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Abstract approved:

Fourteen square miles of the southeast flank of the Arnstead anti-

dine are included in the thesis area. The anticline lies 18 miles

southwest of Dillon, in Beaverhead County, Montana. The thesis area was

mapped in detail to define formation distribution and structural trends.

The rocks exposed in the area range in age from Precambrian to Recent.

The Precambrian basement rocks are overlain by 6,000 feet of Paleozoic

strata which are divided into ten formations. These formations encom-

pass the Cambrian, Devonian, Mississippian, and Pennsylvanian Periods.

The only Mesozoic unit present in the thesis area is a part of the

Cretaceous-Tertiary Beaverhead Formation. Cenozoic units include

Beaverhead conglomerates, unconsolidated gravels, a basalt flow, river

terrace gravels and alluvium.

Descriptions of the stratigraphy and biostratigraphy of the

Mississippian and Early Pennsylvanian rocks were the major areas of
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concentration. Specific attention was directed toward the petrography

and biostratigraphy of the Big Snowy Formation units; this ultimately

led to interpretation of the environments of deposition. This bio-

stratographic and petrographic study is the first of its kind on the

Big Snowy Formation west of the Montana cratonic platform. Approximate

thickness determinations of Mississippian strata in the Arnistead anti-

dine have furthered the understanding of the pattern of sedimentation

in the area between the cratonic platform and the miogeosyricline.

Both cratonic and geosynclinal styles of structural deformation

are present in the thesis area. The Armstead anticline is a large,

northwest-trending fold, which is flanked on the east by the Grayling

syncline. The Tendöy thrust fault, which marks the eastern edge of

the Grayling syncline, has juxtaposed Mississippian limestones on

Cretaceous-Tertiary conglomerates.

The economic potential for petroleum discovery in the Armstead

anticline area does not appear encouraging. Besides Tertiary folding

and faulting which may have exposed existing hydrocarbons, the inter-

pretation of the Tendoy thrust as a high angle reverse fault with a

lesser lateral displacement suggests that a petroleum trap does not

exist within, or beneath, the main structure of the anticline.
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THE BEDROCK GEOLOGY AND STRATIGRAPHY OF THE MISSISSIPPIAN

AND EARLY PENNSYLVANIAN ROCKS OF THE SOUTHEAST FLANK,

ARMSTEAD ANTICLINE, BEAVERHEAD COUNTY, MONTANA

INTRODUCTION

Purposes

The four principal objectives of this investigation are to:

1. map the bedrock distribution and structural geology of the south-

east flank of the Armstead anticline; 2. prepare structural cross

sections; 3. describe in detail the Mississippian units; 4. determine

the biostratigraphic relations between conodont and brachiopod

sequences of the Mississippian units.

Investive Methods

Field

Field work was begun June 30, 1979, and ended September 1, 1979.

Data acquired in the field were plotted on a U. S. Geological Survey

topographic base map (1:12,000) with the aid of aerial photographs

(1:24,000) obtained from the U. S. Geological Survey in Denver,

Colorado.

Individual stations were recorded daily on the base map and coordi-

nated with notations in the field notebook. Geologic structures and

formation contacts, plotted on the photos, were transferred to the base

map. Structural features and attitudes of bedding were measured with a

Brunton compass.
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Acquisition of other field data was accomplished with the use of

a lox hand lens and dilute (O.lN) HCL. The Geological Society of Amer-

ica Rock-Color Chart was utilized in systematizing the rock descriptions,

and a sand guage provided comparison standards for grain size (after

Wentworth, 1922) and particle roundness (after Powers, 1953). A total

of 164 stations were recorded in the field and 36 rock samples were

taken, including 13 fossil collections. The collections were taken in

calculated intervals, ranging in age from the Early Mississippian to the

Pennsylvanian and included brachiopod, conodont, coral, and echinoid

assemblages. Stations and samples were noted as GH-l-79 through

GH-164-79 in the field book, and samples were marked with indelible

black ink and sacked in bags to insure proper identification upon arrival

at Oregon State University. Each collection was removed directly from

the bedrock to prevent float contamination.

Laboratory

Thirty thin sections were studied petrographically and the carbon-

ates were identified and classified according to Folk's (1962) classifi-

cation. The clastic units were classified according to Gilbert (Williams,

Turner, and Gilbert, 1954). The discrete rock units are described, by

formation, later in the thesis.

The fossil assemblages recovered from the Mississippian and

Mississippian-Pennsylvanian formations were processed in formic acid to

recover the silicified fossil material. The conodonts were sent to

Dr. Charles Sandberg of the U. S. Geological Survey in Denver, Colorado,

where he assigned the conodont faunas to zones. The brachiopods in



this sequence were examined and identified by Dr. Mackenzie Gordon of

the U. S. Geological Survey in Washington, D.C.; Dr. W. J. Sando,

also of the U. S. Geological Survey, Washington D.C., identified the

corals.

Geographic Setting

Location and Accessibility

The Armstead anticline is located in southwestern Beaverhead

County, Montana, approximately 18 miles southwest of Dillon, Montana.

The anticline is a curvilinear northwest-southeast-trending structure;

its southeastern limb becomes the overturned western limb of the Gray-

ling syncline. The area of study is located at 45 N latitude and

112° 50' W longitude and includes sections 16-21, 28-32, of T. 9 S.,

R. 10 W.V; sections 13 and 24, T. 9 S., R. 11 W.; and section 5, T. 10 S.,

R. 10 W. (Figure 1). The mapped area covers 14 square miles which are

included in parts of Eli Spring, Garfield Canyon, Red Rock, and Dalys

7½ minute U. S. Geological Survey quadrangles. A series of .jeep trails

leading from the Clark Canyon Reservoir and the Lowell Hildreth ranch

to the thesis area aided in accessibility. Several road-cut exposures of

Mississippian and Pennsylvanian formations are found around the perime-

ter of the north side of the reservoir.

Ten miles to the east of the Armstead anticline is the Blacktail

Range, an uplifted Precambrian and Paleozoic block. The Snowcrest Range

southeast of the Blacktail Range is a northeast-southwest-trending anti-

dine, probably formed prior to the emplacement of the Tendoy thrust
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sheet. The southern Tendoy Range is located directly south of the Arm-

stead anticline; it reflects the southernmost extent of the Montana dis-

turbed belt. The Arrnstead anticline has been interpreted as the north-

ward extension of the Tendoy Range (Figure 2).

Topography

The topography of the field area is variable, ranging from steep

cliffs along the Tendoy thrust front, in the extreme east, to more

gently rolling hills in the Grayling syncline. The elevation ranges

from 5,400 feet in the Beaverhead River valley to 6,600 feet along the

northwestern edge of the field area, creating a maximum relief of 1,200

feet.

The formations in the southern part of the area trend in a north-

south linear direction. The strata range from near vertical to over-

turned from the Cambrian through the Devonian, creating continuous

ridges along the flank of the ariticline. The Flathead Sandstone, and

the Pilgrim and Jefferson Dolomites are very prominent ridge-formers,

with little to no vegetation. The Wolsey Shale and Three Forks Forma-

tions are characterized by sagebrush-filled gullies; outcrops of these

formations in the thesis area are very rare. The Mississippian and

Pennsylvanian units are well exposed, locally forming cliffs at the

highest elevations. The Quadrant Sandstone supports abundant juniper

trees and sagebrush.

The climate is semi-arid, receiving an average annual precipitation

of 15 inches, most of which is snow in the winter months. No drainage

patterns have developed on the carbonate units; however, large caverns
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do exist in the Mission Canyon Limestone. Several springs, from which

heated (680 F) waters flow, are located in the Beaverhead Conglomerate

along the eastern edge of the field area.

A major landslide is found in sections 28, 29, 32, and 33 of

T. 9 S., R. 10 W. The slide is in an unconsolidated Tertiary gravel

and probably originated along the trace of the Tendoy thrust.

Previous Work

Geological interest in southwest Beaverhead County was prompted by

the discovery of gold, silver, lead, and zinc ore deposits in the late

1800's and early 1900's (Shenon, 1931; Sahinen, 1934). Discoveries of

oil shales and phosphate rock of significant economic value (Bowen,

1917; Condit, 1919) also focused attention on specific mining districts

of the area, but very little detailed geologic mapping was undertaken

prior to 1940. In the late 1920's G. S. Lambert produced a generalized

map showing the distribution of undifferentiated Paleozoic rock for

Beaverhead County. This map was later incorporated in a Preliminary

Geologic map of Montana (Andrews, Lambert, Stose, 1944).

Sloss (1942, 1950, 1951) provided the first detailed stratigraphic

analysis of the Paleozoic rocks of southwest Montana. In a series of

articles, Sloss established correlations relating the Paleozoic sedimen-

tary rocks of this area to regions north and south of Beaverhead County

which had previously been mapped and had been assigned formation names.

Klepper (1950) and McKelvey et al. (1956) described various units

of the Permian Phosphoria Formation in southwest Montana. Scholten

et al. (1955) mapped a large section of southern Beaverhead County, Mon-



tana and Clark County, Idaho, delineating the regional tectonic framework

and structural style for the area.

A region known as Bannack-Grayling was mapped by Lowell (1965) and

the Armstead ariticline is situated in the southwest part of this area.

Precambrian through Recent exposures were mapped by Lowell in the Arm-

stead anticline area, but detailed petrographic analyses or the study

of the environments of deposition of the stratigraphic units were not

undertaken.

Gutschick (1964, 1967, 1975), Rodriguez (1967), Klapper (1966),

and Sandberg (1962, 1967) extensively studied the Late Devonian-Missis-

sippian brachiopod and conodont sequences of the Three Forks Formation,

specifically the Sappington Member in southwest Montana. Among the lo-

calities at which field observations and zonal determinations were made

was Ashbough Canyon in the Blacktail Range. Sando and Dutro (1960) and

Sando (1967, 1972, 1974, 1976) have made significant stratigraphic and

biostratigraphic studies of the Cottonwood Canyon, Paine, and Woodhurst

Members of the Madison Group, as well as the Mission Canyon Formation.

Oscar Huh (1968) discussed the Mississippian System across the

Wasatch Line and its influence on Paleozoic sedimentation (Figure 3).

This is the most important geological work, to date, that has been

accomplished regarding the zone of transition from the Idaho miogeosyn-

clinal province to the west, to the shallow cratonic province of south-

western Montana.
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REGIONAL PALEOZOIC STRATIGRAPHY

The regional Paleozoic stratigraphy of southwestern Montana encorn-

passes 20 formations, ranging in age from the Middle Cambrian through

the Permjan (Plate 1). Twelve of these formations are recognized in

the Armstead anticline area, and 10 are recognized in the thesis area

(Figure 4). The 20 formations include the Cambrian Flathead, Wolsey,

Meagher, Park, Pilgrim, Dry Creek, and Red Lion; the Devonian Maywood,

Jefferson, and Three Forks; the Mississippian Lodgepole and Mission Can-

yon; the Late Mississippian Big Snowy Group, consisting Of the Kibbey,

Otter, and Heath Formations; the Early Pennsylvanian Amsden Group,

consisting of the Tyler, Alaska Bench, and Devil's Pocket Formations;

the Pennsylvanian Quadrant; and the Permian Phosphoria.

Approximately 8,200 feet of Paleozoic sedimentary rocks overlie the

Precambrian basement. The Precambrian rocks of southwestern Montana con-

sist of the middle Precambrian Pony and Cherry Creek Series, the Dillon

Granite Gneiss, and the late Precambrian Belt Supergroup. The latest

Precambrian and Early Cambrian rocks in the western United States con-

sist of a westward-thickening wedge of terrigenous detrital rocks which

overlies the Belt Supergroup. The varied sequence of quartzites, silt-

stones, and subordinate conglomerates is considered as a single unit

because of lithologic similarities, notable lack of fossils, and diffi-

culty in determining the Precambrian-Cambrian boundary (Stewart and

Suczek, 1977).
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SYSTEM ROCK UNIT THICKNESS

TERTIARY
BASALT

BEAVERHEAD

15,000 ft.

(Regionally)
CRETACEOUS

PENNSYL-
VAN IAN

QUADRANT 1 ,100 ft.

AMSDEN 100 ft.

MISSISS-
IPPIAN

BIG SNOWY 450 ft.

MISSION
CANYON

1 700 ft

LODGEPOLE 1,100 ft.

DEVONIAN

THREE FORKS 94 ft

JEFFERSON 500 ft.

CAMBRIAN

PILGRIM 98 ft.

WOLSEY 100 ft.

FLATHEAD 95 ft.

PRECAMBRIAN METASEDIMENTS and INTRIJSIVES

Figure 4.
Generalized stratigraphic column

for the thesis area.
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The Middle Cambrian Flathead Formation is the oldest recognizable

Paleozoic unit in the mapped area. It rests with angular unconformity

on the pre-Beltian complex near Lima, Montana (Scholten, 1955), but far-

ther north the Flathead rests on the Belt Supergroup or time-equivalent

rocks.

Stratigraphic Succession

Cambrian

The Cambrian is represented regionally by the Flathead Sandstone,

the Wolsey Shale, the Meagher Limestone, the Park Shale, the Pilgrim

Dolomite, and the Dry Creek Formation. In the descriptions that follow,

the colors of rock units are derived from literature descriptions and

rarely follow the Rock-Color Chart.

FLATHEAD FORMATION

The earliest Cambrian sedimentary unit in southwestern Montana

is the Flathead Sandstone. This formation was named by Peale (1893)

in reference to bedded quartzites and shales found in the vicinity of

Three Forks, Montana. Weed (1900) retained the formational name Flat-

head for a Middle Cambrian basal sandstone unit underlying the Wolsey

Shale in the Belt Creek area of the Little Belt Mountains, Cascade

County, Montana.

The Flathead is regionally described as a crossbedded, tan to

maroon, pure quartz sandstone containing thin lenses of tan and white

quartz pebbles. Thickness ranges from 90 to 300 feet; and the unit is
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well exposed as resistant ledges which unconformably overlie the Pre-

cambrian rbcks of western Montana, northwestern Wyoming and east-central

Idaho.

WOLSEY SHALE

The Wolsey Shale was named by Weed (1900) in reference to a con-

formable shale sequence overlying the Flathead Formation and underlying

the Meagher Formation along Sheep Creek near Wolsey, Meagher County,

Montana. Diess (1936) amended the type section to South Hill in Belt

Park, Montana. At this locality the Wolsey is 175 feet thick and is

composed of three distinct lithologies: a bioturbated greenish gray

lower shale member; a highly micaceous middle unit of greenish brown

shale with interbeds of sandstone; and an upper unit composed of brown

shale and interbedded crystalline limestone. Abundant fossil debris

and extensive ichnofossils are commonly present throughout the formation.

MEAGHER FORMATION

The Meagher Limestone is the third oldest unit in the Middle Cam-

brian of central and southwestern Montana. Weed (1900) identified the

limestone which capped Keegan Butte as the principal locality of the

Meagher. Diess (1936) revised the type locality to South Hill in Belt

Park, Montana. Here the Meagher Formation consists of from 127 to 416

feet of variable sediments.

Three lithologic subdivisions are recognized in the type area. The

lower third consists of a grayish, thin-bedded micritic limestone and

dolomitized siltstone with lenticular nodules of tan clay. A micaceous
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green shale and an oolitic gray limestone compose the middle unit. An

irregularly thick- and thin-bedded laminated micritic limestone consti-

tutes the upper part of the formation.

PARK SHALE

The Park Shale was first recognized and named by Weed (1900).

Diess (1936) designated the type section on Keegan Butte, Little Belt

Mountains, Montana, and described the unit as lying between the Meagher

Limestone below and the Pilgrim Limestone above. Shaw and McGrew (1954)

considered the Park Shale as the uppermost formation in the Gros Ventre

Group of northwestern Wyoming.

The Park Shale is a noncalcareous, olive green to reddish tan

shale. The thickness through western Montana and northwestern Wyoming

ranges from 121 to 330 feet; it is generally poorly exposed, weathering

to grassy slopes.

PILGRIM FORMATION

The Pilgrim Dolomite is the basal formation of the Late Cambrian.

It is underlain by the Park Shale and overlain by the Dry Creek or Red

Lion Formation. Weed (1900) named the Pilgrim for exposures in the

Pilgrim Creek Valley near Fort Benton, Montana.

This formation appears to be more thickly bedded in extreme south-

western Montana, whereas it becomes thinner-bedded farther north and

east; it ranges in thickness from 172 to 661 feet. The Pilgrim Dolomite
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consists of thick-bedded, grayish orange, coarse-grained calcic and do-

lomitic spar. Interbedded medium gray, crossbedded silty liniestones

occur in the upper Pilgrim.

DRY CREEK FORMATION

In southwestern Montana the term Dry Creek Is used in reference to

a mappable unit composed Of beds equivalent to the Red Lion Formation of

latest Cambrian age and the Maywood Formation of Devonian age. Some

discrepancy presently exists regarding the status of the unit referred

to as the Dry Creek Formation because an erosional unconformity sepa-

rates the Red Lion and May'wood Formations. The personnel of the Indiana

University permanent field station in the northern Tobacco Root Range

of southwestern Montana retain the term Dry Creek Formation and divide

it into the Red Lion Shale Member of Cambrian age and the Maywood Dolo-

mite Member of Devonian age (Sadler, personal communication 1980).

Hanson (1952) suggested that in central Montana and northwestern Wyoming

the Red Lion and Maywood units should be referred to as separate forma-

tions and that the term Dry Creek not be used in conjunction with the

Red Lion and Maywood Formations. The author agrees with Hanson; the

Red Lion and Maywood should be referred to as separate formations.

RED LION FORMATION

The Red Lien Formation (Calkins and Emmons, 1913) overlies the

Pilgrim Formation in central and southwestern Montana. It ranges in

thickness from 34 to 350 feet and is approximately 60 feet thick at the

type section on Flint Creek, Granite County, Montana. The Red Lion is
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a varicolored reddish brown to dark green shale. A major unconformity,

which includes all of Ordovician, Silurian, and Early Devonian time,

separates the Late Cambrian Red Lion Shale from the overlying Devonian

Maywood Formation.

Devonian

Uplift and subsequent erosion during the Middle Devonian removed

all traces of Ordovician and Sjlurjan sediments which may have been

deposited in southwestern Montana (Sloss, 1950). The Devonian System

in southwestern Montana is represented by the Maywood, Jefferson, and

Three Forks Formations. Specifically, the Maywood Formation, the

Jefferson Formation, and the Logan Gulch Member of the Three Forks For-

mation are Middle and Late Devonian carbonate shelf rocks, whereas the

Trident Member of the Three Forks is latest Devonian and the Sappington

Member is a Devonian-Mississippian boundary sequence.

