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The Greenstone Mountain area, which includes the Utopia mining

district, is located in the foothills of the Pioneer Range, Beaverhead

County, Montana. Approximately 12, 600 feet of Paleozoic and

Mesozoic sedimentary rocks and an undetermined thickness of Pre-

cambrian sediments and Late Cretaceous igneous rocks are exposed

within the area of investigation.

Most of the sedimentary rocks were deposited along the margin

of the Cordilleran miogeosyncline. Precambrian Beltian sediments

are the oldest exposed rocks in the map area. Pre-Mississippian

Paleozoic rocks have not been differentiated in this study but probably

represent the Cambrian and Devonian Systems. Other Paleozoic rock

units include the Lodgepole and Mission Canyon Formations of

Mississippian age, the Amsden Formation of Mississippian to

Pennsylvanian age, the Quadrant Formation of Pennsylvanian age,

and the Phosphoria Formation of Permian age. Mesozoic sediments



include the Dinwoody and Woodside Formations of Triassic age and

the Kootenai Formation and Colorado Group of Cretaceous age. The

Jurassic System is not represented.

During the Late Cretaceous Laramide orogeny the sedimentary

rocks of the area were folded and faulted. The dominant structures

produced during this period of deformation are northeast- to north-

trending anticlines and synclines that are locally overturned to the

east. Steep faults of small to moderate displacement disrupt the folds.

Quartz monzonite intrusive rocks were emplaced following the

Laramide orogeny and are probably genetically related to the Boulder

Batholith. The intrusion gave rise to mineralization and thermal

metamorphism of the surrounding country rocks.

Quaternary glacial and fluvial deposits mantle parts of the area.

At least three valley glaciers advanced into the northwestern corner

of the area in Late Pleistocene time and left lateral and terminal

moraines. Pleistocene terrace gravels are situated along Birch Creek

and on lowlands in the west, and Recent alluvium is being deposited

along existing streams.



Stratigraphy and Structure
of the Greenstone Mountain Area,

Beaverhead County, Montana

by

George Carter Sharp, Jr.

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1970 121 p



APPROVED:

Redacted for Privacy

Associate Professor of Geology
in charge of major

Redacted for Privacy

Acting E man of Department of Geology

Redacted for Privacy

Dean of Graduate School

Date thesis is presented

Typed by Gwendolyn Hansen for George Carter Sharp, Jr.



ACKNOWLEDGMENTS

I wish to express sincere appreciation to Dr. D. A. Bostwick,

my major professor, for his helpful advice and encouragement

throughout the preparation of this manuscript.

I am also indebted to Drs. J. L. Weiner and H. E. En lows for

their critical review of the manuscript and helpful suggestions.

Special thanks are also extended to my brother, Douglas, for

his assistance during part of the field season.

I am particularly grateful to my wife, Danielle, for her

companionship, assistance, and encouragement during the fieldwork

and preparation of the manuscript.



TABLE OF CONTENTS

INTRODUC TION

Page

1

Location and Accessibility 1

Purposes and Methods of Investigation 3

Previous Work 4
Relief and Drainage 4

Climate and Vegetation 5

STRATIGRAPHY 9

Precambrian Rocks 9

Belt Supergroup Undifferentiated 9

Distribution and Topographic Expression 11

Thickness and Litho logy 11

Age and Correlation 14
Origin and Environment of Deposition 16

Paleozoic Rocks 17
Pre-Mississippian Paleozoic Sediments

Undifferentiated 17
Distribution and Topographic Expression 19
Thickness and Lithology 19

Age and Correlation 22
Origin and Environment of Deposition 23

Madison Group 23
Lodgepole Formation 24

Distribution and Topographic
Expression 24

Thickness and Lithology 25

Age and Correlation 26
Origin and Environment of

Deposition 27
Mission Canyon Formation 27

Distribution and Topographic
Expression 28

Thickness and Lithology 29
Age and Correlation 31

Origin and Environment of
Deposition 31



Page

Amsden Formation 32
Distribution and Topographic Expression 33
Thickness and Litho logy 34

Member 1 35

Member 2 36
Age and Correlation 37
Origin and Environment of Deposition 38

Quadrant Formation 39
Distribution and Topographic Expression 40

Thickness and Litho logy 41

Age and Correlation 42
Origin and Environment of Deposition 43

Phosphoria Formation 44
Distribution and Topographic Expression 45
Thickness and Litho logy 46

Member 1 46
Member 2 47
Member 3 48
Member 4 48

Age and Correlation 49
Origin and Environment of Deposition 50

Mesozoic Rocks 51

Dinwoody Formation 51
Distribution and Topographic Expression 52
Thickness and Litho logy 53
Age and Correlation 56
Origin and Environment of Deposition 57

Woodside Formation 57
Distribution and Topographic Expression 58
Thickness and Litho logy 58
Age and Correlation 60
Origin and Environment of Deposition 60

Kootenai Formation 61

Distribution and Topographic Expression 62

Thickness and Litho logy 63
Member 1 63
Member 2 65
Member 3 66
Member 4 67

Age and Correlation 70
Origin and Environment of Deposition 71

Colorado Gr oup 71

Distribution and Topographic Expression 72
Thickness and Lithology 73

Member 1 73



Page

Member 2 75
Member 3 76

Age and Correlation 76
Origin and Environment of Deposition 77

Cenozoic Rocks 78
Terrace Gravels 78

Upper Terrace Gravels 78
Lower Terrace Gravels 79

Glacial Till 80
Alluvium 83

INTRUSIVE IGNEOUS ROCKS 84

Petrography 86
Age 87
Contact Metamorphic Effects 88

STRUCTURAL GEOLOGY 90

General Regional Features 90
Greenstone Mountain Area Structure 90

Folds 91

Birch Creek Anticline 92
Barbour Gulch Syncline 92
Other Folds 93

Faults 93
Faults Related to the Main Episode of Folding 93
Faults Related to Emplacement of the

Batholith 95
Faults Younger than the Batholith 96

GEOMORPHOLOGY 98

GEOLOGIC HISTORY 101

ECONOMIC GEOLOGY 105

BIBLIOGRAPHY 107

APPENDIX 115



LIST OF TABLES

Table Page

1. Summary of stratigraphic units, Greenstone
Mountain area, Montana. 7

2. Correlation chart of Paleozoic and Mesozoic rocks. 10

3. Kootenai Formation; measured stratigraphic section. 115

4. Colorado Group; measured stratigraphic section. 119

LIST OF PLATES

Plate

1. Index maps showing location of thesis area

Page

2

2. Geologic map of the Greenstone Mountain area,
Beaverhead County, Montana Folder



LIST OF FIGURES

Figure

1. Precambrian Beltian talus on the western side of
Humbolt Mountain

2. Close-up of Figure 1; northwestern side of Humbolt
Mountain

Page

12

12

3. Steeply dipping limestone and interbedded mudstone
of the Dinwoody Formation 54

4. Slightly overturned gastropod limestone beds of the
uppermost member of the Kootenai Formation 68

5. Large boulder of quartz monzonite deposited in
terminal moraine in the N1/2 sec. 5, T. 5 S. ,

R. 10 W.

6. Hummocky, boulder-strewn terminal moraine in the
SO sec. 31 and 32, T. 4 S. , R. 10 W. Part of
Pioneer Mountains in the background

7. View of part of the Pioneer Mountains west of the
map area; Torrey Mountain to left

8. Horizontal jointing in the Mount Torrey Batholith

9. Fault in the northwestern part of the area

81

81

82

85

97



STRATIGRAPHY AND STRUCTURE OF THE GREENSTONE
MOUNTAIN AREA, BEAVERHEAD COUNTY, MONTANA

INTRODUCTION

Location and Accessibility

The Greenstone Mountain area is located in Beaverhead

County, southwestern Montana, about 17 miles by road northwest of

Dillon, Montana. The 58 square mile map area is situated in the foot-

hills of the Pioneer Range and includes parts of Tps. 4 and 5 S. ,

Rs. 9 and 10 W. Most of the area lies within the Beaverhead

National Forest.

Principal access into the thesis area is provided from the east

by the Birch Creek road, which intersects U. S. Highway 91 about 11

miles north of Dillon. The Birch Creek road is a maintained gravel

road that traverses the area from southeast to northwest. In the

summer months access from the west is provided by the French

Creek road via the Dillon-Argenta road. Three jeep roads enter

the area from the south but are passable only during dry weather.

Within the thesis area accessibility is provided by numerous

mining roads and unimproved U. S. Forest Service roads. These

roads are not maintained and are impassable during periods of snow

or heavy rain.

A branch line of Union Pacific Railroad, extending from Butte,



Plate 1. Index map of southwestern Montana showing location of
the Greenstone Mountain area (black) in 13eaverhead
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Montana to Salt Lake City, Utah, crosses the Birch Creek road 2.5

miles east of the thesis area.

Purposes and Methods of Investigation

Primary purposes of the field and laboratory work were: 1)

to produce a detailed geologic map of the Greenstone Mountain area

(Plate 2); 2) to describe the major stratigraphic units; and 3) to

delineate the structures.

Field work began in late June 1968, and was completed in mid-

September 1968. Field observations were plotted on low altitude

(1:15,840) aerial photographs purchased from the U. S. Forest

Service. Ryker and pocket stereoscopes were used in the field for

detailed photo interpretation. Data from the aerial photographs were

transferred to U. S. Geological Survey 7 1/2-minute topographic

maps of Torrey Mountain, Argenta, and Twin Adams Mountain

quadrangles.

Stratigraphic sections were measured in the field with a tape

and Brunton compass. Field descriptions of lithologic units were

made with the aid of a hand lens, dilute hydrochloric acid, Goddard's

Rock-Color Chart (1951), and Wentworth's grain-size scale.

Fifty-eight thin sections were examined to supplement and

confirm field observations. Representative samples of some units

were examined in the laboratory with a binocular microscope.
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Gilbert's classification (1954) was used for sandstones; carbonate

sedimentary rocks were classified according to Folk (1968); and the

igneous rocks were classified according to Williams (1954).

Previous Work

Winchell (1914) discussed the ore deposits of several mines

along Birch Creek in a reconnaissance report on the mining districts

of the Dillon quadrangle. Myers (1952) included the thesis area in an

unpublished preliminary open-file report and geologic map of the

northwestern quarter of the Willis 30-minute quadrangle. Klepper

et al. (1953) measured and described a stratigraphic section of part

of the Phosphoria Formation exposed in two bulldozer trenches within

the mapped area. A report on the tungsten deposits of the Mount

Torrey Batholith by Pattee (1960) included descriptions of numerous

mines, now inactive, within the area. Hobbs (1968) mapped the

geology of the Argenta area, which is immediately south of the

Greenstone Mountain area, for an unpublished M. S. thesis.

Relief and Drainage

The maximum elevation is 9,213 feet at the summit of Humbolt

Mountain in the N1/2 sec. 29, T. 5 S. , R. 10 W. The lowest eleva-

tion, 5,620 feet, occurs in the NE1/4 sec. 19, T. 5 S. , R. 9 W.

where Birch Creek leaves the mapped area. The maximum
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topographic relief is 3,593 feet.

The northern part of the Greenstone Mountain area is drained

by Willow Creek and its tributaries, Du Bois Creek and Bond Creek.

All are perennial streams and are fed, with the exception of Bond

Creek, by springs and intermittent streams. Bond Creek is fed by

kettle lakes to the west and has been dammed for irrigation purposes

to form Bond Lake in the NW1/4 sec. 32, T. 4 S. , R. 10 W. Willow

Creek flows eastward within the thesis area and empties into the Big

Hole River approximately 12 miles south of Melrose.

Birch Creek and its tributaries, Thief, Armstrong, and Sheep

Creeks, drain the central and southern parts of the Greenstone

Mountain area. All are perennial streams and are fed by springs

and intermittent streams. Birch Creek flows southeastward across

the thesis area and empties into the Big Hole River approximately 14

miles south of Melrose.

Climate and Vegetation

The nearest U. S. Weather Bureau station is located in Dillon,

Montana. During the year 1967 the station recorded an average tem-

perature of 44.2°F. Temperatures ranged from 95°F. in August to

-22°F. in December. Annual precipitation for 1967 was 14.08 inches;

June was the wettest month. During summer the days are generally

quite warm, the nights are cool, and brief afternoon thundershowers
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occur daily.

Several types of vegetation grow in the thesis area. Hardwoods

and grasses grow near springs and along Bond, Thief, Birch and

Willow Creeks. Lower elevations, such as in the eastern part of the

area, are characterized by sparsely growing sagebrush and grasses.

Intermediate and higher elevation slopes are commonly heavily

forested with conifers, mostly lodgepole pine. Geologic mapping is

hindered by the dense vegetation on some intermediate slopes.
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Table 1. Summary of Stratigraphic Units, Greenstone Mountain Area, Montana.

Rock-st'atigraphic Thickness
Age Unit Litho logy (in feet)

Quaternary Alluvium.

Unconformity

Quaternary Glacial till.

Unconformity

Quaternary Terrace gravels.

Unconformity

Late Quartz monzonite
Cretaceous batholith.

Unconformity

Early and Colorado Greenish-gray 6,000
Late Group mudstones, shales,
Cretaceous cross-bedded, salt and

pepper lithic sandstones,
argillites, and conglomerate
lenses.

Early Kootenai Pebbly lithic sandstones,
Cretaceous Formation varicolored mudstones,

argillites, and siltstones;
fresh-water gastropod
limestone at top.

1, 412

Disconformity

Early Woodside Red, calcareous 0-90
Triassic Formation siltstone.

Early Dinwoody Calcareous mudstones, 530 -

Triassic Formation siltstones, shales, and 780
brown-weathering,
fossiliferous limestones.

Possible Unconformity

Early and Phosphoria Orange siltstone, gray
Middle Formation arenaceous chert, black
Permian phosphatic mudstones and

shales, and vitreous,
cherty, quartzose
sandstones.

360
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Table 1. (Continued)

Age
Rock - strati graphic

Unit Lithology
Thickness
(in feet)

Middle and
Late (?)
Pennsylvanian

Early
Pennsylvanian
Late
Mississippian

Early and
Middle
Mississippian

Early
Mississippi an

Devonian-
C ambri an

Precambrian

Quadrant
Formation

Amsden
Formation

Mission Canyon
Formation

Lodgepole
Formation

pre-Mississippian
Paleozoic rocks
undifferentiated

Belt Supergroup
undifferentiated

Varicolored, well-sorted,
vitreous, quartzose
sandstone.

Orange to pink, calcareous
quartzose sandstones,
siltstones, and gray,
cherty, fossiliferous
limestones.

Disconformity

Gray, massive to
thick-bedded, cherty,
fossiliferous limestones.

Gray, thin- to thick-
bedded, fossiliferous,
micritic limestones;
calcareous shale partings
near bottom; lower contact
not exposed.

Unconformity (?)

Yellow and gray, sandy,
crystalline dolomites
and calcareous siltstones.

Unconformity

Varicolored, vitreous,
quartzose sandstone, minor
gray to purple micaceous
argillites, and pebble
conglomerate.

360

375-
353

1,120

860+ (?)

745+ (?)

? ?
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STRATIGRAPHY

Precambrian sediments of undetermined thickness are the

oldest rocks exposed in the Greenstone Mountain area. Paleozoic

rocks, about 4,360 feet thick, are predominately marine carbonates

but include subordinate sandstones, cherts, and shales. The

Ordovician and Silurian Systems are not represented. Mesozoic

rocks, about 8,290 feet thick, are both marine and non-marine

carbonates, sandstones, and shales. Sediments of the Jurassic

System are not present within the area. Cenozoic sediments include

glacial deposits, terrace gravels, alluvium, and talus deposits.

Regional correlations are presented in Table 2. Descriptions

of units, including topographic expression, thickness, detailed

lithology, age, fossil content, origin, and depositional environment,

are presented in chronological order.

Precambrian Rocks

Belt Supergroup Undifferentiated

Undifferentiated Precambrian sediments within the Greenstone

Mountain area consist of quartz arenite and subordinate argillite and

pebble conglomerate that Ross (1963) provisionally assigned to the

Missoula Group of the Belt Supergroup (Smith and Barnes, 1966).
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Table 2. Correlation Chart of Paleozoic and Mesozoic Rocks (Columns 1-3 modifed after Groff, 1963)
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1
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Owing to poor exposures the Precambrian rocks were mapped as a

single unnamed unit.

Distribution and Topographic Expression

The Precambrian rocks crop out in a six square mile area

along a high ridge that marks part of the western boundary of the

thesis area. Wherever exposed, they are in fault contact with early

Paleozoic rocks or have been intruded by the Mount Torrey Batholith.

Topographically, the rocks form steep rounded hills, such as

Humbolt Mountain (Figure 1), which are almost completely covered

by angular, blocky, cobble-- to boulder-sized talus. Owing to this

talus cover, these Beltian rocks are very poorly exposed.

Thickness and Litho logy

Faulting and poor exposures make it impossible to estimate

the thickness of the Precambrian strata in the thesis area. To the

south Hobbs (1968) reported approximately 700 feet of similar rocks

but indicated that the total thickness could not be determined because

of faulting.

Quartz arenite comprises most of the Beltian sediments

within the Greenstone Mountain area. The vitreous sandstone has

fresh colors of light gray (N7) to very light gray (N8) and pale red

(5R 6/2). Weathered colors range from dusky red (5R 3/4) to grayish
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Figure 1. Precambrian Beltian talus on the western side
of Humbo lt Mountain.

