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GEOLOGY OF PART OF THE GREENHORN RANGE
AND VICINITY, MADISON COUNTY,

MONTANA

INTRODUCTION

The area of this report is in Madison County, Montana,

and lies between lat. 45° 06' 08" and lat. 45" 09' 38" and

between long. 112" 00' and long. 111' 441 36" It com-

prises approximately 52 square miles and includes parts

the Greenhorn and Gravelly Ranges (See index map, Plate I).

Access is provided by the Call read from the town of

Varney to the east, by a dirt road from the Ruby River

near Warm Springs, and by unimproved dirt reads from Vir

ginia City via Alder Gulch or the Axototl Lakes. A logging

road from Timber Creek, near the Ruby River, to Romy Lake

was being constructed at the end of the field season.

The area la included in the Northern Rocky Mountain

physiographic province defined by Fenneman (15). Maximum

relief in the area studied is approximately 4217 feet;

maximum elevation is 9697 feet at Sheep Mountain.

Small, mostly intermittent streams that flow east to

the Madison River drain the eastern side of the area, and

small streams that flow west and south into the Ruby River

drain the western part.

Climatological data are not available for the area

studied. Winters are usually cold, characterized by cold
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waves and blizzards. Freezing temperatures and snowfall

occur as late as June and as early as September. Summer

days are warm; discomfort of hot days is relieved by cold

nights. The area is semi-arid; ;recipitation, for 1941,

was about 14 inches per year (66, p. 965). However, melt-

ing snowbanks which persist in the meuntainoua areas

through summer months, and summer rainstorms encourage

the growth of conifers and grasses at higher elevations.

Field work was done in approximately ten weeks during

the summer of 1959. U. S. Geological Survey topographic

maps of the Varney and Cameron quadrangles were enlarged

to 1:21,000 for plotting the initial geology. Thickness

of stratigraphic units was measured with a 100-foot steel

tape and Brunton compass. Laboratory study was conducted

during the school year 1959-1960. Petrographic examina-

tion of 95 thin sections was made; modal analysis of sedi-

mentary rocks was determined using the Wentworth integrat-

ing stage. Staining with Titan Yellow (Clayton Red),

following the procedures outlined by Friedman (17, p. 92

was used to distinguish between dolomite and calcite.

The earliest geologic work recorded is that of Peale

(46), who included the thesis area in a reconnaissance

map of the Three Forks Quadrangle. He referred the

present Greenhorn Range, Gravelly Range, and Tobacco Root



Mountains to the Jefferson Range. Condit, Pinch and

Pardee (9) mapped the outcrop pattern of the Phosphoria

formation in the Three Forks-Yellowstone Park region and

included the thesis area in their study. Mann (36) in-

cluded the Greenhorn Range and part of the area near Romy

Lake and the Devils Lane hill in a study of the Gravelly

Range to the south of the thesis area. Pardee (43, p. 368)

discussed briefly acme points of geomorphology in the

Gravelly Range. Manske (38) pped the area adjacent on

the north. Papers by other workers in southwestern Mon-

tana are included in the bibliography.
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STRATIGRAPHY

Sedimentary, metamorphic and igneous rocks ere ex

posed within the boundaries of the thesis area. A summary

of the stratigraphic units, their thickness, general lith-

ologies and ages is presented in Table I. The areal dis-

tribution of the units in the area studied is shown in

Plate 3. The correlation chart (Plate 2) was compiled

from published correlation charts by Howell et al. (26)

Cooper et al. (10), Weller at al. (69), Moore at al. (42)

Kummel (33), Imlay (28), and Cobban and Reeaide (7). The

stratigraphic column of the Lima region is based on work

by Scholten et al. (52). The following sections present

descriptions of the units in chronologic order.

Cherry C k Group

Peale (46) mapped the Precambrian rocks on the east

side of the Gravelly Range as the Cherry Creek Group. He

considered these rocks as Algonkian but mapped Precambrian

rocks in the Greenhorn Range as Archean. Taneley, Schaf-

ner and Hart (62, p. 8-10) named the Pony series in the

Tobacco Root Mountains and suggested that they unconform-

ably underlie the Cherry Creek group. Klepper concluded

that the Pony series conformably underlies the Cherry Creek

Group (30, p. 59). However, Reid (49, p. 1872) states that



TABLE I

Summary of tratigraphic Units

Age Formation Lithology Thickness
in feet

Quaternary Alluvial valley fill.

Unconformity

Tertiary

Glacial moraine.

Unconformity

Hypersthene-bearing
olivine basalt.

Unconformity

Tertiary Tuffs and tuffaceous
siltstones, unstrati-
tied conglomerates.

100?

Angular Unconformity

Cretaceous Colorado group Calcareous sandstones,
mudstones and black
shales.

Lower Kootenai Sandstones, fresh-water 800 - 1000?
Cretaceous formation limestones, shales,

sandstones and chart-
pebble conglomerates.



TAB nued

Formation Lithology
Thickness
in feet

Permian

Pennsylvanian

Pennsylvanian
to

Mississippian

Lower
Mississippian

Ellis? group

Phosphoria
formation

Quadrant
formation

Amsden
formation

Madison group

Mission Canyon
formation

Lodgepole
limestone fossiliferous limestones.

Disconformity

Arenaceous limestones,
oolitic limestones and
calcareous sandstones.

Disconformity

Fossiliferous arenaceous
dolomite, massive chert,
dolomite, quartz sand -
stones, and dolomitic
quartz sandstones

Quartz sandstones, dolo-
mitic quartz sandstones
and dolomites.

350

1100

310

Limestone, siltstone, and 310
dolomite.

D .s conformity ?

Massive limestones and
minor dolomite; nodu-
lar chert common.

0

Thin- to thick-bedded 700



TABLE Continu

Age Formation Lithology Thickness
in feet

Devonian Undifferentiated Poorly exposed gray to
Devonian white limestones and brown

argillaceous limestones.

490

Disconformity?

Upper Pilgrim Mottled dolomite-limestone, 580
Cambrian limestone thin-bedded limestone and

intraformational flat-
pebble conglomerate.

Middle Park shale Fissile green shale. 270
Cambrian

Middle
Cambrian

Meagher
limestone

Massive carbonate rocks,
thin- to thick-bedded
near base.

3$0 - 390

Middle Flathead
Cambrian formation

Upper part covered; glauco- 137- 300
nitic feldspathic sand-
stones and siltstones in
float; sandstones and peb-
bly sandstones in lower par

Angular Unconformity

Precambrian Cherry Creek Quartzo-feldspathic gneisses,
group sehists, garnet amphibolites,

amphibolites, associated peg-
matites, dolomite and calcite
marbles.
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structural evidence in the Tobacco Root Mountains i

cates that the Cherry Creek group seems to be older than

the Pony seriea.

A diversified suite of metamorphic rocks, considered

to be Cherry Creek equivalents, is found within the area

studied. Foliated gnoisses, schista and marbles along

the east elope of the Gravelly Range, stratigraphically

below unmetamorphosed Paleozoic sedimentary rocks, were

traced south to Cherry Creek, where Peale (46, p. 2) named.

the unit. Amphibolites, gneisses and marbles in the

Greenhorn Range are considered to be Cherry Creek, as in-

dicated by the presence of abundant garnet amphibolites

and some marbles. Garnet-bearing rocks and marbles, ac-

cording to Tansley, Schafner and Hart (62, p. 8-9), are

rare or lacking in the Pony series. These rocks in the

Greenhorn Range were traced north to rocks mapped as Cherry

Creek group (62).

The Cherry Creek rocks in the Greenhorn Range differ

from those in the Gravelly Range in the abundance of

garnet amphibolites, in the frequent lack of distinct

foliation in the rocks, particularly around the north fork

of Greenhorn Creek, in the extensive cover of vegetation

and general lack of outcrops.
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Neither the top nor the bottom of the Cherry Creek

group is exposed in the thesis area, nor was it found

possible to determine a stratigraphic sequence from older

to younger in the metamorphosed unit.

Thickness

The thickness of the Cherry Creek group in that area

was not measured. As already mentioned, the top and

bottom are not present in the confines of the present

study. Estimates of the thickness of the Cherry Creek

group range from 7000 feet to more than 30,000 feet (45,

P. 2) (23, P. 6).

Lithology

A discussion of the marbles, gneisses, schist*,

amphibolites and pegmatite* is presented below. The

marbles have been separated from the other rock types on

the geologic map (Plate 3).

Marbles. Northeast - trending marbles southwest of

Sunrise Gulch form low, rounded hills whose outcrop pattern

parallels the strike of the foliation within the Cherry

Creek rocks. Outcrops are brown to gray on weathered

surfaces and gray to white on fresh fractures. The marble

is commonly massive, but where foliation is strongly
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developed, outcrops weather to bladelike forms.

Mineral assemblages include dolomite-quartz-tremolite-

phlogopite-opaque ore minerals. Textures range from grano-

blastic to lepidoblastie. Dolomite in the granoblastic

marbles is coarsely crystalline and anbedral to aubhedral.

In the S *, SE *, sec. 29, T. 8 3., R. 1 W., foliated mar-

bles have xenoblastic granular, sometimes elongated, dolo-

mite and subordinate quartz in alternating bands and

accompanying parallel orientation of prismatic faces of

tremolite and phlogopite. Quartz is strained and tends to

have sutured contacts.

A pod of northwest-trending marble, leas than 1/16 of

a square mile in area, is present west of Meadow Fork in

the Greenhorn Range. Massive weathered outcrops are brown

ish gray. The coarsely crystalline fresh surfaces are gray

to white. Mineral assemblage includes calette-diopaide-

tre olite-graphite-opaque ore minerals. The texture is

granoblastic. Calcite occurs as coarse, anbedral crystals

occasionally poikiloblastioally including mafic minerals.

Colorless diopside, often polysynthetically twinned, is

found as rounded to irregular, anhedral crystals comprising

20 to 30 per cent of the rock.
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Onpi ees. Quartzo-feldspathic gneisses are the moat

abundant rock type and generally form the boldest outcrops

within the Cherry Creek group. They weather to pink, red,

reddish - brown, or brown colors, Foliation, marked by

segregation into crude folio of felsic and =fie comport,

ents and elongated grains, is commonly present. Locally,

small elongate pods of coarsely crystalline quartz, feld-

spar and less commonly muscovite occur concordant to the

foliation.

Oneisses are present in the Gravelly Range in a

northeast-trending belt between Cherry Creek and the

northwest side of Morgan Gulch. In the Greenhorn Range

gneisses occur east of the Meadow Pork of Greenhorn Creek

in sec. 10, T. 9 $., R. 3 W., along the north side of the

South Fork of Greenhorn Creek, and in the upper plate of

the Willow Creek thrust.

Petrographically, mineral assemblages of the gneisses

include quartz-oligoclase-hornblende-garnet, microcline-

quartt-oligoclase-biotite, and quartz-microcline-oligo,-

clase-hornblende-biotite-garnet. Quartz and feldspars are

xenoblastic and are commonly greatly elongated, Undula-

tory extinction and biaxial optic figures are present in

much of the quartz. A rim of plagioclase slightly more

sodic than the "core" was noted in two thin sections from
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Figure 1, Cherry Creek quartzo-feldspathic gneiss show-
ing foliation due to segregation of mafic and
felsie components. Note two sets of shear CO
fractures intersecting at acute angles. Note
small discordant pegmatite dike in upper right
hand corner and in crushed zone left of com-
pass. Location: SW 4,1 NE 11, NE i sec. 20., T.
8 S. R. 3 W.



samples taken in close proximity to pegmatites. Horn-

blende is commonly dark green, anhedral to subhedrel,

and rarely is partly altered to a chloritelike material.

Biotite is yellowish-brown to brown, anhedral to subhed-

ral and in some thin sections appears to have formed at

the expense of the hornblende. Mattes are often concen-

trated in irregular trains with noticeable preferential

orientation of prismatic faces. Garnet occurs as an

accessory in faint pink to colorless, xenoblastic grains.

Apatite, zoned zircon, anhedral ephene and opaque ore

minerals are common accessories.

3ehists. Layered" schist. are present north of the

gneisses near Morgan Gulch. These rocks are poorly ex-

posed, but excellent exposures are provided by a small

edit near Morgan Gulch in sec. 13, T. 8 S.* R. 2 W. The

rooks consist of layers 3 inches to *-inch thick of medium-

grained mattes, quartz and feldspar alternating with more

coarsely crystalline quartzo-feldspathic layers. The

principal merle mineral is biotite. These rocks differ

from the gneisses in their higher percentage of mafics

and more distinct preferred orientation of piety minerals.

The quartz-feldspar layers may be the result of vertical

variation in the original rock type prior to metamorphism,

or they may be concordant pegmatite perhaps resulting



Figure 2. Cherry Creek biotite schist and qu
feldspathic layers. Note larger tabu
concordant pegmatites. Location: NE
NE t sec. 7, T. 8 S., R. 1 W.

o-
ar
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from metamorphic differentiation (65, p. 500) and are so

abundant as to give the rock a distinctive appearance.

Coarsely crystalline, dark biotite-garnet-kyanite

schist is exposed in a small outcrop below the Flathead

sandstone southwest of the Woolward Place. Undulose folia

of platy minerals "flown around large porphyroblasts of

dark red garnet up to one-half inch in diameter. The

mineral assemblage is quartz-biotite-garnet-oligoclase-

kyanite. The texture is typically poikiloblaatic and

lepidoblastic. Reddish-brown biotite, occurring in sheaths

of subparallel crystals, has abundant pleochroio halos

surrounding inclusions of zircon. Colorless, subhedral

kyanite is diablastic. Foikiloblastic garnet (almandine)

is faint pink, xenoblastic and sometimes contains fine

acicular inclusions oriented parallel to three directions

that intersect at 60°. Apatite, anhedral aphene, zoned

zircon, and opaque ore minerals are minor constituents.

Amphibolites. Garnet amphibolites are the predomin-

ant rock type in sec. 8 and sec. 9, T. 8 S., R. 3 W. These

rocks support abundant vegetation and so are not well ex-

posed. Distinct foliation and gneissic banding is lacking.

Reddish-brown porphyroblasts and irregular clots of garnet

are abundant, in some specimens forming up to 50 per cent

of the rock. In the coarsely crystalline hand specimens*
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quartz and feldspar are readily visible, sometimes forming

pods and elongate stringers.

Microscopically, the mineral assemblage includes

hornblende-garnet-quartz-andesine and sometimes diopside.

Texture is poikiloblastic. Diablastio garnet is faint

pink and xenoblastic. Olive-green hornblende usually

forms in large anhedral crystals. The plagioclase is

commonly extensively altered to white mica. Sphene,

common minor constituent, occurs as irregular bloblike

grains that generally are rimmed by opaque ore minerals.

Apatite, zircon and ore minerals are accessories.

Dark, coarsely crystalline hornblende amphibol,ite,

lacking foliation, crops out at the top of the northeast-

trending ridge in sec. 15, T. 8 3., R. 3 W. These rocks

apparently grade northward within a distance of 100 feet

into schistose amphibolite. The amphibolite is gran°.

blastic and contains olive-green hornblende, neutral di-

opside, plagioclase and quartz, The plagioclase is

andesine, which is altered extensively to white mica.

Xenoblastio garnet displaying sieve texture is sometimes

present.

The schistose amphibolites to the north on the same

ridge have light olive-green hornblende, cummingtonite,

reddish-brown biotite, andesine and minor quartz, garnet
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and apatite in a medium - grained, gray to black rock. B

tite, showing distinct parallelism of prismatic faces,

seems to have formed later and at the expense of the am-

phiboles.

Dark, extremely dense, nonfoliated garnet- amphibolite,

with only minor felsic minerals apparent in hand specimens,

is found in the NW k, NW k, see. 16, T. 8 S., R. 3 W.

Pegmatites. Small lenslike or tabular, coarsely

crystalline pegmatites are abundant in the Cherry Creek

rocks in the area, but only thin veins of calcite and

quartz are present in the younger rocks and are rare, ex-

cept locally in the faulted Paleozoic rocks of the Green-

horn Range. A Precambrian, rather than a Laramide age,

is indicated for the majority of the pegmatites. Nest of

these pegmatites are quartz-feldspar, quartz, or quartz-

feldspar-muscovite. Small amounts of garnet are visible

in hand specimens of some pegmatites of the Greenhorn

Range. Most of the pegmatites are concordant with the

surrounding rocks and are of small size. A notable ex-

ception is a "bench" of vertically-dipping barren quartz

approximately three feet wide and 20 feet long exposed

in the center of sec. 30, T. 8 S., R. 1 W.