MAYWOOD FORMATION

The Middle-to-Late Devonian Maywood Formation rests unconformably

on the Late Cambrian Red Lion Formation and is transitional with the

overlying Jefferson Formation (Meyers, 1980). The Maywood (Calkins and

Emmons, 1913) consists of buff orange, maroon and green dolomites, with

mudstone interbeds, and reaches 85 feet in thickness at the type section

on Maywood Ridge, Phillipsburg, Montana. The Maywood Formation is

locally absent, revealing Jefferson Dolomite unconformably overlying

the Pilgrim Dolomite.
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JEFFERSON FORMATION

The Jefferson Formation is recognized in Montana, south-central and

northern Idaho, northern Utah and western Wyoming. Peale (1893) named

the Jefferson Formation for limestone and dolomite exposures along the

Jefferson River near the Three Forks of the Missouri River, Montana.

Two lithologies are characteristic of the Jefferson: a lower dark

gray, dense petroliferous limestone, and an upper light gray, ridge-

forming dolomitic spar. Sandberg and Hammond (1958) raised the Jeffer-

son to group status in central Montana and named the lower limestone

unit, the Duperow Formation, and the overlying dolomite, the Birdbear

Formation. The Jefferson ranges from 715 to 2,100 feet in thickness.

THREE FORKS FORMATION

The Three Forks Formation was named by Peale (1893) for exposures

on the north side of the Gallatin River at the Three Forks of the

Missouri River, Montana.

This formation is divided into three members which are, in ascend-

ing order, the Logan Gulch and Trident Members of Late Devonian age and

the Sappington Member of Late Devonian and Early Mississippian age. The

Logan Gulch Member conformably overlies the Jefferson Formation and con-

sists of yellowish gray and grayish red argillaceous limestone breccias

and shale breccias, interbedded with dolomitic shales and siltstones.

The Trident Member is composed of a basal dark yellowish orange and

medium gray dolomitic limestone. The upper section is a massive bed of
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fOssiliferous argillaceous limestone. This unconformity-bounded marine

deposit is composed of an array of lithologies (Gutschick, 1976): a

lower black shale; a greenish gray shale unit with a restricted fauna;

an oncolite bank deposit; a lower yellow orange siltstone and silty

shale characterized by ripple marks and channel crossbedding; a slope-

forming, medium olive gray, middle shale; and an upper yellow calcare-

ous siltstone. The Three Forks Formation ranges in thickness from

60 to 212 feet, and is recognized in Montana, Idaho, North Dakota,

South Dakota, and Wyoming.

The Mississippian

greatest difference in

any Paleozoic system.

Mississippian; the Big

Amsden Group straddles

The Big Snowy and

Mississippian

System in southwestern Montana displays the

regional distribution and thickness of strata of

The Madison Group is included in the Lower

Snowy Group is Upper Mississippian and the

the Mississippian-Pennsylvanian boundary.

the Amsden are essentially correlative. In

southwestern, central, and eastern Montana, the Big Snowy Group is

composed of the Kibbey, Otter, and Heath Formations; the Amsden Group

is composed of the Tyler Formation, the Alaska Bench Limestone, and

the Devils Pocket Formation. In western and northern Wyoming, the

Amsden has formational rank and is composed of four members: Darwin

Sandstone, Horseshoe Shale, Moffat Trail Limestone, and Ranchester

Limestone.
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MADISON GROUP

The Madison Group was first recognized by Peale (1893) as the lime-

stone sequence near the Three Forks of the Missouri River, Montana.

Collier and Cathcart (1922) divided the Madison into the lower Lodgepole

and the overlying Mission Canyon Formations. The Madison Group is

recognized in southwestern Montana, northeastern Utah, and western

Wyoniing as a major lithologic unit overlying the Sappington Member of

the Three Forks Formation and underlying the Big Snowy Group or Amsden

Group of Late Mississippian and Early Pennsylvanian age.

Lodgepole Formation

The Lodgepole Formation (Collier and Cathcart, 1922) is composed

of three members which are, in ascending order, the Cottonwood Canyon,

the Paine, and the Woodhurst. The type section of the Cottonwood Canyon

Member is in the Bighorn Mountains of Wyoming and was designated by

Sandberg (1963) for a basal conglomerate and dark shale of Devonian

and Mississippian age. The Paine and Woodhurst were named by Weed

(1899) for outcrops on the Dry Fork of Belt Creek, Montana. The Paine

Member ranges in thickness from 100 to 260 feet and is characterized by

a medium gray, fine-grained limestone with some small-scale sedimentary

features and abundant fossil debris. The Woodhurst Member is about 525

feet thick and is an alternation of coarse-grained, thick, crinoidal

beds and thin-bedded, fine-grained limestones.
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Mission Canyon Formation

The Mission Canyon (Collier and Cathcart, 1922) is a shallow-water

limestone sequence, ranging from 100 to 1,900 feet in thickness. This

formation is characterized by light gray, thick-bedded, cliff-forming

liniestones. Fossil assemblages of corals, echinoids, and oncolites

are common throughout the Mission Canyon. An erosional unconformity

marks the top of the formation and in many areas a karst or solution

breccia surface developed on the aerially exposed Mission Canyon during

the Middle to Late Mississippian; this pinkish gray breccia is the

youngest unit of the Madison Group.

BIG SNOWY GROUP

The Big Snowy Group (Scott, 1935) was originally defined as three

formations: the Kibbey (Weed, 1899), Otter (Weed, 1892), and Heath

(Scott, 1935). Gardener (1959) added the Cameron Creek (Scott, 1935),

Alaska Bench (Scott, 1935), and Devil's Pocket Formations (Gardiner,

1959) to the Big Snowy Group. Maughan and Roberts (1967) later reverted

to Scott's classification and included only the Kibbey, Otter, and Heath

Formations in the Big Snowy Group. They assigned the Tyler, Alaska

Bench, and Devjl2s Pocket Formations to the Amsden Group of southwestern

Montana. A total thickness of 1,100 feet is recorded at the type sec-

tion in the Big Snowy Mountains, Montana.
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Kibbey Formation

The Kibbey Sandstone (Weed, 1899) is a reddish and yellowish,

argillaceous, fine-grained Sandstone and siltstone formation which uncon-

formably overlies the Mission Canyon Formation. Thickness is about 240

feet; it is not resistant to weathering and is commonly seen as a red-

dish soil on low-gradient slopes. A Chesterian age is assigned to the

Kibbey Sandstone, although no identifiable fossils have ever been

recovered from it (Easton, 1960).

Otter Formati on

Weed (1892) named a sequence of varicolored shales, gradationally

overlying the Kibbey Sandstone, as the Otter Formation. Distinct green,

black, gray, and purple shales, as well as ostracod-rich oolitic lime-

stone beds, compose the 400-foot thick Otter Formation. Chesterian age

is indicated (Easton, 1963) by the ostracods and the productid brachi-

opod Dictyoclostus iriflatus.

Heath Formation

The Heath Formation (Scott, 1935) conformably overlies the Otter

Formation; it ranges in thickness from 363 feet at Beacon Hill, Montana

to 840 feet at Potter Creek, Montana. Dark brown and black, carbona-

ceous, silty shales form the lower part of this formation; whereas

stringers of dark argillaceous limestone, separated by thin layers of

black shale, are found near the top. The Heath contains an abundant
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fauna of Chesterian age, including the brachiopods Diaphragmus fascicu-

latus, Productus fasciculatus, and Coledium obesum.

AMSDEN GROUP

The Amsden Formation was described by Darton (1904) as a variable

sequence of quartz sandstone, shale, carbonate beds, and siltstone

found along the Amsden Branch of the Tongue River west of Dayton,

Wyoming. Three diachronous units, whose type sections are in Wyoming,

are recognized in northwestern Wyoming. They are the Darwin Sandstone

Member, the Horseshoe Shale Member, and the Ranchester Limestone Member.

In southwestern Montana Sando, Gordon, and Dutro (1975), and Maughan and

Roberts (1967), recognized three correlative units of the Amsden. Here

Maughan and Roberts elevated the Arnsden Formation to group status. The

Amsden Group of central and southwestern Montana is composed 0f three

formations which, in ascending order, are the Tyler Formation, the

Alaska Bench Limestone, and the Devil's Pocket Formation.

Tyler Formation

The Tyler Formation (Freeman, 1922) is composed of two members,

totalling 700 feet in thickness, the lower of which is the Stonehouse

Canyon Member (Maughan and Roberts, 1967) and the upper the Cameron

Creek Member (Gardener, 1959). The Stonehouse Canyon Member consists of

thick-bedded clastic and carbonate beds which are very poorly sorted;

the Cameron Creek Member is 220 feet of reddish purple shale, sandstone,

and limestone. The type section for this formation is in Stonehouse
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Canyon, Golden Valley, Montana. The Tyler Formation is Morrowan in age

(Maughan and Roberts, 1967).

Alaska Bench Limestone

Freeman (1922) proposed the name Alaska Bench for 150 feet of brown

and gray limestone on Alaska Bench, Fergus County, Montana. This unit

is gradational with the underlying Tyler Formation and contains fossils

which date the formation as Morrowan and Atokari (Maughan and Roberts,

1967).

Devil's Pocket Formation

The Devil's Pocket Formation was named by Gardener (1959) for a red

sandstone, mudstone, and dolomite sequence at the mouth of Stonehouse

Canyon, Golden Valley County, Montana. This unit ranges from 80 to 220

feet in thickness and is Pennsylvanian (Atokan and Des Moinesian) in age.

The Devil's Pocket Formation disconformably overlies the Alaska Bench

Limestone and is overlairi conformably by the Pennsylvanian Quadrant

Formation in southwestern Montana. It is unconformably overlain by the

Jurassic Ellis Group in central Montana.

Pennsylvanian

The Quadrant Formation of Atokan-Des Moinesian age is the only

formation in southwestern Montana restricted to the Pennsylvanian.
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The Amsden Group, which straddles the Mississippian-Pennsylvanian

boundary, contains some Chesterian faunas of latest Mississippian age,

but is predominantly Pennsylvanian in age.

QUADRANT FORMATION

Peale (1893) named the Quadrant Formation for an outcrop of red

arenaceous limestone and an overlying sandstone unit near Three Forks,

Montana. This description actually included the underlying Amsden

Formation as well as the Quadrant sandstone. Scott (1935) redescribed

the Quadrant and restricted the formation to Atokari and Des Moinesian

beds of white and pink quartzite, with interbedded limestone. The

type section of the Quadrant Formation is on Quadrant Mountain in the

northwest part of Yellowstone National Park. The Quadrant is composed

of 225 to 2,200 feet of a lithologically uniform sequence of quartz

arenites in southwestern Montana. The sandstone is resistant to

weathering at most localities and forms prominent steep ridges and

ledges.
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Permi an

The Phosphoria Formation is the only representative of the Permian

system in southwestern Montana. The Phosphoria Formation Is disconform-

ably overlain by the Triassic Dinwoody Formation and conformably over-

lies the Pennsylvanian Quadrant Formation.

PHOSPHORIA FORMATION

Richards and Mansfield (1912) named the Phosphoria Formation for

outcrops of phosphatic mudstone, mudstone and chert, and phosphate rock

in Phosphoria Gulch northwest of Meade Peak, Idaho. Klepper (1950)

assigned five members to the Phosphoria in the Snowcrest Range of

Montana. They included, in ascending order, sandstone, and dolomite,

phosphatic mudstone, carbonate, bituminous mudstone, and quartzite.

McKelvey et al. (1956) later revised the Phosphoria to include three

separate lithofacies units, each of which was assigned formational rank

and name. The three formations are the Phosphoria Formation, the Park

City Formation, and the Shedhorn Sandstone. The Phosphoria and Park

City Formations are both recognized in southwestern Montana, but are not

found in the thesis area. In the Lirna area, Cressman and Swanson (1964)

recognized seven members in the 800-foot thick Phosphoria-Park City

interval. In ascending order, these members are: the Grandeur Member

(Park City Formation); the Meade Peak Phosphate Shale Member (Phosphoria

Formation); the Rex Chert Member (Phosphoria Formation); the Franson

Member (Park City Formation); the Retort Phosphatic Shale Member
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(Phosphoria Formation); a cherty shale member (Phosphoria Formation);

and the Tosi Chert Member (Phosphoria Formation).

THESIS AREA STRATIGRAPHY

Twelve Paleozoic formations are found in the Armstead anticline

area. These include the Flathead Formation, Wolsey Shale, Pilgrim For-

mation, Jefferson Formation, Three Forks Formation, Madison Group,

including the Lodgepole and Mission Canyon Formations, Big Snowy Forma-

tion, Anisden Formation, Quadrant Formation, and the Park City and

Phosphoria Formations. The ten oldest formations, the Flathead through

the Quadrant, crop out on the southeastern flank of the anticline

(Figure 5). Middle Cambrian through Pennsylvanian time is represented

by nearly 6,000 feet of shallow-marine sedimentary rocks. Permian

strata are exposed three miles northeast of the field area, at Dalys

Spur Trench. Late Tertiary volcanics overlie the area between the

Pennsylvanian and Permian outcrops, so field work was restricted to the

Cambrian through Pennsylvanian strata. Color designations of rock units

are those of the G.S.A. Rock-Color Chart.

Flathead Formation

Distribution and Topographic Expression

The Middle Cambrian Flathead Formation (Peale, 1893) unconformably

overijes the Precambrian Pony and Cherry Creek Groups (Peale, 1896) which

occupy the core of the anticline. The Flathead is well exposed in out-

crop, forming very resistant ledges. The entire formation is composed of
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Figure 5

Oblique aerial view to the north, along strike of the
southeast flank of the Armstead anticline. Precambrian
(left) through Mississippian (right) rocks are exposed.



a series of two- to three-foot-thick sandstone beds. The Flathead Forma-

tion strikes in a north to northwesterly direction along the extreme

western edge of the thesis area. Four strike-slip faults offset the

Flathead outcrop pattern in section 25, 1. 9 S., R. 11 W. Dips in the

Flathead are from near vertical in the northern part of the field area

to overturned in the south.

Thickness and Lithology

Within the thesis area, the Flathead averages 95 feet in thickness,

with slight variations occurring as the result of local deformation.

The Flathead Sandstone is 123 feet thick in Ashbough Canyon, 15 miles

east of the Armstead anticline, and up to 200 feet thick in the southern

Tendoy Range. Moran (Unpub. M.S. Thesis, 1971) recorded 137 feet of

Flathead quartzite in the Centennial Mountains, 40 miles southeast of

the Clark Canyon Reservoir. Diess (1936) stated that the average thick-

ness of the formation is 180 feet in southwestern Montana.

The base of the Flathead is marked by a sandy pebble conglomerate.

The conglomerate is composed of medium-sorted quartz clasts and is

cemented with a siliceous matrix. This 2.5-foot-thick unit has a sharp,

planar contact with the underlying Precambrian rocks. The basal con-

glomeratic beds are crudely graded, fining upward. The two- to three-

foot thick beds composing the middle and upper Flathead are composed of

well-rounded, well-sorted, fine-grained quartz arenites. The quartz are-

nite is well indurated, with silica as the dominant cement. The Flathead

weathers grayish orange pink (5YR 7/2), and fresh surfaces are very pale
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orange (1OYR 8/2). Limonite and hematite staining are found along

fractures and on bedding surfaces.

Age and Correlation

Because of the maturity of this deposit, extensive reworking and

winnowing of the quartz arenites destroyed any fossil material which may

have existed. Crinoid stems, trilobite fragments, and brachiopods were

recovered from the Flathead by Diess (1936) at Crowfoot Ridge in Yellow-

stone National Park. Dating is based on trilobite zones, although no

fossils were found in the thesis area. Hanson (1952) assigned a

Middle Cambrian age to the Flathead Formation. The Flathead is recog-

riized as the basal unit of the Cambrian System throughout Montana,

Wyoming, and Idaho.

Environment of Deposition

The onset of Middle Cambrian time is marked by continued eastward

transgression of a shallow sea across the craton from the miogeosyncline

to the west. Robison (1960) recognized three distinct lithofacies

belts: an inner detrital, a middle carbonate, and an outer detrital.

These belts extended in a north-south direction in the western United

States during Middle Cambrian time. The Montana region was in the

inner detrital belt which is characterized by deposits of sand, silt,

and thin-bedded glauconitic clays (Stewart and Suczek, 1978). The

Flathead represents the sand facies, whereas the Wolsey Formation rep-

resents the silt and clay facies, and the Pilgrim Formation represents

the carbonate middle belt in the sequence resulting from eastward trans-
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gression. As the shoreline retreated toward the east, the deposition of

sand in a given area passed transitionally upward into deposits of silt

and clay, and finally into carbonate (Lochman, 1957; Scholten, 1957;

Lochman-Balk, 1971; Palmer, 1971).

The flathead was deposited slowlu, with much winnowing by wave and

current action. Reworking removed any argillaceous material, creating

a texturally and rnineralogically mature quartz arenite (Hanson, 1952).

In the Armstead anticline area, foreset bedding in the Flathead Sand-

stone indicates a south-to-north current-flow direction at the time

of deposition.

Wolsey Formation

Distribution and Topographic Expression

The Wolsey Shale (Weed, 1900) transitionally overlies the Flathead

Formation in southwestern Montana. Good exposures of the Wolsey have

been recorded by Lowell (1960) in the Bannack-Grayling area. In the

thesis area the Wolsey is marked by a continuous grass-covered swale,

approximately 100 feet wide, lying between outcrops of the Flathead

and Pilgrim Formations. The unit trends north-south through sections 13

and 25, T. 9 S., R. 11 W., and section 31, 1. 9 S., R. 10. W., and is

covered by Tertiary gravel in section24, T. 9 S., R. 11 W.
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Thickness and Lithology

Scholten (1955) recorded 152 feet of Wolsey Shale in Ashbough

Canyon, 15 miles east of the thesis area. From there the formation

thins markedly toward the west, pinching out near Kate Creek in the

southern Tendoy Mountains. Within the field area, the Wolsey is nearly

the same thickness as the underlying Flathead Formation, approximately

90 to 110 feet thick. It is difficult to determine the precise thick-

ness because the unit has undergone extensive weathering and most

contacts are concealed by vegetation and soil. Lowell (1960) estimated

a 150 foot thickness for the Wolsey Shale in the Bannack-Grayling area.

He described the unit as being composed predominantly of green shale

with some thick beds of white and maroon glauconitic sandstone.

Along the east flank of the anticline, the soil in the Wolsey Shale

interval contains 1-2 inch flat, greenish gray (50? 6/1) shale chips.

Where the basal contact is exposed, there is a gradual (six inch)

transition from the grayish orange Flathead Sandstone to the finer and

more thinly bedded green shales of the Wolsey Formation.

Age and Correlation

Trilobites are the most abundant fossil remains in the Wolsey Shale.

The trilobite species Bolaspis labrosum Walcott), Glyphaspis capella

(Walcott), Albertella helena (Walcott), Kochina americana (Walcott),

and Vanuxemella contracta (Walcott) are characteristically found in the

Wolsey Shale. These species indicate a Middle Cambrian age for the
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Wolsey. Lowell (1960) mentioned recovering trilobite fragments from

the Wolsey in the Bannack-Grayling area; however, he did not identify

the fossils below subclass. No fossils were recovered from the Wolsey

of the thesis area.