Figure 2. Close-up of Figure 1; northwestern side of
Humbolt Mountain. The steep talus slope is
typical of Precambrian sedimentary rocks
in the area.
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orange (10YR 7/4). Disseminated hematite that surrounds clastic

quartz grains produces the red colors. Locally the thin- to thick-

bedded rocks exhibit symmetrical ripple marks with wavelengths

ranging from 3 to 6 cm and amplitudes ranging from 0. 3 to 2 cm.

In thin section the moderately well-sorted quartz arenite is

seen to be composed primarily of subrounded to well-rounded,

medium.- to coarse-grained quartz and minor amounts of chert,

tourmaline, muscovite, zircon, magnetite, and hematite. No

feldspar was noted. Irregular dust-like inclusions occur along sub-

parallel planes within many of the quartz grains. The sandstone is

cemented by authigenic quartz overgrowths in optical continuity with

detrital quartz grains. Detrital grain outlines can occasionally be

distinguished from authigenic overgrowths by thin coatings of

impurities and hematite dust. Pore spaces are commonly filled

with the secondary quartz overgrowths, resulting in a dense, well-

consolidated, vitreous sandstone.

Interbedded silty argillite is less common than the quartz

arenite. Fresh and weathered colors of the argillite are olive black

(5Y 2/1), dark gray (N3) to medium light gray (N6), and very dusky

red purple (5RP 2/2). The well-indurated rock is composed of silt-

and clay-sized particles in thin laminae ranging in thickness from 1

to 3 cm. Bedding surfaces are undulatory but seldom contorted.

Irregular mud cracks are common on bedding surfaces and are
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similar to incomplete thud cracks in Beltian sediments described by

Fenton and Fenton (1939). Small-scale scour-and-fill structures up

to 2 cm deep are common. The argillite is composed of silt-sized

quartz, magnetite, muscovite, fine-grained white mica, and

unidentified cryptocrystalline material. The subparallel orientation

of muscovite shreds gives a sheen to bedding surfaces.

On Humbolt Mountain, in sec. 29, T. 5 S. , R. 10 W. , a few

talus cobbles of a pebble conglomerate have been found. The well-

sorted, rounded to well-rounded pebbles, with a median grain size

of about 12 mm, are composed of vitreous quartz. Fresh and

weathered colors of the pebbles are predominately very light gray

(N8) and pinkish gray (5YR 8/1); occasionally a jasper pebble of

moderate red (5R 4/6) is found. The pebbles have a matrix of coarse-

grained, poorly-sorted quartz arenite. Quartz grains and pebbles

are tightly locked together by secondary siliceous cement.

Recrystallized argillaceous material with a medium dark gray (N4)

color on fresh and weathered surfaces commonly occurs as thin, con-

torted laminae in the pebble conglomerate.

Age and Correlation

The quartz arenite and interbedded argillite are provisionally

assigned to the Belt Supergroup by the present author because they

have lithologies, colors, and sedimentary structures similar to known
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Beltian sediments. A more specific correlation is not attempted

owing to the considerable distance (more than 100 miles) separating

the rocks in the thesis area from described Beltian rocks of similar

lithologies (Nelson and Dobell, 1961). However, Ross (1963) tenta-

tively correlated Precambrian rocks in the vicinity of Dillon, which

includes the Greenstone Mountain area and areas of rocks immediately

south and southwest, with the Missoula Group, which he considered to

be the youngest of the four divisions of the Belt Supergroup and late

Precambrian in age.

Other Precambrian rocks are exposed nearby but apparently

are not correlative with those in the thesis area. Lowell (1965)

reported Precambrian crystalline rocks about 20 miles south of

Humbolt Mountain that are unconformably overlain by the Flathead

Formation of Middle Cambrian age. About 10 miles north of the

mapped area Theodosis (1956) described conglomeratic quartzites

and argillites that Ross (1963, p. 88) assigned to the North Boulder

Group of the Belt Supergroup.

A notable feature of the Beltian rocks exposed within the thesis

area is the absence of feldspars. According to Ross (1963), Nelson

and Dobell (1961), and McMannis (1963), feldspar is a common

detrital mineral in most quartzites of the Belt Supergroup. However,

Beltian rocks characterized by lack of feldspars are described by

Nelson and Dobell (1961) in the Bonner quadrangle, more than 100
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miles north of the thesis area. These rocks, termed the "filcher

Quartzite," are considered to be the uppermost formation of the

Missoula Group.

In the field the Precambrian quartz arenite appears similar to

the quartz arenite of the Pennsylvanian Quadrant Formation. How-

ever, the presence of interbedded silty argillite, mud cracks, and

ripple marks within the Precambrian rocks aids in distinguishing

between the two units. Microscopically, the detrital quartz grains

of the Precambrian quartz arenite are seen to be coarser grained

and better rounded than the qutrtz grains of the Quadrant Formation.

Origin and Environment of Deposition

Beltian sediments were deposited both in and on the margins of

a basin that included the thesis area and covered much of western

Montana and eastern Idaho. Rocks similar in lithology, color, and

sedimentary structures to the rocks of the Belt Supergroup in south-

western Montana extend from the Arctic Ocean to northern Mexico

(Ross, 1963). The extent of these outcrops suggests a depositional

basin or series of basins of geosynclinal magnitude.

In the Greenstone Mountain area the texturally and mineralogi-

cally mature quartz arenite, consisting almost entirely of quartz,

indicates long periods of abrasion and chemical weathering. The

roundness and sorting of the grains indicate reworking of older
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sediments, perhaps older Beltian strata. The ultimate source of

much of the arenite was probably crystalline rocks, but occasional

fragments of chert indicate a sedimentary provenance.

Ripple marks, mud cracks, and the local pebble conglomerate

suggest a nearshore, shallow water environment in which sedimenta-

tion kept pace with the slow subsidence of the basin. The pebble

conglomerate and interbedded argillite indicate exposure of mud

flats to subaerial conditions. The concept of a delta complex, which

includes interactions of beach, bar, channel, floodplain, and neritic

environments, explains structures and textures of the Precambrian

rocks exposed within the thesis area.

Paleozoic Rocks

Pre-Mississippian Paleozoic Sediments Undifferentiated

The oldest Paleozoic sediments exposed within the Greenstone

Mountain area are pre-Mississippian in age and probably represent

the Cambrian and Devonian Systems. At several localities outside

the thesis area other workers have identified strata of Cambrian and

Devonian age which may be correlative, at least in part, with the

undifferentiated pre-Mississippian rocks of this study. In the

Bannack-Grayling area, about 20 miles south of the Greenstone

Mountain area, Lowell (1965) described approximately 450 feet of the
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Middle Cambrian Flathead Formation and Wolsey Shale, 200 feet of an

Upper Cambrian unfossiliferous crystalline dolomite that he tenta-

tively assigned to the Pilgrim Formation, and 800 feet of the

Devonian Jefferson Formation and Three Forks Formation. At

Camp Creek, about 13 miles northeast of the area, Hanson (1952)

reported a Middle and Upper Cambrian section of 1,302 feet. His

Middle Cambrian units, in ascending order, are the Flathead Forma-

tion, Wolsey Shale, Meagher Formation, and Park Shale. Upper

Cambrian units are the Pilgrim Formation and the Red Lion Forma-

tion. In a. larger region that includes the thesis area, Hanson (1952)

and Sloss and Moritz (1951) correlated the Pilgrim Formation with

part of the Hasmark Formation, Near Melrose, about 10 miles north

of the thesis area, Theodosis (1956) reported Middle and Upper Cam-

brian rocks similar to those described by Hanson, and Devonian

strata that Theodosis identified as Jefferson Dolomite and Three

Forks Shale.

Within the mapped area the poorly exposed, undifferentiated

sediments are predominately finely to coarsely crystalline dolomite

and subordinate amounts of sandy dolomite and calcareous siltstone.

Because dolomitization and thermal metamorphism have obscured

most primary sedimentary features of the rocks, no attempt is made

to correlate them with Cambrian and Devonian sediments of south-

western Montana, but instead they are included in a single
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unnamed unit.

Distribution r es si on

The undifferentiated pre-Mississippian Paleozoic rocks crop

out in the southwestern corner of the mapped area. In the NE1/4 sec.

28, T. 5 S. , R. 10 W. , the rocks are in fault contact with Pre-

cambrian sediments on the west, grade into a mineralized and contact

metamorphosed zone toward the north, and are bounded by a covered

interval on the east and sduth. Along the western border of the thesis

area, in parts of secs. 29 and 32, T. 5 S. , R. 10 W. , the undif-

ferentiated rocks are in fault contact with Precambrian sediments.

The unit is poorly exposed throughout the map area. On steep,

densely timbered slopes dolomite beds occasionally form low dis-

continuous outcrops. Slope wash and talus from topographically

higher Precambrian sediments cover much of the unit.

Thickness and Lithology

The undifferentiated Paleozoic rocks within the mapped area

have a minimum thickness of about 745 feet. This thickness does not

represent the complete unit, which is truncated by faulting of unknown

magnitude and extends an undetermined distance beyond the western

border of the area.

The sediments are composed mostly of dolomite, which locally
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is arenaceous. The thin- to thick-bedded dolomite exhibits colors of

fresh surfaces ranging from very light gray (N8) to medium dark

gray (N4) to yellowish gray (5Y 7/2). Colors of weathered surfaces

are grayish yellow (5Y 8/4), moderate orange pink (5YR 8/4), pale

red (10R 6/2), and light gray (N7). Where the dolomite is sandy, a

gritty appearance is produced on weathered surfaces by quartz and

chert fragments that stand in relief above the leached carbonate

surface.

A discontinuous ledge of thinly laminated, light gray (N7) to

medium gray (N5) dolomite crops out in the NE1/4 sec. 28, T. 5 S.,

R. 10 W. The laminae show preconsolodation deformational struc-

tures (Pettijohn, 1957, p. 189), confined to beds up to four centi-

meters thick, that are beveled by overlying planar laminae.

Occasional cross-laminations occur with forsets ranging up to five

centimeters thick. Chert with fresh and weathered colors of pale

reddish brown (10R 5/4) is locally found in the dolomite. In the

S1/2 sec. 29, T. 5 S. , R. 10 W. differential weathering has pro-

duced a distinctive network of interveined chert on dolomite surfaces.

Under the petrographic microscope the finely to medium

crystalline dolomite is seen to have a xenotopic to hypidiotopic

equigranular crystallization fabric. Anhedral to subhedral dolomite

crystals are usually tightly interlocked, but occasional pore spaces

are filled with anhedral calcite. Terrigenous particles locally
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constitute up to 15 percent of the rock and consist of quartz grains,

chert fragments, fine-grained argillaceous fragments, and magnetite

that is incompletely oxidized to hematite. The rounded to subrounded,

medium- to very coarse-grained chert fragments also have been

slightly replaced by dolomite. Authigenic quartz overgrowths on

detrital quartz grains are common; they surround and occasionally

replace subhedral dolomite crystals.

The dolomite was produced by post-depositional replacement

of lime stone. Dolomitization is indicated by the hypidotopic equi-

granular crystallization fabric, medium crystalline grain size, and

detrital quartz grains that are partly replaced by euhedral dolomite

crystals. Authigenic quartz overgrowths that replace dolomite

crystals suggest that dolomitization was followed by silicification.

In the NE1/4 sec. 28 and the SW1/4 sec. 29, T. 5 S., R. 10 W.

a calcareous siltstone is occasionally found, usually as float. The

thin- to very thin-bedded siltstone has fresh and weathered colors of

grayish orange (10YR 7/4) and dark yellowish orange (10YR 6/6).

Scattered subangular to subrounded, medium- to coarse-grained

quartz sand occurs throughout the rock. The siltstone appears to be

stratigraphically higher than the dolomite, but the contact between

the two units is covered everywhere within the mapped area,
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Age and Correlation

No specific correlation of these dolomitized rocks with other

lithologic units of known age is attempted here because of: (1) lack

of exposures within the area, (2) absence of most of the original

sedimentary features, which were obscured by dolomitization and

thermal metamorphism, and (3) absence of fossils within the unit.

The rocks are considered to be Cambrian and/or Devonian in age

because of their stratigraphic position between the Precambrian

Belt Supergroup and the Mississippian Lodgepole Formation and

because Ordovician and Silurian rocks are unknown in this part of

Montana.

Moreover, where primary sedimentary features of the pre-

Mississippian Paleozoic strata have not been destroyed, similarities

between rocks of known Cambrian and Devonian age and the pre-

Mississippian Paleozoic strata have been noted. The sandy dolomite

exposed in parts of the undifferentiated unit is similar to a sandy

zone characteristic of the top of the Hasmark Formation (Hanson,

1952, ID, 17). According to Sandberg (1962) the Three Forks Forma-

tion consists of calcareous siltstones, shale, and limestones; the

siltstones have lithologies and colors similar to those exposed in the

thesis area.
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Origin and Environment of Deposition

The dolomite was originally a limestone that was deposited in

a near-shore, littoral and/or neritic environment. Cross-laminae

indicate current action and suggest shallow-water conditions.

Detrital quartz grains in the dolomite originated by: (1) turbidity

currents or storm waves transporting coarse material into deep

water, (2) fluctuation in sea level, or (3) beach sand transported by

wind to a marine environment. Hanson (1952) suggested that the

sandy zones near the top of the Hasmark Formation were produced by

the first effects of a regional uplift in Dresbachian time (early Late

Cambrian) that caused a change in sedimentation conditions in south-

western Montana.

Madison Group

The Madison Limestone was first recognized and named by

Peale (1893) in the Three Forks area, Montana. Peale assigned the

limestones to an Early Carboniferous age and divided the formation,

in ascending order, into laminated limestones, massive limestones,

and jaspery limestones. Weed (1900) described the Madison at

Logan, Montana and used the names "Paine Shale" for the laminated

limestones, "Woodhurst Limestone" for the massive limestones, and

"Castle Limestone" for the jaspery limestones. The Madison was
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elevated to a group rank by Collier and Cathcart (1922), who divided

the unit into a lower formation, the Lodgepole, and an upper forma-

tion, the Mission Canyon. Both formations were named for canyons

in the Little Rocky Mountains, central Montana. Sloss and Hamblin

(1942) proposed that the terms "Mission Canyon" and "Lodgepole"

were applicable on a regional scale and described a type section of

the Madison Group along the Gallatin River at Logan, Montana, about

70 miles northeast of the thesis area. They further proposed that

the terms "Paine" and "Woodhurst," named by Weed (1900), be used

for members of the Lodgepole Formation.

Lodgepole Formation

Within the thesis area, the Lodgepole Formation is underlain by

undifferentiated pre-Mississippian Paleozoic rocks. The contact

between the two units is covered, but Sloss and Moritz (1951) reported

a conformable contact between the Lodgepole and the Three Forks

Formation (Upper Devonian) throughout southwestern Montana. The

upper contact of the Lodgepole with the Mission Canyon Formation

appears conformable in the map area and was arbitrarily placed

immediately above the uppermost well bedded limestone. The Lodge-

pole could not be differentiated into the Paine and Woodhurst Members.

Distribution and Topographic Expression. The Lodgepole

Formation underlies about two square miles in the southern part of
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the thesis area, where the formation is bounded on the east by the

conformable Mission Canyon Formation, on the west by a covered

interval, and northward grades into mineralized and contact

metamorphosed marbles.

The Lodgepole is moderately well exposed in the area. The

lower part of the formation generally forms low, discontinuous

ledges and talus slopes, whereas the upper part, more resistant and

thicker bedded than the lower, forms steep, rounded hills and

occasional vertical cliffs 100 to 150 feet high.

Thickness and Litho logy. Although the basal contact of the

Lodgepole Formation with underlying sediments is not exposed, about

860 feet of the formation is exposed within the thesis area. Sloss and

Hamblin (1942, p. 321-322) measured 731 feet of Lodgepole at its

type locality in Logan, Montana. Twenty miles south of the map

area Lowell (1965) described 1,100 feet of thin-bedded gray lime-

stone, which he assigned to the Lodgepole.

In the Greenstone Mountain area the Lodgepole is composed of

thin- to thick-bedded micrite, which is fossiliferous near the middle

and upper parts of the formation. The limestones have fresh colors

of medium dark gray (N4) to dark gray (N3) and weathered colors of

medium light gray (N6) to medium dark gray (N4). Interbedded

calcareous shale partings and silicified argillaceous concretions are

common in the lower part of the formation. The very thin-bedded
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shale partings and subspherical to discoidal concretions have fresh

and weathered colors of yellowish brown (10YR 6/2) to dark yellowish

brown (10YR 4/2). Weathering has locally caused the concretions to

stand in relief, and their long axes appear to be parallel to bedding

surfaces. In the lower part of the formation the micrite beds range

from 2 to 10 cm in thickness. Beds become thicker in the upper part

of the unit and are commonly 2 to 2.5 feet thick. Bedding surfaces

throughout the formation are slightly undulatory.

The aphanocrystalline to very finely crystalline limestones are

composed of micrite, which locally contains scattered, poorly pre-

served fossils. Clear calcite overgrowths are in optical continuity

with fragments of crinoid stems. Numerous veins and microfaults

are filled with clear sparry calcite in sharp contact with the micrite.

Age and Correlation. In the thesis area the Lodgepole Forma-

tion is less fossiliferous than the overlying Mission Canyon Formation,

although the reverse is reported in localities elsewhere in south-

western Montana (Sloss and Hamblin, 1942; Robinson, 1963). Poorly

preserved brachiopods, tetracorals, and segments of crinoid stems

are common in the upper part of the formation.

On the basis of lithology, fauna, and topographic expression,

the micrite and biomicrite are probably correlative with the Lodgepole

Formation described by Sloss and Hamblin (1942) at many places in

southwestern Montana.
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Landon and Severson (1953) described a crinoid fauna and

associated invertebrates within the Lodgepole Formation and stated

that the formation is Kinderhookian in age. Later work by

Andrichuk (1955) on the stratigraphy and sedimentation of the

Madison Group in Wyoming and southern Montana supports a

Kinderhookian age for the Lodgepole.

