadrant in

being cemented by calcite, which makes the Tensleep a more friable

sandstone. This characteristic of the Tensleep, according to Sloss

and Moritz (1951) is the only lithologic distinction between the

Quadrant and Tensleep formations. The Wells Formation, a sandy
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and cherty limestone of eastern Idaho, is in part correlative with the

Quadrant of southwestern Montana (Richards and Mansfield, 1912).

Depositional Environment

The Quadrant sands are typical of a stable shelf environment

and indicates a shallow sea floor above wave base. The clean

monomineralic nature of the sandstone show that the sands were

winnowed thoroughly, removing any argillaceous material and shell

debris. The high quartz content and roundness of the quartz and

zircon suggests several multicycled sands or a long transport

interval.

Phosphoria Formation

Richards and Mansfield (1912) named and described the

Phosphoria Formation to include all Permian rocks exposed in

Phosphoria Gulch near Meade Peak, Idaho. The Phosphoria, at

its type locality, consists of 420 feet of phosphatic mudstone, mud-

stone, phosphate rock, and bedded cherts. In 1916, D. D. Condit

and E. H. Finch measured several stratigraphic sections of Permian

rocks in the Madison, Gravelly, and Centennial mountains of

Montana.

Klepper (1950) divided the Phosphoria into five members. They

are, in ascending order; sandstone and dolomites; interbedded
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phosphatic mudstone and phosphate rock; carbonate rock, chert and

sandstone; interbedded bituminous mudstone, phosphatic mudstone,

and phosphate rock; and quartzite, sandstone and chert. McKelvey

et al.(1956) revised the stratigraphic nomenclature of the Permian

rocks, separating the Phosphoria into three separate lithologic

units and assigning them to formational rank. The carbonate rocks

(Klepper's carbonate member) in Montana and Wyoming were con-

sidered to be an extension of the Park City Formation of Utah.

The name Shedhorn Sandstone was introduced for the sandstones,

and the Phosphoria Formation was restricted to the black shale,

phosphatic rock, and bedded cherts of the Permian rocks.

Permian rocks in the Jefferson Mountain area include the

Shedhorn Sandstone and the Phosphoria Formation. The two forma-

tions were mapped as one, the Phosphoria Formation, because of

their thinness and poor exposures. The contact between the

Phosphoria and underlying Quadrant is not exposed in the area, but

the Phosphoria-Dinwoody contact is exposed and is conformable,

sharp, and planar.

Distribution and Topographic Expression

The more resistant Shedhorn Sandstone and Tosi Member of

the Phosphoris are well exposed on the north face of Reas Peak.

The Shedhorn tongues and Tosi Member form benches up to 25 feet
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Figure 9. Looking south at Reas Peak, which is capped
by the upper tongue of the Shedhorn Sandstone.
The valley is glaciated Hellroaring Canyon.
The Island Park Caldera can be seen as the
dark ridge in the background.
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high. The less resistant members (Meade Peak and Retort Members)

form soil and talus covered slopes between the more resistant units.

The nature of the contacts between the Phosphoria's members could

not be determined in the area because of cover. Along the crest of

the dipslope of Reas Peak, the Phosphoria is expressed as smooth

grassy slopes. The best exposures are in the SE1/4 Sec. 8, T, 15-

S., R. 42 E.

Thickness and Litho logy

The Phosphoria Formation and Shedhorn Sandstone tongues

comprise a total thickness of 138 feet where the section was mea-

sured in the SE1/4 SW1/4 SW1/4 Sec. 9 T. 15 S., R. 2 E. Moran

(1970) measured 100 feet of Phosphoria beds in the Centennial

Mountains, 10 miles west of the thesis area.

The basal ten feet of the formation is covered, but talus

samples indicate that the unit may represent the Meade Peak Mem-

ber of the Phosphoria. The rock is a pale yellowish orange (10 YR

8/6) collophane sandstone. Petrographically the rock is composed

of subangular to subrounded detrital quartz (75%), 0.20 mm to 0.50

mm in diameter, chert grains (10%) as large as 0.50 mm in diameter,

and pelletal collophane (15%), 0. 20 mm to 1.0 mm in size. Collo-

phane also occurs as a cementing agent (10%) along with sparry

calcite (85%) and chert (5%), Minor constituents include hornblende,
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plagioclase, and quartzite.

The overlying sandstone beds, 25 feet thick, make up the basal

Shedhorn Sandstone tongue. The unit is medium-bedded (4 to 5 feet)

with bedding planes sharp and planar. The rock is a clear, well-

sorted quartzose sandstone with a median grain size, of 0.20 mm.