The Wolsey Shale is recognized as the second formation in the

Paleozoic sequence of western Montana and northwestern Wyoming.

Environment of Deposition

With continued eastward transgression during late Middle Cambrian

time, the Wolsey Shale was deposited conformably on the Flathead Sand-

stone. Gradual deepening of the marine waters eastward onto the craton

caused deposition of a variable sequence of sediments during the Middle

and Late Cambrian. Because the Wolsey Shale is a transitional sequence

of sands and muds, it indicates deposition across an unstable area. The

distinctive green color of the shale is caused by glauconite; and this

suggests deposition of micaceous minerals or bottom muds rich in iron,

in a slightly reducing marine environment.

Pilgrim Formation

Distribution and Topographic Expression

The Pilgrim Formation (Weed, 1900) lies with angular unconformity

on the Wolsey Shale. Excellent outcrops of the Pilgrim Dolomite are

found in the thesis area, with the most complete section exposed in
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section 30, T. 9 S., R. 10 W. The exposure trends in a northwesterly

direction through sections 30 and 31, 1. 9 S., R. 10 W., sections 25,

13, and part of section 24, T. 9 S., R. 11 W., forming a continuous,

resistant ridge above the swale occupied by the Wolsey Shale. A

reverse fault has nearly doubled the surface expression of the Pilgrim

in section 25, T. 9 S., R. 11 W, and a major northeast-trending

strike-slip fault in section 25 also displaced the Pilgrim. Dips in

the formation range from 520 E to 820 overturned to the west, in the

southern part of the area.

Thickness and Lithology

The most complete exposure of Pilgrim Dolomite, which is found

along a road cut in section 25, T. 9 S., R. 11 W., is 97.5 feet in

thickness and is formed of four distinct lithologies (Figure 6). Lowell

(1960) estimated a 200 foot thickness for the Pilgrim in the Banriack-

Grayling area, to the north of the thesis area. The difference in

thickness may be due to local folding. In the Blacktail Range and

Ashbough Canyon, to the east, the Pilgrim reaches a thickness of 225

feet. In the southern Tendoy Mountain Range, the formation thins to

the south and is nonexistent along the Idaho border.

Within the thesis area, the Pilgrim is composed of four different

lithic units. The basal unit, 48 feet thick, consists of laterally

continuous, 3.5-to-4-feet-thick beds of medium-grained dolomite. The
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Figure 6

Steeply dipping beds of the Pilgrim Formation (center)
and Jefferson Formation (far right) with the Wolsey
Formation in the swale to the left, NE¼, SE¼, sec. 25,
T. 9 S., R. 11 W.
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dolomite is a pale yellowish orange color (1OYR 8/6) on fresh surfaces

and has a saccharoidal texture and grain size. Color on weathered

surfaces is a grayish orange pink (1OR 8/2). The middle unit consists

of a thinly bedded (¼ ½ inch) coarse-gralned sandstone with a silty

matrix. The sandstone is extremely friable, with some evidence of

grading. The subangular sand particles are poorly sorted and appear

to be very immature. Color on the weathered surfaces is a pale red

purple (5RP 6/2), the same as fresh surfaces. This unit is eight feet

thick and has a characteristic platy weathering pattern. Overlying the

sandstone is a 40-foot-thick unit of fine-grained dolomite. It closely

resembles the basal Pilgrim in color, texture, and weathering character-

istics; the only difference is in the slightly smaller grain size. At

the top of the Pilgrim Formation there is a thinly bedded fine-grained,

friable, yellowish gray (5Y 7/2) silty sandstone, 1.5 feet in thickness.

Age and Correlation

Hanson (1952) established a Dresbachian (Late Cambrian) age for the

Pilgrim Formation. This conforms with the lithologic change from shale

to carbonate that corresponds to the Middle-Late Cambrian boundary.

The trilobite species ynumia eumus (Walcott), Coosja connata (Walcott),

Crepicephalus buttsi (Owenj, Kingstonia walcotti (Resser), Modocia oweni

(Walcott), and Tricrepicephalus tripunctatus (Whitfield) are all found
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in, and restricted to, the Pilgrim Formation of Montana. No fossils

were found in the thesis area.

The Pilgrim is correlative with the Hasmark Formation in central

Montana and ordinarily conformably overlies the Park Shale in western

Montana. However, a period of erosion, following deposition of the

Meagher and Park Formations, created an erosional surface on the Wolsey

Shale. The Pilgrim Formation was then deposited on the Wolsey Formation

with angular unconformity.

Environment of Deposition

During Dresbachian time a regression occurred, depositing sand-

stones over the underlying shale sequences in western Montana. Trans-

gression then resumed and carbonate sedimentation recommenced (Lochman,

1957; Palmer, 1971). Lochman *1957) interpreted this depositional

sequence as being the result of "a narrow shoal bordered on the west by

a deeper water shelf, with sedimentation below wave base, bordered in

turn by the continental slope." The shelf was locally emergent during

the middle Late Cambrian in western Montana; this explains the localized

absence of the Meagher and Park Formations in the Armstead anticline

area.
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Jefferson Formation

Distribution and Topographic Expression

The Devonjan Jefferson Formation (Peale, 1893) crops out as two

very prominent, well-exposed ledges, each containing numerous beds,

extending the length of the field area. It is found in sections 31 and

30, T. 9S., R. 10 W., sections 25, 13, and part of section 24, T. 9 S.,

R. 10 W., and in section 6, 1. 10 S., R. 10 W. A disconformable surface

separates the Jefferson from the underlying Pilgrim Dolomite, although

evidence of erosion is minimal. The Jefferson is conformably overlain

by the Three Forks Formation.

Two small strike-slip faults involving the Jefferson can be seen

in sections 30 and 31, T. 9 S., R. 10 W. In the southern part of the

thesis area, the Jefferson is overturned with dips ranging frcm 870 to

570
west. Farther north the Jefferson dips steeply to the east. The

most complete outcrop of the formation is found in section 25, T. 9 S.,

R. 10 W; at this locality the contact between the Jefferson and Three

Forks Formations is best observed.

Thickness and Lithology

Within the thesis area the Jefferson Formation is 550 feet thick.

Moran (Unpub. M.S. thesis, 1970) measured 419 feet of Jefferson rocks

in the Centennial Mountain Range, 40 miles southeast of the Armstead

anticljne. Scholten (1957) recorded 150 feet of Jefferson Dolomite

in Ashbough Canyon, 15 miles east 0f the thesis area. Traces of the
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formation is missing farther south. One of the most complete and

thickest sections of the Jefferson Formation is found at Logan, Montana

(Sandberg, 1962, 1965). Exposures of the Jefferson are recorded as far

west as Long Canyon in the Beaverhead Mountains of Idaho (Sandberg and

Poole, 1978).

The Jefferson is composed of two members in the thesis area: a

lower dark brownish gray (5YR 4/1) dolomite and an upper light brownish

gray (5YR 6/1) dolomite. The two units are thickly bedded, with shale

interbeds separating the 200 foot thick lower member from the 350 foot

thick upper member. This formation is extremely petroliferous, with

dead oil in the pore spaces of the dolomite. The Jefferson is highly

fractured, with sparry calcite infilling the 1-mm-wide fractures. The

weathered surface of the dolomite has a rough pitted texture which is

very distinctive.

Age and Correlation

The Jefferson contains an abundant fossil fauna in some areas of

western Montana. Sandberg and Poole (1977) assigned a Late Devonian age

to the Jefferson Formation on the basis of conodont zonation. The Devon-

ian has been divided into four depositional complexes in the western

United States. The Jefferson of the field area is contained within the

thick lower complex of Frasriian and lower Famennian rocks in Montana and
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Idaho. Seventeen conodont zones have been recognized in this complex

from the Lower Polygnathus asymnietricus through the Upper Palniatolepis

majginifera zones (Sandberg and Poole, 1977). No Fossils were found in

the Jefferson Formation of the field area.

In southeastern Idaho and northern Utah, the complex is represented

by the Guilmette Formation and West Range Limestone and, farther west,

the Devils Gate Limestone. The Darby Formation of western Wyoming and

Potlatch Formation of northwestern Montana are both correlatives of the

Jefferson Formation.

Environment of Deposition

Sedimentary strata of the Late Devonian Jefferson Formation

represent a pattern of relatively stable cyclical sedimentation. This

consists mainly of shallow subtidal carbonate sediments, deposited

across a broad cratonic platform and adjacent continental shelf during

the early pulses of the Antler orogeny (Sandberg and Poole, 1977). The

Taghanic onlap (Johnson, 1970) provided maximum inundation of the cra-

tonic platform during the Frasnian and shallow-subtidal sedimentation

occurred, depositing the dolomites and limestones of the Jefferson For-

mation. The conodont species Pandorinellina insita, found at numerous

localities in the Rocky Mountains and Great Basin, is evidence for the

shallowness of the seas during Jefferson deposition.
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Three Forks Formation

Distribution and Topographic Expression

The Three Forks Formation (Peale, 1893) is not well exposed within

the thesis area. The topographic expression of this formation is a

strike valley formed in the nonresistant rocks of the Three Forks,

which overlie the Jefferson Formation. A partial outcrop of Three Forks

rocks is found in sec 24, T. 9 S., R.11 W.,, where approximately 94

feet of variable sedimentary rocks, composing the lower member of the

formation, are found conformably overlying the Jefferson Formation.

Dips recorded from the Logan Gulch Member indicate strata dipping

steeply to the east (70° E). Throughout most of the thesis area, the

Three Forks Formation is covered with sagebrush and range grass.

Thickness and Lithology

Ninety-four feet of the Three Forks Formation were measured in the

thesis area. The rocks are all included in the Logan Gulch Member, the

basal evaporitic, nonfossiliferous unit of the Three Forks. No evidence

of the overlying Trident Member was found, but talus representing the

lower lithologic unit of the Sappington Member of the Three Forks

Formation was found. This is noted where the Trident Member is absent

because of non-deposition; and the Sappington unconformably overlies the

Logan Gulch in central Montana (Sandberg and Poole, 1977). At Long

Canyon, Idaho, in the southern Beaverhead Mountains, the Sappington

Member unconformably overlies the Jefferson Formation. The Trident
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Member, which ordinarily is present throughout western Montana and east

central Idaho, has been eroded from the crest of the Beaverheads. The

Logan Gulch Member has never been found west of the Southern Beaverhead

Mountains uplift. Scholten (1955) recorded 115 feet of Three Forks

in Ashbough Canyon, and Sloss and Laird (1947) measured 150 feet of

Three Forks at the type locality in Gallatin County, Montana.

The Logan Gulch Member (Sandberg, 1962) is composed of shale,

siltstone, and brecciated limestone. In the thesis area, the Logan

Gulch Member is the only representative of the Three Forks Formation

found in outcrop. The basal shale and interbedded shaly siltstone

is twelve feet thick and range in color from yellowish gray (5'! 7/2)

to pale red purple (5RP 6/2). The shales and siltstones are commonly

discontinuou1y bedded.

A limestone breccia overlies the basal silty shale unit. The

breccia unit is 78 feet thick and appears to be thick-bedded. The

breccia is composed of sparry calcite cement with micrite clasts which

have recrystallized to micro- and pseudospar. The subangular (¼ to

½ inch diameter.) limestone clasts compose approximately 70% of the rock,

while sparry calcite and some micrite cement compose the other 30%.

(Figure 7). This unit is grayish orange (lOYR 7/4) on weathered surfaces

and pale yellow brown (1OYR 6/2) on fresh surfaces.

The uppermost unit of the Logan Gulch consists primarily of micro-

spar polyhedra formed by recrystallization of carbonate mud, and

patches of pseudospar (24%) up to 0.4 mm across, which have formed by

the continued recrystallization of microspar (Figure 8). Fractures
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Figure 7

Photomicrograph of limestone breccia composed of micrite
clasts with sparry calcite matrix; middle unit, Logan
Gulch Member (crossed nicols). Sample GH-B-79, Three
Forks Formation, SE¼, SE¼, sec. 24.
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Figure 8

Photomicrograph of very coarse-grained limestone;
upper unit, Logan Gulch Member (crossed nicols).
Sample GH-A-79, Three Forks Formation, SE¼,SE¼,
sec. 24.
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throughout the rock have been filled with sparry calcite, forming veins

up to 0.15 mm in thickness, composing 3% of the total rock. This upper

unit is a ledge-forming, coarsely crystalline, medium gray (N 5) lime-

stone, and is approximately four feet thick.

Evidence of the Sappington Member of the Three Forks Formation was

found in the thesis area. Gutschick, McLane, and Rodriguez (1977)

recognized laminated shales interlayered with dark radiolarian cherts

in the basal unit of the Sappington Member throughout southwestern

Montana. Sandberg and Poole (1977) verified the presence of light

and dark bedded chert in the Sappington of southwestern Montana and

eastern Idaho. Square chert chips, 2-3 cm in size, litter the weathered

slopes of the upper Three Forks Formation in section 30 of the thesis

area. Petrographic examination indicates a radiolarian chert in which

the radiolaria have been replaced by radiating chalcedony. The variable

thickness creates an irregularly laminated appearance (Figure 9). Pyrite

flakes are common in the chert. A dark siliceous matrix gives the rock

the black (N 1) color and hematite has stained the lighter beds, result-

ing in a light brown (5YR 5/6) color. No trace of the Sappington black

shales was found in the thesis area, only weathered remnants of the

bedded radiolarian chert.

Age and Correlation

Sandberg and Poole (1977) recognized four Fransian and Famennian

age depositional complexes in western United States. The lower complex

of Frasnian and lower Famennian rocks includes, as its uppermost unit,

the Logan Gulch Member of the Three Forks Formation. Seventeen conodont
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Fiyure 9

Photomicrograph of banded radiolarian chert of the
Sappington Member. Note the radiating chalcedony
which has replaced the radiolaria (crossed nicols).
Sample GH-151-79, Three Forks Formation, NE¼, SE¼,
sec. 25.



zones, from the Lower Polygpathus asymrnetricus through the Upper

Palmatolepis marginifera are included in this complex. McQueen and

Sandberg (1970) hypothesize that the upper part of the Jefferson Forma-

tion of Idaho is equivalent to the Jefferson Formation plus the Logan

Gulch Member of the Three Forks Formation in Montana. This theory is

fortified by the fact that the top of the Jefferson in Idaho, and the

limestone at the top of the Logan Gulch in Montana, both lie directly

below beds containing a cyrotospirifer monticola brachiopod fauna and

the Scaphinathus velifer conodont zone. This correlation takes into

account the westward termination of the Logan Gulch Member along the

east side of the southern Beaverhead uplift. Sandberg and Poole (1977)

suggest that the upper Jefferson Formation of Idaho probably was a

limestone bank which provided a barrier, causing deposition in a lagoon

(these lagoonal sediments compose the top unit of the Logan Gulch Member

of the Three Forks Formation in Montana).

To summarize the lower complex, Sandberg and Poole stated that:

"Deposition of the complex began during the continent-wide inundation

of the cratonic platform by the Taghanic onlap and terminated with a

regional regression that first produced an evaporite basin in the

northern Rocky Mountains and then an episode of erosion throughout the

Western United States."

The middle depositional complec, which includes the Trident Member

of the Three Forks Formation, is absent in the theses area as the result

of erosional truncation. So the Sappington Member unconformably

overlies the Logan Gulch Member in the anticline.
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The Sappington Member (Holland, 1952) of the Three Forks Formation

is included in the third depositional complex. A marine transgression,

following the regressive shoaling of the early Famennian Logan Gulch

Member, produced the overlying carbonate and clastic beds of the upper

Three Forks Formation. The bedded radiolarian cherts and black shale

beds of the lower Sappington Member are interpreted as °miogeosynclinal

deposits with shoal spillover on the cratonic p1atform (Gutschick,

McLane, and Rodriguez, 1976).

The basal beds of the Leatham Formation in northern Utah, and the

lower black shale of the middle member of the Pilot Shale in western

Utah and eastern Nevada, are correlatives to the lower black shale and

chert of the Sappington Formation. The lower units of this Famennian

complex are characterized by the Upper Polygnathus styriacus conodont

zone.

The fourth and uppermost Famennian depositional complex includes

the remaining upper units of the Sappington Formation, which are

characterized by oncolitic limestones overlain by calcareous siltstones

and sandstones. Conodont zones diagnostic of this interval include

Bispathodus costatus and Siphonodella praesu1cata. No evidence of the

upper Sappington Member exists in the thesis area; however, Gutschick,

McLane, and Rodriguez (1976) measured 70 feet of Sappington at Ashbough

Canyon (to the east) and 75 feet near Railroad Canyon, Idaho (20 miles

west of the Armstead anticline). Therefore, it may be assumed that the

upper Sappington was deposited in the intervening area, but may have been

eroded prior to the deposition of the Madison Group, as evidenced by the

regional unconformity noted by Gutschick, McLarie, and Rodriguez (1976).



Environment of Deposition

Shaly siltstones and overlying limestone breccias characterize the

Logan Gulch Member of the Three Forks Formation. Sandberg (1965)

interpreted a large evaporite basin, centered in northwest Montana and

extending into southern Alberta, Saskatchewan, and southwestern Montana,

as the environment of deposition of the Logan Gulch. The evaporite

basin interpretation is based on the presence of limestone solution

breccias in the Logan Gulch Formation. These breccias were formed by

the solution of lenses of evaporites (anhydrite and gypsum) which caused

collapse of overlying and surrounding strata (Sloss and Laird, 1947).

Deposition of the lower Sappington black shales and chert is

believed to have occurred in shallow brackish marine waters which

inundated the cratonic platform in response to a pulse of the Antler

orogeny.

Lodgepole Formati on

Distribution and Topographic Expression

The Lodgepole Formation (Collier and Cathcart, 1922) is well-exposed

in the Arnistead anticline. Two extensive outcrop belts of the Lodgepole

occur in the thesis area. The more extensive outcrop is found along the

western edge of the thesis area, trending slightly west of north through

section 6, T. 10 S., R. 10 W., sections 30, 31, and 19, T. 9 5., R. 10 w.,

and sections 24 and 13, T. 9 S., R. 11 w. The lesser exposures are in
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section 32, 1. 9 S., R. 10 W., and can be traced along the water line

of the Clark Canyon Reservoir in the E½ of section 6, 1. 10 S., R. 10 W.

Quaternary alluvium formerly covered the latter exposure of the Lodge-

pole, but wave action at the land-water interface of the reservoir has

eroded the alluvium, revealing the Lodgepole. Both the Paine and

Woodhurst members of the Lodgepole were recognized along the western

margin of the anticline, but the basal Cottonwood Canyon Member was not.

The Paine Member is very well exposed, while the Woodhurst is less

prominent in outcrop, often supporting sagebrush and range grass. The

Paine is approximately 300 feet thick and forms very prominent ledges.