Origin and Environment of Deposition. The lithology and fauna

of the Lodgepole Formation indicate deposition in a marine, neritic

environment. Absence of terrigenous particles suggests that the

bordering land mass was distant and/or of low relief. The thin but

uniform beds of micrite with interbedded shale partings in the lower

part of the formation suggest a gently oscillating sea (Robinson,

1963). Progressively thicker beds and absence of interbedded shale

in the upper part of the unit suggest reduction of oscillations and a

more stable, slightly deeper water, neritic environment.

Mission Canyon Formation

Within the Greenstone Mountain area the Mission Canyon

Formation is composed of thick-bedded to massive, fossiliferous

microsparite interbedded with massive, biosparite calcarenite. The

Mission Canyon conformably overlies and is gradational with the

Lodgepole Formation. The contact with the overlying Amsden Forma-

tion is not exposed, but Sloss and Hamblin (1942), Sloss and Moritz
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(1951), and Robinson (1963) report a disconformable contact between

the two formations in southwestern Montana. In the field the Mission

Canyon-Amsden contact was placed at a break in slope between the

upper resistant limestones of the Mission Canyon Formation and the

lower nonresistant sandstones and siltstones of the Amsden Forma-

tion. Moreover, a reddish soil is commonly developed from beds of

the lower part of the Amsden that is easily distinguishable from the

gray soil derived from beds of the upper Mission Canyon Formation.

The solution-channelled surface and karst topography recognized at

the top of the Madison Group elsewhere in Montana (Sloss and

Moritz, 1951; Sando and Dutro, 1960) were not observed in the map

area.

Distribution and Topographic Expression. The Mission Canyon

Formation crops out in the southcentral part of the thesis area where

it extends from the southern border to the southeastern edge of the

Mount Torrey Batholith. The unit is bounded on the east by the over-

lying Amsden Formation, on the north by the batholith, and on the

west by the underlying Lodgepole Formation.

Topographically, the resistant limestones form steep, rounded

hills and massive vertical cliffs, the latter particularly well developed

along Canyon Gulch. Talus characteristically accumulates in large,

steep slopes beneath the cliffs and may cover the formation over

areas of more subdued topography.
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Thickness and Litho logy. The Mission Canyon Formation is

about 1,120 feet thick in the map area. Sloss and Hamblin (1942)

measured 912 feet of Mission Canyon beds at Logan, Montana, and

Lowell (1965) reported a thickness of 2,300 feet in the Bannack-

Grayling area.

The Mission Canyon is a fairly uniform lithologic unit consist-

ing of massive to occasionally thick-bedded, recrystallized fossili-

ferous microspar and biosparite calcarenite. Fresh colors range

from dark gray (N3) to light gray (N7); weathered surfaces range

from medium dark gray (N4) to very light gray (N8). Bedding is

usually indistinct, but thick-bedded strata locally have slightly

undulatory bedding surfaces. The medium to coarsely crystalline

biosparite calcarenite emits a fetid odor when broken.

Chert nodules and stringers are abundant throughout the forma-

tion and have an orientation roughly parallel to bedding. Colors of

the chert range from grayish orange (10YR 7/4) to moderate red

(5R 4/6) and dark reddish brown (10R 3/4) on fresh surfaces and

from moderate yellowish brown (10YR 5/4) to grayish red (5R 4/2)

on weathered surfaces.

A thin section of fossiliferous microspar reveals predominately

irregular, but occasionally regular, patches of medium crystalline

sparite and micros parite crystals that grade into a microcrystalline

calcite matrix. Sparry calcite crystals have formed around calcite
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overgrowths that are in optical continuity with poorly preserved

crinoid fragments. Veins filled with sparite randomly transect both

the finely crystalline matrix and the fossil allochems. The loose

packing of fossil fragments suggests that the patches of sparite and

microsparite were not formed as original cement but are products

of aggrading recrystallization of a microcrystalline ooze matrix

(Folk, 1959, p. 32). Occasional subrounded patches of sparry cal-

cite occur in the rock, but it is not known whether these represent

cavity fillings or completely recrystallized allochems.

A representative sample of the medium to coarsely crystalline,

poorly sorted, biosparite calcarenite contains 85 percent allochemi-

cal constituents, consisting of fossils and limeclasts, and 15 percent

orthochemical sparry calcite cement. Moderately well-preserved

fossils recognized in thin section include abundant foraminifers,

disarticulated brachiopod shells, fragments of crinoid stems,

echinoid spines, bryzoan, and algal accretions. Some of the larger

fossil fragments appear to be slightly abraded. Micrite limeclasts

make up about 20 percent of the allochemical constituents. The

clasts contain recrystallized microfossils and average 0.2 mm in size,

although larger pieces up to 3.5 mm long were occasionally observed.

Calcite overgrowths, in optical continuity with fragments of crinoid

stems, are common. Clear, coarsely crystalline sparite occurs as

pore-filling cement. No micrite matrix was observed.
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Age and Correlation. Parts of the Mission Canyon Formation

contain abundant poorly to moderately well-preserved fossil frag-

ments. Macrofossils found in the field include Fenestrellina sp. ,

Syringopora sp. , brachiopods, crinoid stem fragments, and tetra-

corals. Microscopic examination revealed foraminifers, algal

accretions, and echinoid spines. No further identification of either

macro- or microfossils was attempted.

Correlation of the fossiliferous microsparite and biosparite

calcarenite of the Greenstone Mountain area with the Mission Canyon

Formation of other areas is based on stratigraphic position between

the Lodgepole and Amsden Formations, and on lithologies and fauna

similar to the type Mission Canyon Formation at Logan, Montana

(Sloss and Hamblin, 1942), and elsewhere in southwestern Montana

(Sloss and Moritz, 1951; Sando and Dutro, 1960).

Landon and Severson (1953, p. 507) stated that the Lodgepole

and Mission Canyon Formationg represent continuous marine deposi-

tion throughout Kinderhookian and perhaps earliest Osagean time.

Other geologists (Sloss and Hamblin, 1942; Sloss and Moritz, 1951;

Sando and Dutro, 1960) considered the uppermost beds of the Mission

Canyon to be Meramecian in age.

Origin and Environment of Deposition. Faunal and lithologic

evidence indicates that the limestones of the Mission Canyon Forma-

tion accumulated under marine conditions in a neritic environment.
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Thick-bedded to massive strata and the absence of interbedded shale

partings suggest fewer oscillations of sea level and a more stable

environment than that of the Lodgepole Formation. Presence of

limeclasts and slight abrasion of fossil fragments indicate a rela-

tively high energy environment in which currents were active. Cur-

rents were evidently strong enough to winnow away microcrystalline

ooze that might otherwise have accumulated as matrix.

The rounded to subangular limeclasts in the biosparite cal-

carenite seemingly represent either: (1) intraclasts, which are frag-

ments of penecontemporaneous, weakly consolidated carbonate sedi-

ment eroded from the sea floor and reworked within the basin of

deposition, or (2) lithoclasts, which are fragments of lithified ter-

rigenous carbonate rock eroded from ancient outcrops exposed along

the shore line (Folk, 1962, p. 63-64),

Amsden Formation

Darton (1904), while working in the northern part of the Big

Horn Mountains, assigned the name "Amsden" to a unit of rocks

composed of basal red sandy shale and sandstone, and an upper

sequence of white limestone, gray sandstone, red shale, and

massive cherty limestone. The formation name was coined by

Darton from a tributary of the Tongue River, west of Dayton,

Montana.
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A "red limestone" unit had previously been included by Peale

(1893) in the lower part of the Quadrant Formation near Three Forks,

Montana. This unit is now thought to be correlative with the Amsden

Formation (Scott, 1935).

In the Greenstone Mountain area the Amsden Formation is com-

posed of a lower fine-grained clastic member (Member 1) that grades

upward into a cherty carbonate member (Member 2), whose upper-

most beds become increasingly sandy toward the top of the formation.

Because of poor exposures the two members are mapped as a single

unit. The Amsden Formation seemingly disconformably overlies the

Mission Canyon Formation of Mississippian age and conformably

underlies the Quadrant Formation of Pennsylvanian age. The

Amsden-Quadrant contact is gradational, and is arbitrarily placed

at the base of the lowermost massive sandstone bed of the Quadrant

Formation.

Distribution and Topographic Expression

The Amsden Formation crops out in a strip extending from the

southern border of the map area to the Greenstone mine in the N1/2

sec. 11, T. 5 S., R. 10 W. The formation is bounded on the east by

outcrops of the Quadrant Formation, on the west by the Mission

Canyon Formation, and on the north by the Mount Torrey Batholith.

Discontinuous, contact-metamorphosed remnants of the upper
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carbonate member are present along the eastern border of the Mount

Torrey Batholith, north of Greenstone Mountain.

The formation is characterized by poor exposures throughout

the area. The lower clastic member is nonresistant and forms soil-

covered slopes above the massive limestones of the Mission Canyon

Formation. The upper carbonate member, more resistant than the

lower, locally forms ledges, rarely up to 15 feet high, beneath the

massive sandstones of the overlying Quadrant Formation. The best

exposures of the Amsden Formation within the thesis area occur

above the limestones of the Madison Group along the Birch Creek road

in the NE1/4 sec. 23, T. 5 S. , R. 10 W.

Orange and red soils found locally on the sandstones and silt-

stones of the lower member help identify the formation in the field

where outcrops are lacking.

Thickness and Litho logy

The Amsden Formation ranges in thickness from about 275 to

353 feet in the mapped area. In the NE1/4 sec. 23, T. 5 S. , R. 10

W. Member 1 is 135 feet thick and Member 2 is 218 feet thick.

Darton (1904) measured 150 feet of the type Amsden near the Montana-

Wyoming border in the Big Horn Mountains, but he reported that it

gradually thickened southward to 350 feet. Theodosis (1956)

measured a thickness of 383 feet for the formation in the Melrose
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area, approximately 16 miles north of the Greenstone Mountain area.

Member 1. The lower clastic member consists of calcareous

quartz wacke and calcareous siltstone.

The calcareous quartz wacke has fresh and weathered colors

of grayish orange (10YR 7/4) to grayish orange pink (5YR 7/2) to

pale red (10R 6/2). Rings of varicolored iron oxide stains are com-

mon on weathered surfaces. The very thin- to thick-bedded sand-

stone has beds up to three feet thick and small-scale, planar cross-

laminae and cross-beds 7 to 12 mm thick.

Petrographic study of the very fine- grained calcareous quartz

wacke reveals a moderately well-sorted framework composed pre-

dominately of subangular to subrounded quartz with a median grain

size of 0.1 mm. Siliceous overgrowths surround many of the detrital

quartz grains. In order of decreasing abundance, minor and trace

constituents include magnetite, partly to wholly oxidized to hematite;

moderately fresh microcline and plagioclase; intensely altered

orthoclase; zircon; detrital chert fragments; and tourmaline. An

argillaceous matrix constitutes 10 to 15 percent of the rock and is

commonly coated with yellowish-brown ferruginous material.

Anhedral, finely crystalline calcite cement, about 15 percent of the

rock, is distributed irregularly. The calcareous cement replaces

much of the matrix, peripheries of quartz grains, and authigenic

siliceous overgrowths. This suggests that carbonitization followed
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silicification in the paragenetic sequence of the sandstone.

In the upper part of Member 1, the quartz wacke grades into a

very thin-bedded calcareous siltstone. The siltstone has fresh and

weathered colors of moderate reddish orange (10R 6/6), pale yellow-

ish orange (10YR 8/6), and pale reddish brown (10R 5/4). The rock

is composed of silt-sized quartz and minor magnetite cemented by

calcite.

Member 2. The upper carbonate member consists of biomicrite

and fossiliferous microsparite calcarenite. The limestones have

fresh colors ranging from medium gray (N5) to dark gray (N3) and

weathered colors from light gray (N7) to medium gray (N5). The

thin- to medium-bedded calcilutite and calcarenite have abundant

nodules, stringers, and beds of chert. The beds locally are as much

as two feet thick. The member becomes sandy toward the top, where

it grades into the sandstones of the overlying Quadrant Formation.

A representative sample of the fossiliferous microsparite

calcarenite consists predominately of aphanocrystalline to very finely

crystalline micrite that has been recrystallized in places to form

patches of medium crystalline sparite. Poorly preserved fossil

allochems, which form 10 to 15 percent of the rock, consist of

disarticulated brachiopod fragments, foraminifers, gastropods,

crinoid stem fragments, and unidentifiable bioclastic debris. Clear,

coarsely to medium crystalline sparry calcite fills chambers in
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gastropods and foraminifers. Bioclastic debris is occasionally

composed of chert, which is partly replaced by calcite. Occasional

rounded, distinct patches of sparry calcite represent either cavity

fillings or recrystallized allochemical constituents. Terrigenous,

very fine-grained to silt-size quartz and magnetite make up about

five percent of the limestone in the middle part of the member but

gradually increase in abundance higher in the section. The magnetite

is partly oxidized to hematite, and the quartz is partly to completely

replaced by calcite.

Age and Correlation

The upper carbonate member of the Amsden Formation contains

representatives of Syringopora sp. , crinoid stems, gastropods,

brachiopods, and solitary tetracorals. More specific identification

was not attempted because of poor preservation. Petrographic

examination of the fossiliferous microsparite revealed occasional

foraminifers.

Correlation of the strata in the thesis area with the Amsden

Formation of other areas is based on: (1) stratigraphic position

between the Mission Canyon Formation and the Quadrant Formation,

and (2) lithologic similarity to sections described in the Pryor and

Big Horn Mountains, south-central Montana (Gardner et al. , 1946),

and in southwestern Montana (Sloss and Moritz, 1951).
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Scott (1935) considered the Amsden Formation in central

Montana to be Chesterian in age. He later (Scott, 1945) reported

fusulinids of Morrowan age from the uppermost beds of the Amsden.

Sloss (Gardner et al. , 1946) described a fauna of Chesteran to

Morrowan age in the Amsden from southcentral Montana. Mundt

(1956) agreed with Scott and Sloss that the Amsden Formation

straddles the Mississippian-Pennsylvanian boundary, and assigned

a Chesteran to Atokan age for the formation in Montana and northern

Wyoming.

Origin and Environment of Deposition

Lithologies and textures of the lower clastic member suggest

deposition in a very shallow water marine or beach environment.

Moderate sorting and cross-beds indicate current action. Mixtures

of subrounded to subangular quartz and minor amounts of fresh and

weathered unstable feldspar suggest a source area with high relief,

youthful topography, and a relatively warm, humid climate. The

source of the sandstones and siltstones may have been: (1) silicic

igneous rocks, indicated by the presence of quartz, zircon,

tourmaline, plagioclase, potassium feldspar, and magnetite;

(2) reworked sediments, indicated by the presence of quartz, chert,

abraded tourmaline and zircon; or (3) both igneous rocks and

reworked sediments.
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Fauna and lithologies of the upper carbonate member suggest

marine deposition in a neritic environment. Biomicrite and

fossiliferous microsparite indicate quiet, low energy environments,

but the poorly sorted bioclastic debris suggest locally active cur-

rents. The transition of sandstone and siltstone to micrite may have

resulted from a transgressing sea.

Quadrant Formation

The formation name "Quadrant" was first used in print by

Peale (1893) for strata near Three Forks, Montana that consisted

of a lower unit of arenaceous limestones and an upper unit of cherty

limestones interbedded with quartzite layers and capped by a

prominent bed of quartzite. Although first used by Peale, the term

"Quadrant" originated with Iddings and Weed (1899), who were work-

ing at the same time in the northwestern part of Yellowstone National

Park. There, Iddings and Weed designated sandstones, limestones,

and quartzites exposed on the southeastern corner of Quadrant

Mountain as the type section of the Quadrant Formation.

Later, Scott (1935) considered the lower sandstones and lime-

stones of the type Quadrant described by Iddings and Weed to be

Mississippian in age, and placed these beds in the Amsden Formation.

He limited the Quadrant to ". . well-bedded, white to pink, fine-

to medium-grained quartzite which is occasionally more sandy than
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quartzitic," and which contains siliceous limestone interbeds at some

localities (Scott, 1935, p. 1018).

In the thesis area the Quadrant is a lithologically uniform

sequence of beds of quartz arenite, which is conformably underlain

by the Amsden Formation. Talus and slope-wash everywhere cover

the contact with the overlying Phosphoria Formation, but other

workers in southwestern Montana (Sloss and Moritz, 1951; Robinson,

1963; Lowell, 1965) reported a seemingly conformable Quadrant-

Phosphoria contact, and it seems reasonable to believe that a similar

situation exists in the Greenstone Mountain area. In the field the

upper contact was placed at the distinct break in slope between the

upper resistant sandstone of the Quadrant and the lower nonresistant

siltstone of the Phosphoria Formation.

Distribution and Topographic Expression

The Quadrant Formation displays nearly continuous outcrops

throughout the eastern half of the thesis area except north of Willow

Creek, where it is locally interrupted by the Mount Torrey Batholith.

The Quadrant is the oldest exposed formation in the Birch Creek Anti-

cline and the adjoining Barbour Gulch Syncline and crops out on both

flanks of the structures.

The sandstone is resistant to weathering and forms prominent,

steep ridges and ledges. Blocky cobbles and boulders of quartz
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arenite generally form talus slopes that cover parts of adjacent

sedimentary units. Conifers grow preferentially along exposures of

the Quadrant, and their distribution aids in the recognition of the

formation on aerial photographs. Good exposures of the Quadrant are

found along the Birch Creek road near the Beaverhead National

Forest boundary where Birch Creek has cut a narrow gap through a

resistant ridge of quartz arenite.