Discordant quartz-microcline-muscovite titer

were found associated with gneisses in the sec. 20,
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T. 8 3., R. 3 W. The pegmatites are developed parallel

to younger, high-angle, northeast-striking shear fractures.

A small exposure of coarse-grained graphic granite

occurs on the ridge to the north of the discordant peg-

matite*. The rock consists of microcline with graphic

intergrowths of quartz and exsolved albite whose 010 twin

plane is parallel to the 010 twin plane of the miorocline.

Cover prevented determination of the relationships of the

outcrop with nearby garnet amphibolites.

Metamorphic Ra k and Ox't

The metamorphic rank of the Cherry Creek rocks in the

thesis area is that of the amphibolite facies of Eskola.

This facies corresponds to the medium- to high-grade reg-

ional metamorphism and is characterized by the critical

assemblage of hornblende and plagioclase (65, p. 446). The

assemblage of the Kyanite-Muscovite-Quartz subfacies of

the amphibolite facies is quartz-kyanite-muscovite-elman

dine-plagioclase (-biotite) (19, p. 230). This aubfacies

is represented by the bioti e-garne kyanite schist in the

Gravelly Range.

The presence of marble*, the lateral persistence of

rock types parallel to the strike of the foliation, the

sharp variation of rock types normal to the strike of the
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foliation, and the abundance of quartz and feldspar in

the garnet amphibolites indicates general derivation of

the Cherry Creek group from metamorphism of sedimentary

rocks. The variation of rook types relative to the foli-

ation suggests that the foliation has developed roughly

parallel to the original bedding of the sedimentary rocks.

The gneisses, schists and garnet amphibolites may

have been derived from sandstones, argillaceous rocks,

and impure calcareous argillaceous rocks, respectively.

The felsic-poor amphibolites of the Greenhorn Range may

have been derived from Precambrian basic igneous dikes

or sills. Several such amphibolites have been attributed

to similar derivation in the Cherry Creek group (23, 35,

50)e The dolomite-quartz marble near Cherry Creek may

have formed from metamorphism of dolomites that included

quartz silt or quartz sand. The calcite-diopside marble

in the Greenhorn Range may have been derived from meta-

morphism of slightly dolomitic, quartz-lean limestones.

The depositional, environment of the Cherry Creek

rocks is obscure. Levandowski (33, p. 1735) suggests that

the sequence of rocks of the Cherry Creek group is that

of a "foreland facies." However, Reid (50) states that

deposition of the Cherry Creek group was probably in a

major geosynoline. The great thickness of the individua
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lithologic types and of the group itself s not compatible

with the foreland facies concept. On the other hand, the

presence of thick unite of relatively pure marbles does

not seem compatible with the rare...dark siliceous lime-

stones" associated with a eugeosynclinal setting (32,

p. 368) A compromise of an environment between those

suggested may be more reasonable.

The abundant pegmatites may be due to metamorphic

differentiation of the Cherry Creek rocks and/or intro-

duction of material during some Precambrian intrusion.

Heinrich (24, p. 1432) recognized an extensive Precambrian

intrusive, the Dillon gneiss complex, emplaced after onset

of the final stages of Cherry Creek metamorphism. Expo-

sures of the Dillon gneiss complex are found in the Ruby

Range, Blaektail Range, Tendoy Range and north of Armstead

(52, p. 352).

Evolution of Local
Cambrian StrdtigraVarnienclature

Peale (44, p. 131) assigned all the Cambrian rocks in

the Three Perks area to the Gallatin sandstones and the

overlying Gallatin limestones. die later (45, p. 20-22)

used the name, Flathead formation for the quartzite and

overlying shales previously included in the Gallatin sand

stones. He (45, p. 22-25) redefined the Gallatin
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limestones as the Ga tin formation composed of five

members. From bottom o top, they are the Trilobite lime.

stone, Obolella shale, Mottled limestone, Dry creek shale,

and the Pebbly limestone. Iddings and Weed (27, p. 2) re

striated the Gallatin limestones (Gallatin formation) to

the Mottled limestone, Dry creek shale, and the Pebbly

limestone. Weed (67, p. 2) in the Port Benton quadrangle

defined the Barker formation as composed of seven members.

They are, from bottom to top, the Flathead sandstone,

Wolsey shale, Meagher limestone, Park shale, Pilgrim lime-

stone, Dry creek shale, and Yogo limestone. In 1900, Weed

(68, p. 284) raised these members to formational status.

Reiss ( 3) remessured and redefined the Cambrian of western

Montana and found that the Yogo limestone (Pebbly limestone

of Peale) did not exist as a separate entity.

In the thesis area, the Flathead formation, Meagher

limestone, Park shale, and the Pilgrim limestone are

recognized in the Greenhorn Range. Along the east face

of the Gravelly Range only the Flathead formation and the

Meagher limestone are present. Rocks equivalent to the

Wolsey shale are probably present in the upper covered part

of the Flathead formation, but the Oharacateristi.c shales of

the Wolsey formation are not exposed.
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Flathead Formation

Usage of the Flathead formation in this paper corre-

sponds to the original usage of Peale (45), who included

the Flathead sandstone and the Flathead shales, now called

the Wolsey shales, in one formation. Deiss (13, p. 1326)

designated as type section of the Flathead sandstone the

exposures on Belt Creek eight miles south of Monarch, Mon-

tana. The type section of the Wolsey shale occurs on the

south end of South Hill in Belt Park, Little Belt Mountains

(13, P. 1330).

Pebbly sandstones, sandstones and ailtstones are

herein assigned to the Flathead formation. These rocks

overlie the Cherry Creek group with angular unconformity

everywhere in the area studied; however, the contact is

rarely exposed except in the NE 4, NE 4 of sec. 12, T. 8

S., R. 2 W. and in the bed of the Meadow Fork of Greenhorn

Creek. They are overlain by the Meagher limestone, but

the contact is not exposed, generally being covered by

talus of the Meagher. Deiss (13, p. 1331) states that the

Wolsey shale and the Meagher limestone are conformable;

this relationship is thought to exist in the area mapped.
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Distribution and PhysiographicEXpression

Rocks of the Flathead formation are present along the

east side of the Gravelly Range, in the Greenhorn Range

south of the South Fork of Greenhorn Creek, and in the

ridge east and southeast of the Meadow Fork. The lower

part of the Flathead formation in the Gravelly Range forms

a low ledge above the Cherry Creek rocks. Discontinuous

outcrops suggest a variation in degree of induration in the

basal sandstones and pebbly sandstones. in the Greenhorn

Range, the basal sandstones commonly form small but promi

nent ridges. The upper part of the Flathead formation is

poorly exposed, forming swales or low slopes between the

more resistant outcrops of the basal Flathead and the over-

lying Meagher limestones. Probably part of the beds here

included in the upper Flathead formation are equivalent to

the Wolsey shale; however the distinctive green shales of

the Wolsey are not exposed in the area.

Thickness

Approximately 137 feet of strata are assigned to the

Flathead formation in the Gravelly Range; the measured sec-

tion is located in the NW t, SE of sec. 13, T. 8 S., R.

2 W. Approximately 300 feet of strata were measured along
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the north side of the gulley in the SR *, NE of sec. 20,

T. 8 S., R. 3 W. Deiss (13, p. 1328-1329) states that the

combined thickness of the Flathead sandstone and the

Wolsey shale ranges from 639 feet to 243 feet in Montana

and Yellowstone Park. Thus the 137 feet of Flathead forma

tion in the Gravelly Range is relatively thin. In part,

this is due to a very small thickness, approximately 37

feet, of rock that is considered to be equivalent to the

Flathead sandstone. Flathead sandstone equivalents in the

Greenhorn Range are about 110 feet thick.

Lithology

Lithologic discussions will be separated into the

lower Flathead formation and the upper Flathead formation.

These informal designations probably are equivalent to

the Flathead sandstone and the Wolsey shale, respectively.

Lowe Flathead formation. This part of the Flathead

formation, under the classification of Gilbert (71, p. 316),

consists of pebbly feldspathic arenites, granule feldspath-

ic arenites and quartz arenites.

Weathered surfaces vary from white, pink, brownish-

tan, brick-red to purple. Fresh surfaces show the same

variation, which is due mainly to variation in relative

percentage of iron oxides in the rocks.
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In the Gravelly pebbly sandstones and se

stones are present that ontain pebbles and granules of

quartz and less commonly feldspar, up to one-half inch

long, set in a matrix of coarse-to-medium grained sand-

stone. Medium- to coarse-grained sandstones are inter-

calated with the pebbly sandstones. Commonly a two-foot

bed of platy sandstone containing chips of green shale

and abundant glauconite overlies the pebbly sandstones.

Sandstone beds have a blocky to platy fracture and often

tend to fracture across the grains. Cross-lamination,

generally marked by thin concentrations of iron oxide, is

common.

In the Greenhorn Range, the pebbly sandstones are

less common, and cross-laminated, highly indurated sand-

stones are present. Granules and occasionally pebbles are

sparsely scattered throughout the medium-grained sand -

stones.

Microscopically, the sandstones consist of quartz,

microcline, perthite, and plagioclase (oligoclase and

andesine). Minor constituents include glauconite, zircon,

tourmaline, hematite, leucoxene and some unidentified clay

minerals. Grains range from angular to subrounded, the

larger pebbles and granules generally subangular to sub-

rounded. The original grain boundaries are commonly
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Figure, 3. Blocky outcrop of lower Flathead sandstone.
Location: SE sec. 130 T. 8 S., R. 2 W.

Figure 4: Pebbly sandstone and sandstone of lower Flat-
head formation 20 feet below Figure 3.



29

indistinct, as compaction and /or deformation during up-

lift produced sutured interpenetrating grains, local

"metaquartzite" grains, strained quartz and occasional

veins of microcrystalline quartz. Some of the "meta

quartzite" and strained quartz grains may be inherited

from the source rock. Authigenic crystalline quartz over-

growths are common, but compaction seems the more important

agent in induration. Iron oxides (limonite and hematite)

locally contribute to cementation.

Quartz grains are mostly water-clear and commonly

contain regular inclusions of biotite, zircon, apatite,

muscovite, quartz, and plagioclase. No attempt was made

to determine statistically the percentages of types of

inclusions, but the abundance of regular inclusions is

apparent even in cursory examination. These regular in-

clusions are indicative of derivation, at least in part,

from metamorphic rocks (29, p. 80).

Upper Flathead formation. Rocks of the upper Flathead

formation are not exposed in the area studied. Float

clearly restricted to this covered zone includes gray to

yellow weathering, fine-grained sandstones and green sand

stones and siltstones. The gray and yellow sandstones

often contain small chips of dull green shale and abundant

glauconite grains. The green sandstones are flaggy,
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thinly- laminated, fine-grained feldspathic glauconitic

arenites and siltstones. Irregular fucoidlike markings

are present on many of the green sandstones and siltstones.

Microscopically, these rocks contain angular to sub-

rounded grains of quartz, microcl ne, perthite, plagio-

clase, glauconite and iron oxides. Leucoxene, muscovite,

zircon and tourmaline are accessories. A dolomitic cement

was found in one sample of feldspathic glauconitic silt-

stone.

Glauconite generally occurs as rounded to aubrounded,

light green grains that show moderate relief in plain

light and show aggregate polarisation under crossed nicols.

The glauconite is usually well sorted, generally in slight-

ly larger grains than the silicate minerals. This is

probably due to selective sorting of the larger, lighter

glauconite grains with smaller, heavier grains of quartz

and feldspar. However, in some samples, the glauconite

is concentrated along thin laminae and appears to be authi-

genie.

Much of the limonite and hematite, locally abundant,

may be derived from alteration of the glauconite.
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No fossils were found in the Flathead formation in

the thesis area. The rocks assigned to the Flathead forma

tion are considered as such on the basis of their li hology

and their stratigraphic position between the intensely

metamorphosed Cherry Creek group and the overlying Meagher

limestone. Correlation with the Flathead sandstone and

the Wolsey shale described at Crowfoot Ridge in Yellowstone

Park (13, p. 1271-1272), Three Forks, Montana (2, p. 6)

(13, p. 1314-1316) and in the Snowerest Mountains (30,

p. 64) is based on lithologic similarities.

Middle Cambrian trilobites have been reported in the

Wolsey shale at the type section and elsewhere in western

Montana (13, p. 1330, 1338) (26). The Flathead sandstone,

although untossiliferous, is also considered Middle

Cambrian by Deiss (13, p. 1338) on the basis of its con-

formable position immediately below the Wolsey shale.

in a nd Depositional Environment

Textures and lithologies of the pebbly sandstones

suggest local derivation from a feldspathic source. The

well-sorted cross-bedded sandstones indicate low relief,

predominantly chemical weathering in the source area, and

long transportation. Detrital glauconite may be indicative
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of reworking from previous sediments or contribution

through transportation from adjacent areas where glauconite

was forming contemporaneously with deposition of the rocks

in the thesis area. The latter suggestion is favored, as

no suitable source of glauconitic sediments other than the

Flathead formation itself seems to have existed in the area

during the Middle Cambrian, Glauconite is formed in marine

waters through the alteration of biotite, feldspar, volcan-

ic glass, pyroxenea, clayey fillings of foraminiferal tests

and other materials (61, p. 506-507). According to Cloud

(4, p. 490-491), its formation is facilitated by a slow

rate of detrital influx, "not markedly warm waters", and a

depth of 10 to 400 fathoms; development is optimum on con-

tinental ahelfs away from large rivers.

The vertical sequence within the Flathead formation

suggests formation during marine transgression, with ini-

tial deposition of a basal feldspathic pebbly sandstone

and subsequent increase in textural and mineralogical

maturity during onlap. The upper part of the Flathead

formation probably represents deposition on or near a

continental shelf bordering a source area of low relief.

The most likely source material would be rocks similar to

the underlying Cherry Creek gneisses.
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The difference in thickness of the Flathead between

the Greenhorn and Gravelly Ranges may be related to the

depth of water during deposition. The relatively thin

deposits of sandstone and pebbly sandstones in the Gray

elly Range may have been deposited on a shoal beneath the

Flathead seas. Mann (36, p. 6) notes that locally the

Flathead sandstone is missing from the stratigraphic sec-

tion in the Gravelly Range approximately 18 miles south of

the area mapped.

Figure 5. Modal Analysis of Typical Flathead Formation
Samples

Sample No. 2

Quartz 76 93 56 37 30

Feldspar 15 5 20 10 10

Glauconite 7 T 5 35 17

Iron Oxides t t 18 16 T

Dolomite t T 50

Accessories 2 T 1 2



Meagher Ll stone

The Meagher limestone consists of 127 feet of thick-

and thin-bedded gray and tan limestones and interbedded

green-gray fissile shales at the type locality on South

Hill in Belt Park, Little Belt Mountains, and is partially

characterized by the absence of intraformational cong omer-

ate (13, p. 1276, 1331).

In the area studied, as at the type locality, the

Meagher limestone is underlain by the Flathead formation.

In the Greenhorn Range the Meagher limestone is overlain

by the Park shale, but along the east face of the Gravelly

Range it is overlain by rocks of the Devonian system. The

contact with the Devonian rocks is thought to be discon-

formable, as indicated by the absence of Cambrian, Ordo

vician Silurian rock*. However, the contact is not expos-

ed; no evidence of angular discordance was noted.

Distribution and Physiographic Expression.

The Meagher limestone is present along the east de

of the Gravelly Range, on the north side of Sheep Mountain,

and in the ridge east and southeast of Meadow Fork in the

Greenhorn Range. A small exposure is found south of Willow

Creek in fault contact with the Cherry Creek group and the

Madison group.
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Along the east side of the Gravelly Range, the

Meagher limestone generally forms prominent outcrops,

varying from partly covered ledges to sheer cliffs of

limestone. The lower part of the unit is commonly buried

in talus derived from the cliffs above. The Meagher lime-

stone in the Greenhorn Range also forms ledges, but ex-

posures are not as good as at Morgan Gulch, the lower part

being rarely exposed.