The shaly and silty interlayers have been eroded from the outcrops,

leaving very resistant one- to two-foot-thick, dense, micritic limestone

beds. Generally, the Lodgepole Formation unconformably overlies the

Sappington Member of the Three Forks Formation. Within the thesis area,

no contacts were observed between the Three Forks Formation and the

Lodgepole. The interval extending from the top of the Logan Gulch

Member of the Three Forks Formation to the thin-bedded Paine Member of

the Lodgepole Formation is obscured by talus and vegetation.

The Woodhurst Member of the Lodgepole grades transitionally into

the overlying Mission Canyon Formation along the eastern edge of the

field area. In section 32, T. 9 S., R. 10 W., the Woodhurst Member is

partially exposed, revealing gently folded limestone unconformably

overlain by the Cretaceous-Tertiary Beaverhead Conglomerate. Dips in

this outcrop range from 420 W in section 32 to 150 W around the reser-

voir in sections 5 and 6, T. 10 S., R 10 W.
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Thickness and Lithology

The Lodgepole in the Armstead anticline, where it occurs in strat-

igraphic continuity with the underlying Three Forks Formation and the

overlying Mission Canyon Formation, totals 1,100 feet in thickness. In

the thesis area, the formation is divisible into the lower Paine and

upper Woodhurst Members as designated by Sloss and Hamblin (1942).

Huh (1968) noted 990 feet of Lodgepole in Ashbough Canyon, east of the

thesis area, 590 feet in the Paine Member and 400 feet in the Woodhurst

Member. Smith (1977) measured 225 feet of Paine and 600 feet of Wood-

hurst in the Little Belt Mountains of central Montana, while Jenks

(1972) recorded 200 feet of Paine and 300 feet of Woodhurst in the Big

Snowy Mountains of Montana. Scholten (1957) reported a total thickness

of 2,500 feet for the Madison Group in the Lima, Montana region. The

Lodgepole has not been found in the Beaverhead Range, west of the thesis

area. However, an estimated 500 to 800 feet of Lodgepole was recorded

in the Tendoy Mountains by Scholten.

The Paine Member is nearly 300 feet thick in the Armstead anticline.

Smith (1977) recognized five distinct lithologic facies in central Mon-

tana. These include 1) a basal glauconitic wackestone, packstone, grain-

stone facies, 2). a rhythmically bedded, dark, lime mudstone facies, 3) a

bioherni-core facies, 4) a bioherm-flank facies, and 5) a shallow water

facies. Two of the five above-mentioned facies are found in the

thesis area: the rhythmically bedded, dark, lime mudstone facies and

the upper shallow water facies which grades up into the Woodhurst
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Member. The basal wackestone, packstone, and grainstone facies probably

is present in the area, but is concealed by vegetation and talus from the

overlying lime mud facies. The second facies is represented by fractured,

thin- to medium-bedded dark gray (5YR 4/1) horizontally laminated micrit-

ic limestone beds with very thin interbeds of argillaceous material.

This facies appears as tightly folded, cliff-forming beds which are 250

feet thick (Figures 10 and 11). The third and fourth fades are repre-

sented by localized features (bioherms), enclosed within the dark

rythmically bedded mudstone facies. In the thesis area, where the bio-

herrns are not present the mudstorie facies continued to be deposited,

gradually intertonguing with the final shallow-water Paine facies.

Brownish black (5YR 2/1) chert nodules and lenses are common in the

Paine, often disrupting the continuity of the beds.

The shallow-water sequence is recognized in the thesis area as 50

feet of lighter colored, thin- to medium-bedded biomicrite. Echinoid,

brachiopod, and bryozoa fragments are present, forming the skeletal lime-

stone of the upper Paine which grades into the Woodhurst.

The overlying Woodhurst Member is not as well exposed as the Paine

in the thesis area. It generally underlies an antidip slope between

the more prominent underlying Paine Member and the overlying Mission

Canyon Formation. Jenks (1972J recognized five distinct lithologic

units in the Woodhurst of central Montana. At sections measured in the

Big Snowy Mountains of Montana she recorded a 1) basal bioclastic grain-

stone, 2) dolomite, 3) interbedded mudstone, wackestone, and packstone,

and 5) an ooid grainstone. The Woodhurst, along the western edge of

the thesis area, is nearly 800 feet thick, but the different lithologies
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Figure 10
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Folded dark gray limestone beds of the Paine Member,
Lodgepole Formation in NE¼, SW¼, sec. 6. Note the
large fractures, perpendicular to bedding planes,
which have been infilled with calcite.
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Figure 11

Photomicrograph of fractures, infilled with sparry calcite,
in the micritic limestone of the Paine Member (crossed
nicols). Sample GH-l63-79, Lodgepole Formation, SW¼, NW¼,
sec. 30.
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described by Jenks could not be recognized. This member of the Lodge-

pole weathers light olive gray (5Y 6/1) and is thick-bedded. Bedding

planes within the Woodhurst are sharp and slightly undulatory, with up

to one-half inch relief.

Exposures of the Woodhurst Member in the E½ of section 5, 1. 10 S.,

R. 10 W., and the SW¼ of section 32, 1. 9 S., R. 10 W., vary slightly

from those along the western edge of the thesis area. The Woodhurst is

very well exposed here, forming prominent cliffs along the west side of

old U. S. Highway 91 (Figure 12). The formation is a thin- to medium-

bedded, coarse-grained biosparite with very thin interbeds of argilla-

ceous micrite (FIgure 13). Fractures infilled with calcite are prolific

throughout the Woodhurst, with veins often exceeding 2 cm in width.

Age and Correlation

The Lodgepole Formation is fossiliferous, particularly the Wood-

hurst Member where it is exposed in section 32. Fossil debris litters

the slopes; and crinoid columnals, articulated brachiopods, and small

solitary corals have weathered from the cliffs of the upper Lodgepole

Formation. Significant brachiopod assemblages were recovered from this

particular Woodhurst exposure. Mackenzie Gordon (written communication,

1980) identified the following brachiopods from collections made by the

author during the 1979 field season. Collection site GH-159-79, near

the west abutment of Clark Canyon Reservoir, SW¼, SW¼, section 32,

1. 9 S., R. 10 W. contains Schuchertella sp., Leptagonia cf. Leptagonia

analoga (Phillips), Margjnata aieana Girty), Cupularostrum metallicum
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Figure 12

Cliff composed of folded, thin- to medium-bedded lime-
stone of the Woodhurst Member, Lodgepole Formation, SW¼,
SW¼, Sec. 32. Red soil zone marks weathering along a
small fault.
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Figure 13

Photomicrograph of Woodhurst Member biosparite (crossed
nicols). Note well developed geopetal fabric within
unbroken, articulated ostracod. Sample GH-159-79,
Lodgepole Formation, SW¼, SW¼, sec. 32.
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(White), Cupularostrum tidwellae (Shaw), Cupularostrum tuta (Miller),

Cleiothyridina Cf. Cleiothyridina incrassata (Hall), Torynifer montanus

(Shaw), and Unispirifer centronatus (Winchell). William Sando (written

communication, 1980) identified the corals Amplexus sp. and Syringopora

sp. which were recovered from this interval.

Laudon and Severson (1953) assigned a Kinderhookian age to the

Lodgepole on the basis of crinoid collections. Later work by Sando and

Dutro (1960), studying the faunal assemblage in the Madison Group near

White Peak in the Three Forks quadrangle, Montana, also indicated an

early Mississippian age. Conodont biostratigraphy undertaken by

Sandberg and Gutschick (1979) and Gutschick, McLane, and Rodriguez (1976)

assigned a Kinderhookian age to the Cottonwood Canyon and Paine Members

of the Lodgepole Formation. The occurrence of Siphonodella saridbergi,

Siphonodella duplicata, and SiDhonodella sulcata Zones in the upper

tongue of the Cottonwood Canyon Member and the Lower Siphonodella

crenulata Zone in the Paine Member established the precise age. The

Woodhurst Member is of Osagean age and contains conodonts of the

Gnathodus typicus Zone (Sandberg and Gutschick, 1980). (Plate 3).

The Lodgepole is an extensive formation, ranging from Montana to

northeastern Utah and Wyoming. The Joana Limestone of Nevada and parts

Of Utah is correlative with the Lodgepole Formation, as is the Redwall

Limestone of Arizona and the Englewood Formation of South Dakota. The

McGowan Creek Formation of east central Idaho is a deeper water

correlative of the Pajne Member of the Lodgepole, reflecting the

deepening of the basin of deposition west of the thesis area.



Environment of Deposition

Rocks of the Mississippian System reflect a definite change in

patterns and rates of sedimentation along the Wasatch transition line,

separating the cratonic platform on the east and the starved basins and

flysch trough to the west. Orogenic activity associated with the Antler

orogeny produced "epeirogenic. movements on the craton, which affected

sea level and caused episodic progradation and retreat of the carbonate

shelf margin" according to Gutschick et al. (1980).

The Cottonwood Canyon, Paine, and Woodhurst Members all are inter-

preted as having different environments of deposition. The Cottonwood

Canyon Member, which is not present in the thesis area, was deposited in

earliest Mississippian time, in a narrow northeast-trending seaway,

bordered by low coastal plains.

The deep water sediments of the Paine Member reflect the eastward

transgression of the Kinderhookian sea onto the carbonate platform and

shelf margin. Gutschick et al. (1980) noted that a eustatic change

occurred, marking the onset of Paine deposition, in the mid to late

Kinderhookjan, the time of the Lower Siphonodella crenulata conodont

Zone. Smith (1972) interpreted the dark mudstone facies of the Paine

as being deposited on the unstable shelf in water depths below storm

base. The carbonate source was probably precipitation and sedimentation

from the overlying water column of materials accumulated from winnowing

and transport of fine-grained carbonate debris derived from contempo-

raneous shallow-water lithotopes on the stable shelf (Smith, 1977).
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The uppermost, shallow-water Paine facies is suggestive of an intershoal

depositional environment, slightly below wave base.

The Woodhurst Member of the Lodgepole Formation was deposited as

the shelf margin retreated eastward during early Osagean time and a

carbonate ramp developed. The sediments on this wide slope were

probably derived from the shelf margin and carbonate platform to the

east. The brachiopod assemblagerecovered from the Woodhurst interval

is indicative of relatively shallow water, within the wave zone. The

individuals are large and possess thick shells, suggesting habitation

in an area of strong current action.

Mission Canyon Formation

Distribution and Topographic Expression

The Mission Canyon Formation (Collier and Cathcart, 1922) is the

most widely exposed formation within the thesis area, covering approxi-

mately 4½ square miles. The formation strikes in a north-south direc-

tion through section 6, 1. 10 S., R. 10 W.; sections 31, 32, 30, 29, 19,

and 20 of 1. 9 S., R. 10 W.; and sections 13 and 24 of T. 9 S., R. 11 W.

The Mission Canyon forms 10.0 to 150 foot high near-vertical cliffs along

the front of the Tendoy thrust in sections 20 and 32, T. 10 S., R. 10 W.,

and section 31 of 1. 9 S., R. 10 W. The remaining outcrops of Mission

Canyon are primarily exposed as dip slopes in the Grayling syncline.

The most complete section of this formation Is exposed in sections 18

and 19, T. 9 S., R. 10 W., where the Woodhurst Member of the Lodgepole

Formation grades up into the Mission Canyon in the SW¼ of section 19



(Figure 14), and where the Big Snowy Formation unconformably overlies

the karst surface of the Mission Canyon in the SW¼ of section 18.

Silicified remnants of a solution breccia which developed on the

surface of the Mission Canyon are very well exposed in section 32,

T. 9 S., R. 10 W. This lithologic unit is very resistant to weathering

and appears as randomly distributed mounds atop the limestone of the

Mission Canyon.

Sagebrush and range grass are prolific on the Mission Canyon, often

obscuring the formation in the topographically low areas.

Thickness and Lithology

The Mission Canyon Formation is nearly 1,700 feet thick within the

thesis area; this is one of the thickest accumulations of this upper

Madison unit recorded in Montana. Oscar Huh (1968) recorded 850 feet of

Mission Canyon limestone in Ashbough Canyon, 15 miles east of the thesis

area and Robert Scholten noted approximately 800 to 1,700 feet of Mis-

sion Canyon south of the Armstead anticline in the Lima region. The

reason for this abrupt change in thickness can be related to the Mis-

sissippian carbonate shelf depositional model proposed by Rose (1976).

According to Rose, regionally, the carbonate depositional complex, which

includes the Lodgepole and Mission Canyon Formations of the Madison

Group, thickens westward from the Transcontinental arch. An accretion-

ary, curvilinear, constructional carbonate shelf margin developed within

the transitional zone (Wasatch Line) between the cratonic platform to

the east and the Antler orogenic trough to the west, during Mississip-
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Transition from thinner bedded limestone of the Woodhurst
Member, Lodgepole Formation (right) to thicker bedded
limestone of the Mission Canyon Formation (left), SW¼, SW¼,
sec. 19.
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plan time. The Wasatch Line or transition zone (Figure 3) marks the

westernmost extent of the shallow-water deposition of the Mission Canyon

Formation. The Armstead anticline is located in the area, on the shelf

margin., with the greatest accumulation of Mission Canyon strata.

Westward, beyond the transition zone of the Wasatch Line, sedimentation

occurred at a much slower rate in a starved basin in the Idaho

Depositional Province (Sando, 1975b). In reference to the abrupt

thickness change of the Mission Canyon across the Wasatch Line, Peter

Rose (1976) stated, "The transgressive Lodgepole (and equivalent)

carbonates seem relatively unaffected by any thickness changes, in

contrast to the shelf-to-basin changes of the Mission Canyon. The

consistency of these thickness and facies changes along a regional

curvilinear trend is similar to that of other well-documented shelf

margins, such as the Lower Cretaceous Edwards reef trend of the Gulf

Coast region and the Guadalupian shelf margin in the Permian Basin of

West Texas and New Mexico."

The Mission Canyon Formation is primarily a very thick-bedded lime-

stone, (Figure 15) with localized lenses of white chert and an overlying

silicified limestone breccia. Evidence of laterally continuous bedding

in the Mission Canyon is rare; for the most part, the beds appear to

be irregular and discontinuous. Where bedding planes are visible, they

often have chert emplacement, and attitudes were taken from these secon-

dary features. Limestones of the Mission Canyon are pale yellowish

brown (YR 6/2) to yellowish gray (5? 8/1) on fresh surfaces and light

gray (N 7) colored on weathered surfaces. Lithologically, limestone
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Figure 15

Very thick-bedded light gray cliffs of the Mission
Canyon Formation. SE¼, NW¼, sec. 29.



dominates the Mission Canyon Formation. Coarse-grained, packed bio-

sparites and fine-grained mixed crystalline limestones are locally

visible in the lower two thirds of the formation.

The biosparite consists primarily of echinoderm plates and bryozoan

fragments, cemented with sparry calcite (Figure 16). The fossil frag-

ments are nearly equant in size and appear to be well sorted. The

crinoid plates are single-crystal plates of circular outline, composed

of calcite. They range in width from 0.1 to 1.0 mm, and some include

parts of blastoids, echinoids, and stelleroids. The bryozoa observed in

the Mission Canyon are feriestrate and consist of long narrow branches

containing sparry calcite-filled autopores, enclosed in fibrous calcar-

eous tissue. Pore space totals nearly 5% of the biosparite unit.

The mixed crystalline limestone is composed of a rnicrite matrix

with sparry calcite replacing fossil debris. The equant sparry calcite

crystals range from 0.5 to 1.0 mm in size and compose approximately 15%

of the total rock. Stylolites are common in this mixed crystalline

limestone unit. The stylolite zones are parallel to bedding surfaces

and average 2 mm in width.

Discontinuous beds of white chert, up to 1.5 feet thick, occur in

the upper Mission Canyon. The chert was formed by microcrystalline

silica replacing crinoidal limestones; evidence of this are ghosts of

crinoid ossicles averaging 1.0 mm in diameter. Eighty per cent of this

chert unit is microcrystalline quartz while random, single crystal

calcite ossicles compose the remaining 20% of the unit. The calcite

ossicles in the chert matrix present a patchwork appearance under

polarized light.
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Figure 16

Photomicrograph of coarse-grained echinoid and bryozoan
biosparite (crossed nicols). Note fenestrate bryozoan
and sparry calcite cement. Sample GH-154-79, Mission
Canyon Formation, NE¼, SI¼, sec. 31.



The uppermost silicjfjed limestone breccia unit is nearly 70 feet

thick near the front of the thrust in section 32, 1. 9 S., R. 10 W. It

is very difficult to determine the precise thickness because this

lithologic unit has no bedding planes and forms an irregular surface on

the Mission Canyon. The contact of the Mission Canyon and the over-

lying breccia unit is covered with talus and the upper surface of the

breccia is highly weathered. Randomly distributed erosional remnants

of the breccia approximately 35 feet thick are scattered throughout

sections 29 and 32, 1. 9 S., R. 10 W (Figure 17). Fresh surfaces reveal

a dusky red (SR 3/4) matrix with light gray (N 7) colored chert clasts.

Middleton (1961), Roberts (1966), and Sando (1974) have discussed

the genesis of the solution breccia and karst surface at the top of the

Mission Canyon. Roberts (1966) differentiated the karst surface and

solution breccia based on two criteria: 1) the physical stratigraphic

relationships of the unit to the under- and overlying beds, and 2) the

clay matrix mineralogy of the unit. According to Roberts the solution

breccia beds 11mark the stratigraphic positions of evaporites that were

leached from the surface or near surface exposures; they do not repre-

sent an unconformity."

The solution breccias characteristically have sharply defined bases,

poorly defined tops, appear to follow stratification, and the matrix

contains an illite clay. The karst surface, as defined by Roberts, is

on the uppermost surface of the Madison Group and resulted from sub-
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Figure 17

Erosional remnants of 3olution breccia at the top of
the Mission Canyon Formation, SW¼, sec. 32.



aerial exposure and erosion of the limestone in Meramecian time. The

limestone fragments are rounded and infill large, irregular pockets

within the Mission Canyon. Kaolinitic clays compose the matrix of the

karst deposits.

The silicified unit within the thesis area probably represents the

remnant of a solution breccia formed at or near the sur face of the

Mission Canyon. Because of silicification, X-ray diffraction was not

capable of determining the clay content of the matrix. The unit is

characterized by apparent deposition above, not in pockets in, the

thick beds of the Mission Canyon limestone. The clasts in the breccia

are highly angular and very poorly sorted. They range in size from

0.1 mm to 5.0 cm, with an average diameter of 1.0 cm. The clasts are

a spicular chert where the spicules are preserved as megaquartz in a

matrix of microcrystalline quartz of replacement origin. The original

matrix material was probably a "rock flour" composed of very fine

limestone and evaporite fragments. Thin sections reveal that the

matrix is composed of two distinct sizes of quartz: a microcrystalline

quartz with silt-sized (0.1 mm) particles of detrital quartz (Figure 18).