Thickness and Litho logy

About 930 feet of the Quadrant Formation is exposed within the

map area. Thompson and Scott (1941) reported a thickness of 279

feet for the Quadrant Formation at its type locality on Quadrant

Mountain, Wyoming. Robinson (1963) stated that the formation ranges

in thickness from 250 to 500 feet in the Three Forks quadrangle,

Montana. According to Lowell (1965), the Quadrant Formation thins

markedly in the Bannack-Grayling district from 1,200 feet in the

southeastern part of the area to 650 feet in the northwestern part.

Within the thesis area the Quadrant Formation is composed of

very thick-bedded to massive, vitreous quartz arenite. The vari-

colored sandstone ranges from grayish orange (10YR 7/4) to dusky

red (5R 3/4) to very light gray (N8) on fresh and weathered surfaces.

Brown and yellowish brown colors prevail in the lower and middle

parts of the formation; light gray colors are dominant in the
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uppermost beds. Red colors are produced by finely disseminated

hematite, and brown colors by disseminated limonite.

Petrographically, the well-sorted quartz arenite is almost

monomineralic, and detrital quartz grains constitute up to 95 percent

of the framework in thin sections examined. The subrounded to sub-

angular, very fine- to medium-grained quartz has a median grain

size of 0.2 mm. Minor constituents include detrital chert and

rounded zircon; tourmaline is found in trace amounts. Hematite

grains and dust surround detrital quartz and fill minor fractures.

The sandstone is cemented by clear authigenic siliceous overgrowths

in optical continuity with quartz grains. Intersitial chert cement is

rare and commonly has been partly replaced by clear authigenic

quartz. Cementation has resulted in a well-indurated, vitreous quartz

arenite of very low porosity.

Age and Correlation

The unfossiliferous quartz arenite is correlated with the

Quadrant Formation because of its stratigraphic position between the

underlying Amsden Formation and the overlying Phosphoria Forma-

tion and its lithologic similarity to Quadrant sections described by

Thompson and Scott (1941) in Yellowstone National Park and by

Robinson (1963) in the Three Forks Quadrangle, Montana.

Fusulinids of Desmoinesian age were reported in the upper beds
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of the Quadrant Formation at its type locality by Thompson and Scott

(1941). Other geologists working in southwestern Montana (Sloss and

Moritz, 1951; Klepper and others, 1957; Robinson, 1963) believe that

the gradational contact with the overlying Phosphoria Formation of

Permian age suggests a Late Pennsylvanian or Early Permian age for

the Quadrant, but this conclusion has not been reinforced by

paleontological evidence. Owing to the lack of fossils and the covered

Quadrant-Phosphoria contact, the present author could not resolve

this dating problem in the map area, and the customarily assigned

Pennsylvanian age is retained for the Quadrant Formation. The

seemingly gradational contact of the uppermost Quadrant sandstones

with the lowermost Phosphoria siltstone may suggest that the upper

Quadrant beds are Upper Pennsylvanian as Robinson (1963) postulates

for Quadrant sandstones in the Three Forks area, Montana. However,

the Phosphoria siltstone may represent reworking of Quadrant beds,

and it is possible that a relatively large hiatus exists between the two

formations.

Origin and Environment of Deposition

The texturally and mineralogically mature quartz arenite

probably was deposited under stable conditions in a beach and/or

littoral environment. Absence of unstable material suggests the

sandstone was derived from a provenance with a warm, humid climate
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and low relief (Pettijohn, 1957). Well-washed, well-sorted, abraded

quartz grains suggest prolonged chemical and physical weathering or

derivation from an older sedimentary source. Rounded zircon and

tourmaline indicate a sedimentary or silicic igneous provenance, and

detrital chert suggests a reworked sedimentary source rock.

Phosphoria Formation

The type locality of the Phosphoria Formation was designated by

Richards and Mansfield (1912) to be in Phosphoria Gulch, near Meade

Peak in southeastern Idaho. There the formation is divided into a

lower phosphatic shale member and an upper bedded chert member

termed the "Rex Chert."

In the Snowcrest Range, Montana, Klepper (1950) divided the

Phosphoria into five members, which are, in ascending order:

(A) basal sandstone and dolomite; (B) interbedded phosphatic mud-

stone and phosphate rock; (C) sandstone, chert, and dolomite; (D)

interbedded bituminous mudstone, phosphatic mudstone, and

phosphate rock; and (E) upper quartzite, sandstone, and chert.

McKelvey et al. (1956) revised the stratigraphic nomenclature

for the Permian strata in the western phosphate field. He and his

associates divided the rocks into lithologic units representing dif-

ferent facies and restricted the name "Phosphoria" to the mudstone-

phosphorite-chert facies. They restricted the term "Park City" to
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the carbonate facies, and introduced the name "Shedhorn" for a quartz

sandstone facies present in Yellowstone National Park and adjacent

areas.

Permian rocks in the Greenstone Mountain area can be divided

into four lithologic units, which are, from bottom to top: Member 1,

basal sandy siltstone; Member 2, arenaceous chert and cherty quartz

arenite; Member 3, phosphate mudstone and shale; and Member 4,

cherty quartz arenite. The members were collectively mapped as

the Phosphoria Formation because of poor exposures, thinness of

Members 1 and 3, and lack of confidence in correlating the rocks

with the intertounging lithofacies defined by McKelvey et al.

The Phosphoria Formation seems to conformably overlie the

Pennsylvanian Quadrant Formation. The contact with the overlying

Triassic Dinwoody Formation seems to be transitional, and a con-

formable Phosphoria-Dinwoody relationship has been recognized

throughout part of southwestern Montana (Sloss and Moritz, 1951;

Cressman, 1955).

Distribution and Topographic Expression

Outcrops of the Phosphoria Formation extend almost continuously

from the northern to southern margins of the eastern half of the map

area. The formation is disrupted by faulting immediately north of

Birch Creek and is completely removed by faulting for one-half mile
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on both sides of Willow Creek.

The Phosphoria is poorly exposed within the area. The siltstone

of Member 1 and the phosphatic mudstone of Member 3 are non-

resistant and form grassy slopes. Members 2 and 4, arenaceous

chert and cherty quartz arenite, are more resistant and form low,

discontinuous ledges. Fair exposures of Members 2 and 4 are

present along the Birch Creek road in the NW1/4SE1/4 sec. 24,

T. 5 S. , R. 10 W. Member 3 is exposed in two bulldozed trenches

near Greenstone Gulch, in the SE1/4SE1/4 sec. 11 , T. 5 S., R. 10

W.

Thickness and Lithology

The Phosphoria Formation is about 360 feet thick in the thesis

area. Richards and Mansfield (1912) determined a thickness of 415

feet for the formation at its type locality in southeastern Idaho.

Cressman (1955) measured a thickness of 485 feet for the Phosphoria

near Lima, Montana, and his isopach map of the combined units

indicates a northward and eastward thinning of the formation in south-

western Montana. Measured sections of 285 feet about 10 miles south-

west of Dillon, Montana and 270 feet about 17 miles northwest of

Dillon are reported by Cressman.

Member 1. The basal member of the Phosphoria in the Green-

stone Mountain area is a siltstone that has a fresh color of grayish
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orange (10YR 7/4) and a weathered color of dark yellowish orange

(10YR 6/6). The unit is very poorly exposed and generally is

represented as float, Silt-sized quartz, occasional subrounded, very

fine-grained quartz, sand, and minor amounts of magnetite, partly

oxidized to hematite, comprise the framework of the poorly sorted

siltstone. Calcite cement constitutes 10 percent of the rock. Inter-

stitial yellowish brown ferruginous material is abundant and is

responsible for the fresh and weathered colors.

Member 2, Member 2 is composed of arenaceous chert and

cherty quartz arenite. Both fresh and weathered colors of the unit

range from dark yellowish brown (10YR 4/2) to brownish gray (5YR

4/1) and from medium gray (N5) to medium dark gray (N4). Beds

from two to six centimeters thick are common in the chert. Rounded

and irregular-shaped chert nodules up to four centimeters in diameter

are occasionally found in the cherty quartz arenite. The nodules are

black (N1) but commonly weather to bluish white (5B 9/1).

Petrographic examination of an arenaceous chert sample reveals

detrital quartz grains suspended in a dense groundmass of micro-

crystalline quartz. The very fine- to fine-grained, rounded to sub-

angular detrital quartz constitutes about 25 percent of the chert.

Minor constituents include rounded, fine-grained argillaceous frag-

ments, detrital chert, magnetite, apatite, and traces of rounded

zircon. Infrequent quartz grains have authigenic siliceous
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overgrowths, and nearly all detrital grains have peripheries cor-

roded by the encroachment of microcrystalline quartz. Trace amounts

of interstitial anhedral calcite are scattered throughout the rock.

Member 3. The phosphatic mudstone and shale beds of Member

3 are about 60 feet thick along Greenstone Gulch in the SE1/4SE1/4

sec. 11, T. 5 S. , R. 10 W. The very thin- to thin-bedded rocks

have fresh and weathered colors of dark gray (N3) to grayish black

(N2) with bluish white (5B 9/1) spots on weathered surfaces. Micro-

scopically, the mudstone and shale consist of structureless phosphatic

pellets and nodules enclosed in a mixed groundmass of unidentified

clay minerals, carbonaceous matter, and fine-grained silt composed

of quartz and chert. The poorly sorted, well-rounded to subrounded

pellets and nodules range from 0.2 to 20 mm in diameter, have

distinct borders, and are composed of cryptocrystalline carbonate-

fluorapatite (Altschuler and Cisney, 1952), which is almost opaque

because of the dark brown and black pigment of enclosed carbonaceous

material. Larger pellets or nodules are aggregates of smaller pellets

up to 0.3 mm in diameter cemented together by carbonate-fluorapatite.

The pellets commonly contain minute inclusions of what appears to be

weakly birefringent quartz.

Member 4. The uppermost member of the Phosphoria Forma-

tion in the thesis area is cherty quartz arenite; it is about 170 feet

thick. Fresh colors range from medium gray (N5) to medium dark
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gray (N4) to brownish gray (5YR 4/1); weathered colors range from

medium light gray (N6) to medium dark gray (N4) and from pale

yellowish brown (10YR 6/2) to dark yellowish brown (10YR 4/2).

Beds in the dense, vitreous sandstone are four inches to two feet thick.

Petrographically, the well-sorted quartz arenite is composed

of subrounded quartz grains averaging 0.1 to 0.2 mm in diameter.

The almost monomineralic sandstone has very minor amounts of

detrital chert, apatite, and zircon. Microcrystalline quartz, con-

stituting about 20 to 25 percent of the rock, is the cementing agent.

Yellowish-brown ferrugenous material coats many detrital grains and

is responsible for the weathered colors of the quartz arenite.

Age and Correlation

No fossils were observed in the Permian rocks within the thesis

area. Frenzel and Mundorff (1942) described fusulinids of Wolf-

campian age from the lower beds of the Phosphoria Formation near

Three Forks, Montana. McKelvey et al. (1956) concluded that the

lower and upper rocks of the Permian System in Montana and adjacent

areas ranged in age from Wolfcampian to Leonardian. Fossil evidence

is lacking in the uppermost beds in Montana, and the precise age of

these post-Leonard strata is not known.

Correlation of the Permian rocks of the thesis area with the

Phosphoria Formation as defined in other areas is based on their
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stratigraphic position above the Pennsylvanian Quadrant Formation

and below the Triassic Dinwoody Formation and on lithologic similarity

to Permian sections in Montana and Idaho described by Cressman

(1955), McKelvey (1956), and Cressman and Swanson (1964).

Speculative correlation of Members 1-4 of the Greenstone Mountain

area with Permian units defined by the stratigraphic nomenclature

of McKelvey et al. is as follows:

Member 4 . Tosi Chert Member of the Phosphoria Forma-

tion

Member 3 . Retort Phosphatic Shale Member of the

Phosphoria Formation

Member 2 . . . . Franson Member of the Park City Formation

Member 1 . . Grandeur Member of the Park City Formation

Origin and Environment of Deposition

The sandy siltstone of Member 1 seemingly originated in a

littoral or sublittoral environment similar to that in which the under-

lying Quadrant Formation was deposited, and McKelvey et al. (1956)

concluded that this facies of the Permian rocks probably represents

a marine transgression of Quadrant seas.

The detrital chert, detrital quartz, rounded argillaceous frag-

ments, and rounded zircon of Member 2 suggest that the unit was

derived from pre-existing sediments. Rounding and sorting of
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detrital fragments suggest a relatively high-energy environment. The

unit was probably deposited under shallow-water sublittoral conditions.

The phosphatic mudstone and shale of Member 3 perhaps were

deposited below wave base in tranquil, oxygen-deficient water. The

origin of the phosphatic pellets and nodules in the mudstone and shale

is not completely understood. Cressman and Swanson (1964, p. 375)

state that "the pellets in the phosphatic mudstone do not appear to have

been transported but were probably formed either at the surface of or

within the unconsolidated sediment." These workers summarize the

various hypotheses and attribute the origin of the marine phosphatic

pellets to: (1) infiltration of fecal pellets by phosphate, (2) direct

precipitation of phosphate from sea water, and (3) inorganic accretion

of disseminated phosphatic material in freshly deposited sediment.

The cherty quartz arenite of Member 4 lithologically resembles

the arenite of Member 2 and probably was deposited in a similar

shallow-water, sublittoral environment.

Mesozoic Rocks

Dinwoody Formation

Blackwelder (1918) used the name "Dinwoody Formation" for

gray-green shales with thin, interbedded, brown-weathering, cal-

careous sandstones and argillaceous shales exposed along the Canyon
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of Dinwoody Lakes in the Wind River Range, Wyoming. Moritz (1951)

and Kummel (1954) subdivided the Dinwoody in southwestern Montana

into a lower unit of shale and subordinate interbedded, brown-

weathering limestones, and an upper unit of argillaceous, brown-.

weathering limestones and siltstones with thin, interbedded olive and

brown shales.

The Dinwoody Formation in the thesis area is comprised of

basal calcareous mudstones, siltstones, and interbedded shales that

grade upward into biosparite calcarenites and interbedded calcareous

mudstones and siltstones. The formation conformably overlies the

Permian Phosphoria Formation. The Lower Triassic Woodside con-

formably overlies the Dinwoody locally in the map area, but in most

places erosion during the time interval of Early Triassic to Early

Cretaceous has removed the Woodside, and the Dinwoody is discon-

formably overlain by the Cretaceous Kootenai Formation.

Distribution and Topographic Expression

Exposures of the Dinwoody Formation are present throughout the

eastern half of the the sis area. The formation crops out on both

flanks of the Dutchman Mountain and Birch Creek Anticlines and forms

a north-trending strip of exposures in the northern half of the area.

The basal mudstone and shale form grassy slopes covered by

slope wash. The upper calcarenite, more resistant than the mudstone

and shale, forms low, rounded hills and subdued ledges almost level
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with the ground surface. Best exposures of the formation are

immediately north of the Birch Creek road in sec. 24, T. 5 S. , R.

10 W. Here, steeply dipping limestone ledges stand as much as ten

feet above weathered nonresistant interbeds of mudstone and siltstone.

Thickness and Litho logy

The Dinwoody Formation ranges in thickness from 530 to 780

feet in the thesis area. The variation in thickness is due to a locally

occurring, undulating erosion surface at the top of the formation. At

the type locality in the Wind River Range, Wyoming, the thickness of

the Dinwoody is 250 feet (Blackwelder, 1918). Moritz (1951) reported

a thickness of 401 feet for the formation along Frying Pan Gulch,

about five miles south of the map area.

The basal calcareous mudstones, siltstones, and interbedded

shales have fresh and weathered colors of dark yellowish brown

(10YR 5/2), olive gray (5Y 4/1), and medium dark gray (N4).

Individual laminae or very thin beds range from 0.05 mm to 2 cm in

thickness and bedding surfaces are sharp and slightly undulatory.

Dendrites of manganese oxide are very common on weathered sur-

faces. Pyrite cubes up to one centimeter, and ripple marks with

wavelengths up to ten centimeters and amplitudes up to two centimeters

are found locally.

Detrital grains, which constitute up to 60 percent of the poorly
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Figure 3. Steeply dipping limestone and interbedded
mudstone of the Dinwoody Formation in the
NE1/4SW1/4 sec. 24, T. 5 S., R. 10 W.
Note the slump bedding in the limestones
just above hammer.
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sorted mudstones and siltstones, consist predominately of silt-sized,

subrounded to angular quartz. Minor constituents, in order of

decreasing abundance, include magnetite, muscovite, euhedral and

subrounded dolomite rhombs rimmed by reddish-brown material, and

feldspar. Calcite cement and argillaceous material constitute 30 to

40 percent of the rocks.

Interbeds of brown-weathering biosparite calcarenite are found

about 200 feet above the base of the formation and increase in abundance

upsection, finally grading into limestone. Fresh colors of the cal-

carenite are light gray (N7), medium light gray (N6), and light

brownish gray (5YR 6/1). Weathered colors range from light brownish

gray (5YR 6/1) to pale brown (5YR 5/2) and light gray (N7) to medium

gray (N6). Beds near the top of the unit are locally stained grayish

red (5R 4/2) to pale red (5R 6/2) by the overlying Woodside Formation.

The thin- to thick-bedded biosparite calcarenite includes beds

up to three feet thick. Allochemical constituents form 35 to 45 per-

cent of the rock and consist of bioclastic debris and subordinate silt-

sized, subangular quartz. Chalcedony spherulites up to 0.4 mm in

diameter are visible in thin section and probably represent partial

replacement of calcareous fossils (Kerr, 1959, p. 242). Finely to

coarsely crystalline sparry calcite is an interstitial cementing agent.