Subangular to subrounded quartz grains (85%), chert grains (5%),

and pelletal collophane (10%) make up the framework. The cement-

ing material is authigenic quartz, formed as overgrowths on the

quartz grains. The Shedhorn is characterized by tubular structures

that are perpendicular to bedding and are up, to 8 inches in length and

1-1/2 inches in diameter. These structures are believed to be

formed by benthonic organisms and preserved by an infilling of

material different in lithology or texture from the surrounding matrix

(Cressman and Swanson, 1964). These structures are composed of

chert and weather into short, rod-shaped fragments easily recog-

nized in talus.

The overlying 18 feet is a covered interval with no rock

exposures, but talus includes phosphatic pelletal rock and a phos-

phatic mudstone, strongly indicating presence of the Retort Phosphate

Member of the Phosphoria Formation. The pelletal rock is greenish

gray (5 GY 6/1) with included pellets of collophane. The rock is

composed of detrital quartz (40%) 0.06 t o 0.10 mm in diameter,

and well-rounded collophane (30%) pellets up to 2 mm in diameter.
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The detrital constituents are floating in chert cement (30%). The

chert is probably a secondary cement that has preserved relict

fossil structures while replacing the original cementing material.

The phosphatic mudstone is a fine-grained laminated (1 to 6 mm

wide) rock. The laminations are a dusky yellowish brown (10 YR

6/2). Petrographically, the rock contains dark clay laminae (50%)

that contains phosphatic shell fragments (1%), detrital quartz 0.05

mm in diameter (10%), and argillaceous material (40%). The lighter

laminae are dominatly diagenetic chert (45%), radiolaria (5%)

approximately 0.002 mm in diameter, and intercalated patches of

argillaceous material, collophane, and detrital quartz. Minor con-

stituents throughout the rock include glauconite, limonite, zircon,

hornblende, plagioclase, and muscovite. An interconnecting network

of diagenetic chert throughout much of the clay laminae indicates

partial replacement of the argillaceous material by chert.

The fourth unit, the Tosi Chert Member, is a sequence of

bedded chert. The member is 59 feet thick and forms very resistant

cliffs. The unit is characterized by thin (1 to 2 inches) discontinuous

and undulatory light gray (N6) chert beds separated by thin shale

partings. Beds commonly pinch out after several feet.

The fifth and top unit is a bench-forming chert sandstone 35

feet thick. This unit forms the crest of Reas Peak and is the repre-

sentative of the upper tongue of the Shedhorn Sandstone. The lower
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Figure 10. Excellent exposure of the Tosi Chert Member
of the Phosphoria Formation located on the
northeast face of Reas Peak. Bedding is
generally thin and irregular.
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and upper Shedhorn tongues are similar in character, but the upper

sandstone is cemented by chert whereas the basal tongue is

characterized by carbonate cement (Cressman and Swanson, 1964).

In thin-section, the upper sandstone consists of fine-grained (0. 20

mm), subangular to subrounded detrital quartz (60%), and well-

rounded collophane pellets (0. 50 mm) (20%). The framework has

been disrupted by diagenetic chert, which makes up 40 percent of

the rock. Minor constituents include zircon, and tourmaline.

Columnar bodies present in the upper tongue are similar to those in

the lower tongue of the Shedhorn Sandstone.

Fossils and Age

Small fragments of phosphatic organic material, as well as

chert-replaced fossil relicts, were the only evidence of fossils

found in the Phosphoria Formation in the mapped area.

Condit, Finch, and Pardee (1927) identified fossils in the

Phosphoria as Lingulodiscina utahensis (Girty). However, Jemmet

(1955) re-examined the fossils of Condit et al. and concluded that

they are Orbiculidea utahensis (Meek). Jemmet also reported find-

ing specimens of Crassidonts, Helodus, Conularia and fish teeth in

the Phosphoria of the Centennial Mountains. Moran (1970) reported

finding brachiopods, cephalopods, and bryozoan debris in the

Phosphoria 10 miles west of the thesis area.
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Frenzel and Mundorf (1942) reported fusulinids of Wolfcampian

age in the basal beds of the Phosphoria near Three Forks, Montana.

Ammonites (Leonardian) were discovered in the Rex Chert Member

of the Phosphoria in Idaho and in the Wasatch Mountains by Miller

et al (1957). Based on stratigraphic and fossil studies of the

Phosphoria, Mckelvey et al. (1956) stated that the Phosphoria is

from Wolfcampian to Leonardian in age.

Regional Correlation

The Phosphoria Formation is widespread throughout western

Montana and extends from Utah to Alberta. The Phosphoria is

thickest in southwest Montana and thins northward and eastward.

The formation ranges in thickness from 165 feet to 205 feet in the

Centennial Range. The formation is 500 feet thick in the Snowcrest

Range, 850 feet thick in the Lima district, and thins to less than 200

feet north of Melrose, Montana and east of the Gravelly Range

(Swanson, 1970).