There are rare patches of calcite remaining in the matrix which reflect

the fact that the matrix was probably composed of crushed limestone.

Hematite staining is prolific in the matrix material, giving the dusky

red color, but the hematite is not found to stain any of the clasts.



Figure 18

Photomicrographs of silicified solution breccia (crossad
nicols). Clasts of spicular chert with spicules preserved
as megaquartz in a matrix of microcrystalline quartz cf
replacement origin (above). Reflected light reveals pro-
lific hematite staining of the matrix (below). Sample

GH-165-79, Mission Canyon Formation, SW¼, sec. 32.
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The upper Mission Canyon is noted for its evaporite-type carbonate

sequences in southwestern Montana (Huh, 1968; Sloss, 1952; and Roberts,

1966). Here, cyclically repeated sequences of interbedded limestone,

dolomite, and anhydrite are found in the upper 100 feet of the forma-

tion. The movement of ground water through this upper unit resulted

in the collapse and crushing of the nonsoluble strata within this

interval. Severson (1952) and Roberts (1966) suggest that the solution

breccia beds may have been formed during or after the Late Cretaceous

and early Tertiary uplift of the Rocky Mountains. They based this

assumption on the fact that rocks as young as the Cretaceous Colorado

Shale were surficially affected by the presence Of underlying collapse

solution breccias. Extensive devitrification of Tertiary volcanic rocks

may have contributed some of the silica necessary to replace the calcite

matrix of the limestone breccias. The spicular chert clasts within the

breccia indicate diagenetic recrystallization of organic skeletons

(sponges).

Age and Correlation

The Mission Canyon is sparsely fossiliferous in the Armstead anti-

dine area. Silicified branches of fenestrate bryozoa and corals are

visible to the unafded eye, whereas fragmented crinoid ossicles and

conodonts are visible microscopically.

Sando, Mamet, and Dutro (1969) devised the Carboniferous megafaunal

zonation for the northern Cordillera of the United States. Based on a

12-zone coral and brachiopod, and a 15-zone foraminifera biostratigraph-
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ic scheme, the Mission Canyon ranges in age from middle through late Osag-

ean time. Coral zonation of the Mission Canyon includes Zones C2 - D

(Plate 3). Within Zone C2 the principal corals are Zaphrentites

excavatus (Girty), Homalophyllites, Vesiculophyllum, and several species

of Syringopora. Zone D is characterized by the lowest occurrence of

Lithostrotion oculinum (Sando), which is a fasciculate lithostrotionid

coral. William Sando (personal cormiunication, 1980) identified the

corals Vesiculophyllum sp. and Lophophylum sp., from the thesis area,

as well as numerous horn corals which are characteristic of Zone C2.

This zone includes approximately the lower half of the Mission Canyon

limestone in the thesis area.

Collections in the Mission Canyon limestone also yielded the cono-

dont species Polygnathus mehli, which was identified by Charles Sandberg

(personal communication, 1980). The collections contain sparse conodont

faunas which show abundant, closely spaced, incipient fractures, sugges-

tive of intense shearing of the containing rocks. The species

Polygnathus mehli is indicative of the highest part of the anchoralis-

latus Zone, as defined by Lane, Sandberg, and Ziegler (1980). According

to Sandberg, this species suggests a middle Osagean (upper Burlington)

age, which is compatible with the age of the Mission Canyon Formation

elsewhere in Montana.

Mamet (Sando, Mamet, and Dutro, 1969) divided the Mission Canyon

into four foramjnjfer zones (Plate 3): Zones 8, 9, 10, and 11. Zones

8 and 9 are characterized by spinose endothyroids, while 10 and 11

have abundant Globoendothyra and Endothyranopsis forams. No foramini-

fera were found in the Mission Canyon of the Armstead anticline.
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Correlatives of the Mission Canyon Formation are the Castle Reef

DDolomjte of the Uinta Mountains, Utah, the Redwall Limestone of Arizona,

the Leadville Limestone of Colorado, and the Monte Cristo Limestone of

Nevada. The time-equivalent McGowan Creek Formation of southeast and

central Idaho reflects deposition in the starved basin adjacent to the

carbonate platform on which the Mission Canyon was deposited. The

Chainman Shale and Diamond Peak Formation of Nevada are the flysch

trough equivalents of the Mission Canyon Formation.

Environment of Deposition

As mentioned earlier, the depositional model of Peter Rose(l976)

best explains the conditions prevailing at the time of deposition of

the Mission Canyon Formation. The concept of carbonate deposition

across the Wasatch Line as presented by Rose can be summarized as

follows. The depositional model consists basically of a shallow marine

sedimentary prism deposited along the flank of a carbonate shelf.

Carbonate production occurs in shallow marine waters, with very little

sediment accumulation occurring above high tide. According to Rose,

"In areas where sediment production exceeds subsidence rate in these

shallow waters, carbonate sediments accumulate up to approximate sea

level, and any additional carbonate detritus is thereafter distributed

laterally by currents, tides, and storms, eventually building a broad,

very shallow submarine plain. Accordingly, the three-dimensional

carbonate body--its growth limited upward by sea level and downward by

subsidence--thickens away from the positive element, accreting across
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its subsiding flanks, toward open, deeper marine waters. At this point

in this hypothetical traverse across the shelf where production and

accumulation of shallow-marine carbonate sediments Is exceeded by

subsidence, the sediment package ceases to thicken and thereafter thins

progressively toward deeper water to some area where sedimentation is

slow and relatively uniform in a starved basin. A constructional ridge

(coral-algal reef) at the shelf margin may serve to restrict ingress

and egress of seawater to and off the shelf, thus promoting evaporative,

highly saline conditions in the shelf interior.

Within the thesis area, the coarse-grained crinoidal biosparite

and mixed crystalline limestone of the lower Mission Canyon were

probably deposited along the westward prograding shelf margin. The

well-sorted and clean appearance of the biosparite suggests intertidal

deposition, whereas the mixed crystalline limestone represents subtidal

and deeper-water shelf margin deposition. The evaporite and dolomite

of the upper Mission Canyon are indicative of deposition in backwater

lagoons along the shelf interior.

Big Snowy Formation

Distribution and Topographic Expression

The Big Snowy Formation displays the greatest variation in topo-

graphic and geologic expression of any formation found on the southeast

flank of the Arrnstead anticline. The Big Snowy is well exposed along

the front of the Tendoy thrust through sections 20 and 29, T. 9 S.,

R. 10 W. It also is exposed in an arcuate belt which trends from
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northwest-southeast along the western edge of the thesis area to north-

east-southwest along the eastern edge of the thesis area. This contin-

uous arcuate exposure is seen in section 13, T. 9 S., R. 11 W., and

sections 16, 17, 18, 19, and 20 of T. 9 S., R. 10 W. An additional area

of outcrop lies in sections 29, 30, 31, and 32 of 1. 9 S., R. 10 W.

(See Plate 2).

The Big Snowy Formation within the thesis area is structurally

disrupted, having been disharmonically folded during the Laramide

orogeny. The Big Snowy is so highly deformed in areas (because of thin

bedding and the incompetent nature of the limestone) that stratigraphic

up could not be determined.

In general, the Big Snowy is a cliff-forming unit, characterized

by 60 to 75 foot high cliffs of thin- to thick-bedded limestones and

iriterbedded argillaceous rocks. The Big Snowy rests disconformablyon

the underlying Mission Canyon Formation and is transitional with the

overlying Amsden Formation. Commonly, the interval which contains the

contact of the Mission Canyon and Big Snowy is obscured by talus in the

thesis area. However, in the SE¼, SW¼ of section 18, T. 9 S., R. 10 W.,

a near-vertical exposure best displays the contact of the Mission Canyon

and Big Snowy Formations. The Amsden-Big Snowy transition zone is

exposed best in section 15, 1. 9 S.., R. 10 W., where the limestones of

the Big Snowy grade up, over a three foot interval, into the calcareous

sandstones of the Amsden Formation.
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Thickness and Lithology

The Big Snowy is referred to as a formation rather than a group in

southwestern Montana. Within the transition zone, which lies between

the craton to the east and the miogeosyncline to the west, the Big Snowy

loses some of the distinctive characteristics it has in the cratonic

platform region of Montana. The Big Snowy Group is composed of the

Kibbey, Otter, and Heath Fo'niations in central Montana (Maughan and

Roberts, 1967). However, within the thesis area, the Big Snowy is

equivalent to the Heath Formation of central Montana (Sandberg and

Gordon, personal communications, 1980).

Oscar Huh (1968) recorded approximately 200 feet of Big Snowy black

shale in Ashbough Canyon, 15 miles east of the thesis area. In the

Beaverhead Range, west of the Armstead anticline, the Big Snowy is a

black fissile shale unit 300± feet thick. Scholten (1955) noted nearly

500 feet of black shale and thin-bedded limestone in the southern Tendoy

Mountains, to which he assigned the Big Snowy name. The lithology of

the Big Snowy Formation in the thesis area is considerably different

than that described by Huh (1968), Scholten (1955) and Sloss (1952) of

the same-named unit in southwestern Montana. Each of these authors

noted the abundance of dark brown to black calcareous shales, along with

limestones, in Beaverhead County.

The most complete exposure of Big Snowy is found in the E½, NE¼, of

section 13, 1. 9 S., R 11 W., of the thesis area. Here, the Big Snowy

is approximately 450 feet thick and composed of thin- to thick-bedded,
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fine-grained, commonly fossiliferous limestone. Laminated interbeds of

calcareous siltstone are present throughout the Big Snowy, but no trace

of shale was found in any of the eleven sections containing exposures

of the Big Snowy in the field area (Figure 19).

The Big Snowy of the thesis area can be divided into three distinct

lithologic units: a lower, very thin-bedded, dark gray micritic lime-

stone; a middle, thin- to thick-bedded, lighter yellowish gray fossilif-

erous limestone; and a thin upper unit of very light colored sandy lime-

stone, grading into the calcareous sandstones of the overlying Amsden

Formation.

The lower lithologic

light olive grey (5Y 6/1)

thin to thin beds (½ inch

biopelmicrite with silt-s

The micrite beds are

unit is 60 feet thick and ranges in color from

to olive gray (5Y 4/1) on fresh surfaces. Very

to 2 feet thick) of micrite, biomicrite, and

ized authigenic quartz, are common in this unit.

homogeneous with a uniform fabric. No

evidence of fossil debris, pellets or ooids is evident; the rnicrite

appears to be finely laminated, with concentrations of hematite creating

the distinguishing laminae. Some other micrite beds appear to be

bioturbated with burrows of bottom-dwelling organisms.

The primary fossil constituent of the biomicrite beds are brachio-

pods. Close examination of one bed reveals a collection entirely of the

ambocoeliid brachiopod Crurtthyrjs sp., in a death assemblage (Figure 20).

The disarticulated valves range in size from 6.2 mm to 1.2 cm through

the longitudinal section. Measurement of the transverse section, through

single valves, reveals that the thickness of the shell generally does



Figure 19

Big Snowy outcrops along the west f
(NW¼, NE¼, sec. 11, 1. 10 S., R. 11
the east flank (SE¼, NE¼, sec. 29),
(below). Note the absence of shaly
lower photo, the result of flexural
Big Snowy of the thesis area.

lank of the anticline
W., above) and along
in the thesis area
interbeds in the
slip folding in the
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Figure 20

Photomicrograph of biomicrite from the lower lithologic
unit of the Big Snowy Formation (crossed nicols). Note
the impunctate and disarticulated shells of the amboco-
elid Brachiopod, Crurithyris sp. Sample GH-ll3-79, Big
Snowy Formation, SE¼, SW¼, sec. 19.
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not exceed 0.3 mm. Shells within the biomicrite beds are well preserved

by silicification.

The biopelmicrite beds contain pelloids which may have been

produced by the micritization of fossil fragments or ooids. These

pelloids average 0.2 mm in size, ranging from 0.05 to 0.35 mm.

Approximately seven per cent of a normal bed is fossil material which

has been rep1aced,y sparry calcite and quartz. Brachiopods, ostracods,

echinoid fragments, and forams all can be identified within the

biopelmicrite bed. Silt-sized authigenic quartz crystals, which range

from 0.06 mm to 0.1 mm, compose four per cent of the total constituents.

The quartz crystals, which are bipyramidal and euhedrally terminated,

commonly contain abundant carbonate inclusions (Figure 21).

This lower unit characteristically weathers olive gray (5Y 4/1) to

dark yellowish brown (1OYR 2/2). Bedding planes within this lithologic

unit are continuous, sharp, and planar. Extensive fracturing, with

calcite infilling, appears perpendicular to the bedding planes.

The lithology and thickness of the middle unit of the Big Snowy

emphasizes the regressive nature of the entire formation. This unit is

nearly 350 feet thick and is composed of alternating thick and thin beds

of light colored fossiliferous limestone. Beds in this complex include

an oopelmicrite, packed foraminiferal and echinoid biomicrites, and a

poorly washed ostracod biosparite. Very large brownish gray (5YR 4/1)

chert nodules (greater than 5 inches long and 3 inches wide) also are

present.

This middle lithologic unit ranges in color from pinkish gray

(5YR 8/1), to very pale orange (10YR 8/2), to yellowish gray (5? 8/1)



Figure 21

Photomicrograph of silt-sized authigenic quartz crystal
in the biopelmicrite of the lower Big Snowy (crossed
nicols). The crystal is bipyramidal and euhedrally
terminated, with carbonate inclusions. Sample GH-113A-79,

Big Snowy Formation, SE¼, SW¼, sec. 19.



on fresh surfaces, and weathers to a yellowish gray (5Y 7/2) on exposed

surfaces.

A very pale orange (1OYR 8/2) and yellowish gray (5Y 8/1) mottled

ostracod limestone is evident toward the base of this unit. This

ostracod-rjch limestone is 3.4 feet thick and overlies a darker gray

mjcrjte bed. The ostracod shells are articulated and range in size from

0.3mm to 1.2 mm. The homogeneous prismatic wall structure of calcite

composition and the V-shaped carapace termination identify these

arthropods (Figure 22). The shell interior encloses sparry calcite

in a mosaic pattern. This limestone is composed of a subequal mix-

ture of micrite and sparry calcite; according to Folk (1962) this

texture is referred to as a 11poorly washed biosparite." The sparry

calcite crystals range in size from 0.1 mm to 1.5 mm. The random

distribution of spar probably reflects the precipitation of calcite

spar in the interparticle pore spaces of a partially lithified mud,

through which calcium carbonate-rich waters were circulating.

The middle biomicrite unit is composed of lithified mud and bio-

clastic debris consisting of brachiopod, bryozoa, and gastropod frag-

ments, echinoid plates, and foraniinjfers. The fossil debris (excluding

the forams) is very fragmented and appears to be highly abraded in many

cases. The coexistence of the micrite mud and highly worn bioclastic

debris indicates textural inversion, as abraded particles from a rela-

tively high energy zone were transported and ultimately deposited in

quiet waters.

Of particular interest is a packed foraminiferal biomicrite found

near the top of the middle unit. Endothyrid forams are prolific in the



Figure 22

Photomicrograph of ostracod from middle lithologic unit
of the Big Snowy Formation (crossed nicols). The shell
interior is composed of sparry calcite in a mosaic pattern.
Sample GH-39LS-79, Big Snowy Formation, SW¼, SE¼, sec. 17.



Big Snowy of the thesis area, specifically, occurring in the middle

part of the formation (Figure 23). The foraminifer tests range in size

from 0.15 mm to 0.60 mm through the longitudinal sections, and sparry

calcite has infilled the test chambers.

An oopelmicrite bed lies stratigraphically above the foraminiferal

biomicrite bed described above. The pelmicrite matrix has been par-

tially recrystallized to micro- and pseudospar within these beds, but

some of the ooids have retained their distinctive shape and character-

istics. The ooids range in size from 0.2 mm to 0.6 mm in diameter, and

approximately 37% of the ocids show a distinct radial fabric. Concen-

tric laminations still are visible, but they commonly are cut by second-

ary radial crystals (Figure 24). This fabric may have resulted when

the original aragonite altered to calcite.

The majority of ooids are micritized and show indistinct growth

rings. The ooids are not well sorted. This lack of sorting and the

presence of a pelmicrite matrix suggests that cementation occurred below

the sediment-water interface in a relatively quiet, nonturbulent envi-

ronment within the Big Snowy.

Davies et al. (11978) and Newell et al. (1960) studied the physical

and chemical conditions of modern oojd formation in the Bahamas. Ooids,

in general, are formed in shallow water conditions where. evaporation

reduces CO2 partial pressure, and supersaturation of the water with

CaCO3 occurs.

The uppermost unit of the Big Snowy Formation is composed of a

sandy limestone, which grades over a15 foot interval into the calcare-

ous sandstones of the Anisden Formation. This unit varies in color from
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Figure 23

Photomicrograph of foraminiferal biomicrite in the
middle of the Big Snowy Formation (crossed nicols).
Foraminifer tests range in size from 0.15 mm to
0.60 mm through the longitudinal sections; sparry
calcite infills the test chambers. Sample GH-31-79,
Big Snowy Formation, SE¼, SE¼, sec. 20.



Figure 24

Photomicrographs of oopeimicrite from the middle unit of
the Big Snowy Formation (crossed nicols). The ooids range
in size from 0.2 mm to 0.6 m in diameter (above) and
approximately 37% of the ooids show a distinct radial fab-
nc (below). Sample GH-40-79, Big Snowy Formation, SE¼,
SE, sec. 17.



grayish orange (1OYR 7/4) to pinkish gray (5YR 8/1) and light gray (N 7)

on fresh surfaces, to pale yellowish brown (1OYR 6/2) on weathered

surfaces. The entire upper unit is approximately 40 feet thick,

including the 15 foot transition zone into the Amsden.

The limestone of this upper Big Snowy unit consists of thin-bedded,

packed biomicrite which progressively grades into a very thin-bedded

sandy biosparite.

The biomicrite is composed of a variety of biotic components,

including: echinoderni plates, forams, and brachiopod, trilobite, and

bryozoan fragments. The fossil debris displays a well-developed micrite

coating or envelope. The abraded and coated bioclasts indicate particle

movement and boring by filamentous blue green algae in shallow sunlit

water less than 30 feet deep (Wilson, 1975). The highly fragmented

bioclastic debris with a micrite matrix is indicativeof textural inver-

sion, as abraded particles from a high energy zone were transported

and eventually deposited in a low energy, quiet water zone.

Detrital quartz particles in the biomicrite range in size from

0.07 mm to 0.1 mm across, and compose from 3% to 5% of the entire unit.

According to Wentworth (1922), this falls into the category of a very

fine sand (0.0625-0.125m). These very fine sand grains are subangular

to subrounded. As one goes higher in this upper Big Snowy unit, the

detrital quartz becomes a fine sand (0.125-0.25 mm), composing up to

30% of the total rock. Where the dominant lithology ceases to be

limestone, the author designates the top of the Big Snowy Formation.