Bioclastic debris is generally recrystallized in part to coarsely

crystalline sparite. Regular patches of medium to coarsely
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crystalline sparry calcite represent open space fillings or completely

recrystallized allochems.

Calcareous siltstones and mudstones are interbedded with the

biosparite calcarenite. The very thin- to thin-bedded fossiliferous

siltstones and mudstones have sharp, moderately undulating contacts

with the calcarenite. Colors and lithologies of the fine-grained sedi-

ments are similar to those of the basal beds of the formation.

Age and Correlation

The upper limestones and interbedded siltstones of the Dinwoody

Formation in the Greenstone Mountain area contain well-preserved

specimens of Lingula sp. Pelecypods, additional brachiopods, and a

few ammonoids also were observed but were incomplete or so poorly

preserved that identification was not attempted.

Kummel (1954) discussed the stratigraphy and correlation of the

Dinwoody in southeastern Idaho, western Wyoming, and southwestern

Montana and, from a study of the ammonites, assigned to Early

Triassic age to the formation.

The calcareous mudstones, siltstones, shales, and brown-

weathering calcarenites of the mapped area are correlated with beds

of the Dinwoody Formation of other areas because of their

stratigraphic position above the Permian Phosphoria Formation and

because colors, lithologies, and fauna are similar to sections
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measured and described by Moritz (1951) in southwestern Montana.

Origin and Environment of Deposition

The sediments of the Dinwoody Formation were probably

deposited in a shallow-water marine environment, as suggested by

ripple marks and fossils of Lingula, a genus confined to the littoral

zone and shallower waters of the neritic zone (Shrock and Twenhofel,

1953). Mildly unstable conditions are indicated by the interbedding

of siltstone, mudstone, and limestone. Moritz (1951, p. 1800) stated

that "repeated shifts from lagoonal or littoral environmental condi-

tions to normal neritic conditions are suggested by the repetition of

the Lingula and Claraia faunas in some stratigraphic sections."

Detrital quartz, dolomite, and feldspar suggest a sedimentary and

metamorphic provenance. Absence of a micrite matrix in the bio-

sparite calcarenite probably indicates a relatively high-energy

environment in which currents were active.

Woodside Formation

Boutwell (1907) named and described the Woodside Formation

where it is exposed along Woodside Gulch in the Park City mining

district, northeastern Utah. At its type locality the Woodside con-

sists of unfossiliferous maroon and red shaly siltstones that overlie

the Permian Phosphoria Formation and underlie the Triassic Thaynes
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Formation.

In the thesis area the Woodside is a uniform lithologic unit of

calcareous red siltstone. The formation is conformable and grada-

tional with the underlying Dinwoody Formation, and the basal contact

was arbitrarily placed at that level in the gradational interval above

which red siltstones are dominant. The contact with the overlying

Cretaceous Kootenai Formation is disconformable and was placed at

the base of a thick sequence of resistant sandstone and/or pebble

conglomerate.

Distribution and Topographic Expression

The Woodside Formation crops out between Birch Creek and

Willow Creek in the eastcentral part of the thesis area. The formation

is exposed on both limbs of the Birch Creek Anticline and near the

apex of the Barbour Gulch Syncline. The nonresistant siltstone is

poorly exposed and forms covered slopes between the moderately

resistant calcarenites of the Dinwoody Formation and the resistant

basal sandstone of the Kootenai Formation. A distinctive red soil has

developed wherever the formation is present, and this aids in the

recognition of the unit in the field and on aerial photographs.

Thickness and Litho logy

The Woodside is absent in the northern and southern parts of the
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thesis areabut is as much as 90 feet thick on the eastern flank of the

Birch Creek Anticline. Post-Early Triassic and pre-Early Cretaceous

erosion is responsible for the variation in thickness and absence of the

formation in most parts of the area.

At its type locality in the Park City mining district of north-

eastern Utah the Woodside Formation is about 1,000 feet thick

(Boutwell, 1907). Moritz (1951) measured 752 feet of the Woodside

in a well-exposed section on Fossil Creek in the Gravelly Range,

southwestern Montana. Lowell (1965) reported a thickness of about

100 feet in the Bannack-Grayling area approximately 25 miles south

of the thesis area.

The lithologically homogeneous Woodside Formation consists of

a calcareous siltstone that has fresh and weathered colors of grayish

red (5R 4/2), dusky red (5R 3/4), and dark reddish brown (10R 3/4).

The thin-bedded, well-indurated siltstone is composed of angular to

subangular, silt-sized quartz and subordinate detrital chert,

muscovite, plagioclase, magnetite, and traces of subrounded

tourmaline. The groundmass makes up about 40 percent of the rock

and consists of dark argillaceous material and calcite cement.

Hematite obscures much of the groundmass and coats most detrital

grains.
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Age and Correlation

No fossils were found in the Woodside Formation within the

Greenstone Mountain area. Identification of the red siltstones of the

thesis area as part of the Woodside is based upon stratigraphic posi-

tion above the underlying conformable Dinwoody Formation and upon

similarity to Woodside strata in other areas (Kummel, 1954).

Moritz (1951) assigned an Early Triassic age to the Woodside in

southwestern Montana.

Origin and Environment of Deposition

The origin and depositional environment of the red beds of the

Woodside is controversial. Branson (1929) stated that Triassic-

Jurassic red beds of the Rocky Mountain region originated for the

most part in extensive shallow seas. Reeside (1929) felt that the

formation may be partly marine and partly non-marine. Moritz

(1951) stated that the red beds of the Woodside are non-marine in

origin.

The author believes that the red siltstone of the Woodside

probably is a member of the "brick red" facies of the red-bed classi-

fication of Clark (1962), who interpreted "brick red" beds as having

originated in deltaic or littoral to estuarine environments under desert

conditions.
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The presence of chert and subrounded tourmaline suggests a

pre-existing sedimentary source, and the presence of muscovite and

plagioclase suggests a provenance of crystalline rocks. Unweathered

plagioclase in the relatively mineralogically mature siltstone suggests

mildly unstable depositional conditions.

Kootenai Formation

In 1885 Dawson (Wilmarth, 1938, p. 1119) applied the name

"Kootanie" to a sequence of shales, sandstones, conglomerates, and

thin coal beds in Alberta, Canada, deriving the name from a tribe of

Indians who hunted in the Southern Canadian Rockies. Later, Fisher

(1908) used the term "Kootenai Formation" for alternating pebbly

sandstone, red sandy shale and clay, occasional coal beds, and con-

cretionary limestones exposed in the Great Falls region, Montana.

Fisher correlated his Kootenai Formation of Montana with Dawson's

Kootanie Group in Alberta.

In the thesis area the Kootenai is informally divided into four

members that are mapped as a single formation. The lowermost

unit, Member 1, consists of lithic sandstone, minor amounts of inter-

bedded shale, and thin pebbly beds at the base. Member 2 consists of

varicolored argillite, mudstone, siltstone, thin beds of biomicrite and

calcarenite, and a sandstone bed. Member 3 is composed of siltstone,

mudstone, and interbedded lithic sandstone. The uppermost unit,
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Member 4, is a sequence of gastropod calcirudite interbedded with

fine-grained lithic sandstone, mudstone, and shale. The limestone

beds marking the top of the formation are widely recognized over much

of western and central Montana and have been informally termed the

"gastropod limestone" (Gwinn, 1965).

The Kootenai Formation disconformably overlies the Triassic

Woodside Formation and locally, the Triassic Dinwoody Formation

where pre-Early Cretaceous erosion has stripped away the Woodside.

The upper contact of the Kootenai with the overlying Colorado Group

is conformable and was placed, as other workers in southwestern

Montana have done (Gwinn, 1965; Lowell, 1965), at the top of the

uppermost "gastropod limestone" bed.

Distribution and Topographic Expression

Outcrops of the Kootenai Formation occur throughout the eastern

half of the thesis area. The formation is exposed on both flanks of

the Dutchman Mountain and Birch Creek Anticlines and forms a

northward-trending strip of outcrops in the northeastern part of the

area.

Topographic expression of the formation varies with dominant

lithology. Mudstones, shales, and siltstones form debris- and soil-

covered slopes. Sandstones, pebble conglomerates, and argillites

form subdued ledges and low, rounded hills. The calcirudite of
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Member 4 crops out as persistent ledges in the southern part of the

map area (Figure 4), and as discontinuous subdued ledges in the

northern part of the area. Best exposures of the formation are found

north of the Birch Creek road along the eastern flank of the Birch

Creek Anticline.

Thickness and Litho logy

Good exposures enabled the author to study the rocks of the

Kootenai Formation in greater detail than rocks of older formations

exposed within the map area. A thickness of approximately 1,412

feet for the Kootenai Formation was measured in the SW1/4 sec. 7,

T. 5 S. , R. 9 W. (Appendix). Lowell (1965) reported about 1,200

feet of Kootenai in the Bannack- Grayling region, and Klepper (1950)

estimated a thickness of about 1,000 feet for the formation in the Ruby

Valley and along the eastern flank of the Snowcrest Range, Montana.

Member 1. The lowermost member, about 180 feet thick, is

composed of a thin, basal pebbly sandstone that grades upward into

subfeldspathic lithic wacke locally containing thin pebbly beds and thin

interbeds of shale.

Outcrops of a channel conglomerate, which others (Kauffman,

1963; Lowell, 1965) have reported to occur at the base of the Kootenai,

were not observed within the Greenstone Mountain area. However, a

few. well-rounded pebbles and cobbles of orthoquartzite, as much as
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11 cm in diameter, locally appear as float near the Woodside-

Kootenai contact and may represent float from an unexposed basal

conglomerate.

The lower contact of the Kootenai Formation was placed at the

base of a pebbly sandstone that grades upsection into subfeldspathic

lithic wacke. The thin- to thick-bedded sandstone has fresh colors of

light olive gray (5Y 5/2), light gray (N7), and grayish red (5R 4/2).

Weathered colors range from pale yellowish brown (10YR 6/2) to

brownish gray (5YR 4/1). Small-scale, planar cross-beds as much

as 20 cm thick are locally present. The predominant framework

constituent is fine- to coarse-grained, angular to subrounded quartz.

Fine-grained argillaceous fragments, microcrystalline to crypto-

crystalline detrital chert, and magnetite are subordinate. Mixtures

of light- and dark-colored grains in the sandstone produce a salt and

pepper appearance. Interstitial argillaceous matrix constitutes as

much as 20 percent of the rock, and authigenic quartz, calcite, and

hematite are cementing agents. Pebbles occur at the base of the

formation and in beds less than three feet thick in the lower part of

the member. The pebbles range from 4 to 14 mm in diameter and

consist of subangular to subrounded chert, orthoquartzite, and

micritic limeclasts.

Thin, fissile beds of shale, near the base of the unit, have fresh

colors of light olive gray (5Y 5/2) and medium dark gray (N4) to
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grayish black (N2) and weathered colors of dark yellowish brown

(10YR 4/2). The well-indurated shale has undulating bedding planes

and weathers to small, angular chips.

Member 2. Member 2 comprises about 740 feet of varicolored

mudstone, argillite, and siltstone with thin interbeds of limestone and

quartz arenite. The interbedded mudstone, siltstone, and argillite

have colors of very dusky red purple (5RP 2/2), grayish red (5R

4/2), greenish gray (5G 8/1), and light olive gray (5Y 5/2) on fresh

and weathered surfaces. The bright purples, reds, and greens of the

unit are very distinctive, both in the field and on aerial photographs.

The very thin- to thin-bedded strata are composed of clay- to silt-

sized particles cemented by silica and, occasionally, calcite. Cal-

careous concretions, up to two feet long, are common in the lower

mudstones and argillites. The subspherical to oblate concretions are

alligned parallel to the bedding and probably represent postdeposi-

tional accumulation of calcium carbonate in the pores of the mud-

stone and argillite (Pettijohn, 1957).

Occasional beds of biomicrite, micrite, and calcarenite occur

throughout Member 2. The limestones have fresh colors of light gray

(N7) to medium dark gray (N4) and commonly weather pale yellowish

orange (10YR 8/6) to grayish orange (10YR 7/4). Fossil fragments

constitute about 20 percent of the thin-bedded biomicrite and are

composed of coarsely crystalline sparry calcite. Subordinate amounts
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of silt-size quartz have been partly replaced by encroaching micro-

crystalline calcite. Thin-bedded to massive calcarenite is found in the

middle and upper parts of the member. The medium crystalline lime-

stone rarely contains subangular, medium-grained quartz sand and

chert fragments.

A bed of quartz arenite is present in the upper part of the mem-

ber. The dense, moderately sorted, locally cross-bedded sandstone

is greenish gray (5GY 6/1) and weathers pale yellowish brown (10YR

6/2) to light olive gray (5Y 6/1). Medium-grained, subangular to sub-

rounded quartz and subordinate lithic fragments make up the frame-

work; siliceous material is the cementing agent.

Member 3, Member 3, approximately 335 feet thick, consists

of sandstone, local pebbly beds, and interbedded siltstone and mud-

stone.

The sandstone ranges from lithic wacke at the base to lithic

arenite and quartz arenite upsection. Colors on fresh surfaces are

pinkish gray (5YR 8/1), grayish orange pink (5YR 7/2), and pale red

(5R 6/2). Weathered surfaces are grayish brown (5YR 3/2), pale

brown (5YR 5/2), and grayish red (5R 4/2). The framework of the

thin- to thick-bedded sandstone consists of subangular, fine- to

coarse-grained quartz, chert, argillaceous fragments, and minor

amounts of magnetite. Moderate pink (5R 7/4) chert or jasper frag-

ments give a speckled appearance to some of the beds. The sandstone
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contains variable amounts of argillaceous matrix and is cemented

with silica, calcite, and/or hematite. Subangular to subrounded

pebbles, with diameters up to 20 mm, are found in the basal lithic

wacke and, locally, as thin pebbly layers at the base of some sand-

stone lenses within the member. The pebbles are predominately

micritic limeclasts and chert.

Siltstone and mudstone, interbedded with the sandstones

described above, are moderate red (5R 5/4), grayish red purple

(5RP 4/2), and grayish green (10GY 5/2) on fresh and weathered sur-

faces. The very thin- to thin-bedded strata consist of clay- to silt-

sized particles cemented with silica. The siltstones appear to be

gradational with the underlying sandstones and weather to flaggy and

slabby fragments.

Member 4. The uppermost member of the Kootenai Formation

is approximately 170 feet thick and consists of gastropod biomicro-

sparite calcirudite and interbeds of lithic sandstone and shale.

The gastropod biomicrosparite calcirudite has fresh colors of

medium gray (N5) to medium dark gray (N4) and weathered colors of

medium light gray (N6) to medium gray (N5). The thin- to thick-

bedded strata are composed predominately of low-spired gastropods

up to one centimeter in length and less abundant high-spired

gastropods up to 3.2 cm in length. Poorly preserved pelecypods have

shells oriented parallel to bedding surfaces. The fossils are so
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Figure 4. Slightly overturned gastropod limestone beds of the
uppermost member of the Kootenai Formation in
the NW1/4 sec. 31, T. 5 S. , R. 9 W. Interbedded
nonresistant shales and mudstones form slopes
between the resistant limestone beds.
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numerous in the uppermost beds that the rocks may be termed a

coquina. Fine-grained, subangular quartz grains, which are sparsely

scattered throughout the limestone, are concentrated in the mature

whorls of some of the low spired gastropods. Microsparite com-

prises most of the fossil allochems and is the matrix of the calcirudite.

Sparry calcite occurs locally as cement and shell material. The

microsparite and local patches of sparry calcite cement are probably

the result of "aggrading recrystallization of a 'normal' micro-

crystalline ooze matrix" (Folk, 1959, p. 32). Veins filled with

coarsely crystalline sparite commonly transect the limestone.

Subfeldspathic lithic arenite is interbedded with the gastropod

calcirudite and is light olive gray (5Y 6/1), yellowish gray (5Y 7/2),

and light gray (N7) to medium dark gray (N4) on fresh and weathered

surfaces. The laminated to thick-bedded sandstone is locally cross-

laminated on a small scale, with laminae defined by layers of dark

lithic grains alternating with layers of light quartz grains. The

moderately well-sorted lithic arenite is composed, in order of

decreasing abundance, of very fine- to medium-grained, rounded to

subangular quartz, chert, argillaceous fragments, micritic lime-

clasts, and magnetite. Some of the beds have a salt and pepper

appearance. The sandstone is cemented by calcite, which has com-

monly replaced the peripheries of detrital grains.

Interbedded, thinly laminated shale and mudstone have fresh
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and weathered colors of yellowish gray (5Y 7/2) and dark gray (N3)

to grayish black (N2). The dense, fissile to blocky, clay- to silt-

sized rocks have slightly undulating bedding surfaces. Well--

preserved leaf imprints are locally found.

Age and Correlation

In the thesis area fossils in the Kootenai Formation include a

low-spired gastropod identified as Reesidella sp. , high-spired

gastropods, pelecypods, and plant fragments. A fresh-water mol-

luscan assemblage, including Reesidella, is commonly reported in

the Kootenai throughout southwestern Montana (Yen, 1951), The age

of the formation in Montana is widely accepted as Early Cretaceous

(Kauffman, 1963; Gwinn, 1965).