The Minnekahta and Opeche formations of southeastern

Montana and eastern Wyoming are correlatives of the Phosphoria

(Perry, 1945). The Embar Formation of Wyoming, grading west-

ward into the Phosphoria of southwestern Montana is also a corre-

lative.
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Depositional Environment

The Phosphoria Formation is believed to represent a series

of transgressions and regressions of the Permian sea. Cold marine

currents upwelling from the geosyncline to the west supplied phos-

phate, carbonate and silica to the platform area, while clastic

sediments were supplied from the north and northeast (Swanson,

1970).

The abundance of rounded detrital quartz and rounded zircon

in the Shedhorn Sandstones indicates a possible sedimentary pro-

venance. Cressman and Swanson (1964) suggested that the central

Montana platform and the Sweetgrass Arch might have been source

areas for the Shedhorn Sandstone. An eastward thinning of the

rocks and the occurrence of conglomerates in a few eastern localit4es

of the positive areas indicate emergence during at least part of

Permian time.

According to Cressman and Swanson the deposition of fine

muds occurred below wave base and in a reducing environment to

form shales and mudstones of the Phosphoria Formation. They

also explained that the phosphatic pellets originated through direct

precipitation of phosphate from sea water, infiltration of fecal

pellets, and inorganic accretion of phosphate disseminated through

sediments. These same workers hypothesized that the source of
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silica for the massive non-detrital chert members of the Phosphoria

was from organisms whose siliceous tests have undergone diagenetic

alteration. Shale partings between the chert beds may indicate slight

fluctuations in sea level or the shelf area.

Mesozoic Rocks

Dinwoody Formation

The Dinwoody Formation is the youngest consolidated sedi-

mentary formation in the Jefferson Mountain area. Other Mesozoic

formations crop out in the Centennial Mountains west of the thesis

area, but in this area these rocks have either been removed by

erosion or are covered by Tertiary volcanics,

Blackwelder (1918) named the Dinwoody Formation for expo-

sures in Dinwoody Canyon on the northeastern flank of the Wind

River, Wyoming. Blackwelder described the Dinwoody as greenish

gray shales interbedded with thin, calcareous siltstone, silty lime-

stones, and limestones.

Distribution and Topographic Expression

Dinwoody beds crop out at the crest of Reas Peak on the east

side of the mountain in the NE1/4 Sec. 16, and in the NW1/4 Sec. 15,

T. 14 N. , R. 42 E. This is the best exposure of Dinwoody rocks in
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the area. Generally the Dinwoody is expressed by smooth grassy

slopes and residual fragments on the dipslope of Reas Peak. In the

thesis area, the Dinwoody conformably overlies the upper Shedhorn

Sandstone tongue, with a contact that is sharp and planar.

Thickness and Litho logy

The Dinwoody Formation has a maximum thickness of 118 feet

in the thesis area with an unknown amount removed by erosion.

Honkala (1949) reported that Kennedy measured 471 feet of Dinwoody

rocks in the Centennial Mountains.

The dolomitic siltstone beds range in thickness from 1 inch to

10 inches and are separated by thin shaly partings. Bedding is

thicker at the base (10 inches) and becomes thinner (1 inch) and more

flaggy toward the top. The thin beds generally weather out to form

flaggy talus.

The formation is composed of dolomitic siltstones, grayish

orange (10 YR 7/4) on a weathered surface and very pale orange

(10 YR 8/2) on a fresh surface. The rock consists of coarse silt-

sized (0. 045 mm) angular detrital quartz grains (70%) and dolomite

(29%), which acts as the cementing agent along with hematite.

Muscovite occurs in 1 percent of the rock.
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Figure 11. Exposure of the Triassic Dinwoody Formation.
The Dinwoody is a calcareous siltstone with
intercalated shale partings. The Formation
is the youngest sedimentary rock unit in the
area.
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Fossils and Age

Numerous brachiopods (Lingula borealis) and gastropods were

found in the Dinwoody Formation within the thesis area, Specimens

of well-preserved gastropods and Lingula are concentrated along

bedding surfaces; the fossils become more numerous upwards in the

unit.

Moritz (1951) found specimens of Lingula in every section of

the Dinwoody in southwestern Montana, as well as internal and

external molds of Claria and Eumorpholis in upper limestone beds.

An Early Triassic fauna was reported in the Dinwoody beds of

southwestern Montana by Newell and Kummel (1942). Kummel (1954)

reported finding two ammonite faunas, and dated them as Scythian

(Early Triassic) in age. One specimen was found in Frying Pan

Gulch, Beaverhead County and the other at Daly's Spur, 13 miles

south of Dillon, Montana.

Regional Correlation

The Dinwoody Formation crops out throughout southwestern

Montana, eastern Idaho, western Wyoming and northeastern Utah.

The formation is absent in northern Montana owing to an interval

of erosion that occurred prior to the advance of the Jurassic sea

(Sloss, 1950). The Dinwoody is thickest in southeastern Montana,



78

where it is approximately 2, 200 feet thick.