Thickness

The thickness of the Meagher limestone, measured in

the same localities as the Flathead formation, in the

Gravelly Range and the Greenhorn Range, respectively, is

approximately 390 and 380 feet. Delia (13, p 1331) points

out that the thickness of the Meagher limestone in Montana

ranges from 50 to 416 feet, generally thickening westward

and southwestward from the Big Snowy Mountains.

Litho logy,

The lower part of the Meagher limestone is thin- to

medium-bedded with partings one inch to two feet apart.

The upper part is generally massive, but a few beds are

one foot to five feet thick. Weathered surfaces are

usually light brownish-gray to buff less commonly are
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yellowish-brown. Fresh fractures are darker, as dark gray

to dark brownish-gray are the most common shades. Much of

the rock fractures conchoidally and has a slightly waxy

luster. In most outcrops the weathered surfaces have a

rough "puckered" appearance. Irregular golden-yellow

mottles, seemingly related to fractures and in part to

bedding, are commonly present. This "golden mottling" is

common in the Meagher limestone over wide areas of south

western Montana (59, p. 21k3).

Microscopically, the rocks consist of anhedral to

subhedral, interlocking carbonate crystals that range in

size in a single sample from microcrystalline to medium

grained. Examination of the yellow mottles present in

samples shows distinct zones of microcrystalline carbonate

and abundant interstitial limonite. Petrographic examina-

tion leads the writer to think that the interlocking

texture of grains of heterogeneous sizes was a product of

recrystallization that was accompanied by dolomitization,

as evidenced by the tendency to produce more idiomorphic

crystals. However, staining for dolomite produced varying

results. Partial magnesium-calcite stains that were not

consistent on single samples were obtained on the dark

brown parts of the rock. In some samples the yellowish

mottles of microcrystalline calcite gave weak dolomite
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Figure 5, Cliffs of Meagher limestone on the north
side of Morgan Gulch, sec. 13, T. 8 S.#
R. 2W.



stains and in other samples did not respond to the stain.

No definite conclusion is warranted based on the present

study; the.texture of the heterogeneous-sized carbonate

crystals evidently is due to recrystallization, but the

amount of magnesium enrichment is not known.

A sample taken near the base of the Meagher

stone has abundant angular, fine. to very fine-grained

quartz, microcline, perthite, plagioclase and muscovite

in a dominantly carbonate rook. Luster mottling is con-

spicuous in this sample. These elastic grains are absent

or rare in samples stratigraphically higher in the forma

tion. Small veins of secondary microcrystalline quartz

were present in a sample from the measured section of the

Greenhorn Range.

.&52. and Correlation

No fossils were found in the Meagher limestone. The

sequence of limestones overlying the Flathead formation is

considered to be correlative with the Meagher limestone as

described by Deiss (13, p. 1276, 1320, 1331 -1332) on the

basis of stratigraphic position and lithologic similarity

with the sections at Belt Park and Crowfoot Ridge. How-

ever, the thin shaly zone present in the middle of the

Meagher limestone elsewhere is absent in the rocks of the

thesis area.
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The age of the Meagher limestone at the type locality

and elsewhere in western Montana is based on paleontologic-

al evidence and is considered to be Middle Cambrian (13,

p. 1338-1339).

Origin a.. d Depositional Environment

The uniform mineralogy of the Meagher limestone and

its position over the marine Flathead formation indicates

marine deposition, probably in a neritic environment. The

lack of detrital silicates, except locally at the base,

suggests that the basin of deposition was removed from any

bordering land mass. Recrystallization of the original

textures has obliterated any possible indications of

current or biologic action.

Park S

The Park shale consists of green-gray fissile shales

minor intercalated micaceous sandstones and limestones

at the type locality on the north side of Dry Wolf Creek

in the Little Belt Mountains (13, p. 1333). It resembles

the Wolsey shale in lithology, but differs in stratigraphic

position. In the area studied the Park shale overlies the

Meagher limestone and underlies the Pilgrim limestone.

Outcrops exposing the contacts were not found.
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bution and P4ysiographi Expression

The Park shale is present on the north side of Sheep

Mountain and occurs in sec. 10 and 11, T. 8 S., R. 3 it

but is not present in the canyon in see. 14, T. 8 S. R. 3

W. Here the incompetent shales have apparently been

faulted out of the section during the Laramide deformation.

The Park shales are not present in the Gravelly Range.

The shales are poorly exposed. In most areas the

shales form swales between the more resistant limestones

of the Meagher and Pilgrim formations. Chips of the dis-

tinctive shale in the soil aid in delineating its bound-

aries. The best exposures are found in the NE * SE *

sec. 20 and SW * SW * sec. 11, T. 8 S., R. 3 it

Thickness

A thickness of approximately 270 feet a measured

in the NE *, * of sec. 20, T. 8 S., R. 3 W. The unit

is poorly exposed, and so the thickness stated may be as

much as 30 feet in error. The thickness of the Park

shale, according to Deists (13, p. 1333), ranges from 120

to 330 feet in Montana.
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Lithologiy

The shales are dull green to gray on weathered sur-

faces. Fresh fractures are dull to bright green. Red

oxide stains are common. Parting is fissile, although

some of the shale is so indurated as to lose its fissility.

Only minor quartz silt is visible by hand-lens inspection.

Treatment with dilute hydrochloric acid produces no reac-

tion.

No attempt was made to determine the mineralogy of

the fine argillaceous material that makes up the bulk of

the shales.

nd Correlation

No fossils were found in the Park shale in the thesis

area. These shales are referred to the Park shale on the

basis of their stratigraphic position between the Meagher

limestone and the Pilgrim limestone. The shales are simi-

lar in lithology to sections described at the type section

and at Crowfoot Ridge in Yellowstone Park (13, p. 1281,

1320).

The Park shale is considered to be the youngest Middle

Cambrian unit in western Montana (13, p. 1339) (26).
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Origin and Depositional Environment

Deposition of the shal a must have occurred in rela-

tively quiet marine waters, probably in a neritic environ-

ment. The lack of large detrital particles indicates low

relief in the source area or a great distance separating

the basin of deposition from the source area. The lack of

carbonate sediments records a change in the Cambrian seas

after deposition of the Meagher limestones; possibly this

change was a function of depth of water. Pettijohn (47,

p. 613) suggests that shales of the stable shelf associa-

tion are deposited in deeper water than the carbonates.

The color of the shales, if due to iron in the ferrous

state, suggests reducing bottom conditions.

Pilgrim Limestone

The Pilgrim limestone consists of thin- to thick-

bedded limestones, intraformational conglomerate, and

mottled dolomite at the type section on Dry Wolf Creek

in the Little Belt NOuntains (13, p. 1280). Deism (13,

p. 1334) considers the presence of intraformational con-

glomerate* the most distinctive feature of this formation.

In the thesis area, thin-bedded limestones, intro

formational conglomerates and mottled carbonate rooks

that are underlain by the Park shales and overlain by
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rocks assigned to the Devonian system are considered

equivalent to the Pilgrim formation. The contact with

the overlying Devonian rocks is not exposed, but is

thought to be disconformable inasmuch as Ordovician and

Silurian rocks are absent.

No rocks resembling the Dry Creek shales were found

in the area studied. Brownish limestones poorly exposed

above the Pilgrim formation are similar to limestones in

the Gravelly Range that contain Devonian fossils. Rocks

of the Dry Creek shale may never have been deposited, may

have been removed by erosion, or may be included in the

upper part of the Pilgrim formation. The last suggestion

does not seem likely, as the top of the Pilgrim formation

in the area studied has a lithology typical of the Pilgrim

formation.

Distribution and nisi() raphic Expression

The formation is present in the Greenhorn

Range along the north side of Sheep Mountain and in the

ridge east and southeast of Meadow Fork. The Pilgrim for

mation is not present in the Gravelly Range.

The lower part of the Pilgrim, composed mainly of

thin-bedded limestones, forms low discontinuous outcrops

and, less commonly, ledges that protrude from the grassy
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or rock-covered slopes. The massive carbonate unit at the

top of the formation forms stronger, rounded outcrops.

Thickness

Beds approximately 580 feet thick are assigned to the

Pilgrim limestone at the measured section in the NW *, SW *

of sec. 21, T. 8 S., R. 3 W. According to Deiss (13, p.

1334)0 the Pilgrim formation averages 310 feet in Montana,

but ranges from 661 to 172 feet.

hoiopf

Thin-bedded li tones ormational flat-pebble

conglomerates, and massive mottled dolomite-limestones

are present in the Pilgrim formation of the area studied.

The basal 200 feet of the Pilgrim formation consists

of thin-bedded (one inch to six inches) limestones and

intercalated intraformational conglomerates. The lime-

stones weather gray to dark brownish-gray and are gray to

brown on fresh fractures. Abundant iron oxide stains lend

the rock a distinctive appearance.

The flat - pebble conglomerates are composed of thinly

laminated pebbles of silty limestones cemented by dolomite

and calcite. The pebbles range in size up to one-half inch

thick and four inches long and are commonly warped or bent.
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Long dimensions of the pebbles generally parallel the

bedding partings, although divergence of 5' to 20° was

found. No distinct imbricate structure was noted in the

field. The relative percentage of the flat-pebble con-

glomerates in the lower part of the Pilgrim formation was

not determined in the field.

Microscopically, the pebbles are composed of micro-

crystalline calcite and abundant very fine sand- to silt

sized particles of angular to subangular quartz, ortho-

clase and plagioclase. Minor glauconite, muscovite and

unidentified clay minerals are present. The laminated

appearance of the pebbles seems to be due mainly to thin

wavy concentrations of iron oxides, apparently primary in

origin. No distinct variation in grain size was noted

around these oxide layers. The cement is coarse- to

medium-grained, anhedral to subhedral interlocking dolo-

mite crystals. Very fine sand- to silt-sized grains of

quartz and feldspar are found in the cement, but in much

lower percentage than in the pebbles. Some elongate

shell fragments of calcite are present and appear to be

recrystallized. Part of the cement may be derived from

the recrystallization of these fragments.

The middle 225 feet of the Pilgrim formation is com-

posed of thin-bedded (4 inch to 8 inch) gray to brownish-
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gray limestones that re commonly stained by yellow

brown stringers of iron oxides. Na intraformatienal con-

glomerate was recognized in this part of the formation.

Microscopically, the carbonate is made up of medium-

to very tine- grained, anhedral to subhedral, interlocking

grains. Minor fine sand- to silt-sized quartz and glauco-

nite grains are scattered throughout the rock. Irregular

wavy bands of concentrations of iron oxides, quartz and

microcrystalline calcite, apparently not related to bed-

ding, cut at random through the rock.

The upper 110 feet of the Pilgrim formation is a

gray-white mottled carbonate unit that weathers gray to

white. Bedding is massive. The mottling is in the form

of irregular anastomosing patches and tubes not related

to visible fractures or bedding. Some of the white

mottles are etched so the darker gray patches stand in

slight relief. The darker gray mottles are dolomite, and

the white mottles are magnesian-calcite.

Microscopically, the magnesium-calcite mottles are

composed of microcrystalline anhedral grains containing

abundant dispersed medium-grained euhedral dolomite rhomba.

Commonly the dolomite rhomba are zoned by microcrystalline

calcite crystals near the center. The gray dolomite

mottles are composed of medium-grained, anhedral to
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the zones of dolomite and magnesium calcite is sharp with

no sign of gradation in grain size, although occasionally

near the contact microcrystalline carbonate is found along

the grain boundaries of the larger dolomite crystals.

Agt and Correlation

No fossils were found in the Pilgrim formation. The

correlation of the rocks described in the thesis area with

the Pilgrim formation of other areas is based on the

stratigraphic position above the Park shale and on the

distinctive lithologies. The sequence containing intro-

formational conglomerates and mottled limestones is con-

sidered correlative to the Pilgrim formation at the type

section (13, p. 1280-1281) and the sections elsewhere in

Montana.

The Pilgrim formation is considered to be the basal

formation of the Upper Cambrian in western Montana (13,

p. 1339-1340) (26).

Origin and Depositional Environment

Pettijohn (47, p. 613) suggests that some flat - pebble

conglomerates of the stable shelf assemblages could be

"desiccation breccias" formed in extremely shallow waters.
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(hematite?) might be expected to form in such an environ-

ment, where aeration of the shallow waters would produce

oxidizing conditions. The very noticeable difference in

the detrital silicate concentrations between the pebbles

and the matrix, the warped nature of the pebbles, and the

lack of mud-cracked structure of the pebbles indicates

some transportation by current and/or wave action.

The absence of flat-pebble conglomerates in the thin

bedded Pilgrim limestones is probably related to depth of

water; however, no great depth would be necessary to pre-

vent formation of the conglomerates.

The lack of detrital silicates in the upper part of

the Pilgrim limestone suggests that deposition occurred

in an area not influenced by contribution from any adja-

cent land mass. This might indicate low relief of land

mass, increase in depth or distance from land mass, or

lack of currents to transport detrital particles.

The textures of the upper Pilgrim have been modified

by post depositional processes. Mottled dolomite- lime --

stones have been interpreted as products of arrested

dolomitization produced by a migration of magnesium solu-

tions through the rock (47 p. 419). The connecting tubes

of dolomite mottles, the sharp contacts between the zones
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in texture and grain size between the two zones could be

offered as evidence for such an origin. The dolomite

rhombs in the magnesium-calcite zones could be, as Gilbert

(71, p. 351) suggests, "formed early in muds by replace

went of calcite", or they may be foci of replacement of

the calcite by advancing "fronts of the migrating

magnesium-rich solutions. The source for the magnesium

solutions is not known. The irregular appearance of the

mottles suggests that the partial dolernitization was

localized by differences in the original porosity before

any great amount of compaction.
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Although the Park shale and the Pilgrim limestone

are present in the Greenhorn Range, no rocks resembling

these units are found on the east side of the Gravelly

Range. Here the zone above the Meagher limestone has

discontinuous and scattered outcrops of brownish lime-

stone containing Devonian fossils. The section along

the east face of the Gravelly Range, except in Morgan

Gulch, does not appear to be disturbed by faulting. No

physical evidence, save that of omission of beds, is

present.

Mann (36, p. 8) suggests that "Park time may be rep-

resented by a limestone facies" in the Gravelly and

Greenhorn Ranges. However, Park shales are present in

the Greenhorn Range. The combined thickness of the Park

and Pilgrim formations is approximately 850 feet at the

section measured at the South Fork of Greenhorn Creek.

The thicknesses of the Meagher limestone at the South

Pork of Greenhorn Creek and Morgan Gulch, respectively,

are 380 and 390 feet. Even allowing for error in measur-

ing the sections, it does not seem logical to assume that

the distinctive lithologies of the Park and Pilgrim forma

tions would be represented in the massive limestone

sequence along the east face of the Gravelly Range herein



referred to the Meagher limes

Sloss (57, p. 433) states: "in southwestern Montana

local positive areas...were periodically uplifted to cause

non-deposition or erosion during parts of the Middle

Cambrian", and he locates "positive areas to the south-

west in Idaho and to the northeast Of the thesis area at

approximately long. 13" and lat. 45' 30* (57, p. 431).

The margin of influence of any inferred "positive

area" controlling either nondeposition of Park and Pilgrim

rocks or pre-Devonian erosion would have to be localized

in the eight miles separating the Greenhorn and Morgan

Gulch sections. This distance must be a minimum distance

as thrust faulting from the west has obscured the original

distance between the sections. It might be expected that

nondeposition of the Park and Pilgrim rocks at the Morgan

Gulch area would be accompanied by relatively little de-

position in adjacent areas. However, the thickness of the

combined Park and Pilgrim formations in the Greenhorn

Range compares well with thicknesses given at Crowfoot

Ridge, Gallatin Range (13, p. 1324); Nixon Gulch, in the

Three Forks Quadrangle (13, p. 1317); Ashbough Canyon,

Blacktail Range (52, p. 363) and elsewhere in Montana,

It must also be pointed out that no angular discord

:nice was noted between the Meagher limestone and the



overlying Devonian rocks along the east face of the Grav-

elly Range.

Although more study would be necessary to substan-

tiate a definite conclusion, removal by pre-Devonian

erosion and /or nondeposition are suggested to explain the

absence of the Park shale and Pilgrim limestone along the

east side of the Gravelly Range in the mapped area.
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The Devon stem in southwestern Montana is rep-

resented by the Jefferson formation and the Three Forks

formation, both named by Peale (45, p. 27-29) for exposures

in the vicinity of Three Forks, Montana. No type sections

were designated. The Jefferson formation consists of

brown to black limestones and dolomites characterized by

their dense nature and petroliterous odor (46, p. 2) (2,

P. 13). The Three Forks formation consists of sandstones,

argillaceous limestones, and shales in various shades of

yellow, brown and red in the Three Forks area (46, p. 2).