The four members in the thesis area are correlated with the

Kootenai Formation on the evidence of stratigraphic position and

similarities to Kootenai strata described by Gwinn (1965), Klepper

(1950), Kauffman (1963), and Lowell (1965). The members identified

in the map area, in ascending order, may be correlative, respectively,

with the informally designated "lower clastic member, " "lower

calcareous member, " "upper clastic member," and "upper cal-

careous member" of the Kootenai Formation that Kauffman (1963)

described in the Bearmouth-Garnet region, west-central Montana.
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Origin and Environment of Deposition

The detrital grains of the conglomerates, sandstones, and fine-

grained strata of the Kootenai Formation were derived from pre-

existing sediments, as suggested by the presence of chert, fine-

grained argillaceous fragments, and micritic limeclasts. It is pos-

sible that the source for some of the detritus was the Kootenai Forma-

tion itself, and that some local pebble zones actually represent intra-

formational conglomerates.

Fresh-water fauna and flora, red-colored strata, and lithologic

associations suggest a continental environment of deposition for the

Kootenai Formation. The coarse- to fine-grained clastic sediments

perhaps were deposited on extensive alluvial plains under inter-

mittent turbulent and nonturbulent conditions. Roundness of some of

the chert and orthoquartzite pebbles suggest a distant source area or

reworking from an older conglomerate. Deposition of the limestones

might have occurred in widespread lakes that received only small

amounts of clastic debris.

Colorado Group

Hayden (1873) used the name "Colorado Formation" for a marine

sequence of shales and laminated sandstones exposed along the eastern

base of the Front Range in Colorado. Coloradian rocks are
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widespread in their distribution and extend northward from their type

section in Colorado, covering large areas in Wyoming and Montana.

In the map area limited time permitted only a superficial study

of the rocks stratigraphically above the Cretaceous Kootenai Forma-

tion. These rocks were mapped as three separate lithologic units in

the field, but were all included, for convenience, in the undif-

ferentiated Colorado Group, Member 1, the lowermost unit, consists

of mudstone, shale, and thick prominent, subfeldspathic lithic

arenite beds at the top. Member 2 consists of argillite, mudstone,

occasional beds of lithic sandstone, and thin pebbly beds. The upper-

most unit, Member 3, is a thick sequence of lithic sandstones, mud-

stone, shale, and a few thin beds of conglomerate. The Colorado

Group conformably overlies the Cretaceous Kootenai Formation and

disconformably underlies Tertiary terrace gravels.

Distribution and Topographic Expression

The Colorado Group is exposed along the eastern boundary of

the thesis area. Tertiary terrace gravels cover these Cretaceous

sediments in the southeastern corner. The resistant sandstone at the

top of Member 1 crops out as a persistent hogback ridge throughout

the area, and the sandstones and conglomerates of Member 3 form a

series of hogback ridges in the northeastern part of the area. The

nonresistant mudstones and shales of the group form strike valleys
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and grass-covered slopes, and argillites form low, rounded hills and

grassy slopes.

Best exposures of Member 1 and 2 are found along intermittent

stream beds in secs. 7 and 18, T. 5 S. , R. 9 W., where a strati-

graphic section of Member 1 and part of Member 2 was measured

(Appendix). Member 3 is partly exposed in secs. 19 and 30, T. 4

S. , R. 9 W.

Thickness and Litho logy

The greatest thickness of the Colorado Group occurs in the

northeastern corner of the map area, where approximately 6,000

feet are exposed. In the nearby Melrose area Theodosis (1956)

reported similar strata that have a maximum exposed thickness

between 4,000 and 5,000 feet. Elsewhere, in central-western

Montana, Gwinn (1965) reported about 19,000 feet of Coloradian

rocks in the Clark Fork Valley between Drummond and Garrison.

Member 1. The lowermost member, about 560 feet thick, is

composed of mudstone, shale, and lithic sandstone.

Mudstone constitutes most of the lower part of Member 1. The

very thin- to thin-bedded strata have colors on fresh and weathered

surfaces of dark greenish gray (5G 4/1), yellowish gray (5Y 7/2),

dusky yellow (5Y 6/4), and grayish orange (10YR 7/4). The mudstone

is composed of clay- and silt-sized particles cemented by various
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amounts of calcareous material. Subspherical micritic concretions

up to eight centimeters in diameter are found locally.

Shale occurs as thin beds and partings within mudstone and lithic

sandstone beds. Colors of fresh surfaces range from medium gray

(N5) to grayish black (N2), and weathered surfaces are brownish gray

(5YR 4/1). The well-indurated, fissile shale is thinly laminated with

occasional small scale cross-laminae. Leaf and twig imprints are

rarely found.

Subfeldspathic lithic arenite forms the uppermost portion of the

member and occurs as minor interbeds below. The sandstone is

yellowish gray (5Y 8/1), greenish gray (5GY 6/1), and very light gray

(N8) to medium light gray (N6) on fresh surfaces and weathers to a

dark yellowish brown (10YR 4/2). The thin- to thick-bedded arenite

has planar cross-beds up to one foot thick. Fine- to coarse-grained,

rounded to subangular quartz is the dominant framework constituent.

Brown to black, isotropic, volcanic glass fragments together with

tuffaceous (?) fragments form up to 20 percent, and cryptocrystalline

to microcrystalline chert fragments comprise up to 15 percent of the

framework. Fine-grained argillaceous fragments and detrital

plagioclase are found in trace amounts. Mixtures of dark lithic

fragments and light-colored quartz grains give the sandstone a salt

and pepper appearance. Minor amounts of interstitial argillaceous

material occur as matrix, and the sandstones are cemented by calcite
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and subordinate microcrystalline chert and authigenic silica. Sub-

spherical, voidal, iron oxide concretions up to seven centimeters in

diameter are rare; limonite pseudomorphs after pyrite occur on

weathered surfaces of the fine-grained sandstone.

Member 2. Member 2 consists predominately of argillite and

mudstone but includes subordinate shale, lithic sandstone, and pebbly

beds. An incomplete section 935 feet thick was measured in sec. 18,

T. 5 S., R. 9 W. (Appendix); the entire member is estimated to be

about 1,800 feet thick.

The thin-bedded argillite has fresh colors of light olive gray

(5Y 6/1), greenish gray (5GY 6/1), yellowish gray (5Y 8/1) and

weathers to brownish gray (5YR 4/1). The dense, hard, slightly

recrystallized strata are composed of clay- and silt-sized particles

cemented by silica. Locally, the light-colored argillite has smooth

fracture surfaces with a glazed appearance that resembles porcellanite.

A small excavation pit in the porcellanite-appearing beds is situated

in the NW1/4NE1/4 sec. 30, T. 5 S. , R. 9 W. , just south of the Birch

Creek road.

Mudstone and thin beds of shale similar to those of Member 1

are commonly found within the unit.

Relatively thin interbeds of lithic sandstones occur in the

argillite and mudstone. Colors are similar to those of the lithic

arenite of Member 1. The thin- to thick-bedded, poorly sorted, salt
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and pepper sandstones are composed of medium- to coarse-grained,

angular to subrounded quartz, chert, and dark lithic fragments.

Chert and unidentified lithic pebbles up to one centimeter in diameter

are found as thin lenses at the base of many of the sandstone beds.

Member 3. The superficially-studied Member 3, approximately

3, 650 feet thick, is a sequence of lithic sandstones, mudstones, shales,

argillites, and conglomerate lenses. The mudstones, shales, and

argillites appear to be similar to those of Member 2. Petrographic

examination of a representative sandstone revealed nearly equal

amounts of chert and quartz grains and subordinate amounts of tuf-

faceous (?) fragments, micritic limeclasts, argillite fragments,

orthoquartzite grains, and biotite partly altered to chlorite. An

argillaceous matrix constitutes about 20 percent of the poorly sorted

rock, whose framework is cemented with calcite.

Conglomerate lenses are commonly only a few feet thick, but

one lense in the NE1/4 sec. 30, T. 4 S. , R. 9 W. , is about 10 feet

thick. Subrounded to subangular pebbles up to three centimeters in

diameter are composed of gray and black chert and light-colored

orthoquartzite. The pebbles are enclosed in a poorly sorted, fine-

to coarse-grained sand matrix.

Age and Correlation

A few small pelecypods and numerous plant and twig fragments
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in Member 1 were the only fossils observed in the Colorado Group of

the thesis area. Klepper (1950), in his reconnaissance of parts of

Beaverhead and Madison Counties, Montana, reported plant remains

of Late Cretaceous age in the Colorado Group. However, an Early

and Late Cretaceous age for sediments of the Colorado Group is com-

monly reported in western Montana (Cobban et al. , 1959).

Correlation of the three members identified in the thesis area

with rocks of the Colorado Group described elsewhere is based upon

their stratigraphic position above the Kootenai Formation and upon

their lithologic similarities to Coloradian sections described by

Cobban et al. (1959) and Gwinn (1965) in western Montana.

Origin and Environment of Deposition

The fine- to coarse-grained clastic sediments of the Colorado

Group seemingly were deposited in fluvial and paralic environments.

Mudstones, argillites, and shales accumulated in shallow water

lagoons or on extensive mudflats. The conglomerate lenses in Mem-

bers 2 and 3 most likely represent stream channels on an alluvial

plain, and the salt and pepper lithic sandstones probably represent

fluvial channel sands, shallow-water bar deposits, or delta sands.

According to McMannis (1965) the Colorado Group is dominately

nonmarine in the region that includes the Greenstone Mountain area.

The presence of chert, micritic limeclasts, argillaceous
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fragments, and rounded quartz grains indicates reworking from an

older sedimentary source, perhaps the Colorado itself. The volcanic

debris in the lithic sandstones is significant. McMannis (1965, p.

1814) stated that the debris might be "related to the beginning of

emplacement of the Idaho batholith and associated volcanic activity."

Cenozoic Rocks

Terrace Gravels

Gravel deposits within the Greenstone Mountain area have been

designated by the author as "Upper Terrace Gravel" and "Lower

Terrace Gravel" because of their relative positions.

Upper Terrace Gravels

Patches of unconsolidated terrace gravels mantle parts of the

Mount Torrey Batholith and the Mission Canyon Formation up to an

elevation of about 6, 300 feet in secs. 15, 1 6, and 22, T. 5 S., R. 10

W. The gravels are composed of varicolored pebbles and cobbles of

quartz arenite that apparently were derived from Beltian rocks

exposed to the west and northwest of the gravel occurrences. The

angular to subangular gravel debris occurs as much as 140 feet above

the present stream channel of Birch Creek and probably was deposited

during Pleistocene time along an older course of Birch Creek.
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Lower Terrace Gravels

An undetermined thickness of loose, unconsolidated gravels cap

low hills and terraces, which have elevations up to 5,880 feet and are

located along the southeastern border of the map area in secs. 6, 7,

18, 19, 30, and 31, T. 5 S., R. 9 W. The sand, pebbles, cobbles,

and occasional boulders that form the gravel veneer consist of chert,

quartz arenite, lithic sandstone, limestone, argillite, and vein quartz.

This angular to subangular detritus was derived from many of the

older formations exposed within the thesis area and was probably

deposited by streams and mudflows from topographically higher areas

to the west and northwest. Although some fragments show signs of

abrasion, most are angular and evidently were not transported a

great distance. Richards and Pardee (1925) described similar occur-

rences of gravel veneer between McCarthy Mountain and the town of

Melrose, about 10 miles north of the thesis area, and concluded that

the gravel is Pleistocene in age.

Two outcrops of tuffaceous mudstone were observed beneath

the terrace gravels in secs. 6 and 7, T. 5 S. , R. 10 W. Petrographic

examination of this mudstone revealed silt- to fine sand-sized

plagioclase, quartz, glass shards, pumice fragments, magnetite, and

fine-grained volcanic fragments suspended in a clay matrix and

cemented by calcite. Roundness of some fine-grained volcanic
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fragments suggests reworking in a sedimentary environment. The

pyroclastic debris was evidently deposited directly into a sedimentary

basin where the epiclastic debris was accumulating. The tuffaceous

mudstone is probably correlative with similar rocks in the Tertiary

"lake beds" of Early Oligocene to Late Miocene age described by

Richards and Pardee (1925) in the nearby Melrose area.

Glacial Till

Unconsolidated glacial till covers about five square miles in

secs, 19, 20, 29-32, T. 4 S. , R. 10 W. and secs . 4-6, T. 5 S. , R.

10 W. Hummocky, boulder-strewn surfaces have developed on the

morainal material, which is composed of quartz monzonite debris that

ranges in size from sand to boulders (Figures 5 and 6).

At least three separate glacial tongues have deposited lateral

and terminal moraines in the map area. The largest deposit occurs

along the valley of Birch Creek down to an elevation of about 6, 400

feet, where it terminates. The glacier that deposited this debris

originated from cirques on the western and southwestern flanks of

Torrey Mountain (Figures 6 and 7), which is about five miles west of

the map area. The valley glacier responsible for the moraine along

Du Bois Creek probably had its origin about four miles west of the

thesis area on the southern flank of Barb Mountain. The glacier that

deposited the till along the valley of Willow Creek probably headed on
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Figure 5. Large boulder of quartz monzonite deposited in
terminal moraine in the NO sec. 5, T. 5 S. ,
R. 10 W.

Figure 6. Hummocky, boulder-strewn terminal moraine
in the Si sec. 31 and 32, T. 4 S. , R. 10 W.
Part of Pioneer Mountains in the background;
Torrey Mountain to the left. Note cirque in
middle background. View to the west from base
of Thunderhead Mountain.
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Figure 7. View of part of the Pioneer Mountains
west of the map area; Torrey Mountain
to the left. Note glacial troughs in the
left and center background. Sparsely
timbered ridge in foreground is lateral
moraine along Birch Creek. View from
summit of Tower Mountain, one mile
west of the map area.
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the northern flank of Tweedy Mountain, approximately six miles west

of the map area. The terminal moraine in sec. 29, T. 4 S. , R. 10

W. , which has its lowest elevation at about 6, 400 feet, represents

the confluence of the Du Bois Creek and Willow Creek glaciers.

No difference in weathering of the three moraines was observed

within the thesis area. This observation, along with the fact that the

moraines terminate at approximately the same elevation, suggests

glacial contemporaneity, Alden (1953), in a report on the glacial

geology of western Montana, stated that the moraines in the map area,

as well as others in the Pioneer Mountains, were deposited by valley

glaciers of Wisconsin age.

Alluvium

Unconsolidated alluvium is present along both perennial and

intermittent streams in the area of this report. The most extensive

deposits occur in sec. 24, T. 5 S. , R. 10 W. and sec. 19, T. 5 S. ,

R. 9 W., where Birch Creek, after passing through a narrow chan-

nel cut in a ridge of resistant quartz arenite of the Quadrant Forma-

tion, undergoes a decrease in gradient and deposits much of its

stream load. Birch, Willow, Bond, Thief, Armstrong, Sheep,

Bridge, and Cave Creeks are now depositing clay- to cobble-sized

debris representative of the lithologic units through which they flow.
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INTRUSIVE IGNEOUS ROCKS

Quartz monzonite underlies about 18 square miles in the central

and northwestern parts of the Greenstone Mountain area. These

intrusive igneous rocks, part of the Mount Torrey Batholith (Pattee,

1960), extend outside the thesis area an undetermined distance to the

west and north. Earlier workers (Winchell, 1914; Pattee, 1960) dis-

cussed ore deposits within and adjacent to the map area that are

associated with the intrusion and stated that the batholith ranges in

composition from granodiorite to quartz monzonite in these areas.

Within the thesis area the quartz monzonite is white (N9) to light

gray (N7) on a fresh surface and weathers light brownish gray (5YR

6/1). The rock is not resistant to weathering, and granular disintegra-

tion has produced extensive accumulations of gnus. Two prominent,

steeply dipping to vertical sets of joints are well developed in the rock;

one set strikes essentially west and the other essentially north.

Moderately dipping and horizontal joints are also locally developed

(Figure 8). The contacts of the Mount Torrey Batholith with country

rocks are generally sharp.

Aplitic dikes are commonly exposed along the eastern margin

of the pluton. The light-colored dikes are seldom greater that two

feet in width and are composed of anhedral quartz, orthoclase, and

minor amounts of plagioclase. Myrmekite, the intergrowth of sodic



Figure 8. Horizontal jointing
Batholith along the
the NW1/4 sec. 9,

in the Mount Torrey
Birch Creek road in
T. 5 S. , R. 10 W.
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plagioclase and vermicular quartz, was observed in thin sections of

the dikes. Mafic minerals are generally absent. The aplite bodies

probably represent residual solutions of the quartz monzonite pluton.

Petrography

The quartz monzonite is medium- to coarse-grained and has a

hypidomorphic-granular texture. Occasionally the cuneiform inter-

growth of quartz and orthoclase results in a graphic texture.

Subhedral plagioclase laths make up between 35 and 45 percent

of the rock. The plagioclase is andesine (An
30

-An
42)

in composition

and is commonly zoned. Orthoclase is subordinate to plagioclase in

thin sections examined; the amount present is estimated at 25 percent.

The orthoclase occurs as interstitial material between subhedra of

plagioclase and mafic minerals and also as large anhedral crystals

that poikilitically enclose euhedral to subhedral plagioclase, biotite,

and apatite. Anhedral quartz constitutes about 15 percent of the rock

and is interstitial with respect to other minerals. Biotite and green

hornblende, the chief mafic minerals, make up as much as 15 percent

of the rock; biotite is usually in excess of hornblende. The biotite

and hornblende commonly enclose crystals of feldspar and magnetite.

Accessory minerals include magnetite, augite, apatite, zircon, and

sphene. Cores of zoned plagioclase crystals are commonly altered

to white mica and surrounded by unaltered material. Orthoclase is
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replaced by chlorite.

Age

87

The youngest rocks intruded by the Mount Torrey Batholith in

the area of investigation are Pennsylvanian in age. However, some

of the rocks mapped as the Colorado Group of Early to Late Cretaceous

age have been moderately thermally metamorphosed by the pluton and,

therefore, are older than the pluton.