Correlative formations of the Dinwoody are the Spray River

Formation of Alberta and British Columbia (Stockwell, 1957), and

the lower beds of the Moenkopi Formation of Utah, Nevada, and

Arizona (Reeside et 21. , 1957).

Kummel (1960) describes two facies existing in the Dinwoody

Formation. In southwestern Idaho and southwestern Montana, the

Dinwoody consists of a lower shale member and an upper siltstone-

limestone member, but eastward (western Wyoming) the Dinwoody

is dominantly a siltstone-limestone facies.

Depositional Environment

According to Moritz (19 51) the basal shale member of the

Dinwoody was deposited in typical, quiet marine water. Positive

movement of the shelf or a regression of marine water could indi-

cate the transition of shale into the upper clastic-limestone unit of

the Dinwoody. The cyclic occurrence of intercalated siltstone,

shale and limestone beds of the upper Dinwoody is characteristic of

an unstable shelf environment. Cyclic shifts of environments from

lagoonal to neritic conditions are expressed by the repetition of

Lingula and Claria faunas in some Dinwoody sections.

Detrital silt-sized quartz and muscovite may indicate a

provenance of sedimentary and metamorphic rocks. Moritz (1951)
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suggested that the source area for the clastic material was to the

east, behind the shelf area of Wyoming and eastern Montana.

Cenozoic Rocks

Basalt Flows

Tertiary basalt flows lie unconformably over Precambrian

metamorphic rocks and Paleozoic sedimentary rocks in the eastern

part of the thesis area. The flows are disconformably overlain by

younger rhyolite flows of the Island Park-Yellowstone volcanics.

Distribution and Topographic Expression

The basalt flows crop out in parts of Secs. 2, 11, 14, and 23,

T. 15 S., R. 2 E., in Montana. The flows are a series of basalt

and basaltic agglomerate flows. The agglomerates form character-

istic low mounds where they are not capped by basalt. The basalt

flows form steep cliffs 800 feet high on the south side of Rock Creek

Basin, where the flows have been exposed by glacial action.

Thickness and Litho logy

No attempt was made to measure the thickness of the basalt

in the thesis area. Sawtell Peak (9, 866 feet in elevation), which is

located 1 mile east of the area, is composed of more than 1, 200
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Figure 12. Exposure of Tertiary basalt and agglomerate
flows. The agglomerate (lower part of photo)
flows form rounded mounds when not capped
by basalt.
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feet of basalt and agglomerate flows.

The agglomerate flows where measured are from 3-1/2 to 7

feet thick. The color of the agglomerate ranges from grayish orange

(10 YR 7/4) to blackish red (5 R 2/2) and moderate reddish brown

(10 R 4/6). The agglomerate is composed of rounded scoria frag-

ments 1/2 inch to 10 inches in diameter. Minerals identified in

hand specimens of scoria fragments consisted of zeolites in a

glassy vesicular matrix.

Contacts between the agglomerate and basalt flows are sharp

with long undulatory planes. Individual basalt flows are character-

ized by a vesicular zone along the top of the flows, and locally these

vesicules are calcite filled. The basalts weather to a grayish

orange (10 YR 7/4) and are medium dark gray (N4) on fresh surfaces.

Petrographically, the basalts consist of holocrystalline sub-

hedral to euhedral laths, of plagioclase (labradorite ?) (50%), sub-

hedral to euhedral phenocrysts of augite (20%) and olivine (10%) up

to 2.5 mm, and magnetite (10%). A clay mineral occurs as an

alteration product of augite and olivine. Moran (1970) identified

the clay mineral nontronite in similar basalts in the central Centen-

nial Mountains.

Age

The basaltic rocks are probably Tertiary in age. Kirkham
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(1931) assigned a Pliocene age to the basalt flows he described in the

Centennial Mountains and Snake River Plain. Honkala (1949)

assigned a Teritiary to the basalts and stated that they are the old-

est volcanic rocks in the Centennial Range.

Welded Tuff

In 1961, Boyd described rhyolitic welded tuffs in Yellowstone

National Park, where he named the Yellowstone Tuffs. In 1965,

Hamilton analyzed rhyolite and basalt flows of the Island Park

Caldera in eastern Idaho. Data indicate that the Yellowstone Tuffs

and the Island Park rhyolites are compositionally similar. Welded

tuff flows that unconformably mantle Late Paleozoic, Mesozoic,

and older Tertiary volcanics in the thesis area appear to be exten-

sions of the Yellowstone Tuffs and Island Park rhyolites to the east

and south, respectively, of the thesis area.

Distribution and Topographic Expression

Welded tuff flows crop out in the extreme southern part of the

area in Secs. 15, 22, 26, 27, 28, 29, and 30, T. 14 N., R. 42 E.

where they have mantled the dipslope of the Centennial Range.