In the thesis area, poorly exposed brownish limestone

containing Devonian fossils and massive gray limestone are

referred to as undifferentiated Devonian. These rocks

closely resemble the Three Forks formation; however, Jeff-

erson formation equivalents y be included in the unit as

mapped. In the Gravelly Range, these rocks overlie the

Meagher limestone and are overlain by the Lodgepole forma-

tion. The contact with the overlying Lodgepole formation

is not exposed, but the break in slope and difference be-

tween the gray soil of the Lodgepole slopes and the yellow

to brown soil mantle of the Devonian permits a separation

of the units in mapping. In the Greenhorn Range, the

Devonian is underlain by he Pilgrim formation. The
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contact is not exposed, but the absence of Ordovician and

Silurian rocks indicates a probable disconformable rela-

tionship. The contact was placed at the top of the mae

mottled unit of the Pilgrim formation.

Distribution and, lohysiovaphic Expression

Devonian rocks are present along the east side of the

Gravelly Range and on the north side of Sheep Mountain. No

rocks resembling the Devonian lithologies were found in the

ridge east and southeast of Meadow Fork. Manske (38)

ports that the Devonian strata do not outcrop south of the

upper North Fork of the Greenhorn Creek to the north of the

thesis area.

Lower beds of the Devonian are discontinuously ex-

posed and occur as small rounded outcrops and ledges of

limestone. Bolder ledges of massive limestone occur near

the top of the unit. The Devonien, as a whole, generally

forms gentle grassy slopes above the Meagher limestone in

the Gravelly Range. In the Greenhorn Range, the slopes are

steeper and often covered by dense stands of timber.

Thickness

A thickness of 19Q feet was measured in the SW *, SW

of sec. 13, T. 8 S. R. 2 W. The Devonian system at Three
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Forks, Montana, is approximately 870 feet thick ( p. 2)

and at Ashbough Canyon, Blacktail Mountains, is eet

thick (52, p. 363)

Lithology

The Devonian rocks are poorly exposed in the area

studied, and the complete lithologic sequence is not known

Along the east face of the Gravelly Range, an orange

to yellow soil zone is commonly developed above the Meagher

limestone. Above this zone, thin-bedded brown argillaoeous

limestones make discontinuous outcrops along the strike. A

few silicified fossils and chart nodules are present in the

limestone. Minor quartz sand was found in insoluble resi-

dues.

Light brown, white, to less commonly pinkish lime-

opically,

the rock consists of a very uniform mosaic of fine-grained,

interlocking, anhedral to subhedral, calcite crystals.

Detrital quartz is present in only scattered grains or is

absent. The texture suggests that the rock has been re-

crystallized. No evidence of current or biologic action

was noted.

The zone above the massive limestones is covered,

largely by talus from the overlying Madison group.

stones occur above the brown limestones. Mic



However, the yellow to dark brown soil and the gentle

slopes in this zone suggest that the lithology is more

closely allied with the Devonian section, and so it was

included as such.

Fauna and Correlation

The fallowing fossils were identified from the Dev

onian section near Mbrgan Creek. Ages are those given

in Shimer and Schrock (55)

Cyrtospirifer whitneyi Hall Upper Devonian
Coenites sp. Devonian
Eridophyllum ap. Devonian

The Three Forks formation is considered to be Upper

Devonian and the Jefferson formation upper Middle Devon-

ian to Upper Devonian (2, p. 14) Cyrtospiriter whitneji

is found in the Three Forks formation at Logan, Montana

(2, p. 14) (25, p. 1705). It is suggested that at least

part of the Devonian rocks exposed in the thesis area is

equivalent to the Three Forks formation. Jefferson equi-

valents may be present in the lower part of the Devonian

section, but the distinctive lithologies are not present.
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The Devonian rocks were evidently deposited in a mar-

ine, neritic environment. The high percentage of elastic

detritus in the lower part of the section indicates con-

tribution from a land mass of low relief. However the

limestones in the upper part are, for the most part, free

of elastic particles. Textures of the samples studied

were recrystallized, and so any evidence of method of de-

position has been obliterated.

Madison Group,

Peale (45, p. 33 -39) named the Madison limestone and

designated three divisions; from bottom to top, they are

the Laminated limestones, Massive limestones, and Jaspery

limestones. Collier and Cathcart (8, p, 173) were the

first to name the Madison group, consisting of the Lodge

pole formation and the overlying Mission Canyon formation.

Sloss and Hamblin (58, p. 313) designated the type section

of the Madison group for the exposures at Logan, Montana,

and subdivided the Lodgepole formation into the Paine and

Woodhurst members.

Lodgepole and Mission Canyon rocks are present in the

thesis area; however, these units are mapped together as

the Madison group in the Greenhorn Range. The author was
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unable to distinguish between the two gradational units

in this area.

In general, the Mission Canyon formation se

form the bulk of Sheep Mountain, except along the north

side. HOre the Lodgepole formation crops out above the

Devonian to about half way up the north face in SW k of

sec. 21, T. 8 S., R. 3 W., where it is overlain by approx-

imately 100 feet of Mission Canyon limestone. Lodgepole

limestones are repeated along a fault striking east above

the Mission Canyon ? limestone and are overlain by Mission

Canyon ? limestones at the top of the east-west ridge in

sec. 28, T. 8 S. R 3 W. In the two cirques in sec. 11,

T. 8 S., R. 3 W. the Mission Canyon limestones form the

top of the scarp, with Lodgepole ? limestones exposed

below. Along the face of the scarp in secs. 11 and 14,

T. 8 8., R. 3 W. the Lodgepole ? limestones seem to pre

dominate, but massive limestones (Mission Canyon ? lime

stones) alternate with thinner bedded or jointed limestones

in the N * sec. 14 and 3 * sec. 11, T. 8 S. R. 3 N.

Lodgepole For tion

The Lodgepole formation is underlain by the rocks

assigned to the Devonian system and is overlain the

Mission Canyon formation. The contact with the Mission
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Canyon formation is gradational with no evidence of a

break in the depositional history. The contact was

arbitrarily placed above the last occurrence of thin- to

medium-bedded limestones.

Distribution ,Physiokraphio lxpression

The Lodgepole formation is present along the east

side of the Gravelly Range and in the Greenhorn Range,

where it is included in the Madison group.

In the Gravelly Range the Lodgepole, although poorly

exposed, forms steep grassy, talus strewn slopes. The

best exposures are in Dry Hollow and Morgan Gulch, where

ledges of the limestones form steep slopes and cliffs.

At Morgan Gulch, several outcrops of the thin- to medium..

bedded limestones form high atacklike forms. In the

Greenhorn Range, the resistant limestones of the Lodgepole

form steep cliffs and hogbacks, partly buried in talus.

Thickness

The Lodgepole formation is approxi

thick where measured in the center of the

ly 700 feet

of sea. 14,

T. 8 S.$ R. 2 W. The Lodgepole is 731 feet thick at

Logan, Montana (58, p. 321) and 800 feet thick at Lodge-

pole Canyon in the Little Rocky Mountains (8, p. 173).
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Figure 7. Stacklike outcrop of thin- to medium-bedded
Lodgepole limestone. Location: 6800 feet
elevation on north side of Morgan Gulch.
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itholoy

In this area, the Lodgepole limestone consists of

thin- to thick-bedded limestones; it lacks the black shale

interbeds described elsewhere in Montana by Sloss and

Hamblin (58, p. 315).

The basal limestones are well exposed on the north

side of Sheep Mountain and sees. 10 and 14, T. 8 3., R. 3

W. These rocks consist of alternating units three to six

inches thick of gray to bluish-gray limestones and inter

bedded fissile (1/16 to 1/4 inch) limestones. The fissile

interbeds are gray to tan on weathered surfaces and

brownish-gray on fresh fractures. Uniformity of the

thickness of the alternating units is striking.

Above the lower limestones, thin- to medium-bedded

limestones in layers three inches to two feet thick are

present. Near the contact with the Mission Canyon forma-

tion, massive beds up to five feet thick commonly are

intercalated with the thinner beds. The fissile limestone

interbeds are absent, and interbeds one -half to one inch

thick of gray, yellowish-brown or reddish-brown limestones

are present. Many of these beds have undulating surfaces

suggestive of low symmetrical ripple marks.

Shell material is present in varying amounts in almost

all the limestones of this formation. The best
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preservation and greatest quantity of fossils occurs in

the thin interbeds of the upper part of the formation.

Many of the fossils are s 'Jailed Modular chert how

ever, is rare in the Lodgepole formation, except locally

in the upper part.

Megascopic textures of the limestones vary from

dense to coarse-grained bioclastic. Small scale poorly

defined cross-lamination occurs locally in medium-grained

pellet limestones. A single bed may exhibit more than

one type of texture. Bioclastic textures are commonly

present in the upper part of dense or medium-grained beds.

Microscopically, the dense limestones are composed

of microcrystalline calcite and minor fine-grained detrital

quartz. Occasional shell fragments are present.

The laminated and bioclastic limestones contain

abundant shell fragments and pellets of microcrystalline

calcite. Fine-grained detrital quartz is sparsely scat-

tered throughout the rook. Bioclastic debris, of brachio-

pods and crinoids mainly, is commonly arranged in parallel

orientation. Sizes of the fragmented shell material are

highly variable, although in the medium-grained limestones

some degree of size sorting is shown. The pellets are

well-sorted °lasts of calcite mud that lack radial or c n-

centric structure and are rounded to subanguler. The
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pellets are invariably associated with shell fragments

and were deposited as detrital fragments, probably de-

rived by current action on adjacent bottom sediments of

partially consolidated calcareous muds.

The shell material and the pellets are cemented by

anhedral aparry calcite which may have been derived

partly from the recrystallization of the shell materta

or from inorganic precipitation of calcite from saturated

interstitial waters.

Fauna nd Correlation

The following fossils were idea ed from the Lodge.

pole formation:

Spirifer cf. S. centronatus Winchell

Spirifer of. S. biloicoides Weller

Spirifer cf. S. plat7notus Weller

Spirifer sp.

Dictyoclostus aft. D. fernglenens (Weller

Dictyoclostus sp.

Streptorbyncus aft tanuicostatum Weller

Camarotoechia sp.

Chonetea sp.

Flatycrinites sp.

Syringopora sp.



Or7oceras sp.

Platyceras sp.

A Lower Mississippian or Kinderhookian age is indi-

cated for the Lodgepole formation in the area. Lauden

(34, p. 507) states that the Lodgepole formation is en-

tirely Kinderhookian in age, although Osagian ? fossils

have been reported in many areas of outcrop (58 p. 311)

(36, p. 12).

The basal alternating thin and fissile limestones in

the thesis area are probably equivalent, at least in part,

to the Paine member of the Lodgepole formation, and the

upper part of the Lodgepole in the area mapped may be

equivalent in part to the Woodhurst member of the Lodge-

pole formation as defined by Sloss and Hamblin (58, p. 313

321).

Origin and. Depositional Environment

The lithology and fauna of the Lodgepole formation

indicate deposition in a marine, neritic environment.

Contribution from mechanical weathering of any bordering

land mass was negligible. Textures of the limestones in-

dicate that the calcite is partly aut*chthonous and

partly allochthonous. The autlkochthonous calcite may have

been due to inorganic or organic precipitation. The
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allo h honous carbonate was probably derived from adjacent

bottom sediments and their inclosed benthonic fauna, and

then carried to the place of deposition by current or wave

action. Relative percentage contribution of the alloch-

thonous deposits is greater in the upper part of the Lodge-

pole formation.

The alternating thin- bedded limestones appear the

product of rhythmic or cyclic deposition, particularly in

the lower part. This cyclic nature, while present in

single beds, is less well defined in the upper portion.

The mechanism of control of the cyclic deposition of the

carbonate minerals is not known. Depth of water, carbonate

saturation, biologic activity, and current action were

probably all factors. Assuming depth of water as a primary

control, the pellet and bioclastic limestones may represent

shallow current- or wave-agitated water. The dense lime-

stones may have formed in deeper waters, where the sedi-

ment-water interface was below a level of influence of wave

action.

Mission Canyon Limestone

The Mission Canyon limestone in the area studied con-

formably overlies and grades into the Lodgepole formation,

and it underlies the Amsden formation. The Amaden-Mission



Canyon contact was not exposed in the area s udied. A

disconformable contact has been described elsewhere in

southwestern Montana (58, p. 309-310)0 and this relation-

ship probably exists in the thesis area. Location of the

contact with the Amsden formation was based on the sharp

break in slope and, where possible, on the difference in

coloration of the gray soil of the Mission Canyon lime

stone and the brown to reddish soil of the Amsden forma-

tion.

Distribution ndr hyaiographtc garpression

The Mission Canyon formation is present in the east

side of the Gravelly Range, east of the Devils Lane fault,

and in the Greenhorn Range, where it is included in the

Madison group.

The Mission Canyon is a resistant unit and generally

forms steep cliffs of massive limestone. In the Greenhorn

Range, the steeply dipping limestones form sharp hogbacks

and sometimes weather to irregular castellated forms

Where the Mission Canyon formation does not outcrop well,

abundant timber and grasses are developed on the soil

mantle.
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Figure 8. Bold outcrop of massive Mission canyon lime-
stone on north side of Morgan Gulch 1.1 miles
south of Doubtful Reservoir.



Thic

The Mission Canyon limestone is approximatel

feet thick where measured on the north side of Morgan

Gulch in the center of sec. 22, T. 8 S.$ R. 2 W. The

formation is 912 feet thick at Logan, Montana (58, p. 321)

and 500 feet thick at Mission Canyon in the Little Rocky

Mountains (8, p. 173).

Lithology

The Mission Canyon formation is a 'airl,y uniform

unit of massive to occasionally thick-bedded limestone

and minor dolomite, Medium- to thick-bedded limestones

are present near the base of the unit. Weathered surfaces

of the limestones are gray, white to brown, and the fresh

fractures are usually darker gray or brownish-gray. Red

and orange oxide stains are common, especially in the

upper part of the formation. The limestones are usually

dense, displaying sub-conchoidal fractures in hand speed

mewl. Medium- to coarse-grained textures are found in

locally fossiliferous beds. Fossils, although present,

are much less common than in the underlying Lodgepole for-

mation.

Microscopically, the limestones are composed of micro

crystalline calcite and subordinate amounts of fine- to
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coarse-grained anhedral calcite. Small amounts of random-

ly oriented bioclastic material, usually brachiopod or

crinoid fragments, are common. Minor very fine-grained

detrital quartz was found in a few thin sections.

Approximately 10 feet of light brownish-gray foss 1

iferous dolomite occurs about 320 feet above the base of

the Mission Canyon formation on the north side of Morgan

Gulch in the center of sec. 22, T. 8 S., R. 2 W. The

lateral persistence of this unit is not known The rock

is composed of heterogeneous-sized, subhedral to ennedral

dolomite crystals and abundant large calcite shell frag-

ments.

Brownish chert stringers, small chart beds, and

irregular chart nodules are common throughout the Mission

Canyon formation. Most of these bodies appear to be

elongated roughly parallel to the bedding. Thin section

examination of a chert nodule indicates that the chert is

of secondary origin. The contact of the microcrystalline

quartz is gradational with the limestone. Small calcite

inclusions and patches of microcrystalline calcite are

common in the chert. Replacement of the calcite by chert

most likely occurred during diagenesir and is related to

an increase in silica concentration in interstitial waters.
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The Mission Canyon limestone is only sparsely fossil

iferous in the area mapped, containing poorly preserved

brachiopods, tetracorals and crinoids, and so the paleon-

tology was not studied. Correlation is based on its

stratigraphic position between the Lodgepole formation

and the Amsden formation and its lithologic similarity

with the beds of the type section at Logan, Montana (53

p. 1) .