The Batholith in the Greenstone Mountain area is probably

related to the Boulder Batholith, the southern part of which is exposed

about 18 miles north of the map area (Theodosis, 1956). This associa-

tion between the two intrusions was recognized in the early part of

this century by Winchell (1914, p. 15), who believed the Mount Torrey

Batholith to be a "part of the Boulder batholith that has no surface con-

nection with the main mass. " Shenon (1931, p. 50) supported this

belief when he described plutonic stocks in the nearby Argenta district,

which appear to be petrographically similar to rocks of the Mount

Torrey Batholith, and stated that:

quartz monzonite and granodiorite rocks, like the intrusive
rocks of the Bannack district, are, no doubt, genetically
related to the 'Boulder batholith' and probably represent
the high points or cupolas of a much larger body which
erosion has not yet exposed to view.
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Age determinations from rocks of the Boulder Batholith

(Chapman, Gottfried, and Waring, 1955; Knoff, 1964; Jaffe et al. ,

1959) indicate that the pluton was emplaced at or near the end of the

Cretaceous. It seems reasonable to assume that the Mount Torrey

Batholith was emplaced during a similar period of time.

Contact Metamorphic Effects

Within the thesis area the Mount Torrey Batholith is in contact

with the Belt Supergroup, pre-Mississippian Paleozoic sediments,

Madison Group, and the Amsden, Quadrant, and Dinwoody Formations.

The aureole of contact metamorphism extends a mile and two-thirds

from the eastern margin of the batholith and a mile from the southern

margin of the batholith near Bridge Gulch. This considerable hori-

zontal distance of metamorphism suggests that the subsurface of the

intrusive body in this area has a relatively gentle dip. Although the

effects of metamorphism diminished outward from the contact, no

attempt was made in the field to recognize metamorphic facies. How-

ever, the approximate maximum lateral extent of metamorphism is

delineated on the geologic map (Plate 2).

The most intensive metamorphic effects occur in limestone and

dolomite beds that have been recrystallized to marble near their con-

tact with the quartz monzonite. In many locations metasomatic reac-

tion with carbonate rocks within about 60 feet of the pluton has
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resulted in the formation of andradite and grossularite garnet,

epidote, tremolite, and patchy metalliferous deposits. Argillaceous

rocks within the aureole are baked, hardened, and commonly altered

to argillites; original bedding in these rocks is generally preserved as

bands. Sandstones of the Belt Supergroup and Quadrant Formation,

which show the least effects of metamorphism, were recrystallized

to quartzites only a few tens of feet from the intrusive contact.
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STRUCTURAL GEOLOGY

General Regional. Features

The Greenstone Mountain area is located in the complexly folded

and thrust-faulted Disturbed Belt. The general trend of structures in

the Disturbed Belt of western Montana is mainly toward the northwest.

These structures developed during the Late Cretaceous to Eocene

Laramide orogeny (Eardley, 1951), when great compressional forces

were directed from the west and southwest.

The present physiography of southwestern Montana is character-

ized by mountain ranges as much as 20 miles wide and 50 to 100 miles

long separated by intermontane valleys 5 to 20 miles wide and 25 to

75 miles long (Perry, 1962). These features were produced in middle

Tertiary time by post-Laramide vertical forces that domed and block

faulted the older sediments.

Greenstone Mountain Area Structure

The pre-Tertiary sedimentary rocks of the Greenstone Mountain

area have been deformed into northeast- to north-trending folds that

are somewhat anomalous to the northwest-trending structures

characteristic of the Disturbed Belt in southwestern Montana. Steeply

dipping reverse and normal faults in the area, which both parallel and
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crosscut axes of the folds, are related to the main episode of folding,

the emplacement of the Mount Torrey Batholith, and subsequent

structural adjustments.

Folds

The major folds in the thesis area consist of two anticlines and

three synclines, all of which are relatively tight and four of which are

partly overturned. The east-dipping PAleozoic and Mesozoic beds

extending from the southcentral to northcentral border of the map

area probably constitute the east limb of a third, much larger anti-

cline. The west limb of this north-trending anticline has been

engulfed by the Mount Torrey Batholith.

The folds, which involve rocks as young as the Colorado Group

of Early to Late Cretaceous age, were produced during the Laramide

orogeny by compressional forces acting from the west. The Mount

Torrey Batholith, which was also emplaced during Laramide time,

crosscuts the folds. The slightly arcuate axial traces of the Birch

Creek Anticline and adjoining Barbour Gulch Syncline might appear to

suggest that the pluton influenced the folding. However, the absence

of a tectonite fabric in the contact aureole and the crosscutting of

folds by the pluton and its associated aureole strongly suggest that

emplacement of the batholith occurred after folding had ceased.
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Birch Creek Anticline

The Birch Creek Anticline, named for the first time in this

report, originates in sec. 23, T. 5 S. , R. 10 W. and dies out

approximately six miles to the north in sec. 30, T. 4 S. , R. 9 W.

The axial surface trace of the anticline is locally overturned; over-

turned dips as low as 63° were measured. The oldest rocks exposed

in the Birch Creek Anticline are Mississippian Mission Canyon lime-

stones, and the youngest rocks exposed are in the Cretaceous Colorado

Group. The massive, competent Mission Canyon Formation at the

southern end of the anticline was only slightly folded, whereas the

less competent, thinner-bedded sediments of younger formations to

the north and east were more readily deformed.

Barbour Gulch Syncline

The Barbour Gulch Syncline, also named for the first time in

this report, trends and plunges toward the north. This somewhat

asymmetrical syncline, which originates in sec. 14, T. 4 S. , R. 10

W. and dies out in sec. 18, T. 4 S. , R. 10 W. , is approximately five

miles long. Dips of 58° to 72° were measured on the eastern flank,

and dips of 49° to 59° on the western flank. Beds exposed by the

structure range from the Pennsylvanian Quadrant Formation to the

Cretaceous Colorado Group. The Barbour Gulch Syncline is adjacent
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to and parallels the Birch Creek Anticline.

Other Folds

The Cave Gulch Syncline and the Dutchman Mountain Anticline

occur in the southeastern part of the Greenstone Mountain area. Both

structures were named by Hobbs (1968) in the Argenta area just south

of this report. These two folds and an unnamed syncline about one

mile southeast of the Dutchman Mountain Anticline are locally over-

turned to the east and have overturned dips as low as 78° W. Their

axes, which are locally disrupted by transverse normal faults, trend

and plunge to the northeast. Smaller folds are present on the eastern

flank of the Dutchman Mountain Anticline. The axial surface traces

of these minor folds are essentially parallel to that of the larger anti-

cline.

Faults

Numerous high-angle reverse faults and transverse and

longitudinal normal faults of small to moderate displacement are

present in the map area.

Faults Related to the Main Episode of Folding

Two steeply dipping faults form the eastern and western

boundaries of a massive block of Beltian sediments in the southwestern
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corner of the map area. In mapping, the fault traces, covered by

thick accumulations of talus, were arbitrarily placed at a distinct

topographic break in slope. Along both faults pre-Mississippian

Paleozoic sediments and "covered intervals" are in contact with

Precambrian rocks. Because thicknesses of the rocks involved are

not known, an estimate of stratigraphic displacements along the faults

was not attempted.

The easternmost of these two faults is a high-angle reverse

fault that strikes essentially northward for three miles, where it is

engulfed by the Mount Torrey Batholith. The same fault extends

south of the thesis area for at least five miles. Here, Precambrian

rocks are in juxtaposition with Cambrian to Mississippian sediments,

and the stratigraphic separation ranges from 700 to 1,700 feet (Hobbs,

1968).

The westernmost fault, which trends northeast to northwest, is

a normal fault whose downdropped side lies to the west. The fault is

also exposed southwest of the thesis area, where Beltian sediments

are in contact with the Cambrian Hasmark Formation (Hobbs, 1968).

In the Greenstone Mountain area the relative age of this fault could

not be determined. To the south, however, the same fault is cut by

numerous diagonal faults that appear to have been caused by dif-

ferential stretching in the direction of plunge of northeast-trending

folds (Hobbs, 1968). Therefore, it appears that the normal fault
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formed sometime late during the episode of folding.

Other faults, whose traces are nearly parallel to the folded

structures, are present in the central and northern parts of the map

area. Owing to northeast-trending, high-angle reverse faulting, the

Phosphoria Formation is "repeated" along the eastern flank of the

Birch Creek Anticline. The faults have moderate displacement,

probably no more than 300 feet. A relatively small block of the

Phosphoria Formation has been dropped by gravity movement into

contact with brittle beds of the Quadrant Formation of the eastern

flank of Canyon Mountain. South of Twin Adams Mountain a north-

trending, high-angle reverse fault with an apparent stratigraphic

displacement of at least 350 feet has locally disrupted beds of the

Phosphoria Formation.

In the southeastern part of the map area several steeply dipping,

transverse normal faults are present. The faults strike perpendicu-

larly or diagonally to the tight, locally overturned folds and appear

to have stratigraphic displacements of less than 100 feet. The faults

probably developed by gravity movement caused by tensional forces

in the highly stretched rocks.

Faults Related to Emplacement of the Batholith

Many small, vertical faults are essentially perpendicular to the

margin of the Mount Torrey Batholith and apparently formed as a
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result of the forcible intrusion of the pluton. The faults have small

displacements and are commonly recognized as inconspicuous linear

features and shallow swales on aerial photographs.

Faults Younger than the Batholith

The Mount Torrey Batholith is cut by a northeast-trending fault

that follows the canyon of North Creek (Figure 9). Near the confluence

of Bond and Willow Creeks, the fault branches; it could not be traced

south of Birch Creek. Recognition of the fault in the field was based

on an apparent fault line scarp visible on the east side of North Creek

and on a steep, rounded ridge of moderately sheared and crushed

quartz monzonite between the two fault branches in sec. 33, T. 4 S. ,

R. lo W.
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Figure 9. Fault along North Creek and the lower part
of Bond Creek in the northwestern part of
the area. Note fault line scarp to the right.
View to the northeast. Precambrian rocks
in center foreground; lateral and terminal
moraine in left foreground.
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GEOMORPHOLOGY

Development of all present landforms in the Greens tone

Mountain area postdates the Laramide orogeny and the emplacement

of the Mount Torrey Batholith. The topography has been modified by

a variety of geomorphic agents. Degradational processes include

weathering, mass wasting, and erosion by both running water and

glaciers. Aggradational processes include deposition by running

water and glaciers.

The thesis area is roughly divisible into two physiographic sub-

areas; (1) high and intermediate elevations with densely timbered

slopes in the western and central parts of the map area, which are

underlain by intrusive rocks, Precambrian sediments, and glacial

moraine, and (2) relatively low elevations with grassy to sparsely

timbered hills in the eastern part of the map area, which are under-

lain by folded Paleozoic and Mesozoic sedimentary rocks. The

topography in these sub-areas is controlled by structure and lithology

of the underlying bedrock. In the eastern physiographic sub-area,

hogbacks and cuestas, underlain by resistant carbonates, sandstones,

and conglomerates, alternate with strike valleys and gentle slopes

that are developed on less resistant mudstones and shales. In the

western physiographic sub-area, joints in the underlying intrusive

rocks have partly controlled the formation of small ravines and
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segments of minor valleys.

Following accumulation of extensive valley fill in Eocene and

Oligocene time, the region was gently uplifted in late Miocene to

early Pliocene time (Klepper, Weeks, and Ruppel, 1956), and Birch

and Willow Creeks, the major drainage in the thesis area, developed

as east-flowing consequent streams. The streams continued down-

cutting as regional uplift progressed and were soon superposed across

the underlying Laramide structures. The streams have maintained

their superposed positions and now are flowing at oblique and nearly

right angles to the strike of the beds. Upper Terrace Gravels on the

southwestern side of Birch Creek mark the level of a former valley

floor of the stream.

The present valleys of Birch and Willow Creeks are markedly

different from each other in the eastern part of the area. The

emplacement of the batholith baked and hardened the Mesozoic rocks

through which Willow Creek flows; consequently, the stream has a

deep and narrow valley. The Mesozoic rocks through which Birch

Creek flows were undisturbed by thermal metamorphism, and the

stream has a comparatively broad valley with a moderately developed

floodplain.

North Creek and the northern end of Bond Creek flow in fault-

line valleys. The northeast-trending valley west of Thunderhead

Mountain and the north-trending valley east of Twin Adams Mountain
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are also faultcontrolled.

Glacial deposition and erosion were the controlling geomorphic

agents in the northeastern part of the map area. Hummocky and poorly

drained topography developed on lateral and terminal moraines in this

area. To the west and northwest of the thesis area, highlands have

undergone extensive glaciation that has resulted in the formation of

cirques, U-shaped valleys, and numerous lakes.
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GEOLOGIC HISTORY

The first known geologic event recorded in the Greenstone

Mountain area was deposition of sand, gravel and argillaceous sedi-

ment of the Precambrian Belt Supergroup. Stratigraphic structures

and textural maturity suggest that the rocks were deposited in a

shallow-water environment, perhaps a delta complex.

The poorly exposed, contact-metamorphosed, pre-Mississippian

Paleozoic rocks in the area of investigation give few or no clues to

the geologic history of the area between Precambrian and

Mississippian time. During this time interval the area is assumed

to have had a geologic history similar to that generally reported for

southwestern Montana. During late Precambrian to Early Cambrian

time, southwestern Montana, which was situated between the

Cordilleran miogeosynclinal basin on the west and the Wyoming shelf

area on the east, underwent uplift and erosion. The region was then

submerged and Middle Cambrian rocks were unconformably deposited

on Beltian sediments. Owing to pre-Middle Devonian uplift and

erosion, Ordovician, Silurian, and Lower Devonian sediments are

generally absent in the region. During Middle Devonian time south-

western Montana was again submerged, and Devonian carbonates

were conformably deposited on older Paleozoic sediments. Near the

end of Devonian time epeirogenic uplift caused a brief withdrawl of
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the seas.

The relatively thin-bedded limestone of the Mississippian

Lodgepole Formation in the map area indicates a return to marine

conditions and a gently oscillating, neritic environment. During

later Mississippian time the shelf stabilized, and the thick, massive

limestone beds of the Mission Canyon Formation were deposited.

Shortly after deposition of the Mission Canyon, the area emerged

and was eroded. In Late Mississippian time transgressing seas

deposited the lower elastic member of the Amsden Formation in a

shallow marine or beach environment and the overlying carbonate

member in a neritic environment. The seas then retreated, and the

well-sorted, texturally and mineralogically mature quartzose sand-

stones of the Pennsylvanian Quadrant Formation were deposited in a

high-energy littoral or sublittoral environment. Similar environ-

mental conditions existed in Permian time; the siltstone, arenaceous

cherts, and cherty sandstones of the Phosphoria Formation were

deposited in a high-energy sublittoral environment. However, the

phosphatic character of the mudstone of the Phosphoria indicates an

interval of time during which depositional conditions were tranquil

and oxygen deficient.

The miogeosynclinal conditions that characterized the Paleozoic

history of the area continued into Mesozoic time. The Lower Triassic

siltstones, mudstones, and limestones of the Dinwoody Formation
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were deposited under mildly unstable conditions by a shallow sea

advancing from the south. A withdrawl of the seas in late Early

Triassic time is indicated by the red beds of the overlying Woodside

Formation. The red siltstones were deposited under shallow marine

and/or non-marine conditions. The area was uplifted and eroded

during post-Woodside and pre-Kootenai time. Erosion, which locally

removed all of the Woodside and part of the Dinwoody Formations,

destroyed any evidence that might have existed of Middle and Late

Triassic and all Jurassic sedimentation in the map area. During

Early Cretaceous time the area was above sea level, and continental

clastic sediments of the Kootenai Formation were deposited dis-

conformably on the Dinwoody-Woodside surface. The gravels, sand-

stones, and argillaceous rocks of the Kootenai were deposited on

alluvial plains and were succeeded by extensive lacustrine limestone

deposits. These continental conditions persisted through Late

Cretaceous time, during which shales, mudstones, sandstones, and

conglomerates of the Colorado Group were deposited, primarily by

fluvial processes.

In Late Cretaceous time the Laramide orogeny produced the

folds and many of the faults in the area. Following this period of

compressional deformation, the Mount Torrey Batholith was emplaced,

an event that gave rise to mineralization and contact metamorphism

of the surrounding country rocks.
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The area was apparently emergent throughout Tertiary time.

During the Oligocene and Miocene Epochs extensive lakes were formed

that received epiclastic debris from the surrounding older formations

and pyroclastic debris from distant volcanic sources. The region

was gently uplifted in late Miocene and early Pliocene time

(Klepper, Weeks, and Ruppel, 1956) and erosion of nearby highland

areas during Pleistocene time resulted in the deposition of gravels

in intermontane valleys. Alpine glaciers were active during late

Pleistocene, and post-glacial erosion is presently dissecting the area.
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ECONOMIC GEOLOGY

In the Greenstone Mountain area numerous mines, most of them

now inactive, are situated along the eastern and southern margins of

the pluton within an area about two miles north and south of Birch

Creek. This area is known as the Utopia or Birch Creek mining

district (Winchell, 1914). Copper was first discovered in the district

about 1862, but significant activity did not begin until after the turn

of the century. In 1903 a 50-ton copper smelter was constructed near

the Indian Queen mine in the SW1/4 sec. 14, T. 5 S. , R. 10 W.