Age and Correlation

The Big Snowy Formation of the thesis area is very fossiliferous.

All brachiopod and coral assemblages recovered from this formation were

silicified, so etching by hydrochloric acid facilitated the removal of

fossils from the rock. Prior to this thesis, no work had been done to

determine the precise age of the Big Snowy Formation in southwestern

Montana. Sloss (1952), Huh (1968), and Scholten (1955) described the

formation and noted changes in thickness, but attempts to determine the

biostratigraphic zones were not undertaken. Charles Sandberg, Mackenzie

Gordon, and William Sando identified and assigned to zones the fossil

collections recovered from the Armstead anticline.

Conodonts present indicate assignment to the long-ranging

Cavusgnathus Zone, which extends from the middle of the Meramecian

through a large part of the Chesterian (Sandberg, personal communication,

1980). The following conodont species were recovered from the Big Snowy

of the thesis area: collection GH-7-79 *Neoprinlodus sp., Cavusgnathus

sp.: collection GH-22-79 Cavusgnathus sp., Gnathodus girtyi girtyi;

collection GH-31-79 Cavusgnathus unicornis, Cavusgnathus regularis;

collection GH-39 LS-79 Hindeodus imperfectus; collection GH-46-79

Cavusgnathus sp.; collection GH-48-79 Cavusgnathus unicornis, *Neopri..

oniodus sp., *Ligonodjna sp.; and collection GH-50-79 Cavusgnathus sp..

Long-ranging ramiform elements that have little biostratigraphic value

are indicated by an asterisk (*) The collection localities referred

to are listed in the Appendix



Diagnostic species representative of the finer Chesterian conodont

zones were not found in the thesis area. The Cavusgnathus conodont zone

is correlative to Cordilleran Megafaunal Zones Pre E - K (Sando, Mamet,

and Dutro, 1969), and Foraminiferal Zones 13-19 (Mamet, 1975). See

Plate 3.

Sando et al. (1969) established the Carboniferous Cordilleranmega-

faunal zonation based on restricted occurrences of selected coral and

brachiopod species.

Mackenzie Gordon (personal communication, 1980) identified the

brachiopods of the thesis area and assigned to them a late Chesterian

(late Late Mississippian) age. Gordon also suggested that collections

GH-46-79 and GH-48-79, in particular, are equivalent to the Heath

Formation of the central Montana Big Snowy Group.

The brachiopods collected from the Big Snowy Formation of the the-

sis area are as follows: collection GH-7-79 Composita? sp., Neospirifer

praenuntius; collection GH-22-79 Crurithyris sp., spiriferoid (genus and

species indet.); collection GH-31-79 Cleiothyridina sp., Composita sp.,

Martinia sp., Anthracospirifer sp.; collection GH-40-79 Crurithyris sp.;

collection GH-46-79 Antiquatonia sp.?, Composita sulcata, Anthracospiri-

fer sp.; collection GH-48-79 Inflatia spinolinearis, Antiguatonia perno-

dosa, Composita sulcata, Anthracospirifer curvilateralis, Anthracospiri-

fer sp., Reticulariina browni, Beecheria sp., Paladin sp.; collection

GF{-50-79 Cleiothyridina sp..; and collections GH-61-79, GH-113-79 Crurithy-

ris sp.. Brachiopods characteristic of Megafaunal Zone K (Sando et al.,

1969) found in the thesis area include Anthracospirifer curvilateralis

and Cleiothyridina.



The corals Rotiphyllum sp., Caninia sp., and Amplexus were ideriti-

fied by William Sando, from collections taken from the thesis area.

Caninia sp. is compatible with a Big Snowy (Chesterian) age assignment,

but Rotiphyllum and Amplexus both have long ranges, which do not permit

precise age assignment. Sando et al. (1969) noted that In Zone K, the

principal index fossil is the coral species Caninia excentrica (Meek).

In summary, data derived from the Big Snowy megafossils of the

Armstead anticline' indicate the formation is approximately correlative

with Megafaunal Zones K - Post K, which are middle to late Chesterian

in age.

The Big Snowy Formation of southwestern Montana is a correlative

of the Brazer Limestone of southeastern Idaho, and the Ochre Mountain

and the Great Blue Limestones of Utah. The thicker-bedded skeletal

shelf lirnestones of Idaho, i.e., the White Knob Group, are the western

deeper water, time-equivalent complex. The Darwin Sandstone, Horseshoe

Shale, and part of the Ranchester Limestone Members of the Amsden

Formation also are Big Snowy correlatives in western and central Wyoming.

Environment of Deposition

The Big Snowy Formation is not found in all parts of southwestern

Montana; this inconsistency is primarily the result of nondeposition.

The Asnsden Formation coninonly overlies the erosional surface of the

Mission Canyon in south and central Montana, with no trace of the Big

Snowy Formation. Peter Rose (l976) detailed this phenomenon in his

explanation of Mississippian sedimentation across the Wasatch Line.



Two depositional complexes developed from late Kinderhookian through

Osagean time and are described in the section on Mission Canyon environ-

ments of deposition.

The second or upper depositional complex developed west of the

earlier stratigraphic reef during the middle Meramecian and extended

into late Chesterian time. According to Rose (1976), "The upper deposi-

tional complex reflects sedimentation in a relatively narrow, rapidly

subsiding miogeosyncline confined between an emergent craton on the east

and the active Antler orogen on the west. Thin deposits of red beds

and sandstones form an apron along the emergent craton to the east;

these are the basal deposits of the Amsden Formation. Two east-west

depressions indent this upper shelf. The northernmost is the Big Snowy

trough of central Montana, filled by estuarine sands, silty limestones,

and black carbonaceous shales of the Big Snowy Group."

The Big Snowy Formation extends across extreme southwestern Mon-

tana in a 50 to 60 mile wide, northeast-southwest-trending depositional

trough. No occurrences of Big Snowy have been reported north of the

Armstead anticline, beyond T. 6 N. (Lowell, 1960) or south of the Lima

region, beyond T. 16 S. (Scholten, 1955) in Beaverhead County, Montana.

The Big Snowy basin was centered in central Montana in early

Chesterian time and expanded eastward across Montana into the Dakotas

during the middle Chesterjan. The southward expansion of the Big Snowy

basin was limited by the growth of the Southern Montana arch, which

formed an emergent barrier separating the Big Snowy basin from the

Wyoming basin, where the Darwin Sandstone and Horseshoe Shale Members

of the Amsden Formation were being deposited (Sando, Gordon, and Dutro,
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1975). During late Chesterian time, the Big Snowy basin reached its

maximum areal extent, with sediments partially covering Montana and

reaching into Canada, the Dakotas, and Idaho. It was during late Ches-

terian time that the Heath Formation equivalent of the Big Snowy Group

was deposited in the northeast-southwest-trending trough which extended

across southwest Montana through the thesis area.

The Big Snowy uplift of central Montana occurred in latest Ches-

terian time causing the shallow waters of the Big Snowy basin and

adjoining trough to drain westward, off the craton. This offlap is

reflected in the late Mississippian rocks of the thesis area. As men-

tioned in the section on Big Snowy thickness and lithology, the Big

Snowy of the thesis area can be divided into three distinct lithologies.

These lithologic units include: a lower very thin-bedded dark gray

mnicritic limestone; a middle thin- to thick-bedded, lighter yellowish

gray fossiliferous limestone; and a thin upper bed of very light colored

sandy limestone, grading into the calcareous sandstones of the Anisden

Formation.

The lower lithologic unit, which is composed of very thin-bedded,

dark colored micrites, biomicrites, and biopelmicrites, reflects sedi-

mentation in a relatively undisturbed, quiet marine environment. The

occurrence of an exclusive collection of the brachiopod Crurithj'ris sp.

in a death assemblage indicates the water depth may have been up to 150

meters deep cA. J. Boucot, personal comunication, 1980). This depth is

based on taxonomic observations made from the silicified shells of these

individuals. The shells are paper thin and mature individuals rarely

exceed 1.2 cm in length. Thus, the lower lithologic unit represents
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deposition at a time of maximum depth of the Big Snowy basin during

late Chesterian time.

The overlying, thicker-bedded, lighter colored limestone unit is

composed of oomicrites, packed foraminiferal and echinoid biornicrites,

and a poorly washed ostracod biosparite. The lighter colored sediments

and the presence of ooids, echinoids, and sparry calcite as a cement,

indicate deposition in a shallow marine, high energy environment within

the upper photic zone (Wilson, 1975). Wave and tidal processes in a

shallow shoal would provide the biotics and occasional storm waves and

tides would move the bioclastic debris into quieter, deeper, protected

waters behind the shoal. Here the deposition of the oomicrltes and bio-

micrjtes occurred. The shallow water limestone facies of this middle ii-

thologic unit reflect the beginning of an offlap in the late Chesterian.

The uppermost very light colored, thin-bedded, packed biomicrite,

which grades into a sandy biosparite, is indicative of an inter- to

supratidal environment of deposition. The abundance of sand-sized

detrital quartz grains at the top of the Big Snowy, and the transition

into the overlying calcareous sandstones of the Amsden Formation,

indicate a beach environment. This shallowing and transition of the

Big Snowy into the Amsden Formation correlates precisely with the

latest Chesterian Big Snowy uplift east of the thesis area (Sando,

Gordon, and Dutro, 1975).
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Amsden Formation

Distribution and Topographic Expression

The Amsden Formation is poorly exposed within the thesis area.

The formation is restricted to a narrow arcuate band which extends

across the extreme northern part of the field area, through sections

16, 17, and 18 ofT. 9 S., R. 10 W., and section 13, T. 9 S.,R. 11 W.

The best exposed section is located mid-way on the section line separat-

ing sections 16 and 17, T. 9 S., R 11 W. Here, the Amsden is concordant

with the underlying Big Snowy and the overlying Quadrant Formations.

This section typifies the transition from the carbonates of the Big

Snowy to the sandstones of the Quadrant. Sando, Gordon and Dutro (1975)

recognized an unconformity between the Amsden and Big Snowy Formations

approximately 100 miles northeast of the thesis area at the Baidy Moun-

tain section. However, they state that the Big Snowy, Amsden and Quad-

rant are conformable southwest of Baldy Mountain in an area which

includes the Armstead anticline and the Tendoy Mountains in Beaverhead

County (Sando et al., 1975, p. A51).

The Amsden of the Armstead anticline is a poorly consolidated

calcareous sandstone and is rarely seen in outcrop. The formation

generally forms a gently dipping, reddish sandy soil zone above the

resistant limestones of the Big Snowy Formation. The top of the 14nisden

is marked by a steepening in slope, above which white ledges of resis-

tant sandstone of the Quadrant are found.
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Attitudes recorded from the Amsden reflect the structural rela-

tionship of the Amsden to under- and overlying strata. The limestones

of the Big Snowy are disharmonically folded, whereas the structural

pattern of the Anisden beds appears to be influenced by the less

deformed, more competent sandstones of the Quadrant.

Thickness and Lithology

Scholten (1955) noted 200 feet of Amsden Formation in the Lima

region, south of the thesis area. The Amsden, east of Ashbough Canyon,

is 250 feet thick (Sloss and Moritz, 1951). The Amsden Formation,

approximately 100 feet thick at the best exposure in the thesis area,

varies slightly in thickness throughout the Armstead anticline. This

variation is the result of thickening and thinning of the formation

by structural deformation, primarily by fo1ding. The Amsden of the

thesis area is transitional with both the underlying Big Snowy Limestone

and the overlying Quadrant Sandstone.

The sandstone present in the lower 30 feet of the formation is

calcite-cemented sandstone. Petrographic study of this very fine-

grairied quartz arenite reveals a well-sorted framework composed of sub-

angular to subrounded quartz grains with a median grain size of 0.1 mm

(Figure 25). Coarsely crystalline sparry calcite cement composes

about 38% of the total rock. Poorly preserved fossil allochems,

which compose two to three percent of the rock, consist of disarticu-

lated brachiopod fragments and coral debris. This lithologic unit is

a pale reddish brown C1OR 5/4) on weathered surfaces and is a mottled
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Figure 25

p

Photomicrograph of calcite-cemented quartz arenite of
the Misden Formation (crossed nicols). Note well-sorted,
subangular quartz grains (median grain size 0.10 mm)
cemented with coarsely crystalline sparry calcite.
Sample GH-52-79, Amsden Formation, SW¼, NW¼, sec. 16.



pale yellowish orange (1OYR 8/6) and yellowish gray (5Y 8/1) color

on fresh surfaces.

The cement of the Amsden sandstone gradually becomes less calcar-

eous and more silicic through the upper 70 feet of the formation. The

median grain size remains relatively uniform throughout, averaging 0.2

mm near the base of the Quadrant Formation. The sandstone of the upper

Amsden is also a quartz arenite, but is better indurated and lacks the

friable texture of the lower lithologic unit. Fossil allochems were

not found above the lower 30 feet of the formation. The upper unit is a

yellowish gray (5Y 8/1) color on fresh and weathered surfaces with pale

red (bR 6/2) colored stains along fractures. This red color is pro-

duced by finely disseminated hematite concentrated along fractures and

bedding planes. The upper sandstone unit is very thick-bedded and is

more resistant'than the lower thin-bedded, friable, calcareous sandstone.

Age and Correlation

In southwestern Montana the Tyler, Alaska Bench, and Devil's Pocket

Formations of the Misden Group can often be distinguished (Maughan and

Roberts, 1967). However, in extreme southwestern Montana these litho-

logic units have not been recognized, and the author designates the unit

which lies concordantly between the Big Snowy and the Quadrant Formations

as the Amsden Formation.

Fossil brachiopods and corals recovered from the basal Amsden of

the thesis area were identified by Mackenzie Gordon and William Sando,
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respectively. The athyrid brachiopod Cleiothyridina sp. and Caninia sp.

suggest a very late Chesteriari age and represent the Cordilleran

Megafaunal post-K Zone as described by Sando et al. (1975). Because the

Amsden is transitional with both the Big Snowy and the Quadrant, it is

apparent that continuous deposition from Mississippian into Pennsylvan-

ian time occurred. Foraminiferal zonation (Sando et al., 1975) substan-

tiates this and places Zone 20 (Morrowan) fossils directly over Zone 19

(latest Ches-terian) fossils in extreme southwestern Montana (Plate 3).

Mackenzie Gordon (1975) published a U. S. Geological Survey

Professional Paper (848-D) which describes the distribution of 66 spe-

cies and subspecies of brachiopods from the Amsden Formation of Wyoming.

While the sediments of the Big Snowy Formation of southwestern

Montana were being deposited during late Chesterian time, the lower

Amsden strata of Wyoming (Darwin Sandstone and Horseshoe Shale Members)

were being deposited. Deposition of these two different units occurred

while the Wyoming shelf was separated from the Big Snowy basin during

Chesterian time by an emergent barrier, called the Southern Montana

arch. According to Sando et al., "the unconformity at the top of the

Big Snowy Group (in central Montana) indicates a period of emergence

that was followed by northward transgression of the Wyoming sea across

the Southern Montana arch during Morrowan time. Breaching of the arch

is reflected in the northward lateral continuity of the Horseshoe Shale

Member of the Amsden Formation with the lower part of the Tyler Forma-

tion of the Amsden Group (in southwestern Montana)." The strata of the



upper Amsden Group of Wyoming are time-correlative with the strata of

the lower Amsden Formation in Montana (Plates 1 and 3).

Based on fossil collections, the author assigns the basal sedi-

ments of the Amsden, in the Armstead anticline area, to latest Ches-

terian (late Late Mississippian) time. The middle of Atokan time is

believed to be the end of Amsden sedimentation in southwestern Montana

(Sando et al., 1975).

The Monroe Canyon Limestone, of late Meramecian and Chesterian age,

and the Wells Formation of Atokan age are the deep water, miogeosyn-

clinal correlatives of the Amsden Formation. The Monroe Canyon Lime-

stone and the Wells Formation are found in south central Idaho. The

Amsden correlative in the Oquirrh basin of central Utah is the Manning

Canyon Shale of latest Chesterian and Morrowan age.

Environment of Deposition

The lithology and textures of the Amsden Formation within the

thesis area suggest deposition in a very shallow water marine or beach

environment. The well sorted, subangular to subrounded quartz arenites

indicate a distant source area with low relief and a mature topography.

The absence of unstable material suggests the quartz grains were derived

from a provenance with a warm, humid climate (Pettijohn, 1975). The

sparry calcite cement and fossil allochems are indicative of deposition

in an area of locally active currents, probably within the littoral zone.

Because the Amsden is transitional with, and represents continuous

deposition from, the underlying Big Snowy Limestones to the overlying



Quadrant Sandstone, the author feels that the Amsden Formation of south-

west Montana is representative of continued westward regression of the

Mississippian sea off the cratonic platform.

Quadrant Formation

Distribution and Topographic Expression

The Quadrant Formation (Peale, 1893) is well-exposed along the

extreme northern edge of the thesis area. Excellent exposures of the

Quadrant are found in sections 16, 17, and 18 of T. 9 S., R. 10 W., of

the field area.

The Quadrant is very resistant to weathering and forms prominent,

continuous ridges and ledges. Bold sandstone cliffs, often exceeding

100 feet in height, can be seen in sections 17 and 18 (Figure 26). In

general, the formation strikes in a west-northwest direction and dips

to the northeast.

Boulder- and cobble-sized blocks of quartz arenite form extensive

talus slopes at the base of the Quadrant cliffs. The preferential

growth of conifers along exposures of the Quadrant Sandstone aids in

the recognition of the formation on aerial photographs.

Thickness and Lithology

The only formation found in the thesis area which is totally in-

cluded in the Pennsylvanian Period is the Quadrant Sandstone. The
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Figure 26

4 71

The Quadrant Formation is characterized by high cliffs
and resistant outcrops of sandstone. Preferential
growth of conifers along exposures aids in the recog-
nition of the formation from aerial photographs, NE¼,
sec. 17.
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formation is variable in thickness from the type section in Wyoming into

southwestern Montana, where the Quadrant attains its greatest thick-

ness. Thompson and Scott (1941) reported a thickness of 279 feet of

Quadrant at the type locality on Quadrant Mountain, Wyoming. Scholten

(1955) estimated between 1,000 and 2,625 feet of Quadrant Sandstone in

the Lima region, south and west of the thesis area.

Lowell (1965) noted a variation in thickness of the Quadrant, from

650 feet in the northwestern part of the Bannack-Grayling district to

1,200 feet in the southeastern part, which includes the thesis area.

The exact thickness of the Quadrant, in the northern and northeastern

part of the field area, could not be determined. The formation has been

folded and faulted and the Quadrant-Phosphoria contact, if present, is

covered by Tertiary volcanics north of sections 17 and 18, T. 9 S., R.

10 W. A relatively undisturbed, presumably complete, Quadrant section

is found at the corners of section 13, T. 9 S., R. 11 W., and sections

7 and 18, T. 9 S., R. 10 W., in the northwestern part of the thesis area.