The Mission Canyon limestone is considered to be

lower Mississippian in age. Kinderhookian, Osagian, and

some Chester ? fossils have been reported from the Mission

Canyon limestone in western Montana (53, p. 321) (34,

P. 12).

and positional Environment

The uniform nature of the Mission Canyon limestone

ndicatee marine deposition in a neritic environment dis-

tant from any bordering land mass. Current action for

the most part was not important during deposition. The

microcrystalline calcite that forms the bulk of the unit

was probably deposited as a calcareous mud by either

organic or inorganic precipitation. Locally, dolomitiza-

tion and chertification were post-depositional
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modifications. A more stable physical and chemical en-

vironment than existed during deposition of the Lodgepole

formation seems to be indicated. Such stability might

require very slow subsidence of the basin approximately

equalling the rate of sedimentation.

Amsden Formation

The Amaden formation was named by Dorton (12, P. 396)

for the red shales and limestones between the Tensleep

formation and the Little Horn limestone along the Tongue

River near Dayton, Wyoming. Scott (53, p. 1021) correlated

beds near. Three Forks, Montana, previously referred to the

Quadrant formation by Peale, with the Amaden formation.

At Three Forks, the Amsden formation is approximately 300

feet thick and consists of an upper limestone and lower

red shale or sandstone (53, p. 1021). It disconformably

overlies the Madison group and conformably underlies the

Quadrant formation. Gardner et al. (20, p. 45) measured

sections in the Madison Range and elsewhere in Montana

and stated that the Amsden formation is made up of alter-

noting beds of red shales, siltstones, limestones dolo-

mites and sandstones.

In the thesis area, poorly exposed dolomites, silt-

stones and limestones that overlie the Mission Canyon
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formation and conformably underlie the Quadrant fo tion

are assigned to the Amaden formation. The contact with

the Quadrant formation is exposed in several places in

the thesis area, the best exposures being found in the

north side of the small tributary of Wigwam Creek in sec.

9, T. 8 S., R. 2 W. The contact is placed at the top of

the uppermost massive gray limestone of the Amaden forma-

tion.

Distribution and Physiographic Expression

The Amaden formation is present on the east side of

the Gravelly Range and in the section west of the Devils

Lane fault.

The Amsden formation, as a whole, is an incompetent

unit, co only forming grassy, gentle slopes above the

more resistant Mission Canyon formation. Soils developed

on the Amsden beds are usually colored red, orange or

brown and aid in identifying the formation where outcrops

are lacking. Ledges and small rounded hogbacks of lime-

stone and dolomite are discontinuously exposed along the

strike. These ledges are more prominent in the upper part

of the formation.
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Lithology

Amsden strata are poorly exposed in the thesis area

nd the complete lithologic sequence is not known. The

following section was measured on the top of the west -

northwest trending spur on the north side of Morgan Gulch

in sec. 22, T. 8 S., R. 2 W

Amadeu formation: base

1. 50' Covered zone: dark brown to red soil zone,
sharp break in slope, gray fine-grained
limestone float.

10' Dolomite; flaggy, gray weathering, light
yellowish-brown on fresh fractures, medium-
grained, abundant red oxide stains.

90' Covered zone: brown to orange soil zone.

40' Limestone; gray weathering, brownish-gray,
fine-grained, slightly waxy luster, stained
with red oxides, sparsely fossiliferous con-
taining poorly preserved tetracorala and
brachiopods.

10' Covered zone: dark brown soil zone.

60' Limestone; gray weathering, brownish-gray,
massive to thick-bedded, fine-grained,
abundant nodular and bedded chart 1 to 3
inches thick) in upper 20 feet.

34' Covered zone: deep reddish-brown soil zone.

20' Limestone; gray weathering, brownish-gray,
massive fine-grained.

Quadrant formation: not measured.



Red weathering thin-bedded siltstones and silty

limestones overlain by gray weathering limestones are

exposed in the southwest-trending creek bed in sec. 30,

T. 8 8., R. 2 W. The red siltstones and limestones form

a distinctive red soil zone along the strike.

Microscopically, the dolomite (bed 2 of section) is

composed of euhedral to subhedral grains in en irregular

matrix of microgranular to sperry calcite (?). The dolo-

mite rhombs are commonly zoned and have borders not

optically continuous. Often these borders are optically

continuous with sperry calcite ( ?) and seem to represent

part of the original undolomitized calcite. Isolated

irregular patches of chalcedony and microcrystalline quartz

that contain replacer:. calcite are abundant. Inclusions of

calcite give the secondary silica a brownish tinge in plain

light. The silica has replaced only calcite and appears

to have formed after dolomitiza ion. Limonite and hematite

rim the dolomite rhombs and rill in pore spaces between the

rhombs.

The massive gray limestones (beds 4, 6 and 8 of sec-

tion) have similar textures. Irregular cleats of micro-

crystalline calcite, shell fragments, pellets of micro-

crystalline calcite and pseudo-oolites are cemented in a

matrix of water -clear enhedral calcite. The size and
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sorting of the clasts of microcrystalline calcite is high-

ly variable, from well sorted to textures resembling a

breccia. Variation in textures is most likely related to

degree of current or wave action. The better sorted,

mainly pellet limestones, were probably formed by aggrega-

tion of transported, partly consolidated calcareous muds.

The "pseudobrecciated" limestones, composed mainly of

large irregular clasts of microcrystalline calcite, were

probably not subjected to much, if any, transportation.

The irregular textures of these rocks could be a feature

of partial recrystallization of the microcrystalline cal-

cite during subsequent compaction.

A single thin section from a chart bed (bed 6 o

section) shows evidence of secondary replacement of the

calcite by microcrystalline quartz. The pellets and

Oasts of microcrystalline calcite were preserved; how-

ever, the matrix of coarser calcite was replaced by the

secondary silica. Replacement by the silica has been

selective, tending to replace the coarser calcite rather

than the microcrystalline calcite. The control of this

selective replacement may be due to a variation in perme-

ability between the cement and the cleats.



76

Ard and Correlation

Although the Amsden formation is fossiliferous in the

area mapped, containing brachiopods, corals rinoids, and

Endothyra like foraminifera, a study of the paleontology

was not attempted. Correlation is based on the strati

graphic position between the Mission Canyon limestone and

the overlying Quadrant formation and the lithologic si.miw

larity to sections described at Three Forks, Montana (2

p. 19-21) and in the Madison Range (20, p. 66-69).

3cott(49, p. 1023) concluded that the Amaden forma

tion in central Montana is middle or late Chester in age.

However, early Pennsylvanian fossils have been described

from the upper part of the Amsden (2, p, 19) (20, p. 7).

The age of the Amaden formation, then, is thought to range

from Mississippian to Pennsylvanian (Chesterian to Des-

moinesian) and evidently transgresses the systemic bound

ary.

9riKin De oaitiana1 Environme

Deposition of the Amsden formation, as indicated by

the lithologies and the fauna, occurred in a marine en

vironment. The lack of detrital silicate particles in the

carbonate rocks suggests that the basin of deposition was,

for the moat part, remote from any bordering land mass.



However, detrital influx is recorded in the siltetonee in

the lower part of the formation; a variation of depth of

water and /or proximity to a land mass is indicated. Cur-

rent action and/or wave action was locally important in

accumulation of the sediments, both carbonate and silicate.

Quadrant Formation

The Quadrant formation was first named by ale (45,

p. 39) for those rocks in the Three Forks area that occur

between the Madison limestone and the Ellis formation.

Weed (21, p. 5) restricted the Quadrant to the rocks be-

tween the Madison and the Teton formation ( Phosphoria

Scott (53, p. 1015) further restricted the Quadrant by

defining the basal 109 feet as the Amsden formation. The

type section of the Quadrant, suggested by aytt (53,

p. 1017), on the southeast corner of Quadrant Mountain in

Yellowstone National Park, consists of 230 feet of sand

stones, calcareous sandstones and limestones.

In the thesis area, the Quadrant formation consists

of dolomites, dolomitic sandstones, and sandstones that

conformably overlie the Amsden formation and underlie the

Phosphoria formation. The contact with the Phosphoria

is conformable and gradational. The top of the Quadrant

formation was placed below the lowest occurrence of nodular
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or bedded chart or torrential cross- bedding n the basal

sandstones of the Phosphoric formation.

Distribution and physiovaphic Expression

The Quadrant formation is present in the Gravelly

Range and west of the Devils Lane fault. The formation

is poorly exposed over most of the area studied, generally

forming grassy or brush-covered slopes below the Phosphoria

formation. The best exposures are along the small tribu-

tary on the south side of Wigwam Creek in sec. 9, T. 8 3.,

R. 2 W., where the Quadrant crops out as rounded bluffs

and ledges.

Thickness

The Quadrant fo ti on is approximately 310 feet thick

on the small tributary on the south side of Wigwam Creek.

The thickness is highly variable in southwestern Montana:

feet thick at Roseman, Montana, 100 feet at Lombard,

Montana(53, P. 1017), 1000 feet thick in the eastern Snow-

crest Mountains (30, p. 61), and more than 2600, feet thick

in the Tendoy Range (52, p. 366). Thus the Quadrant for-

mation thins slightly to the east and northeast of the

thesis area and thickens rapidly to the southwest.
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Lithology

Claatio dolomites, dolomitic quartz arenites and

quartz arenites comprise the Quadrant formation. Weather-

ed surfaces of these rocks are yellowish-brown, yellow,

brown, gray and less commonly pink. Fresh surfaces are

yellow, cream or white. Generally the different litho-

logic types have the same overall variations in color,

both on weathered and fresh surfaces. The dolomites, how-

ever, usually weather gray. Bedding mostly massive,

but locally thin-bedded with partings two to eight inches

thick. Cross-lamination is present in some beds.

Dolomites predominate in the basal 30 feet of the

formation. Microscopically, the dolomites consist of

anhedral, well sorted, medium-grained dolomite grains with

fine- to very fine-grained interstitial dolomite. The

grains are angular to subangular and appear to be detrita

Fine-grained detrital quarts is a minor accessory.

Dolomitic quartz arenites are the predominant rock

type in the formation. Small scale cross-lamination is

common, but close examination is necessary to detect this

feature. The quartz grains are well sorted, and their

median diameters fall in the fine -sand class of Wentworth.

Microscopically, these rocks are composed of quartz

and dolomite in varying amounts. Detrital chart and less



Figure 9. Fractured dolomite quartz sandstone overlain
by massive quartz sandstone in upper part of
Quadrant formation on north side of small
tributary of Wigwam Creek.



commonly orthoclase are present as minor accessories.

Dolomite occurs both as detrital fragments and as the

cement in the rocks. Detrital dolomite is generally sub-

rounded to eubangular and is sorted with the quartz

grains. The dolomite cement is in the form of pore f 11

ings in the quartz-rich rocks and commonly tends to re-

place or etch the quartz grains.

Quartz arenites are present in the upper part of the

Quadrant formation and in intercalated beds in the pre-

dominantly dolomitic quartz arenite section. Microscopic-

ally, the quartz arenites consist of detrital quartz and

minor amounts of chest and orthoclase. Dolomite is

usually absent. The cement consists of authigenic quartz

overgrowths that commonly form a completely cemented rock.

Second generations of quartz overgrowths marked by pore

fillings not optically continuous with surrounding grains

probably indicate a post-compaction precipitation of

crystalline quartz. Evidences of compaction include in-

terpenetration of grains, strained quartz and locally

metaquartzite grains that are associated with secondary

microcrystalline quartz.

Samples of the Quadrant formation yielded a heavy

mineral suite of tourmaline, zircon, leucoxene, hematite,

magnetite, rutile, aphene (?) and pyrite, in order of

relative abundance.
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Because the basal Phosphoria and the upper quadrant

sandstones are similar, a short summary of the significant

field and petrographic differences is presented.

quadrant

Lack secondary chart
and quartz other than
overgrowths.

2. No microcrystalline
dolomite.

Tourmaline more abundant
than zircon in heavy
mineral suite.

Cross-lamination poorly
defined and small scale.

Correlation

Phosphoria

Abundant secondary
chart and quartz re-
placement.

2. Microcrystalline
dolomite common in
thin sections.

Zircon more abundant
than tourmaline in
heavy mineral suite.

Strong torrential
cross-bedding common.

The Quadrant formation is unfossiliferous in the

thesis area. Its correlation is based on its stratigraphic

position between the Amaden and Phosphoria formations and

its lithologic similarity to described sections at Quadrant

Mountain, Yellowstone National Park (53, p. 1017); Three

Forks, Montana (2, p. 21); Madison Range, Montana (20,

p. 65); and elsewhere in southwestern Montana.

Desmoinesian fusulinide have been reported at the type

section by Thompson and Scott (64, p. 350). Although no

fossils, other than those of middle Pennsylvanian age, have
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been found, the gradational contact with the overlying

Phosphoria formation has prompted some authors to suggest

that upper Pennsylvanian strata are present in the forma-

tion (59, p. 2165) (52, p. 366). The Quadrant is consider

ed by Scott (53, p. 1019) to be a "westward extension of

the lower Pensylvanian Tensleep formation" of Wyoming.

in and Depositional Environment

The Quadrant formation was probably deposited in a

marine shallow neritic to near-shore environment. The

detrital dolomite, predominant in the lower part of the

formation, was probably derived from an intrabasinal

source and transported by current or wave action to the

place of deposition. The terrigenoua fraction, consisting

almost entirely of quartz, suggests derivation from a

source area of low relief, probably near base level, sub-

jected to predominant chemical, rather than mechanical,

weathering. Only a 11 amounts of chart, indicative of a

sedimentary provenance, are present, and it is likely that

the bulk of the detrital silicate minerals was ultimately

derived from crystalline rocks. However, the pronounced

mineralogical maturity suggests a multi-cycle origin; in

other words, a reworking through one or more generations

of sedimentary deposits. The increase in the terrigenous



fraction in the upper part of the Quadrant fo tion sug

gests deposition in a regressive sea, the relative increase

in detrital quartz probably being controlled by relative

proximity to the source area or land mass.

Figure 10. Modal Analysis of Quadrant Samples

1 2

Quartz 65 58 46 73

Detrital chart

Secondary quartz 6 7 4 27

Carbonate 28 35 49 VO4"

Feldspar t t t

Accessories



Phosphoria Formation

The Phosphoria formation was named by Richards and

Mansfield (51, p. 684) for exposures in Phosphoria Gulch,

Bear Lake County, Idaho. Stone and Bonine (60, p. 375)

were the first to apply the name to strata in Montana. In

1928, Condit, Finch and Pardee (9) mapped the Phosphoria

in the Three Forks-Yellowstone Park area and included the

area of the present work in their study. As the lithologic

units within the Phosphoria formation are subject to facies

change over the wide area of correlation, correlation for

this paper is based on described sections at Lazyman Hill,

Gravelly Range; Indian Creek, Madison Range (11, Plate 1);

and Alpine Creek, northern Snowcrest Range (39, p, 17),

where the Phosphoria consists mainly of sandstone, chart,

dolomite, and minor phosphate rock.

In the area mapped, the Phosphoria forsation conform-

ably overlies the Quadrant formation and is overlain by

beds of the Ellis? group. The Ellis?-Phosphoria contact

is thought to be unconformable, but lack of exposures in

this area prevented determination of the nature of the con-

tact, which was placed above the highest occurrence of the

upper fossiliferous arenaceous dolomite of the Phosphoria

formation.



Distribution nd Phys °graphic Ewe

Rocks referred to the Phosphoria formation are ex-

posed along the top of the Gravelly Range and in the

section west of the Devils Lane fault, A small exposure

of massive chert of the Phosphoria formation is in fault

contact with the Mission Canyon formation just east of

the Devils Lane Hill.

The outcrop pattern of the Phosphoria is generally

in the form of two ledges or hogbacks separated by grassy

slopes. The lower ledge is held up by the resistant sand-

stones and dolomites that form small bluffs or rounded

ledges. The upper ledge is held up by a massive chert

unit that commonly forms prominent hackly outcrops and

overhanging ledges. This chert unit is one of the better

stratigraphic marker beds in the Paleozoic section.

Lithology

The Phosphoria formation in the area consists of four

distinct units. Informally, from bottom to top, they will

be referred to as: 1, basal sandstone unit, 2. covered

zone, 3. chert unit, 4. fossiliferous dolomite unit.

Bas Sandstone Unit: This unit is approximately 50

feet thick in the Wigwam Creek Canyon where the best ex-

posures are found. The following section was measured on



the north side of Wigwam Creek in the E

T. 8 S.: R. 2 W.:

d Thickness Lithologic Description

87

14 Quartz arenite, dolomitic; massive,
upper part torrentially cross-bedded,
gray weathering, white to cream on
fresh surface, knobby or fluted
weathered surfaces.