Exposures also occur in all or parts of Secs. 1, 2, 35, 36, 26, and

23, T. .5 N., R. 1 E. in Montana and in Secs. 7, 12, 13, 18, 24, and

25, T. 14 N. , R. 42 E. in Idaho.
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The western part of the welded tuff flows extends from the

Snake River Basin northward through the area, where the flows

terminate against the southern edge of the Centennial Valley (refer

to geologic map).

Thickness and Litho logy

A cliff of welded tuff about 200 feet thick is located in the

S1/2 Sec. 9, T. 15 S. , R. 2 E. In outcrop, the welded tuffs are

expressed as rounded, lobe-shaped mounds covered by a thin layer

of granular soil. Hand specimen analysis shows the welded tuff to

be light gray (N7) on a fresh surface and pale red (10 R 6/2) on a

weathered surface. The rock shows no flow banding but contains

large, clear phenocrysts up to 4.0 mm in diameter to a fine- grained

matrix.

The welded tuff is composed of a devitrified matrix (86%) of

tridymite or cristobalite, and euhedral sanidine phenocrysts (10%)

0.. 20 mm to 2 mm in length. Magnetite (4%) forms small grains

0. 25 mm in diameter down to a fine dust. Rare plagioclase crystals

and limonite make up the remainder of the rock. Texturally the

rock is strongly eutaxitic. Pumice fragments and glass shards are

tightly compacted and warp around the phenocrysts.
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Island Park volcanism is part of the Snake River and Yellowstone

province of Pliocene and Quaternary volcanism. X-ray analysis of

rhyolitic flows in the central Centennial Mountains by Moran (1970)

compared with Hamilton's analysis of rhyolite from East Butte shows

that the two rhyolites are strikingly similar in mineral composition.

Because of similarity of composition and close proximity to the

Island Park Caldera, the welded tuff of the thesis area are believed

by the writer to be part of the same Pliocene volcanism of the Snake

River and Yellowstone province.

Quaternary Deposits

Unconsolidated surficial deposits Pleistocene or younger in

age include glacial till, alluvium, landslide deposits, talus, and

rock fall.

Glacial Till

The glacial moraines deposited at the terminal ends of valley

glaciers that advanced down from the Jefferson Mountain area are

composed of Precambrian metamorphic rocks and an assemblage of
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Figure 13. Looking northwest at the south side of
Mt. Jefferson with Hellroaring Canyon in
foreground. Note landslide at the left of
photo. Mt. Jefferson is capped by the
Lodgepole and Mission Canyon formations.
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Paleozoic sedimentary rocks in the form of boulders, cobbles,

pebbles, and silt- and clay-sized debris.

Alluvium

Detrital material deposited by running water occurs along

streams and as alluvial fans where streams have deposited their

load at the break in gradient. The composition of the alluvium

reflects the rock units that have been affected by the streams'

erosion.

At the mouth of Red Rock Creek, where it breaks through the

scarp, is an indistinct fan composed of boulder- to pebble-sized

debris consisting of Precambrian metamoprhic rocks, and

Paleozoic sedimentary rocks, and Tertiary volcanics. The Rock

Creek alluvial fan, which is outside the thesis area, in Sec. 24,

T, 15 N., S. 42 E., is in composition similar to the Red Rock

Creek fan but includes morainal and basaltic material brought by

the streams through areas of basalt and moraines. Streams that

drain the dipslope of Reas Peak consist of recent wash material.

The alluvium of pebbles, sand, and clay is derived from Paleozoic

and Mesozoic sedimentary rock, and Tertiary volcanics.

Mass Gravity Deposits

Mass wasting in the area is a most effective erosional process
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because of high elevation, steep slopes, and extreme climate condi-

tions, Types of gravity processes operating in the area include

landslides, rock fall, and rock creep.

In Secs. 5 and 6, T, 15 S., R. 2 E., a large landslide of

Pilgrim, Jefferson, and Three Forks rocks is found on incompetent

Park Shale rocks. The landslide is about 1 square mile in size,

and forms hummocky topography on the south slope of Jefferson

Mountain. Another landslide involving rocks of the Meagher and

Flathead Formations is located in the NW1/4 Sec. 2, T. 14 N. ,

R. 42 E. This slide is characterized by very large angular boulders

of Meagher Limestone.

Rock fall takes place along the steep north-facing scarp of the

Centennial Range. Large isolated boulders and cobbles of Pre-

cambrian quartzites and dolomite are found along the north flanks

of Nemesis and Red Rock mountains. Rock fall has also accumulated

large talus piles below the exposed cliffs of the Meagher and

Lodgepole formations. The largest such talus slope occurs on the

north cirque wall of Jefferson Mountain in the S1/2 Secs. 3 and 4,

T. 14 N., R, 42 E.
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STRUCTURAL GEOLOGY

Regional Structure

The topography of southwestern Montana is dominated by

north- and northwest-trending mountain ranges separated by similar-

trending intermountane basins. This pattern reflects the old struc-

tural framework of the basement rocks and the stress systems dur-

ing the Laramide Orogeny (McMannis and Chadwick, 1964). These

structural features are relatively simple and generally lack folding.