This exposure, which totals 1,100 feet, probably represents the true

thickness of the Quadrant of the Armstead anticline. Within the thesis

area, the Quadrant Formation is composed of very thick-bedded to massive

quartz arenites. The transitional Amsden-Quadrant contact is visible in

section 16, 1. 9 S., R. 10 W. Here the less indurated, light gray

colored sandstone of the Anisden grades up into the extremely well-indu-

rated, grayish orange and pink sandstone of the Quadrant Formation, over

a distance of two and one half feet. The Quadrant varies in color from
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grayish orange (IOYR 7/4) and pinkish gray (5YR 8/1) on fresh surfaces

to light brownish gray (5YR 6/1) on weathered surfaces.

Petrographically, the Quadrant is a very well-sorted quartz are-

nite. Detrital quartz grains compose up to 97 per cent of the framework;

minor constituents such as rounded zircon and detrital chert comprise

the other three per cent. The subrounded to rounded, medium-grained

quartz has a median grain size of 0.5 mm. The sandstone is cemented by

clear, authigenic, siliceous overgrowths in optical continuity with the

quartz grains (Figure 27). Cementation has resulted in a well-indurated,

vitreous quartz arenite with little or no porosity. The Quadrant varies

in its degree of induration, being more indurated along the northeast

edge of the thesis area, and less indurated in the northwest part. This

probably reflects the degree of structural deformation within each of

the areas. Outcrops in the northeastern part of the field area have

undergone significantly more deformation, the result of being indirectly

involved in thrust faulting in sections 16 and 17, T. 9 S., R. 10 W.,

whereas the northwestern exposures of the Quadrant are relatively

undisturbed.

Age and Correlation

Deposition of the Quadrant Formation began in middle to late Atokan

time and probably ended at the close of Pennsylvania time. Because the

Quadrant is conformable with the underlying Amsden Formation and the

overlying Permian Phosphoria Group in southwestern Montana, it is diffi-

cult to determine precisely the beginning and end of Quadrant sedimenta-
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Figure 27

Photomicrograph of the Quadrant Formation quartz arenite.The subrounded detrital quartz grains, which have a med-
ian grain size of 0.5 guii, are cemented by clear authigenic
siliceous overgrowths (crossed nicols). Sample GH-Q--79,
Quadrant Formation, NE¼, SW¼, sec. 18.
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tion. Lack of fossils in the Quadrant contributes to this problem of ex-

act age determination. Fusultnjds of Des Moinesian age were reported in

the Quadrant Formation at its type locality by Thompson and Scott (1941).

The Tensleep Sandstone of south-central Montana and Wyoming is the

lithologic equivalent of the Quadrant. The Wells Formation of eastern

Idaho is correlative with the Quadrant and consists of 2,400 feet of

sandy and cherty limestones, friable sandstones and a few intercalated

beds of very well indurated sandstone (Cressrnan, 1964). In North and

South Dakota and northeastern Wyoming, the Minnelusa Formation is time-

correlative with the Quadrant (Maughan, 1975).

Environment of Deposition

The textural and mineralogic maturity of the Quadrant Formation

indicates deposition under stable conditions in a beach and/or littoral

environment. Under conditions of slow deposition, the sand was winnowed

through wave or current action. Extensive reworking removed all

argillaceous material and removed, or destroyed, any fossil debris.

Well-washed, sorted, and abraded quartz grains are indicative of

prolonged physical and chemical weathering and/or derivation from an old-

er clastic sedimentary source. The provenance of the Quadrant was rich

in quartzose rocks, as indicated by the high detrital quartz content.

The source area of the Quadrant is believed to have been from the

northwest. According to Maughan (1975), uplift of the north-central

Idaho part of the Cordilleran geosyncline occurred from early to middle

Pennsylvanian time, and a geanticline may have formed within the area.
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Maughan states; This geanticline furnished much of the sand deposited

in the subsiding troughs of southwest Montana, and the sand extended

as a wedge onto the adjacent shelf in eastern Montana and Wyoming during

middle Pennsylvanian time.0 A middle Ordovician, Chazy-age Sandstone,

found in Idaho, northeastern Washington, British Columbia, and Alberta

may have provided the principal source for the Quadrant Formation.

Beaverhead Formation

The Beaverhead Formation (Lowell and Kiepper, 1953) was named for

a sequence of red conglomerate, siltstone, sandstone, and freshwater

limestone unconformably overlying the eroded surfaces of various Paleo-

zoic and Mesozoic formations in southern Beaverhead County, Montana.

The type section for the Beaverhead Formation ts at McKnight Canyon,

west of Dell, Montana. A faulted, incomplete sequence, totaling 9,700

feet was described and measured at this locality.

An extensive regional study of the Beaverhead Formation was under-

taken by Ryder in 1967. He established source areas for the conglomer-

ates and other clastics, and interpreted the intertonguing relationships

of the varied lithologic units. Ryder and Ames (1970) and Ryder and

Scholten (1973) utilized Ryders earlier work on the Beaverhead to

interpret and date Tertiary structural and tectonic events in southern

Beaverhead County.
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Distribution and Topographic Expression

The Beaverhead Conglomerate is well exposed along the extreme east-

ern edge of the field area. The Mississippian Mission Canyon and Big

Snowy Formations have been thrust over the Beaverhead Formation in the

E¼ of section 29, 20, 17, and 16, T. 9 S., R. 10 W. In the SW¼ of sec-

tion 32, 1. 9 S., R. 10 W., the Beaverhead unconformably overlies the

Paine Member of the Lodgepole Formation (Figure 33). This is the only

location in the thesis area where the contact of the Beaverhead Forma-

tion underlying strata is exposed.

Attitudes from the Beaverhead show east-dipping beds, striking in

a northerly direction. Near the front of the thrust, the conglomerates

of the Beaverhead are commonly vertical to overturned.

The Beaverhead forms prominent cliffs as seen in the NE¼, NE¼ of

section 29, T. 9 S., R. 10 W., and in the SE¼, SE¼ of section 20,

1. 9 S., R. 10 W. A prominent cuestain section, 15, T., 9 S.., R. 10 W.,

is composed of steeply dipping and overturned Beaverhead conglomerate

beds.

Thickness and Lithology

Ryder (1967) and Ryder and Scholten (1973) described 10 different

lithofacies which together compose the Beaverhead Formation. Because

of post-depositional tectonic events, the precise stratigraphic relation-

ships and thicknesses of these units are indeterminable. A complete
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sequence of Beaverhead has never been found; however, Ryder believes the

formation may have attained a total thickness of 15,000 feet within the

region.

Two distinct lithofacies of the Beaverhead are recognized within

the thesis area. The 100 to 150 foot thick northeastern-most exposures

are composed of a moderate reddish orange (bR 6/6), thick-bedded con-

glomerate (clast size from 0.4 inches to 5 feet), with a fine- to medium-

grained sandstone matrix. The clasts are predominantly rounded quart-

zite boulders and limestone cobbles, associated with a variety of lime-

stone and sandstone pebbles. This unit appears to be poorly graded,

coarsening upward in beds from one inch to five feet thick.

The western-most exposure, located in section 32, 1. 9 S., R. 10 W.,

is exclusively composed of limestone conglomerate. This thick-bedded

conglomerate is very poorly sorted, has angular clasts, and is light

gray colored (N 2). The clasts of this unit range from boulder to

pebble size, with a calcareous matrix. The two lithosomes intertongue

along the front of the thrust in the NE¼, SE¼ of section 20, T., 9 5.,

R. 10 W. (Figure 28). The name of the reddish orange conglomerate is the

Kidd Quartzite Conglomerate Lithosome, according to Ryder's 1967 distri-

bution map. The limestone conglomerate is a very localized feature,

resulting from the erosion of Mississippian limestones off the advancing

Tendoy thrust sheet.

Age and Correlation

The precise age of the Beaverhead Formation is unknown. Studies by

Ryder (1967) and Ryder and Scholten (1973), based on collections of
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Figure 28

The Beaverhead Formation showing the east to west inter-
tonguing of the reddish orange Kidd quartzite conglomerate
(lower center) and an unnamed light gray limestone conglom-
erate (to the left and to the right) below the base of the
Tendoy thrust, NE¼, SE¼, sec. 20.
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palynornorphs taken from the lower Beaverhead, indicate a late Early Cre-

taceous (Albian) through Late Cretaceous age. No palynomorphs or other

distinctive fossils were recovered from the upper beds of the Beaverhead

Formation. The time interval represented by the upper beds of the Bea-

verhead is believed to represent deposition from the latest Cretaceous

into the Paleocene or early Eocene. Volcanic events in the Eocene, and

faulting in the early Tertiary show the structural and stratigraphic

relationships of the Beaverhead Formation to overlying formations.

The Beaverhead Formation is locally restricted to southern Beaver-

head County, Montana, but Late Jurassic to Paleocene deposits, similar

to the Beaverhead, occur throughout the North American Rockies. The

Late Cretaceous Harebell and Paleocene Pinyon Conglomerates of western

Wyoming are similarly composed of Belt quartzite clasts, probably

deposited by recycling of the earlier Beaverhead (Scholten, 1973).

The Plio-Pleistocene Snake River plain probably covers the southernmost

occurrences of the Beaverhead Conglomerate.

Environment of Deposition

The conglomerates of the Beaverhead Formation represent syntectonic

deposition coincident with the Laramide orogeny in the western United

States. These conglomerates are almost exclusively composed of well-

rounded quartzite and/or limestone clasts. The Belt rocks, which are

exposed near the Idaho Batholjth 50 km west of the thesis area, are

believed to be the source for the enormous volume of quartzite clasts

found in the Beaverhead Formation. Scholten (1973) describes the
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probable formation of the Beaverhead Conglomerate as occurring over a

period of time extending from the Early Cretaceous to the Paleocene.

The Idaho Batholith was being uplifted prior to this time, but erosion

of the Precambrian Belt Group did not begin until Albian time. Accord-

ing to Scholten, "To explain a continuous transport of cobbles over 50

km or more during the Cretaceous and Paleocene, it must be assumed that

active uplift persisted and probably expanded laterally throughout this

period, thus maintaining a high elevation of the souce area and per-

mitting repeated westward recycling of the conglomerates on steep sur-

face slopes until they (the quartzite clasts) arrived in their present

positions."

The geologic setting described above is conducive to the formation

of alluvial fan and fluvial deposits, which the author believes the

Beaverhead Conglomerates to represent. The distinctive reddish-orange

color is indicative of an oxidizing environment. Small braided rivers

and streams running over piedmont fans, created by the uplifting moun-

tains to the west, formed an array of coarse sedimentary features in-

cluding scour-and-fill channels and very coarse graded bedding.

STRUCTURAL GEOLOGY

Regional Structure

The structural pattern of southwestern Montana and adjacent Idaho is

unique to the Rocky Mountain overthrust belt. Scholten (1973) divided

the region lying east and north of the Idaho Batholith into two provinces
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based on different styles of structural deformation. The area lying

directly east of the batholith, and the adjacent disturbed belt, is

referred to as the "southern province," whereas the area north of the

batholith is the "northern province." The Armstead anticline, Tendoy

and Beaverhead Ranges all are located in the southern province.

The southern province is characterized by many thrusts which are

not bedding related, but which tend to cut up sections across bedding

planes (Scholten, 1973). Other distinguishing characteristics of the

southern province include: recumbently folded middle and late Paleozoic

carbonates which verge northeastward and, near the extreme eastern edge

of the deformed belt, sheets of Paleozoic carbonates which overlie a

previously folded terrane of older and younger rocks. Within the

southern structural province, two distinctively different stratigraphic

provinces exist.

Scholten's northern province is characterized by "numerous sub-

parallel thrusts that tend to follow bedding and dip almost uniformly

westward, separating west-dipping, essentially homoclinal panels of

older rocks on younger rocks" (Scholten, 1973). Outcrops of pre-Beltian

basement rocks are not found in this province.

The two stratigraphic provinces mentioned above, each 0f which is

characterized by a distinctive structural pattern, are located east and

west of a north-south-trending transition zone. This transition zone or

hinge line extends from Mexico through the western United States, into

the Canadian Rockies, delineating the stable craton to the east from the

miogeosynclinal trough to the west. During Paleozoic and Mesozoic time,
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differential subsidence rates east and west of the hinge line resulted

in significant thickness variations of total sediment accumulation.

Approximately 15,000 feet of Paleozojc strata were deposited west of

the transition zone in the miogeosyncline. On the other hand, less than

7,500 feet of Paleozoic sediments were deposited east of the transition

zone on the craton (Huh, 1968). The marked difference in the amounts

of subsidence and the difference in thickness of sediment accumulation

on either side of the transition zone directly affected the processes of

structural deformation during the Laramide orogeny. Structural responses

within the southern province are notable. Primarily, differences exist

between the Laramide structures of the miogeosynclinal trough, west of

the transition zone, and Laraniide structures east of the transition zone,

on the craton.

The former miogeosynclinal area, west of the transition or hinge

line, is characterized by very complex structures, involving asymmetric

to recumbent folds, low-angle thrust faults with extensive lateral move-

ment, and episodes of secondary folding (Scholten, 1967). The dominant

structural trend is north-northwest (Huh, 1968).

The cratonic area, east of the transition zone, is characterized

by a simpler structural style. The dominant structural features in

southwestern Montana are large, broadly folded anticlinoria which

involved the Precambrian crystalline basement rocks. Some of these

uplifts radiate to the south, southeast, and southwest from the Tobacco

Root Mountains. High angle reverse faults commonly bound the broad anti-

clinoria of the cratonic area and thrust faults of this area are simply

low angle reverse faults with minimal lateral displacement.
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The Tendoy and Beaverhead Ranges are located along the trend of the

stratigraphic transition zone; consequently, the structural style of

these two ranges reflects a combination of the structural styles found

to the east and to the west. The Armstead anticline, which is the nor-

thernmost extension of the Tendoy Range, as well as the southern Tendoy

Range, have structures characteristic of both the miogeosyncline and of

the craton. The southern Tendoy Range underwent cratonic-style folding,

which produced broad south- to southwest-plunging folds and high angle

reverse faults involving the Precambrian basement. Subsequent deforma-

tion by the miogeosynclinal style of deformation, produced complex north-

northwest-trending folds, and low angle thrust sheets with extensive

lateral displacement. Finally, late Tertiary block faulting paralleling

the eastern edge of the Tendoy Range produced the present day Beaverhead

River and Red Rock River Valleys.

Thesis Area Structure

The asymmetrical, north-plunging Armstead anticline is the major

structural feature of the northern Tendoy Range. The broad north-

northwest-trending structure has been breached, exposing Precambrian

basement rocks in the core and Paleozoic sedimentary rocks along the

flanks (Figure 29). The anticline has been influenced by both cratonic

and miogeosynclinal styles of structural deformation. The anticline is

located on the upper plate of a thrust which Is exposed in the western

half of T. 9 S.,, R. 10 W.
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Figure 29

The breached Arrnstead anticline, as viewed from the
south. The western flank is to the far left and the
eastern flank to the far right. Note that the lowest
topography exists in the Precambrian core of the anti-
dine. Clark Canyon reservoir in the middle ground.
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Folds

The largest fold within the northern Tendoy Range is the Armstead

anticline. The structure consists of a westerly tilted block of Pre-

cambrian crystalline rocks, flanked on the east by east-dipping to

overturned Paleozoic sedimentary rocks. Adjacent to the eastern flank

of the anticline is the Grayling synclirte (Figure 30); a broad northwest-

plunging Paleozoic fold which has been cut off to the south by the

Tendoy thrust.

The northern axial plane trace of the anticline is best observed

in the NW¼ of section 33, T. 8 S., R. 11 W., in outcrop on Henneberry

Ridge. Measurements of foliation planes in the Precambrian by Arco Oil

Company, indicate foliation trending parallel to the strike of Paleozoic

sedimentary rocks, commonly dipping in excess of 60 degrees. Within the

basement, north-south oriented fractures are limonite-stained and appear

to be polished. Horizontal fractures are very rare, but vertical

striations are common. The presence of the striations and the north-

south orientation of the fractures suggest uplift of the basement rocks.

Compressional forces from the southwest are responsible for the

northwest-trending structures of the Armstead anticline and the Grayling

syncline. These forces created folds in which the direction of yielding

is toward the east, the direction 0f the cratonic foreland. The north-

eastward-directed compressional force reflects the eastward migration

of the compressive stresses responsible for the structural deformation

in the geosyncline to the west.
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Figure 30

The Grayling syncline as viewed from the south. The
Mission Canyon Limestone (far left, far right and fore-.
ground) controls the structure, while the less competent,
disharnonically folded Big Snowy Formation occupies the
center of the syncline.
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The development of an erosional surface, and subsequent deposition

of the Beaverhead Formation, occurred after folding of the strata which

now underlie the Tendoy allochthon. Evidence of the pre-Beaverhead

folding and erosional unconformity is found in section 32, T. 9 S.,

R. 10. W.,, where a recent stream has downcut to the original topography.

At this locality, the original surface of the autochthon is visible.

Here, the folded Mississippian Lodgepole Formation is unconformably over-

lain by the Beaverhead Formation (Figure 33). One hundred feet west of

this exposure, the Mission Canyon Formation lies in thrust contact on

the Beaverhead.

Extensive disharmonic folding is evident throughout the Big Snowy

Formation. There are interbedded ljmestones and shales in the Big Snowy

along the western flank of the ariticline. However, within the thesis

area, along the southeast flank of the anticline, no shales were seen.

The author attributes the apparent lack of jnterbedded shales to the

presence of disharmonic flexural-slip folds. This folding caused the

shales to be tectonically thinned or removed. A series of disharmonic

chevron and recumbent folds are present in the center of the Grayling

syncline (Figure 31). These disharmonically folded beds reflect the in-

competence of the Big Snowy Formation in relation to the more competent

underlying Mission Canyon Formation and the overlying Quadrant Formation.

In response to the differential sheering stresses created when the two

more competent formations were folded, the Big Snowy strata were differ-

entially shortened parallel to the direction of dip and the shales acted

as a less-resistive surface, promoting slip (Figure 32).



Figure 31

An aerial view of the disharmonically folded Big Snowy
Formation in the core of the Grayling syncline (looking
north). Note very large (60 feet in amplitude) chevron
folds below, sec. 18 and 19.
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Figure 32

A tight box fold in the Big Snowy Formation. Note the
lack of fracturing in the hinge of the structure, SE¼,
SW¼, sec. 19.
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Figure 33

Folding of the original autochthonous surface, prior to
deposition of the Beaverhead Formation, is evident in the
SW¼, sec. 32. Here the folded and eroded Mississippian
Lodgepole Formation is unconformably overlain by the
Beaverhead Conglomerate.
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Faults

Two types of faults are dominant in the thesis area. The larger

and more pronounced is a reverse fault which has displaced Mississippian

rocks eastward over Cretaceous sedimentary rocks along the eastern edge

of the Grayling syncline. Strike-slip faults of a lesser magnitude are

found along the eastern flank Of the Armstead anticline.