2. 4 Covered.

3. 2.5 Quartz arenite, dolomitic; thin-
bedded (1 inch to 3 inches }, yellow
weathering, nodular chert zone in
middle of unit, irregular masses of
chert in upper part.

Quartz arenite, slightly dolomitic;
gray weathering, siliceous cement.

4.2

0.3

8. 4

9. 0.5

10. 0.3

11. 2.5

Quartz arenite, dolomitic; irregul
fractured, gray weathering.

Quartz arenite; massive, slightly
cross-laminated in upper part; gray
weathering, white to yellow on fresh
surface, rough fluted exterior,

Dolomite; microcrystalline, minor
quartz and secondary microcrystalline
quartz and chalcedony.

Covered.

Carbonate; light gray weathering,
fine-grained.

Chert; microcrystalline, black to dark
gray on weathered and fresh surfaces.

Quartz arenite; massive, gray weather-
ing, gray to white on fresh surfaces.
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Figure 11. Fluted outcrop of cross- laminated dolomitic
quartz sandstone of lower Phosphoria forma-
tion. Bed 1 of measured section.

Figure 12. Cross-laminated dolomitic quartz sandstone
of Phosphoria formation 100 yards northeast
along strike from Figure 11.
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Figure 13. Dolomitic quartz sandstone of lower Phosphoria
formation near measured section on Wigwam
Creek. Note nodular chert above and to the
left of hammer handle,



Petrographically, most of the rocks consist of well -

sorted, rounded to subrounded detrital grains of quartz

and minor chert cemented with dolomite. Quartz grains of

the rocks studied fall in the fine-sand class of Wentworth.

Quartz grains contain "dust trails" and irregular

gas or liquid inclusions and minor regular inclusions of

zircon, quartz, biotite, muscovite, apatite, and a few

finely acicular minerals. Quartz overgrowths are common

on many grains and locally, in carbonate-lacking rocks,

are important in cementation. A second generation of

quartz overgrowths on abraded overgrowths are present and

interpreted as evidence of derivation from pre-existing

sedimentary rocks. Some strained quartz and metaquartzite

grains are present.

Carbonate minerals consist of microcrysta ne to

fine-grained anhedral to euhedral dolomite and minor, more

coarsely crystalline anhedral calcite. The dolomite

appears to have replaced an original calcite cement and

now forma the bulk of the cement.

A heavy mineral suite of sire rn, tourmaline, leu-

coxene, magnetite, hematite, pyrite, rutile, and ephene

make up less than one per cent in the rocks studied, Zir-

con is the most abundant heavy mineral. Colorless zircon

predominates, but minor quantities of yellow, faint
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pink and deep cherry-red zircons are found. Many of the

zircons are zoned, and invariably the grain surfaces show

signs of pitting through abrasion or solution. Tourmaline

occurs in a large variety of colors and forms. Color var-

ieties in their order of importance include yellow, green,

olive-green, brown, blue, pink, multi-colored (usually

brown -blue or green-blue), gray and colorless. It is prob.

ably significant, as previously mentioned, that the var-

ieties of both tourmaline and zircon are nearly identical

in the heavy mineral suites of the Phosphoria and Quadrant

formations. These therefore suggest that the upper Quad-

rant and the lower Phosphoria formations in the thesis area

had a common source area.

Replacement of carbonate by secondary silica was noted

in several thin* actions from the sandstones and dolomites

of the basal unit of the Phosphoria. Forms of the replac-
ing silica vary from microcrystalline quartz, microgranular

quartz, to less commonly authigenic euhedral crystalline

quartz. Inclusions of carbonate and fine opaque particles

are common in the secondary silica and impart a brownish

color in plain 11 ht. The euhedral authigenic quarts sem

monly has zones marked by these inclusions. As many as 14

zones were observed on a single optically continuous crys-

tal and evidently mark progressive fronts of replacement.



The generalized sequence of replacement in the rocks

studied began with dolomitization of original calcite (or

aragonite) followed by subsequent replacement of carbonate

by silica. Dolomitization may have been incomplete and

silica replaced the remaining calcite, or the silica may

have replaced the dolomite itself, leaving some inclusions

of the dolomite in the silica.

Covered Zone: The section of the Phoaphoria forma-

tion between the basal sandstones and the chert unit is

generally covered with talus and soil and is approximately

140 feet thick at Wigwam Creek. Strata occupying this

stratigraphic position include thin-bedded, gray-weathering

carbonate rocks and nodular chart on the south side of

Wigwam Creek in the center of sec. 8, T. 8 S., R. 2 W.

Scattered outcrops of similar carbonate rocks are found

in the section west of the Devils Lane fault.

Approximately 12 feet of fissile (1/8 inch to 1/32

inch) dark silty shales and an unknown thickness of white

to gray dolomite are exposed in the NW sec. 28,

T. 8 S., R. 2 W. The dolomite is composed of very fine-

grained anhedral crystals with occasional euhedral rhombs.

Minor anhedral coarse sparry calcite is present. Replace

meet of the calcite by dolomite is indicated by optically

continuous portions of adjacent calcite separated by the
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fine dolomite. Minor quartz silt and elongate brown to

colorless fragments of collophane are scattered throughout

the rock.

Chert Unit: At Wigwam Creek, the chert unit is 53

feet thick, including 24 feet of cover. Elsewhere in the

mapped area, the chert forms a prominent ledge 10 to 60

feet thick. Color of weathered and fresh surfaces ranges

from white, gray, yellowish-brown to dark brown. Fracture

is conchoidal. Rough undulose partings three inches to

one foot apart are common. In the SE is SE * of see. 31,

T. 8 S., R. 2 W., the lower 10 feet is thin-bedded with

distinct, slightly undulating partings one-half inch to

five inches apart. Here fractures oriented normal to the

bedding surfaces are present. Usually the chert ie irreg-

ularly fractured, giving the rock a brecciated appearance.

Microscopically, the chart is microcrystalline to crypto-

crystalline quartz with abundant included opaque particles.

Quartz silt is a minor constituent. Some elongate struc-

tures noted in thin-section are thought to be recrystal-

lized organic spicules.

A four-foot bed of black-weathering, brownish sand-

stone containing gray chert masses occurs near the middle

of the massive chert unit at Wigwam Creek. This distinc-

tive sandstone is well exposed along the top of the



Figure 14. Ledge forming chert unit of Phosphoria forma
tion at 6840 feet elevation on north side of
Wigwam Creek. Hammer resting on rough undu-
lose bedding (?) parting. Note hacky, irregu
larly fractured appearance of the cheat.
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Gravelly Range, but was not found in the Phosphoric rocks

west of the Devils Lane fault. Similar sandstone occurs

below the massive chart along the north side of Morgan

Gulch in sec. 21 and 28, T. 8 s., R. 2 W. The reason for

this apparent shift in stratigraphic position is not known.

Microscopically, the rock consists of detrital quartz,

microcrystalline and "dirty" cryptocrystalline chart, and

minor cellophane in rounded grains and elongate angular

fragments. The cement is microcrystalline quartz. Abun-

dant elongate structures recrystallized to coarse micro-

crystalline quartz are thought to be sponge spicules. The

cement of the rock may have been derived through diagenet-

lc reorganization of the amorphous silica from sponge

spiculee and possibly other silica-secreting organisms,

and subsequent reprecipitation in the less soluble, stable

form of microcrystalline quartz.

Fossiliferous Dolomite Unit: Poorly exposed fossil-

iferous arenaceous dolomites overlie the massive abort

unit. A maximum stratigraphic thickness of 20 feet of

actual outcrop was observed, but abundant float topograph-

ically above the outcrops indicates that a greater thick-

ness is present. Weathered surfaces are yellow-gray,

gray and dark gray. Bedding is massive, but a distinct

alignment of fragmented brachiopod shells defines the

bedding.
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Microscopically, the rock contains rounded to angular

quartz sand, microcrystalline and "dirty" cryptocryctalline

chart, and minor cellophane. The collophane occurs as

elongate to irregular, yellow to colorless, isotropic

fragments. The cement is very fine- to fine-grained an-

hedral dolomite. Oriented shell fragments are very abun-

dant. These shells have been recrystallized, as their

borders are marked by very fine-grained dolomite with

coarser dolomite in the centers of the fragments. The

dolomite cement in the rock may be due to solution and

reprecipitation, before or after dolomitization, of the

original shell material. The marked orientation of the

shells indicates detrital deposition.

The detrital minerals are very similar in percentage

and variety to the detrital minerals in the black-weather-

ing, siliceous sandstone below the massive chart unit. A

common source area seems to be indicated for these

different lithologies.

Amend Correlation

The only identifiable fossils found in the Pho phoria

formation were fragmented. Orbiculoidea shells in the upper

part. Correlation is based on the atratigraphic position

and lithelogic similarity with sections described by

McKelvey (39, P. 17) and Creasman (11) in nearby areas.
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The age generally accepted for the Phosphoria is

Permian. Frenzel and MUndorff (18, p. 676-679) described

late Wolfeampian fusulinids from beds they referred with

question to the basal Phosphoria near Three Forks, Montana.

Leonardian ammonites have been found in rocks above the

Rex chert member of the Phosphoria formation in Idaho and

the Wasatch Mountains (41, p. 1057, 1059).

Comparison with sections given by Creasman (U) and

McKelvey (39, p. 17) suggests that the basal sandstone

unit in the thesis area is equivalent to the Grandeur

tongue of the Park City formation and the "C" unit of the

Phosphoria formation, The chert unit in the thesis area

is probably equivalent to the Tosi chart and the "E" unit

of the Phosphoria formation,

Origin a Dekositiona Environment

The lithology of the basal sandstone unit suggests

deposition in shallow warm marine waters in an area of

relative tectonic stability. The mature mineralogy indi-

cates a source area of low relief characterized by chemi

cal weathering. The presence of detrital alert and

abraded overgrowths on the quartz grains demonstrates the

existence of exposed sedimentary rocks in the source area.

Dolomitization and locally chertifieation were post-

depositional modifications.
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The covered section above the basal sandstone unit

is not well known. Detrital quartz was absent or minor

in samples studied, probably indicating a lessening in

contribution from a land mass, possibly due to an increase

in depth of water and greater distance from any shore line.

The origin of the massive chert members of the

Ph sphoris formation is controversial. Suggestions of

origin include precipitation of silica as a primary gel

and recrystallization of siliceous organisms during disc-

genesis.

Krauskopf ( p. 22-25) has demonstrated that, at

least in present-day seas, the concentration of dissolved

silica is too low to allow direct precipitation of silica.

Siever (56, p. 839) suggests that dissolved silica in sea

waters is fixed in the shells of siliceous organisms so

amorphous silica and subsequently is reprecipitated in

more stable forms of silica after deposition of the shells.

It should be noted that some evidence at organic struc-

tures, possibly sponge spicules, was found in thin-sections

of rocks from the thesis area. Creasman (11, p. 18) has

described charts with very high spicule content in the

Phosphoria formation.

The source of the silica in the charts is also un

certain. Permian volcanic activity in Oregon and south-

western Idaho has been suggested ass possible source (37,



P. 372). However, McKelvey (39, p. 27) points out that

only minor evidence of this vuloanism is found in the

Phosphoris formation. Chemical weathering of a land mass

has been proposed as a possible source and seems a reason-

able and adequate explanation (39, p. 27).

A suggestion is advanced here that the chert unit

was formed, at least in part, by diagenetic reorganiza-

tion of silica from siliceous skeletal material that was

concentrated in the Phosphoria seas. Possibly other mech-

anisms of silica deposition were important, but no evidence

for them was found.

Lithologies of the arenaceous dolomite above the

chart unit indicate greater contribution from a provenance

of sedimentary rocks. Currents, as indicated by the

textures, concentrated shell material and elastic grains.

The cyclic sequence of deposition of the Phosphoria

formation has been pointed out by McKelvey (39, p. 5).

Following his suggestion of considering depth of water as

the dominant control, the sequence in the thesis area from

the basal sandstones through the chert unit in general

represents deposition in tranagressively deeper water.

The upper fossiliferous dolomite probably was deposited

in shallower water than was the chart, and so some degree

of regression seems to be indicated.
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Ellis? Group,

The Ellis formation was named by Peale (45) for rocks

between the Quadrant formation and the Dakota sandstone in

the Three Forks area. The type section was later desig

nated by Cobban, Imlay and Reeside (6, p. 451) for expo

sures at Rocky Creek Canyon, Gallatin Coanty. Cobban (5,

p. 1263) raised the formation to group status and desig

nated three formations. They are, from bottom to top, the

Sawtooth, Rierdon and Swift formations. In the Sweetgrass

Arch vicinity, the Sawtooth consists of sandstone, dark

shales, calcareous siltatones and sandy oolitic limestones.

The Riordan is made up of calcareous shales and limestone,

and the Swift is composed of shales and glauconitic sand-

stones (5, p. 1270-1286
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In the thesis ma, poorly exposed calcareous sand-

stones, oolitic limestones, and arenaceous limestones are

disconformably overlain by the Kootenai formation and

underlain by the Phosphoria formation and are referred to

the Ellis? group on the basis of paleontological evidence.

No Triassic rocks were recognized in the area mappeds al-

though the lack of outcrops along the Ellis?-Phosphoria

contact has already been pointed out. To the north of the

mapped area, Triassic rocks are absent in the Tobacco Root

Mountains (62, P. 7) and at Three Forks (2, p. 20-21).

Mann (36, p. 21-22) notes that the Woodside and Thaynes

formations of Triassic age were both removed from the

stratigraphic sequence by pre-middle Jurassic erosion

south of the thesis area. Rocks of Triassic age may pos-

sibly be present in the thesis area and do not outcrop,

or these beds may have been removed by pre-Jurassic

erosion. The latter suggestion is favored. For these

reasons the term, Ellis? group* will be used in this paper

for the rocks lying between the Phosphoria and the Kootenai

formations.

Distribution and

Gravell

hysiographie Expression

? group is present along the top of the

and along the west side of the north-



102

northwest rend ng ridge west of the Devils Lane fault.

The Ellis? group in the Gravelly Range generally form

rolling grassy slopes above the more resistant members of

the Phosphoria formation. A light gray soil sprinkled with

float containing a few fossils aids in identifying the

unit. Locally, small low outcrops occur sporadically alo

the strike. The best exposures in the area are found on

both sides of Wigwam Creek, where the disconformable con.

toots with the Kootenai formation are found; on the south

aide of Morgan Gulch just east of the Devils Lane hill and

in the NE k of sec. 24, T. 8 3., R. 2 W

Thicknes

The Ellis? group is about 350 feet thick on the north

side of Wigwam Creek in the MX k of sea 8, T. 8 8., R. 2

W. As the lower contact is not exposed, the thickness may

be in error.

Lithology

The Ellis? group is poorly exposed in the thesis area,

and the complete lithologic section is not known. Calcare.

ous quartz arenite, oolitic limestones, fossiliferous lime-

stones, and arenaceous limestones are exposed in the area.
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Thin-bedded, calcareous quartz arenites are strati-

graphically the lowest exposed beds in the Ellis? group.

These rocks are tan to white on fresh fractures, but

weather to brown. Well sorted, fine-grained detrital

quartz and minor microcline, plagioclase, chert and zir-

con are cemented by abundant (3ps to 40%) calcite. Part

of the calcite is detrital, occurring as rounded to sub-

rounded grains often outlined by rims of iron oxides.

Optically continuous authigenic calcite overgrowths on

the detrital grains fill the pore space.

About 25 feet of oolitic limestone is exposed in

sec. 24, T. 8 S., R. 2 W. and south of Morgan Gulch, but

appears in float elsewhere. The rocks are thin- to

medium-bedded, weather gray to white, and have gray -white

or less commonly buff fresh fractures. Locally the rocks

are fossiliferous; gastropods and Pentacrinus columnals

are common.

Microscopically, the rocks consist mainly of well

sorted oolites of mierocrystalline calcite. The eolites

commonly have concentric structure and range in shape

from spherical to oblong. Occasionally, a nucleus of

detrital quartz is present. Detrital quartz in some thin-

sections is present only in the °elites. The cement

varies from microcrystalline calcite to fine- to medium-
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Figure 16. Disconformable contact between Ellis? group
(below solid line) and Kootenai formation.
Note slight relief along surface. Location:
7200 feet elevation on north side of Wigwam
Creek.