(Winchell, 1914). According to Pattee (1960), the copper mine in

sec. 11, T. 5 S. , R. 10 W. is in limited operation, and a small area

of copper mineralization along Bridge Gulch in the SE1/4 sec. 21,

T. 5 S. , R. 10 W. is being explored.

Tungsten minerals were discovered in the district during the

1940's, but production was limited to mill tests (Pattee, 1960). An

area of low-grade tungsten mineralization is presently being explored

south of Birch Creek in the NW1/4 sec. 22 and the NE1/4 sec. 31,

T. 5 S. , R. 10 W.

Ore minerals observed near mines in the thesis area include

malachite, azurite, chrysocolla, magnetite, specular hematite, and

scheelite. Winchell (1914) reported the occurrence of native copper,

cuprite, chalcocite, and bornite, and Pattee (1960) stated that
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molybdenite and disseminated powellite occur in minor amounts.

Gangue minerals include andradite and grossularite garnet, tremolite,

epidote, quartz, and calcite. Diopside and axinite were reported by

Winchell (1914). Most of the ore deposits in the district are in

metamorphosed carbonates of the Amsden Formation and Madison

Group and appear to be contact metasomatic in origin.
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Table 3. Kootenai Formation; stratigraphic section measured from initial point along intermittent
stream bed about 300 feet north of Barbour Gulch road in the NW1/4NE1/4 sec. 7, T. 5 S.,
R. 10 W., terminating at point along intermittent stream bed about 1, 250 feet north of
Barbour Gulch road in the NW1/4NW1/4 sec. 7, T. 5 S., R. 10 W.

Colorado Group
Conformable contact

Kootenai Formation

Thickness (feet)

Unit Description Unit Total

Member 4

49 Gastropod limestone: medium dark gray (N4), weathers medium
light gray (N6); thin- to thick-bedded (up to 2' ); abundant poorly
sorted whole gastropods (Reesidella sp. and occasional high-spired
forms), moderately well preserved; poorly preserved pelecypods
parallel to bedding; shells recrystallized to microsparite; minor
fine-grained, subangular quartz grains, micrite matrix and cement,
sparite locally developed; sandy near base; forms subdued ridges.
Thin sections 15, 19.

48 Sandstone; yellowish gray (5Y 7/2) to light olive gray (5Y 6/1);
thinly laminated; moderately sorted, subangular to subrounded,
fine- to medium-grained quartz, dark lithic fragments, chert;
carbonate cement; slope -former.

47 Shale: grayish black (N2); thinly laminated, fissile, slightly
undulating bedding planes; slope-former.

46 Sandstone: medium dark gray (N4); laminated to thin-bedded;
well-indurated, well-sorted, fine- to medium-grained, sub-
angular quartz, chert, dark lithic fragments; carbonate cement;
moderately resistant.

45 Shale: yellowish gray (5Y 7/2) to light olive gray (5Y 6/1);
thinly laminated, fissile, dense, hard; slope-former.

44 Gastropod limestone: very similar to unit 49.

43 Sandstone: medium gray (NS); salt and pepper appearance;
thin- to thick-bedded (up to 2' thick); moderately well-sorted,
medium-grained quartz and dark chert; carbonate cement; upper
part contains subangular pebbles (up to 1 cm dia. ) of micritic lime-
clasts; ledge-former. Contains interbedded shale similar to unit
45; well preserved leaf imprints.

42 Gastropod limestone: very similar to unit 49; a few sand- to
pebble-sized micritic limeclasts.

41 Sandstone: light olive gray (5Y 6/1) to light gray (N7); salt and
pepper appearance; moderately well-sorted, very fine- to
medium-grained, rounded to subangular quartz, chert, fine-
grained argillaceous fragments, and micritic limeclasts; calcite
cement; slope-former. Thin section 95.

45.0 1,412.7

6.0 1, 367.7

3.0 1, 361.7

2.0 1,358.7

14.0 1,356.7

6.0 1,342.7

25.0 1, 336. 7

8.0 1,311.7

32.6 1, 303.7
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Table 3 (Continued)

Thickness (feet)

Unit Description Unit Total

40 Gastropod limestone: similar to unit 49. 10.0 1,271.1

39 Pebbly mudstone: light olive gray (5Y 6/1) to light gray (N7);
poorly indurated; poorly sorted, scattered subangular dark chert
and limeclast pebbles increasingly common toward top; carbonate
cement; slope -former. 16.0 1,261.1

Thickness of Member 4 167.6

Member 3

38 Sandstone: pinkish gray (5YR 8/1), weathers grayish red (5R
4/2); thin-bedded; well-indurated; well-sorted, fine-grained
quartz; carbonate and hematite cement; slope-former. 22.7 1,245.1

37 Siltstone: grayish red purple (5RP 4/2); thin-bedded; dense and
siliceous; slope -former. 5.0 1,222.4

36 Sandstone: similar to unit 38. 14.0 1,217.4

35 Siltstone and mudstone: grayish red (5R 4/2) to grayish red purple
(5RP 4/2) to grayish green (10GY 5/2); very thin- to thin-bedded,
slabby; moderately well-sorted, quartzose; slope-former. 60.4 1,203.4

34 Sandstone: grayish red (5R 4/2) to pale red (5R 6/2); thin- to
thick-bedded; fine-grained quartz; dense and hard; carbonate
cement; forms subdued ledges. 23.5 1,143.0

33 Siltstone: similar to unit 35.

32 Sandstone: grayish orange pink (5YR 7/2), weathers pale brown
(5YR 5/2) to pale red (5R 6/2); thin- to thick-bedded; fine-
grained quartz and minor dark lithic fragments; moderate pink
(5R 7/4) chert (?) fragments give speckled appearance; carbonate
cement; ledge-former.

31 Siltstone and mudstone: similar to unit 35; moderate red (5R 5/4)
to grayish red (5R 4/2).

30 Sandstone: similar to unit 32.

29 Siltstone: similar to unit 35.

28 Pebbly sandstone: pinkish gray (SYR 8/1) to grayish orange
pink (5YR 7/2), weathers pale brown (5YR 5/2); thin- to
thick-bedded; medium- to coarse-grained quartz, chert, magnetite,
and lithic fragments in argillaceous matrix; carbonate cement; sub-
angular to subrounded pebbles (up to 2 cm dia. ) of micritic lime-
clasts and chert common near base; forms subdued ledges.

43.5 1,119.5

7.0 1,076.0

61.0

25.0

24.8

1,069.0

1,008.0

983.0

47.5 958.2

Thickness of Member 3 334.4
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Table 3 (Continued)

Unit Description

Member 2

27 Covered.

26 Siltstone: similar to unit 35.

25 Sandy limestone: pale yellowish brown (10YR 6/2); bedding
thin to massive; locally ripple-marked; medium crystalline;
medium-grained quartz and chert scattered throughout; slope-
former.

24 Mudstone: greenish gray (5GY 6/1); thin-bedded, flaggy; slightly
calcareous; slope-former.

23 Limestone: medium dark gray (N4), weathers light gray (N7);
thin- to thick-bedded; micritic; poorly preserved fossil fragments
alligned parallel to bedding; numerous white (N9) calcite veins;
forms subdued ledges.

22 Mudstone: pale grayish red (SR 5/2), pale red purple (5RP 6/2),
moderate yellowish brown (10YR S/4), light olive gray (5Y 5/2);
very thin- to thin-bedded; slightly calcareous; slope-former.

21 Covered.

20 Siltstone: grayish red (5R 4/2) to greenish gray (SG 7/1);
quartzose; slope -former.

19 Sandstone: greenish gray (5GY 6/1), weathers pale yellowish
brown (10YR 6/2) to light olive gray (5Y 6/1); locally cross-
bedded; dense and hard; moderately sorted, medium-grained
quartz; siliceous cement; forms subdued ledges.

18 Mudstone and siltstone: partly covered; very dusky red purple
(5RP 2/2), grayish purple (SP 4/2), dusky red (SR 3/4), pale
olive (10Y 6/2), light olive gray (5Y 5/2); very thin- to thin-
bedded, commonly slabby; well-indurated, hard; slope-former.

17 Limestone: light olive gray (5Y 6/1), weathers pale yellowish
brown (10YR 6/2) to grayish red (SR 4/2); finely crystalline;
slope-former.

16 Covered: varicolored siltstone and mudstone float.

15 Limestone: similar to unit 17.

14 Covered: varicolored float. 27. 9 464. 6

Thickness (feet)
Unit Total

101.0 910.7

26.0 809. 7

26.7 783.7

7.0 757.0

2.5 750.0

14.7 747.5

14.7 733.8

16.7 719.1

29. 4 702. 4

112.5 673.0

12.1 560.4

70. 7 548. 3

13.0 477.6

13 Limestone: medium light gray (N6), weathers grayish orange
(10YR 7/4); thin-bedded; dense, micritic, occasional patches
of white (N9) sparry calcite; minor silt-sized quartz; forms
subdued ledges. 7. 4 436. 7

12 Mudstone: medium light gray (N6) to greenish gray (5GY 6/1);
thin-bedded; slightly calcareous; slope-former. 15.6 429. 3
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Table 3 (Continued)

Unit Description
Thickness (feet)
Unit Total

11 Limestone: medium gray (N5), weathers light gray (N7); thin-
bedded; poorly preserved fossil fragments; micrite matrix; minor
angular, silt-sized quartz; subdued ledge-former. Thin section
76. 8.4 413.7

10 Covered: varicolored float. 88.2 405.3

9 Argil lite: grayish red purple (5RP 4/2), grayish purple (5P 4/2),
greenish gray (SG 8/1); very thin- to thin-bedded; slabby to
blocky; well-indurated, dense; circular to irregular greenish gray
(5GY 6/1) "mottles" (up to 2 cm dia. ) on purple weathered sur-
faces; calcareous oblate concretions (up to 2') alligned parallel to
bedding; forms rounded hills and local ledges. 126.6 317.1

8 Mudstone: dusky red (5R 3/4); very thin- to thin-bedded; cal-
careous concretions similar to those in unit 9; slope-former. 11.7 190.5

Thickness of Member 2 731.9

Member 1

7 Sandstone: grayish red (5R 4/2) to grayish red purple (5RP 4/2);
thin- to thick-bedded; well-sorted, fine-grained quartz; carbonate
and hematite cement; ledge-former. 51.3 178.8

6 Pebbly sandstone: light gray (N7), weathers pale yellowish brown
(10YR 6/2); well-indurated; poorly sorted, medium- to coarse-
grained, subangular to subrounded quartz, chert, and lithic frag-
ments; pebbles (up to 1 cm dia. ) of micritic limeclasts and chert;
siliceous and carbonate cement; forms subdued ledges. 2.5 127.5

5 Sandstone: light olive gray (5Y 5/2), weathers brownish gray
(5YR 4/1) to dusky brown (5YR 2/2); salt and pepper; thin-bedded;
fine- to medium-grained, angular to subrounded quartz, chest,
and lithic fragments in argillaceous matrix; slightly calcareous;
ledge -former. 33.0 125.0

4 Pebble conglomerate: similar to unit 6 except more chert pebbles. 2.8 92.0

3 Sandstone: similar to unit 5. 13.9 89.2

2 Pebbly sandstone: similar to unit 6. 1.5 75.3

1 Sandstone: similar to unit 5; subrounded to subangular quartz and
chest pebbles (up to 2 cm dia. ) common at base. Thin section 65.
Contains interbedded shale (beds less than 2' thick): grayish black
(N2) to light olive gray (5Y 5/2); laminated to very thin-bedded,
fissile; common only in lower half of sandstone unit. 73.8 73.8

Thickness of Member 1 178.8

Total thickness Kootenai Formation 1,412.7

Disconformity: contact covered.
Woodside Formation
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Table 4. Colorado Group; stratigraphic section measured from initial point along intermittent stream
bed in the N1/2NE1/4SW1/4 sec. 18, T. S S. , R. 9 W. to terminal point along inter-
mittent stream bed in the SE1/45W1/4NE1/4 sec. 18, T. 5 S., R. 9 W.

Lower Terrace Gravels
Disconformity: contact covered

Colorado Group

Thickness (feet)
Unit Description Unit Total

Member 2

26 Argil lite: yellowish gray (5Y 8/1) to greenish gray (5GY 6/1),
weathers light brownish gray (5YR 6/1); laminated to thin-
bedded, often indistinct; local small-scale cross-laminations;
dense, siliceous, hard, subconchoidal fracture; forms slopes
and low, rounded hills. 75.0 1, 495.0

25 Siltstone: light olive gray (5Y 6/1) to medium light gray (N6);
thin-bedded; dense, well-indurated, slightly calcareous; slope-
former. 32.7 1, 420.0

24 Argillite: similar to unit 26. 118.4 1,387. 3

23 Lithic sandstone: medium gray (N5) to light olive gray (5Y
6/1); thin- to thick-bedded; fine- to medium-grained quartz,
dark lithic fragments; finer-grained near top; carbonate cement;
dense, hard; forms subdued ledges. 18.8 1, 268.9

22 Argillite: similar to unit 26. 163.0 1, 250.1

21 Lithic sandstone: similar to unit 23; minor clay matrix;
moderately indurated. 31.4 1, 087. 1

20 Argillite: similar to unit 26. 18.9 1, 055.7

19 Lithic sandstone: similar to unit 23. 8. 3 1, 036.8

18 Conglomerate: medium light gray (N6) to light brownish gray
(5YR 6/1); subangular to subrounded pebbles (1-2 cm dia. ) of
chert, subordinate argillaceous and tuffaceous fragments, and
micritic limeclasts; fine- to coarse-grained sand matrix; car-
bonate cement; grades into sandstone above; forms subdued ribs. 1.8 1,028.5

17 Argillite: similar to unit 26. Contains minor shale: medium
dark gray (N4); fissile, beds less than 1.5' thick. 146.3 1,026.7

16 Mudstone: grayish orange (10YR 7/4) to light olive gray
(5Y 5/2), weathers dark yellowish brown (10YR 4/2); very thin-
to thin-bedded, gently undulating bedding planes; slope-former.
Contains occasional thin shale beds: similar to unit 17. 142.7 880.4

15 Lithic sandstone: light gray (N7) to light olive gray (5Y 6/1);
thin- to thick-bedded; local, small-scale cross-beds (up to 5 cm);
salt and pepper; poorly sorted, medium- to coarse-grained, angular
to subrounded quartz and chert; occasional chert pebbles (up to 1 cm
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Table 4 (Continued)

Unit Description

dia. ) at base; finer-grained upsection; forms subdued ledges.

14 Mudstone: similar to unit 16.

13 Lithic sandstone: similar to unit 15.

12 Mudstone: yellowish gray (SY 8/1) to light olive gray (5Y 6/1),
weathers moderate yellowish brown (10YR 5/4); thin-bedded,
blocky; slightly calcareous; subspherical to oblate, pebble and
cobble (up to 2') calcareous concretions alligned parallel to
bedding; slope-former. Contains minor interbedded shale: olive
gray (5Y 4/1); fissile, slightly calcareous.

Thickness of Member 2

Member 1

11 Lithic sandstone: yellowish gray (5Y 8/1) to medium light gray
(N6), weathers dark yellowish brown (10YR 4/2); salt and pepper;
thin- to thick-bedded; cross-bedded (up to 1'); fine- to coarse-
grained, rounded to subangular quartz, chert, volcanic glass,
argillaceous fragments, minor feldspar and magnetite; authigenic
silica, microcrystalline chert, and carbonate cement; minor
argillaceous matrix; twig and leaf imprints; rare subspherical
voidal iron oxide concretions (up to 7 cm dia. ); limonite pseudo-
morphs after pyrite in lower part of unit; persistant ridge-former.
Thin section 153.

10 Mudstone and shale: medium dark gray (N4), weathers moderate
yellowish brown (10YR 5/4); thinly laminated, slightly undulating
bedding planes; small-scale cross-laminae (15 mm thick); fissile
to blocky; occasional twig and leaf imprints; slope-former.

9 Lithic sandstone: similar to unit 11.

8 Mudstone and shale: similar to unit 10.

7 Sandstone: light olive gray (5Y 6/1), greenish gray (5GY 6/1);
thin-bedded; dense, siliceous, well-indurated; forms subdued
ledges.

6 Shale: grayish black (N2), weathers brownish gray (SYR 4/1);
fissile, siliceous; slope-former.

5 Mudstone: partly covered; dusky yellow (5Y 6/4) to grayish
orange (10YR 7/4); thin-bedded, blocky; well-indurated, cal-
careous, occasional subspherical micritic concretions (up to 8

cm dia. ); slope-former. Contains minor interbedded siltstone:
medium gray (N5), weathers moderate yellowish brown (10YR
5/4); thin-bedded; slightly calcareous. Contains minor shale:
similar to unit 6.

Thickness (feet)
Unit Total

27.7 737.7

93.3 710.0

21.1 616.7

36.1 595.6

935.5

123.9 559.5

18.8 435.6

11.8 416.8

30.4 405.0

34.9 374.6

12.8 339.7

252.2 326.9
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Table 4 (Continued)

Thickness (feet)
Unit Description Unit Total

4 Sandstone: medium light gray (N6), weathers brownish gray
(5YR 4/1); thin- to thick-bedded; fine- to medium-grained
quartz and minor dark lithic fragments; slightly calcareous;
becomes finer-grained upsection; forms subdued ledges. 25.8 74.7

3 Shale: similar to unit 6. 18.9 48.9

2 Sandstone: medium light gray (N6) to dusky yellow (5YR 6/4),
weathers moderate yellowish brown (10YR 5/4); thin- to thick-
bedded; fine-grained, siliceous; carbonate cement; forms sub-
dued ledges.

1 Mudstone: partly covered; dark greenish gray (5G 4/1), weathers
light olive gray (5G 6/1) to dark yellowish brown (10YR 4/2);
very thin-bedded; dense, hard, slightly calcareous; slope-former.

Thickness of Member 1

Total thickness Colorado Group

Conformable contact

Kootenai Formation

11.5 30.0

18.5 18.5

559.5

1,495.0