The reverse fault, which is believed to be a continuation of the

Tendoy thrust fault found south of the Clark Canyon Reservoir, has been

the subject of controversy. Scholten (1955, 1973) believes the fault is

a high-angle reverse fault, while others (Ruppel, 1978) maintain that

the entire Tendoy thrust system is a low-angle feature. Until geophys-

ical data across the Armstead anticline and the Tendoy thrust are

available, the attitude of the fault will remain an enigma. The author,

however, believes the Teridoy fault represents a high to moderately

high-angle reverse fault which, because of an upward decrease in resist-

ance against horizontal yielding, flattens near the surface giving the

appearance of a low-angle thrust. The Tendoy thrust trends in a norther-

ly direction along the eastern edge of the field area and can be seen in

section 32, 1. 9 S., R. 10 VI., where the Mississippian Mission Canyon

Formation has been thrust over the Late Cretaceous Beaverhead Formation.

The thrust continues northward through section 29, 1. 9 S., R. 10 W,

where it is partially covered by Tertiary gravels. The trace of the

fault marks the head of a landslide in the SE¼ of section 29. The

thrust then cuts up through the Mission Canyon In the NE¼ of section 29

(Figure 34) and the SE¼ of section 20, T. 9 S., R. 10 W., where the Big



Figure 34

The Mississippian Mission Canyon Limestone lies in thrust
contact with the Cretaceous-Tertiary Beaverhead Conglomer-
ate along the northeastern edge of section 20. Folded
limestone in the foreground is the Big Snowy Formation.;
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Snowy Formation lies in thrust contact with the Beaverhead Formation

(Figure 35). This Big Snowy outcrop is bounded on the west by a normal

fault and is an sional remnant of the Big Snowy which once covered the

eastern limb of the Grayling syncline (Plate 2). The thrust continues

northward through the ME¼ of section 20, where the Mission Canyon Forma-

tion has been thrust over the Beaverhead Conglomerates. Through sections

17 and 16, T. 9 S.,, R. 10 W., the thrust has placed Big Snowy Limestones

over the Beaverhead Conglomerates, often overturning the Beaverhead.

Attitudes taken from the fault plane of the Tendoy thrust show dip

angles of between 25 and 35 degrees. A stratigraphic separation of

several thousand feet is involved in the lateral displacement.

Two factors indicate that the Tendoy thrust does not represent a

thin-skinned overthrust. The first is that the thin-skinned idea

proposes that the Tendoy thrust sheet, which contains the Paleozoic se-

quence, was moved tens of miles from the west to its presertt position.

Stratigraphic and biostratigraphic data gathered from the Mississippian

rocks of the thesis area indicate that the Mississippian carbonate

sequence present in the upper plate of the thrust was deposited in a

shallow marginal shelf area. This is critical because during the

Mississippian Period, a rapidly steepening shelf and miogeosyncline lay

directly west of the anticline. Conodonts recovered from the Mission

Canyon and Big Snowy Formations of the thesis area could not have come

from a deep water environment such as the deep shelf slope or from

within the miogeosyncline (Sandberg, oral communication, 1980). This

finding alone restricts the movement of the upper thrust plate to no

more than five miles from the west at the maximum.



Figure 35

The Mississippian Big Snowy Limestones overlying the
Cretaceous-Tertiary Beaverhead Conglomerate along the
front of the Tendoy thrust, SE¼, sec. 17, SE¼, sec. 20,
and NE¼, sec. 29.
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The second point that must be made with respect to the thin-skinned

overthrust idea is that in order to have a totally allochthonous thrust

plate a "root" or detachment zone must be present to the west of the

thesis area. If the thrust were small and involved a partial Paleozoic

sequence, a detachment zone in the Beaverhead Mountains might be

hypothesized. However, Precambrian basement is present in the Armstead

anticline and there is no evidence of an area along the former transition

zone from which an allochthonous thrust plate (containing a Precambrian

and shallow-water Paleozoic, and Mesozoic sequence) could have come.

The small strike-slip faults present in the triesis area are

restricted to rocks low in the Paleozoic section. These occur beeause

the less ductile formations present in the lower Paleozoic have been

subjected to greater stress and are more structurally competent than the

overlying carbonates. Within the thesis area, four strike-slip faults

cut across strike of the Flathead Formation, creating lateral displace-

ments of up to 100 feet within the sandstone. The faults die out in the

Jefferson Formation because of its greater ductility and less competent

nature.

A small reverse fault in sections 24 and 25,1. 9 S., R. 11 W.,

doubled the thickness of the Pilgrim Formation tn this area.
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GEOLOGIC HISTORY

Throughout Late Precambrian and Paleozoic time, a broad cratonic

shelf flanked on the west by a miogeosyncline lay along the western

margin of North America. Extreme southwestern Montana is located along

the ancient transition line between the craton and the miogeosyncline.

East of the transition zone, on the craton, Paleozoic sediment accumula-

tion reached a thickness of about 7,000 feet; but to the west, in the

geosyncline, thicknasses of greater than 15,000 feet are noted. Episodic

uplift in the transition zone or eustatic fall in sea level produced

numerous regional unconformities. Recurrent migration of sedimentation

patterns continued into the Triassic, when uplift initiated the breakup

of the geosyncline.

The oldest rocks exposed within the thesis area are of Precambrian

age. The pre-Beltian Pony and Cherry Creek Groups compose the core of

the Armstead anticline. These are highly metamorphosed rocks which were

deposited between 2,400 and 1,450 million years ago. The Dillon Granite

Gneiss, a plutonic complex, intruded the metamorphic Pony and Cherry

Creek Groups prior to deposition of Beltian sediments in the area. There

are no Belt Group rocks in the anticline, but a small exposure of Belt

sediments on the west side of the anticline along Taylor Creek, in

1. 8 S., R. 11 W., is indicative that the Belt Group was deposited and

later eroded along with Early Cambrian sediments, prior to deposition of

the Middle Cambrian Flathead Formation.

Thesis area rocks of the Cambrian System include the Flathead, Wol-

sey, and Pilgrim Formations. The onset of Middle Cambrian time was marked



127

by an eastward transgression of a shallow water sea across the craton

from the miogeosyncline to the west. As the sea transgressed eastward,

three distinct lithofacies belts developed: an inner detrital, a middle

carbonate, and an outer detrital belt. The flathead Formation represents

deposition in the inner detrital belt. This belt was characterized by

deposits of beach sand, which compose the Flathead Sandstone. As the

Middle Cambrian seas transgressed eastward, the deposits of sand inter-

fingered with offshore deposits of silt and clay as represented by the

Wolsey Shale. During middle Late Cambrian (Dresbachian) time, the

southwestern Montana shelf region was locally emergent, the result of a

slight regression. The absence of the Meagher and Park Formations

within the thesis area is attributed to this event. A transgression

followed, depositing the sandstones, shales, and carbonates of the

Pilgrim Formation.

The Ordovician and Silurian periods and the Early and Middle Devon-

ian are unrepresented in the Paleozoic sequence of the Armstead anti-

dine due to non-deposition or erosion.

Sedimentation resumed in early Late Devonian time, with maximum

inundation of the cratonic platform by the Frasnian transgressions.

Sandberg and Poole (1977) recognized four depositional complexes in the

sequence of Late Devonian cratonic platform and continental shelf rocks.

The Jefferson Formation and the Logan Gulch Member of the Three Forks

Formation are included -in the lowest complex of Frasnian and lower

Famennian rocks. This depositional period ended with regression and

erosion in middle Late Devonian time.
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The Jefferson Formation consists of shallow subtidal carbonate

rocks, deposited across the broad cratonic platform and continental shelf

during the early pulses of the Antler orogeny. Deposition of the Logan

Gulch followed in a large evaporite basin prior to regression at the

end of the lower depositional complex.

Rocks of the second depositional complex are absent in the these

area because of non-deposition or erosion at the end of middle Famennian

time.

The third depositional complex includes the basal beds of the Sap-

pington Member of the Three Forks Formation. This complex is included

in late Famennian time. The bedded radiolarian chert and black shale

beds of the lower Sappington Member are interpreted as shallow, brackish

marine deposits (Gutschick et al., 1976), the result of eastward trans-

gression which widened the narrow seaway at the edge of the cratonic

platform. This transgression occurred during Antler orogenic activity

to the west.

The fourth and latest Famennian depositional complex includes the

remaining upper units of the Sappington Member, Three Forks Formation.

No evidence of the upper Sappington exists in the thesis area; however,

to the east and west the upper units have been described (Gutschick,

McLane, and Rodriguez, 1976). The author therefore assumes that the up-

per Sappingtori sediments were deposited in the intervening area, but were

eroded prior to the deposition of the Madison Group, as evidenced by the

regional unconformity noted by Gutschick et al. (1976).

Rocks of the Mississippian System reflect a change in the rate of

sedimentation across the transition zone or hinge line. Orogenic
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activity, associated with the Antler orogeny, produced epeirogenic move-

ments of the craton, which in turn produced relative changes in sea

level. The entire Mississippian Period is characterized by episodes of

advance and retreat of the carbonate shelf margin.

The deep water sediments of the Paine Member of the Lodgepole For-

mation reflect the transgression of the Kinderhookian sea onto

the carbonate platform and shelf margin, and mark the beginning of the

lower of two depositional complexes which dominated the Mississippian

Period (Rose, 1976).

The lower complex includes carbonate rocks of the Lodgepole and

Mission Canyon Formations, which range in age from Kinderhookian to

Meramecjan. The late Kjnclerhookjari Paine Member of the Lodgepole Forma-

tion represents an eastward cratonic onlap of the miogeosynclinal sea.

The thin- to medium-bedded, dark gray micritic limestones represent

deposition in a deep water environment. The overlying, early Osagean

Woodhurst Member of the Lodgepole Formation is lighter colored, thicker-

bedded, and is composed of coarse biociastic debris. The Woodhurst

Member reflects the beginning of a westward shelf margin retreat. As

the shelf margin began to retreat westward in the middle Osagean, shoal-

ing began; this marked the beginning of Mission Canyon sedimentation.

The Mission Canyon of the thesis area is a very thick-bedded, light

colored, coarsely crystalline limestone, with localized lenses of white

chert and an overlying silicified limestone solution breccia unit. These

sediments are representative of deposition in a shallow water, shoaling

environment, such as on an accretionary carbonate shelf. Gutschick et

al. (1980) suggested a shelf slope with a gradient of 0.50; a slope angle
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this low would allow for a rapid accumulation of carbonate sediments

which would create a sedimentological regression. The rapid accumula-

tion of carbonate sediments produced stratigraphic reefs located along

the margin of the continental shelf. The reefs delineate the westernmost

extent of the Mission Canyon Formation. The constructional shelf margin

parallels the north-south--trending transition zone along the Montana-

Idaho border. West of the shelf margin, the shales of the upper McGowan

Creek Formation were deposited in a starved basin adjacent to the miogeo-

syncline. These shales thinned westward toward the miogeosyncline,

eventually intertonguing with Antler-derived flysch.

During middle Meraniecian time, epeirogenic uplift and eustatic sea

level drop caused the emergence of the cratonic shelf (Gutschick et al.,

1980). Subaerial exposure of the carbonate shelf resulted in the devel-

oprnent of a karst surface on the Mission Canyon Formation. The develop-

ment of this surface brought to a close the lower depositional complex

as described by Rose (1976).

The second or upper depositional complex developed west of the

earlier shelf margin during middle Meramecian and continued into late

Chesterian time. According to Rose, the upper complex represented car-

bonate deposition in a narrow, subsiding miogeosynclinal area between

the craton to the east and the Antler orogenic belt to the west. Thin

deposits of sandstone and shallow water limestone formed an "apron" along

the emergent craton to the east; these sediments represent the basal

deposits of the Amsden Formation. Two east-west basins or depressions

were present on the shelf, the northernmost of which was the Big Snowy
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trough. This basin was filled with silty limestone, sand, and dark

carbonaceous shale of the Big Snowy Formation.

The Big Snowy Formation extends across extreme southwestern Montana

in a 50- to 60-mile-wide, northeast-southwest-trending depositional

trough. The Big Snowy basin was centered in central Montana in early

Chesterian time and expanded eastward across Montana into the Dakotas

during the middle Chesterian. The southward expansion of the Big Snowy

basin was limited by the growth of the Southern Montana arch, which

formed an emergent barrier separating the Big Snowy basin from the Wyo-

ming basin, where the Darwin Sandstone and Horseshoe Shale Members of the

Amsden Formation were being deposited. During late Chesterian time, the

Big Snowy basin reached its maximum areal extent, with sediments partial-

ly covering Montana and reaching into Canada, the Dakotas, and Idaho.

It was during late Chesterian time that the Heath Formation, a lateral

equivalent of the upper Big Snowy Group, was deposited in the northeast-

southwest-trending trough which extended across southwest Montana through

the thesis area.

The Big Snowy uplift of central Montana occurred in latest Ches-

teriari time causing the shallow waters of the Big Snowy basin to drain

westward off the craton. This offlap is reflected in the late Mississip-

pian rocks of the thesis area. The Big Snowy of the thesis area can be

divided into three distinct rock units.

The lower unit, which is composed of very thin-bedded, dark-colored

inicrites, biomicrjtes, and biopelmicrites, ref1ects sedimentation in a

relatively undisturbed, quiet marine environment, probably at a time of

maximum depth of the Big Snowy basin during Chesterian time.
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The overlying thicker-bedded, lighter colored limestone unit is

composed of oopelmicrites, packed foraminiferal and echinoid biomicrites,

and a poorly washed ostracod biosparite. These indicate deposition in a

shallow marine, high energy environment, within the upper photic zone.

This fades reflects the beginning of an offlap in the late Chesterian.

Finally, the uppermost unit, a light colored, sandy biosparite with

abundant sand-sized detrital quartz grains, indicates an inter- to supra-

tidal environment of deposition. The Big Snowy limestones are transi-

tional with the quartz arenites of the Amsden Formation, indicating the

shallowing upward trend characteristic of a regression.

The regressive phase continued through Amsden time (latest Chester-

Ian), and into the Pennsylvanian. Middle Atokan time is believed to be

the end of Amsden sedimentation in southwestern Montana (Sando et al,

1975).

During Early Pennsylvanian time, an uplift occurred in north-central

Idaho creating a positive area from which clastic sediments were derived.

This is believed to be the source area of the east-transgressive

Quadrant Sandstone.

Sedimentation continued into Permian and early Mesozoic time in

southwestern Montana, but no traces of Permian or Mesozoic sedimentary

rocks were found in the thesis area. Beyond the western flank of the

thesis area, the Permian Phosphoria, Triassic Dinwoody, Woodside, and

Thaynes Formations have been found CLowell, 1960), as well as partial

sections of the Jurassic Ellis Group and the Cretaceous Kootenai and

Colorado Groups.
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Uplift and erosion during the Late Jurassic-Early Cretaceous

probably are responsible for removal of the Mesozoic sediments from the

thesis area. In areas, the erosional surface produced by this event cut

into Mississippian rocks.

The latest Cretaceous-Tertiary Beaverhead Conglomerate of the the-

sis area is a syntectonic formation. The Beaverhead Conglomerates were

derived from sources as distant as the Idaho Batholith, and as near as

the Blacktail-Snowcrest anticlinorium (Ryder and Scholten, 1973). With-

in the thesis area (Sw¼, sec. 32, 1. 10 S., R. 10 W.), the Beaverhead

Formation unconformably overlies the folded and eroded Mississippian

Lodgepole Formation.

Structural deformation commenced with the formation of the Armstead

anticline and adjacent Grayling syncline as the Laramide orogeny began

in the thesis area in the Late Cretaceous. After formation of the Arm-

stead anticline, erosion began to remove the remaining Paleozoic sedi-

ments from the crest of the structure, eventually exposing Precambrian

basement rocks in the core.

Continued eastward migration of the miogeosynclinal structural defor-

matiori belt resulted in stronger northeastward-directed compressional

forces. These forces caused the northwest-trending Tendoy "thrust" fault.

Eastward lateral displacement of up to two miles may have occurred in the

near-surface strata of the fault. This fault, which represents the nor-

thernmost extent of the Tendoy fault system, bounds the eastern edge of

the Grayling syncline. Here, Missfssippian Mission Canyon and Big Snowy

Formation lirnestones were thrust over the Cretaceous-Tertiary Beaverhead

Conglomerate during Eocene time.
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During the late Tertiary, drainage systems from the Blacktail-

Snowcrest uplift to the east deposited glacial outwash gravels in the

Beaverhead River Valley. Two of these unconsolidated gravel deposits are

found in the thesis area, having been washed across, or into, this area.

A basalt flow, which originated in Clark Canyon, to the east of section

29, T. 9 S., R 10 W., was emplaced after deposition of the outwash

gravels. Two river terraces are noted in the Beaverhead River Valley.

These terraces are composed of extensively reworked river gravels.

Deposits of Quaternary alluvium, primarily found along the base of the

Tendoy fault, are composed of limestone cobbles and pebbles recycled

from the Beaverhead conglomerate.
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Regional Carboniferous System Correlation Chart
(Names correspond to numbers on correlation chart)
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3. Gutschick, Sandberg, and Sando, 1980

4. Douglass, 1977

5. Sando, Mamet, and Dutro, 1969
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Fossil Collection Localities Referred to in Text

Collection Formation Collection

Number Name Locality

GH-7-79 Big Snowy SE¼,SE¼,SE¼ SeC. 20

GH-22-.79 Big Snowy NW¼,NE¼,NE¼ sec. 29
T. 95., SlOW.

GH-31-79 Big Snowy SW¼,SE¼,SE¼ sec. 20
R. 3 S., 5. 10W.

GH-39LS-79 Big Snowy SW¼,5W¼,SE¼,sec. 17
7. 9 S., S. lOW.

GH-40-79 Big Snowy SW¼,SW¼,SE¼ sec. 17
1. 9 S., R. lOW.

GH-46-79 Big Snowy Nr.centerSE¼, sec.

R. 10 W.

GH-48-79 Big Snowy Nr. center SE¼,SE¼
sec. 17, 1. 9 S.,
5. 10 W.

GH-50-79 Big Snowy-Amsden Middle of W. Line,
sec 16, T. 9 S.,
5. 10 W.

GH-61-79 Big Snowy SE¼,NW¼,NE¼ sec. 19
T. 9 S., R. lOW.

GH-113-79 Big Snowy SE¼,SE¼,SW¼ sec. 19
1. 9 S., R. 10 W.

GH-128-79 Mission Canyon NW¼,NW¼,NE¼ sec. 30
T. 9 S., R. 10 W.

GH-1MC-79 Mission Canyon SW¼ Sec. 18, 1., 9 S.
R. 10 W.

GH-l59--79 Lodgepole Nr. west abutment of
Clark Canoyn Res
ervoi r, SW¼,SW¼
sec. 32, T. 9 S.,
5. 10 W.