105

grained, anhedral, sparry calcite. The coarse sparry

cement is usually present in well sorted oolitic lime

stones with little or no detrital quartz or fossil

fragments. Microcrystalline calcite - cemented rocks tend

to have fewer oolites and locally have abundant shell

material. This variation in nature of the cement is

probably due to variation in the physical rather than

the chemical environment.

The upper part of the Ellis? group is well exposed

on both sides of Wigwam Creek. In this area, thin- to

thick-bedded, light gray-weathering, tan-gray, arenaceous

limestones are exposed. The limestones are sparsely

fossiliferous, containing pelecypods and some unidenti-

fied foraminiferal forms. The rock is composed mainly

of microcrystalline to fine-grained calcite. Angular to

subrounded, fine- to medium-grained particles of quartz

and minor microcline, plagioclase, chart and zircon com-

prise approximately 20 to 25 per cent of the rock.

Mkt and Correlation

The following fossils were found in rocks assigned

to the Ellis? group. Ages are those given in Shimer and

Schrock (55).

Camptonectea be],llatrfatus Jurassic



Camptonestes sp.

Pentacrinus asteriecus

Pleuromra sp.

Jurassic to
Cretaceous

Jurassic

Triassic to
Cretaceous

1©6

Ostrea sp. Triassic to Recent

Unidentified polecypods
and gastropods

Cobban states that the Ellis group is Jurassic in

age, ranging from Bathonian to Oxfordian (5, p. 12614).

Poor exposures and lack of definitive paleontological

evidence prevents breakdown into the different formations

of the Ellis? group. The persistent oolitic limestone

in the thesis area is probably equivalent to the upper

part of the Sawtooth formation, which at the Sweetgrees

Arch area is a sandy oolitic limestone (5, p. 1275). The

upper Ellis? beds in the thesis area may be equivalent to

part of the Reird n formation on the basis of its pre-

dominantly carbonate lithology and position above the

oolitic limestone.

Origin and Deposit Environment

Deposition of the Ellis? rocks of this area was prob-

ably in a marine neritia to shallow neritic environment,

as shown by the presence of Pentacrinus and Camptonectes.
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The calcareous sandstones, which are the lowest rocks

found, indicate contribution from a source area of low re

lief subjected to chemical weathering. The majority of

the elastic particles were probably derived from sedimen-

tary rocks, but the minor amounts of feldspar may indicate

exposure of some crystalline rocks in the source area.

The oolitic nature of some of the limestones reflects

a distinct environment. The formation of oolites requires

shallow, constantly agitated waters (32, p. 101). The well

sorted oolitic limestones having sparry calcite cements

evidently were deposited in a high-energy environment,

possibly in an area of active oolite formation, The

oolitic limestones having microcrystalline calcite cements

evidently represent a lower-energy environment where agi-

tation was not strong enough to preclude the accumulation

of calcareous muds, but in proximity to areas of oolite

formation. A shallow shelf or shallow neritic environment,

removed from areas of elastic deposition, but subjected to

wave or tidal action, is suggested as the environment for

the formation of this part of the Ellis? group.

The upper part of the Ellis? group is marked by the

presence of elastic particles that probably were introduced

from a source area much like that suggested for the lower

calcareous sandstones.



otenai Formation

The Kootenai formation was first named Kootenie by

G. M. Dawson (72, p. 1119) in 1 «5 tar Lower Cretaceous

shales, sandstones, conglomerates and thin coal beds in

Alberta. No type section was designated. Fisher (16)

correlated the Kootenai formation in Montana and ss far

south as the Bighorn Basin in Wyoming and evidently was

responsible for the change in spelling to Kootenai.

Berry (2, p. 20) referred 1500 feet of sandstone, red

and green shale, and fresh-water limestone at Three

Forks, previously referred to the Dakota sandstone by

Peale (46, p. 3), to the Kootenai formation.

In the thesis area, conglomerates, sandstones, shales

and limestones disconformably overlying the Ellis? group

and underlying the Colorado group are referred to the

Kootenai formation. Rocks of the Morrison formation,

upper Jurassic continental deposits of bright-colored

shales, siltstones, sandstones, and minor limestone known

elsewhere in Montana (5, p. 1269), are not thought to be

present. The Morrison formation reportedly is conform-

able on the Ellis group and unconformably overlain by the

Kootenai formation(5, p. 1269) in Montana. Mann (36,

p. 30) reports between 340 and 130 feet of Morrison beds

to the south of the thesis area, but notes a slight
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angular unconformity between these rocks and the overlying

Cloverly (=Kootenai) formation. The contact relationship

and lack of the distinctive lithologies of the Morrison

formation in the thesis area suggest that the Morrison

formation, if deposited, had locally been removed by pre

Kootenai erosion. Verification of the conclusion must

await paleontological study of beds herein assigned to

the basal Kootenai formation.

Distribution and Physiofraphic Expression

The Kootenai formation is present along the top of the

Gravelly Range east of the Devils Lane fault and along the

west side of the north-northwest trending ridge to the east

of Romy Lake.

The formation, as a whole, is poorly exposed, forming

rounded hills and timbered or grassy slopes. Slopes

covered by large boulders and angular blocks up to 10 feet

in diameter of the lower Kootenai sandstones and conglomer-

ates make walking hazardous east of Trail Creek on the

south side of Wigwam Creek and locally along the slope to

the east of R Lake.
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Thickness

A measured section of the Kootenai formation was not

made, but the thickness as estimated from the geologic

map (Plate 3) is probably between 800 and 1000 feet.

Lithology

The Kootenai formation in the area studied can be

divided vertically into four fairly distinct units. They

are, from bottom to top: 1. lower sandstones and conglom-

erates, 2. shales, 3. gastropod and other limestones,

4. upper sandstones.

Lower Sandstones and for glomerates: San stones and

chart- pebble conglomerates in the lower part of the forma-

tion make up the bulk of the Kootenai. Weathered surfaces

of these rocks are dark, usually brown, brownish-red, or

less commonly purplish-brown. Fresh fractures differ in

color depending upon the relative amounts of pebbles, sand,

and iron oxides. Brown, tan, cream, red and purple are

common colors. Bedding is massive to poorly defined by

variations in grain size, either pebble-rich beds or

intercalated lenses of sandstone. The rocks are well

fractured into blocky or flaggy pieces; some outcrops of

sandstone have a more subdued, rounded aspect.
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The conglomerate and sandstone occur together as

lenses, not uniform in lateral or vertical extent. The

sandstones greatly predominate over the conglomerates

in relative percentage; however, the relative percentage

of conglomerate versus sandstone is variable within the

unit. In general, the percentage of pebbles decreases

upward in the section.

The pebble conglomerates consist of pebbles up to

one-half inch long of brown, tan, black, or red chert and

subordinate quartz and quarts sandstone cemented in a

matrix of smaller particles and hematite. The majority

of the pebbles are rounded to subrounded, although some

subangular pebbles are present.

MicrOscopically the abort pebbles show a large vari-

ation in type, microcrystalline chart predominating over

chalcedonic and microgranular varieties. Occasionally

more than one variety of chart is present in a single

pebble. An unusual pebble of "oolitic chert", containing

the outlines of oolites and shell fragments preserved in

microcrystalline quartz, was found in a thin-section.

This is interpreted as detritus from a silicified oolitic

limestone. Spicule like structures were noted in other

chart pebbles.
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Figure 17. Outcrop of well fractured, blocky sandstone
in lower part of Kootenai formation. Loca-
tion: 7080 feet elevation on south side of
Wigwam Creek.
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The matrix consists of medium-grained, poorly sorted,

detrital quartz and alert and authigenic hematite. Plagio-

clase, microcline magnetite, leucoxene, zircon and olive-

green hornblende are minor accessories. Authigenic quartz

overgrowths are present but are not as important in indura-

tion as the hematite pore fillings.

The petrography of the intercalated sandstones and

the sandstones that predominate in the upper part of this

unit of the Kootenai formation is much the same as that of

the matrix of the conglomerates.

Shales: Above the basal sandstones and conglomerates,

a red to reddish-brown soil covers incompetent shales.

This covered zone is apparent on the hill northeast of

the Wigwam Creek bridge, along the road northwest of Trail

Creek, and in the gulleys west of the Crockett Lake Ranger

Station. 'Exposures are limited to about five feet of soft,

fissile, black and green shales in the road cut leading

into the Ranger Station.

Gastropod and other Li tones: Li stones are dis-

continuously exposed from the bridge at W m Creek south.

ward to the ridge west of the Crockett Lake Ranger Station

and in the NE * of sec. 23, T. 8 3., R.3 W. A thickness

of about Ito to 50 feet was estimated in the field for these

beds.
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ones are thin- to thick-bedded and weather

white. Fresh fractures are darker, usually

dark gray to brownish-gray. Gastropod shells are very

abundant and locally comprise about 50 to 60 per cent of

the rocks. These shells are most abundant in the upper

part of the unit; some zhell-free limestones are present

in the lowest ten feet of the limestones. A few irregular

lumps, one to three inches long, of dark brown chart are

present in the limestones. Cone-in-cone structure in

limestone float was found near the north fork of the Call

Road but was not found in place.

Microscopically, the limestones are composed of

abundant calcite shell fragments cemented in microcrys

talline calcite. Small bivalve (ostracod?) shells have

coarse sperry calcite fillings. Larger gastropod shells

have fillings either of microcrystalline calcite or

coarsely crystalline awry calcite. Fine-grained quartz

particles are minor constituents. Irregular fragments,

up to 1 mm. long, of brown isotropic cellophane were found

in small amounts. Iron oxides form small veins and

occasionally coat the rims of the shell fragments.

Current action is locally indicated by marked align-

ment of elongate shell fragments; however, most thin sec-

tions and hand specimens do not display any evidence of

directional currents.
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Upper Sandstone: Approximately 25 feet of sandstones

are poorly exposed above the limestones west at the north

fork of the Call Road. The sandstones are gray to tan and

weather tan to brown. Streaks of red iron oxides show on

fresh fractures. Low symmetrical ripple marks having wave

lengths that vary from two to five inches are infrequent

on bedding planes. Small scale cross lamination is also

present.

A few layers up to one-half inch thick of dark brown

to black hematite were found on bedding surfaces. A

noticeable increase in the amount of iron oxide cement in

the surrounding sandstones accompanies the hematite layers.

A distinctive type of reticular cracking in the hematite

is present in some samples. Ribs of sandstone fillings in

the cracks stand in relief in squares or polygons 1/8 to

1/4 inch square. These cracks could be a deasication

feature formed during a period of subaerial exposure;

however the square nature and small size of the cracks

are not typical of mud cracks. They might possibly have

formed during dehydration of the ferric hydroxide to the

more stable form of hematite or as cracks developed in the

relatively brittle hematite after dehydration during corn

paction and expulsion of water from the sandstones.
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Under the microscope the sandstones are medium-

grained and well sorted. Subrounded to subangular grains

of quartz and subordinate chert are cemented by hematite

and minor amounts of quartz overgrowths. Compaction, in

dicated by the interpenetration of adjacent grain surfaces,

was a significant factor in induration. Metaquartzite,

plagioclase, microcline, zircon and leucoxene are minor

constituents.

Afire nd Correlation

No distinctive fossils were found in the Kootenai

formation in the area studied. Its correlation is based

on its stratigraphic position between the Ellis? group and

the Colorado group and its lithologic comparison with the

section described by Klepper (30, p. 68) in the Snewcrest

Mountains. The upper sandstone of the. Kootenai formation

in the thesis area was included in the Kootenai on the

basis of lithologic similarity to the sandstones in the

lower part of the Kootenai, and its dissimilarity to sand.

stones of the Colorado group observed in the mapped area.

Klepper (30) does not include any sandstones in the upper

Kootenai.

The Kootenai formation in Montana is lower Cretaceous

in age (48) and reportedly is equivalent to the Kootenay
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formation and the lower part of the Alairre formation

of southwestern Alberta (40, p. 241-242).

Origin and Depositional Environment

A continental lacustrine and perhaps partly fluvial

depositional environment is indicated for the Kootenai

formation. The presence of fresh-water fossils in the

limestones has been noted by many workers p. 3) (2,

p. 20) (8, p 172) (30, p. 67).

Textures of the basal part of the formation indicate

deposition in en environment of high but variable competen-

cy. The nearly monomictic nature of the pebbles suggests

that a moderate amount of transportation has eliminated

less resistant particles. Deposition of these sediments

probably was in either a fluvial or lake-beach environment.

The thick sequence of lenticular sandstones and conglom-

erates seems more indicative of fluvial deposition. The

elastic particles are mainly derived from a terrane com-

posed of sedimentary rocks as indicated by the unusually

large amount of detrital chert. The chert pebbles, espec-

ially the oolitic and spicule cherts, are probably derived

from rooks similar to those of the Phosphoria formation.

Some crystalline rocks may have been exposed in the source

area, no source for the minor amounts of hornblende
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could be expected in the mature sediments of the Paleozoic

and Mesozoic. However, the textural immaturity and miner-

alogical maturity point to derivation mainly from pre

existing quartzose sedimentary rocks.

The well-sorted sandstones and shales above the basal

conglomerates and sandstones is probably a reflection of

lower relief and/Or greater transportation of the elastic

particles. The limestones were probably deposited in

shallow, warm lake waters that were only occasionally

subjected to current action. Osatropods and ostracods

contributed much of the carbonate, but the microcrystal-

line calcite was probably deposited mechanically in

carbonate-saturated waters.

The upper sandstones mark a period of detrital in-

flux. The symmetrical or oscillation ripple marks suggest

deposition in a standing body of water subject to wave

action. Precipitation of the hematite that is abundant

in many of the rocks of the formation would require an

environment of high oxidation potential. Such a situa-

tion would be expected in a shallow, aerated lacustrine

or fluvial setting.



119

Colorado Group

The Colorado group was firet named by Hayden (22,

p. 45) for Upper Cretaceous rocks exposed along the east

base of the Front Range in Colorado. No type section

was designated. Peale (46, p. 3) applied the name to

rocks between the Dakota sandstone, now called the Kooten-

ai formation, and the Montana group in the Three Forks

area. Klepper (30, p. 68) also referred shales, calcar-

eous sandstones, bentonites, tuffs and "oyster reefs

above the Kootenai formation to the Colorado group in

the Snoworest Mountains.

In the thesis area, black shales and calcareous sand-

stones overlying the Kootenai formation are referred to

the Colorado group. The top is not exposed; erosion ha

stripped much of the group from the area.

Distribution and Physiographic Expression

The Colorado group is present east of the Greenhorn

Range in the Warm Springs drainage basin. It is not

present above the Kootenai formation east of the Devils

Lane fault.

The unit is not weld, exposed; generally it is covered

by a soil mantle and heavy vegetation. The shales are

best exposed in the NE *, NE * sec, 23, T. 8 S., R. 3 W.
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Discontinuous small rounded exposures of the flaggy sand

stones crop out on both sides of Warm Springs Creek.

The thickness of the Colorado group in the area is

not known, as much of the unit has been removed by erosion.

Klepper (30, p. 68) estimates over 1000 feet of Colorado

group to be present in the Snowerest Mountains.

Lithology,

Shales, mudstones and calcareous sandstones are

present in the Colorado group.

Shales ad Mudstones: A thickness of 30 to 60 fee

was estimated in the field for these beds which directly

overlie the Kootenai formation.

Weathered surfaces of the shales are chsracteri

ally black, less commonly red, green and gray, Parting

is fissile, although massive beds, designated as mudstones

are present. The mudstone beds are as much as six inches

thick and lack the fissile character of the shales. Ovoid

brown to black concretions are common within the mudatens

layers.

A thin-section of one of the conc.ret ono showed fine-

grained, hematite-rimmed siderite, argillaaeous material,
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and minor quartz silt. The siderite probably contributed

part or moat of the hematite by alteration. The argil-

laceous material appears to be a kaolin-type clay mineral.

Sandstones: 'Thin- to medium-bedded calcareous sand-

stones are poorly exposed above the black shale.. Weather-

ed surfaces are brown, tan, or gray; fresh surfaces show

the same variation in color. Cross-lamination is common.

Microscopically, the rocks contain well - sorted,

medium-grained, angular to subrounded grains of char

quartz and carbonate. Rook fragments, plagioclase, ortho-

clase, biotite, magnetite, leucoxene, zircon, glauconite,

cellophane and tourmaline are minor constituents.