Normal faulting is the major feature of these structural patterns.

Almost every range represents an upthrown and tilting fault-block

accompanied by an adjacent downthrown intermountane basin

(Witkind, 1969).

In southwestern Montana there are two major structural sys-

tems. The Madison Range and its complimentary basin trends

northwestward and is controlled by a series of high-angle faults that

dip basinward. The other system is the west trending Centennial

Range and Basin that cuts the prevailing tectonic grain. The northern

edge of the Centennial Range is bounded by a series of normal faults

that dip northward below the Centennial Valley floor. This anomaly,

according to Hamilton (1960) has resulted from Late Pliocene down-

warping of the Snake River Basin.
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Thesis Area Structure

Pre - Tertiary and Tertiary rocks have been deformed by Late

Pliocene and Pleistocene faulting in the area. West-trending high-

angle normal faulting created a bold north-facing scarp and large

cuestas that dip southward. There is no evidence of folding in the

area, and faults are few, making the area structurally simple. No

features of recent fault activity were observed.

Uplift occurred along two faults that formed the north-facing

scarp in the area. The eastern-most fault trends approximately

N. 60° W. at the eastern edge of the map area, but bends to a west-

ward trend at the base of Red Rock Mountain. The western-most

fault begins approximately 1-1/2 miles west of the western boundary

of the area. Trending about N. 55° W., the fault extends along the

base of Nemsis Mountain where the fault terminates against Red

Rock Mountain. No stratigraphic criteria to determine fault displace-

ment were found in the area, but the height of the mountains relative

to the valley suggests an uplift of more than 3,000 feet.

A north-trending fault partially transects the Centennial Range

at the western edge of the area. For easy description the fault will

be called the Willow Creek Fault. Willow Creek Fault is an arcuate

normal fault with a general northeast trend. Evidence of faulting can

be seen in Secs. 8 and 19, T. 14 N., R. 42 E. in Idaho where
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Precambrian metamorphic rocks have been upthrown on the western

side of the fault and Paleozoic sedimentary rocks have been down-

thrown on the fault% eastern side. The fault continues its northeast

trend until it disappears below a large landslide on the south slope

of Jefferson Mountain. The fault has obliquely truncated Cambrian

to Mississippian rocks The minimum amount of displacement is

approximately 1,500 feet. A small normal fault, trending northwest

seemingly is related to the Willow Creek Fault and is located in

Sec. 19, T. 14 N., R 42 E. This small fault has offset Mission

Canyon and Lodgepole beds an indeterminate amount. The northern

side is upthrown.

Honkala (1967) mentioned that faulting has occurred, which has

juxtaposed Pliocene volcanics and Precambrian quartzites, along

Hellroaring Canyon. The fault is associated with the lower 3 miles of

Hellroaring Canyon. The author does not argue the fact that a fault

may exist along Hellroaring Canyon, but because the canyon has been

glaciated evidence of faulting is not observable.
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GEOMORPHOLOGY

Faulting, glaciation, and running water are the dominant fac-

tors involved in effecting the present topographic features of the area.

Erosional processes now at work in the area are weathering, mass-

wasting, and stream erosion.

Stratigraphic and Structural Control of Topography

The topography of the Jefferson Mountain area is controlled

by the structural attitude of the rocks and by the lithologic nature

of stratigraphic units.

The large cuestas formed during uplift of the Centennial

Mountains have determined the runoff of water to the south. Dry

Canyon Creek, Blue Creek, and Hotel Creek, as well as many

intermittent streams, are all consequent streams that drain Reas

Peak. The position of Willow Creek, however, is fault controlled.

The large cuestas that form Red Rock Mountain, Jefferson

Mountain and Reas Peak are upheld by Paleozoic limestones and

sandstones of the Meagher, Madison Group, and Phosphoria forma-

tions. The less resistant Park Shale forms a strike valley in Rock

Creek Basin, and the dipslope of Reas Peak is capped in places by

siltstones of the Dinwoody Formation,
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Stream Erosion

Many of the small streams on the south slopes of Reas Peak

have formed steep-walled, V-shaped valleys and broad interstream

divides. The streams are consequent, their course having been

decided by the structural nature of the area.

Most of the streams that flow northward in the area are now

within glacially enlarged valleys. These include Red Rock Creek,

Rock Creek, and the south fork of Duck Creek. However, Red Rock

Creek apparently existed before the area was uplifted. At the

confluence of Nemesis Mountain and Alaska Basin in the NW1/4 Sec.

25, T. 14 S., R. 42 E., Red Rock Creek, which is one of the main

tributaries of the Jefferson River, has superimposed itself through

approximately 500 feet of Nemesis Mountain Precambrian quartzite,

Glacial Features

Pleistocene glaciation has been responsible for development

of cirques, U-shaped valleys, and lakes in the Jefferson Mountain

area, as well as for depositing several terminal moraines on the

northern flanks of Red Rock Mountain and Nemesis Mountain,

Glaciers have eroded two prominent valleys and several

smaller valleys along the north-facing scarps of the area. The two

large valleys, Hellroaring Canyon and Rock Creek Basin, dominate
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the drainage in the area. Hellroaring Canyon trends west between

the south slope of Jefferson Mountain and the north slope of Reas

Peak, before the valley trends north towards Nemsis Mountain. Rock

Creek Basin, a glacial valley heading in a large cirque on the north

side of Jefferson Mountain, trends east to Sawtell Peak, where is

turns north and breaks through the scarp in Secs. 1 and 2, T. 14 N.,

R. 42 E.

Lillian Lake located in the NE1/4 Sec. 1, T. 15 S., R. 1 E.,

and Lake Mavie, located in the NE1/4 Sec. 3, T. 14 N., R. 42 E.,

were both formed by glacial erosion.

Jefferson Mountain has been deeply eroded and scarred by

ice packs that have accumulated on its northern slopes, where

several cirques and an arete have been developed. The arete is

located in Sec. 32, T. 14 S., R. 42 E., and the cirques are located

in the SW1/4 Sec. 4 and the S1/2 Sec. 3, T. 14 N., R. 42 E.

Glaciers have deposited several moraines. These heavily

wooded, lobe-shaped terminal moraines are located in Alaska Basin

in Secs. 26 and 27, T. 15 N., R. 42 E., in Secs. 19 and 30, T. 14

S., R. 1 E., and in the SE1/4 Sec. 4, and the SW1/4 Sec. 3, T. 14

N., R. 42 E.

Alden (1953) recognized two stages of glaciation in south-

western Montana, separated by an interval of steam erosion. The

first glacial advance Alden dated as pre-Wisconsin and the second
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as Wisconsin. Witkind (1969) recognized three stages of glaciation

in southwestern Montana. The oldest and largest glacial advance

Witkind believes was probably pre-Wisconsin, perhaps Illinoian,

in age. Witkind assigned this advance to a pre-Bull Lake age. The

second ice sheet Witkind assigned to Blackwelder's (1915) Bull Lake

Stage that invaded the area in late pre-Wisconsin or Early Wisconsin

time. The third stage of glaciation in the area was restricted to

valleys, and Witkind assigned this glacial period to Blackwelder's

Pinedale Stage of Late Wisconsin time. The nature of the moraines

(unweathered rock debris and sharply defined shapes) and their

close association with glaciated valleys strongly indicates a Late

Wisconsin (Pinedale?) Stage for glaciation in the thesis area.
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GEOLOGIC HISTORY

Precambrian

The oldest rocks in the thesis area are the metamorphic

schists, quartzites, gneisses, and dolomites of the Cherry Creek

Group, which were derived from pre-existing sediments deposited in

geosynclinal basins. These thick clastic and carbonate sequences

were later subjected to orogenic compression and folding. Dynamic

metamorphism was the final stage of change for the disturbed sed-

imentary rocks. Metamorphism was followed by a positive epiero-

genic movement, exposing the Cherry Creek Group to erosional

truncation until the landmass was inundated by transgressing Middle

Cambrian marine waters (Thom, 1957).

Paleozoic Era

Transgression of the shallow Middle Cambrian sea (beginning

of Sauk sequence) resulted in the deposition of basal quartz sands

and conglomerates (Flathead Formation) across the Wyoming shelf.

These sediments were derived from a Precambrian metamorphic

rock provenance to the east. Continued slow subsidence of the

miogeosyncline and shelf areas changed the depositional environ-

ment, resulting in the deposition of the Wolsey Shales. Although
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Wolsey rocks are absent in the thesis area, the formation occurs

widely in southwestern Montana. Its absence in the Centennial

Range is either the result of non-deposition or removal by erosion.

After Wolsey time, advancing seas deposited a thick sequence of

carbonate muds that formed the Meagher Formation. Late in

Middle Cambrian time epeirogenic uplift to the east caused clastic

sediments (Park Shale) again to be deposited across the shelf of

southwestern Montana. Deepening waters in Late Cambrian time

resulted in a renewal of deposition of lime muds (Pilgrim Formation

Following post-Pilgrim emergence of the Wyoming shelf

throughout western Montana the land area remained exposed to

erosion until Late Devonian time. Any deposits of Late Cambrian,

Ordovician, and Silurian sediments in southwestern Montana were

removed by pre-Middle Devonian erosion (Sloss, 1950).

Renewed marine conditions in Middle Devonian time of the

shelf region marks the beginning of the Antler Orogeny and the

transgressing Kaskaskia sequence (Johnson, 1971). Deposition of

carbonates began at this time, followed by complete dolomitization

of the carbonate sequence to form the Jefferson Formation. A

shallowing marine environment initiated the deposition of silts,

sands, and limey muds of the Three Forks Formation, following

which a brief break in deposition marked the end of Devonian

sedimentation.
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Deposition of Mississippian sediments began with the Sapping-

ton shales followed by a further subsidence of the miogeosyncline

and shelf areas, accompanied by the deposition of lime muds of

the Lodgepole Formation. The greatest transgression of the Madison

Sea occurred during Mission Canyon time. Deep water and stabliza-

tion of the basin led to the development of the thick-bedded carbon-

ates of the Mission Canyon Formation (Sloss and Hamblin, 1942).

Marine regression after Mission Canyon time is indicated by an

erosional surface and a breccia zone at the top of the Mission

Canyon Formation. This uplift ended the Antler Orogeny and the

Kaskaskia sequence (Sloss, 1950).

In Late Mississippian time the Sonoma Orogeny and the

Absaroka epeirogenic sequence began, resulting in deposition of the

carbonates of the Amsden Formation in western Montana (Johnson,

1971). Later diagenetic changes dolomitized the Amsden Formation.

A positive miogeosynclinal environment began in southwestern

Montana, depositing clean well- sorted sands (Quadrant Formation)

in transitional contact with the underlying Amsden, The sandstones

indicate a shallow, agitated environment and a nearby source of

clastics. Quadrant deposition was interrupted in Middle Pennsyl-

vanian time by continued epeirogenic uplift of southwestern Montana

(Cressman and Swanson, 1964).

During Permian time southwestern Montana was a semi-stable
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shelf area. Western Montana was on the east edge of a miogeo-

syncline where sandstones, cherts, mudstones, and phosphates

(Phosphoria Formation) were deposited by a transgressive-

regressive sea. According to Cressman and Swanson (1964) the

phosphatic shale members represent transgression of marine water,

whereas the two tongues of the Shedhorn Sandstone reflect a regres-

sion of marine water. Major source areas for detritus of Permian

rocks was central Montana, and for the northwest, perhaps near the

Bitteroot Range (Cressman and Swanson, 1964).

Mesozoic Era

The Triassic Dinwoody is the only Mesozoic formation

represented in the thesis area. Probably as a result of post-faulting

erosion, post-Dinwoody rocks have been removed from the thesis

area.

A north-trending stable shelf condition existed along the mar-

gin of the miogeosyncline during Early Triassic time. This

environment resulted in the deposition of siltstones, sandstones,

and limestones, to form the Dinwoody Formation. This event also

marked the greatest eastward transgression of the Triassic sea.

Uplift in Late Triassic time marked the end of the Absaroka

sequence and Sonoma Orogeny (Johnson, 1971).
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Cenozoic Era

During Pliocene time volcanism dominated the tectonic activity

in the Yellowstone-Snake River Plains area by depositing rhyolites,

welded-tuffs, and basalts. Down warping of the Snake River Plain

in Late Pliocene time resulted in the southward tilt of the Centennial

Range formed along a west-trending normal fault.

Finally, several stages of Pleistocene glaciation modified

the Centennial Range leaving their scars and debris upon the topo-

graphy. Mass-wasting, weathering, and stream erosion are slowly

eroding the area at the present time.
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ECONOMIC GEOLOGY

The Retort and Meade Peak members of the Phosphoria

Formation contain mineable amounts of phosphate rock in south-

western Montana. In the central Centennial Mountains, both the

Retort and Meade Peak members contain high-quality phosphate

beds. Phosphate rock was strip-mined from the Meade Peak Mem-

ber near Sheep and Taylor Mountains in 1958 by the J. R. Simplot

Company. The Retort Member at the present contains an estimated

15, 000 tons of phosphate rock and the Meade Peak an estimated

35, 000 tons of phosphate rock in the Centennial Range (Swanson,

1970).

The thinness of the Meade Peak Member makes unfeasible the

mining of phosphate rock in the eastern part of the Centennial Range

although the member contains high-quality phosphate. Moreover,

overburden must also be considered an economic factor because

approximately 128 feet of strata lies upon the Meade Peak, and strip

mining is the only feasible method of removing phosphate ore at

this time. The Retort Member, in the same area, does not contain

high-grade ore according to Condit, Finch, and Pardee (1928),

(Swanson, 1970).

Oil and gas possibilities in the thesis area are negligible,

although rocks of several formations, the Jefferson, Lodgepole,
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Mission Canyon, and the shales of the Phosphoria, emit a petrol-

iferous odor on a fresh break. No stratigraphic or structural

condition was found to indicate the likelihood of gas or oil

accumulation.
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