Chert occurs as microorystalline and chalcedonic
varieties. Inclusions of carbonate in the chert fragments

are common and attest to the initially secondary origin of

the *Wert. Carbonate minerals are present as authigenic

cements and as abraded detrital particles sorted with

terrigenous detritus. Microcryitalline, fine-grained and

'marry carbonate minerals are present as detrital frag-

ments. The variation in texture is accompanied by a

variation in mineralogy. Siderite, in sparry hematite-

rimmed crystals, and calcite (?) in fine-grained cleats

are present. The authigenic cements appear to be entirely

calcite (?) Rock fragments include fine- grained
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argillaceous material and minor chlorite make up approxi

mately two to five per cent of the rocks. Hematite and

quartz overgrowths locally contribute to cementation.

hitit and Correlation

No fossils were found in the Colorado group. Corre-

lation is based on its stratigraphic position immediately

above the Kootenai formation and similarity of its lith-

ology to that of rocks referred to the Colorado group by

Klepper (30, p. 68) and Peale (46, p. 3).

The age given for the Colorado group by Reeside (48)

is upper Cretaceous (Cenomanian to middle Santonian).

However, lower Cretaceous beds may be included in the

unit as used in this paper. Klepper (30, p. 68) states

that beds referred to the Colorado group in the Snowerest

Mountains may be equivalent to the Aspen shale or Hear

River formation, which according to Cobban and Reeside

(7) are upper Lower Cretaceous. Mann (36, p. 34) suggests

that a black shale, included by him in the base of undif

ferentiated post-Kootenai Cretaceous beds, in the Gravelly

Range may be equivalent to the Thermopolis shale of upper

Lower Cretaceous age. It is quite likely then that the

Colorado group contains both upper and lower Cretaceous
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beds, and so this assumption is shown in the correlation

chart (plate 2). However, a definite conclusion should

await detailed paleontological study.

Orin nd Depositional Environment

According to Reeside (48), most of the Upper retace.

ous units in Montana are marine deposits. Klepper (30,

p. 68) described an "oyster reef" containing marine pelecy-

pods in the Colorado group in the Snowcrest Mountains.

Other workers in western Montana have reported marine

fossils in the Colorado group (20, p. 2) (36, P. 33).

Paleontological evidence of either marine or non-

marine deposition in the Colorado group was not found in

the area studied however, a marine environment is tenta-

tively postulated. The black ['hales and mudstones were

probably deposited in quiet, stagnant waters under reduc-

ing or nearly anaerobic bottom conditions. The presence

of siderite, which forms as a primary mineral during neg-

ative Eh conditions (47, p. 594), adds further evidence

of the reducing conditions. These deposits then may

represent a transitional environment, as they overlie

the continental deposits of the Kootenai. Perhaps de-

position of the shales occurred in a restricted estuarine

environment,
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The overlying sandstones indicate a shift in the

sedimentary setting, inasmuch as they must have been de-

posited in an environment of higher energy and open cir-

culation. Current and/or wave action aerated the waters,

creating oxidizing bottom conditions and producing cross-

lamination.

The source area of the sandstones contained sedi-

mentary, metamorphic, and possibly igneous rocks. Carbon-

ate minerals and possibly some of the mudatone (0) parti-

cles seemingly were derived from contemporaneously forming

sediments and swept into the basin of deposition by current

or wave action. Pepper (30, p. 69) reported volcanic

detritus in rooks of the upper Colorado group in the Snow-

crest Mountains. No evidence of pyroclastic or volcanic

material was noted in the samples from the thesis area.

Evidently the Cretaceous vu1canism that contributed this

material to rocks in the Snowcrest Mountains had not com-

menced during the time of deposition of the rocks p

served in the thesis area

ary Conglomerates a eoua Sedimen

Conglomerates and tuffaceoue sediments overlie with

angular unconformity truncated Cretaceous, Jurassic, and

Permian beds in sec. 25, T. 8 8., R. 3 W. and see. 30i T.
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8 3., R. 2 W. A maximum thickness between 80 and 100 feet

was estimated in the field.

The conglomerates underlie the fine grained sedi-

ments. Pebbles and boulders up to three feet in diameter

include chert, quartz sandstone, gneiss, limestone, basalt,

pegmatitic quartz, green shale and weathered andesite OP).

The pebbles are angular to subrounded, the larger cobbles

and boulders mostly are aubengular to rounded. These

particles are set in a poorly indurated and poorly sorted

matrix of sand, silt, and clay. The matrix gives the rock

a distinctive brown to bright orange color. For the most

part, the conglomerates appear unstratified, but exposures

in trenches in sec. 30, T. 8 S., R. 2 W. show crude strati

fisation in the form of pebble-rich lenses. No petro-

graphic examination was made of samples from these

deposits.

Overlying the conglomerates in the SE I, NE sec. 2

T. 8 s., R. 3 W. are approximately 30 feet of tuffs and

tuffaceous siltstones. These rocks are exposed only at

the head of a small gulley, and their areal extent is not

known. Trenches in sec. 30, T. 8 3., R. 2 W. expose only

conglomerates. Four zones of the tuffaceous sediments were

noticed in the field. Thicknesses given are field esti

mates.
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ogy

Siltstonea, tuffaceous; tan and orange,
poorly indurated, indistinctly bedded.

Siltstone, tuffaceous; light purple
weathering, dark gray on fresh fracture,
poorly developed fissile partings.

Tuff; white to cream, indistinctly
bedded.

20 Tuff; massive, fine-grained, cream,
yellow, brown and black.

Microscopic examination of one sample fr as the upper

massive tuff showed abundant broken crystals of plagio-

clase (oligoolase), biotite, hornblende, magnetite, and

leucoxene, The fine-grained ash composing the bulk of the

sample is composed of clear glass fragments and rare

shards, both having an index of refraction less than

balsam. Small opaque trod` oxide particles and fine argil-

laceous ( ?) material are intimately dissemenated through-

out the rock. The mineralogy suggests an andesitic source.

,Nm. and Correlation

The unconformable attitude of he conglomera

tuffaceous sediments over the tilted Mesozoic and Pa

zoic rocks indicates a post-Laramide or Tertiary age. No

fossils were found in either the conglomerates or tuffs.

Scott (54, p. 635) described similar deposits at Black
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Butte about 18 miles south of the thesis area, called

the conglomerates the Black Butte tillite Of Eocene (4)

age. Overlying the tillites are andesitic tuffs that

Scott (54, p. 635) stated were probably Oligocene to Mio

cene in age and may have been formed contemporaneously

with the tuffaceous Bozeman beds. Mann (36, p. 43) dated

the tuffs at Black Butte as early Oligocene on the basis

of vertebrate fossils. Oligocene to Miocene ash falls

have been recorded in much of southwestern Montana, and

it seems likely that the tuffaceous material in the thesis

area is related and probably is contemporaneous with these

deposits. The conglomerates are clearly younger than the

tuffaceous deposits, but no evidence of an Eocene age is

indicated, and their exact age is unknown.

isin and Depo ritiona_ Emirs) nt

The lithology and textures of the conglomerates

suggest short transportation and high relief in the source

area. Deposition was in a continental aeolian or sub-

aqueous environment. Scott (54, p. 629) attributes

apparently similar heterogenous deposits south of the

thesis area to glacial deposition. No evidence of glacial

deposition was noted in the rocks studied. Such conglom-

erates could have formed as alluvial deposits or mudflow
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deposits. Internal primary structures common t to tream

gravels are lacking. Most likely the detritus was derived

from the Precambrian and younger rocks of the nearby

Greenhorn Range. Formations that have contributed recog-

nisable material include the Cherry Creek group, Phosphoria

formation, and the Park shale.

The overlying tufts and tuffaceous sedi ts were

probably deposited as ash falls into a lake or pond. No

doubt, some material was brought into the basin of depo-

sition by streams and rivulets.

Quaternary Alluviu

Unconsolidated deposits of Pleistocene and younger

age localised in valleys end topographic lows are dis-

cussed here as glacial deposits and valley fill.

Glacial sits

Hummocky deposits f poorly consolidated and poorly

sorted material, probably mostly ground moraine deposits,

occur below the two cirques in the upper reaches of Wigwam

Creek. Streams have dissected and modified the deposits

but are in turn so choked by coarse detritus that the

underlying geology is concealed. Boulders of limestone,

probably mainly from the Madison group, are the predominant
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material. However, issic boulders obviously derived

from the Cherry Creek group are also present in the glacial

deposits and in the stream deposits of Wigwam Creek. The

location of the source of the boulders is not known. As

part of the glacial deposits in the thesis area are prob-

ably deposited by glaciers that originated along the rim

of Beldy Mountain, the source of the gneisses is probably

outside of the area studied.

Bouldery veneer is present on the hill northeast of

the Wigwam Creek bridge and south of the deposits mapped

along the north fork of Wigwam Creek, but has largely been

removed by post-glacial erosion. This material was not

mapped as glacial deposits inasmuch as'it consists of

little more than boulders and patches too small to plot

at the scale of the geologic map.

Valle

Unconsolidated terial is present along both perman-

ent and intermittent streams; however, only in local,

temporarily graded portions are the deposits of any con-

sequence. Usually such graded parts of the streams are

located upstream from a structural barrier. Examples of

this situation are found on Morgan Gulch in sec. 13, T. 8

S., R. 2 W. where a ridge of gneiss in the Cherry Creek
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group crosses the stream and in Wigwam Creek where small

meadows are present upstream from the massive chart member

of the Phosphoric formation.

A thin veneer of unconsolidated gravels, sand, silt

and clay covers the Cherry Creek rocks on the west side

of the Madison valley. This material could be considered

valley fill; however, sheet wash and creep, rather than

stream action, were the methods of transportation.
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IGNEOUS ROCKS

Basalts

Approximately one quarter of a square mile of basalt

Is poorly exposed in sec. 9, T. 8 S., R. 3 W. The basalt

overlies with angular unconformity rocks of the Cherry

Creek group. Outorops were traced to the north out of the

thesis area. The direction of flow in not known. No

evidence was found to indicate more than a single flow.

Where exposed, the basalts have platy Jointing.

Weathered surfaces are brownish-gray to black. The dense,

black fresh surfaces have small bottle-green phenocrysts

in an aphanitie groundmass. Yellow and reddish streaks

and, more rarely, small reddish oxide-filled vesicles are

present on rocks taken from surface outcrops.

Microscopically, the rock is a hyalopilitic, porphy

ritie, hypersthene-bearing olivine basalt. Phenocrysts

of olivine, hyperathens, augite, and calcie plagioclase

are found in a fine-grained matrix. Most of the pheno-

crysts are resorbed and commonly altered to chlorite and

carbonate. Hematite stains many of the altered pheno-

crysts. Occasionally, hypersthene phenocrysts have cores

of earlier formed, partly resorbed olivine. Labradorite

phenocrysts are commonly zoned and infrequently have in-

clusions of granular olivine in regular patterns.
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The groundmass is composed of labradorite laths,

interstitial granular clinopyroxene, and glass. Plagio-

clase laths are arranged in felty to trachytic textures.

Rarely, isolated ophitic phenocrysts of hyperethene in-

clude plagioclase laths. The glass is clear to brownish

and isotropic and has an index of refraction less than

that of balsam. Light green isotropic chlorophaei e (?)

and brown birefringent material (possibly nontronite and/

or saponite) are alteration products of the glass. Smell

anhedral opaque iron ore minerals are common accessories.

Brownish fibrous minerals with high birefringence

occur in vesicles. Secondary calcite also present in

the vesicles formed later than the fibrous minerals.

An interesting occurrence of quartz, a single grain

approximately 1 mm. long, surrounded by a corona of fib-

rous material was found in thin section. Glass, ore

minerals, labredorite, and mafia minerals occur in a radial

reaction rim which formed around the xenocryst of quarts.

The quartz was probably "picked up" by the fluid basalt

either in the vent from which effusion occurred or during

surface flow. The large size of the single grain of

quartz suggests that perhaps the gneisses of the Cherry

Creek group contributed this particle.



Ma and Co ion

The position of the ow on the exposed Cherry Creek

group established a post Laramide age. Inasmuch as the

basalt lies on both sides of Meadow Pork, the flow is con-

sidered to have antedated the establishment of the Meadow

Fork drainage.

Basalts, dated as Pliocene to early Pleistocene,

have been described approximately eight miles to the

northeast near the Axototl Lakes (62, p. 18). Scott (5k,

p. 635) reports Pliocene ( ?) or younger basalts about 18

miles to the south, Scholten (52, p. 373-377) mentions

Eocene, Miocene and Pleistocene basalts in the Lime region.
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STRUCTURAL GEOLOGY

Two different episodes of deformation are recognized

in the thesis area. Precambrian deformation has produced

metamorphic textures and foliation in the Cherry Creek

group. The Laramide orogeny has produced low-angle faults

high-angle faults, and folds. Compression from the west-

northwest probably was responsible for most of the Lara-

mide structures.

For convenience, reference below to some structures

will be in terms of geographic localities in an informal

designation.

Precambrian Structures

Precambrian deformation, probably at moderate to high

temperatures and pressures, produced metamorphic textures

and foliation in the Cherry Creek group. This foliation,

which seems to parallel the original bedding of the sedi-

mentary rocks from which the group was produced, has been

tilted and locally folded in a late pulse of the orogeny

or in a later Precambrian orogeny.

In the Greenhorn Range, the foliation strikes between

northwest and west-northwest and dips steeply. Along the

east side of the Gravelly Range, the foliation generally

trends northeast, dipping steeply to the northwest.
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Between Cherry Creek and Morgan Gulch, the foliation is

thrown into two steeply plunging, nearly isoclinal folds.

Axial planes of the folds strike approximately northeast

to east-northeast. North of Morgan Creek, the foliation

trends in an arc, striking northeast near the base of the

Gravelly Range and changing gradually eastward until

nearly east-striking foliation occurs along the extreme

northeast border of the thesis area.

Laramide Structures

The age of the Laramide (moony in southwestern Mon

tans is generally defined as late Cretaceous to early

Tertiary (14, p. 284). In the area studied, rocks of

the Colorado group are the youngest to have been involved

in the deformation. Tertiary (?) basalts near Meadow Fork

and Oligocene-Miocene (?) tuffs northeast of the Devils

Lane hill unconformably overlie truncated beds folded

during the Laramide movements. TO the south of the area

in the Snowcrest Mountains, upper Cretaceous Mesaverde (?)

beds have been involved in the deformation (30, p. 75).

The Beaverhead formation in the Lima region of Paleocene

age postdates early Laramide movements and was "involved

in thrusting and folding during advanced stages of Lara-

mide orogeny" (52, p. )
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Folding

The writer considers that the main structure of the

area is a syncline striking north-northeast, and is broken

and obscured by faulting.

Paleozoic and Mesozoic east side of the

Gravelly Range west tea the Devils Lane road and the north

fork of the Call Road strike approximately N 15° B and

dip 10' to 20' to the west. Cretaceous beds near Trail

Creek are almost flat-lying. These beds form the east

limb of a shallow syncline; however, no east dips were

found along the west margin of this structure. The gently

inclined beds abut against the northwest trending Devils

Lane fault.

Beds west of the Devils Lane fault dip 0 to 60°

southwest and strike approximately N 30' W. Near and to

the south of Remy Lake, beds strike approximately N 20° B

and dip 20° west. These beds form the east limb of a

syncline; however, no east- dipping beds were found below

the front of the Greenhorn Range.

Rocks in the Greenhorn Range are complexly faulted,

recognition of folds within this area in difficult.

Paleozoic strata form a north- to northwest-striking

block north of Remy Lake and east of Meadow Fork. At the

northern boundary of the thesis area, the rocks are
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overturned and dip to the west. Farther south on the same

structure, dip directions are more variable, ranging from

west-dipping (overturned) through vertical to east-dipping.

These beds are considered to be the west limb of a syn-

cline, in part overturned.

In the middle of the small cirque in sec. 11, T. 8 S.,

R. 3 W., several small drag folds are developed in thin-

bedded limestones of the Madison group. Crests of the

folds are 3 to 5 feet high and approximately 20 feet

apart. Axial planes of the folds strike roughly N 85 W

and dip to the south-southwest. Fault planes of micro-

thrusts, of 2 to 8 inches observed displacement, parallel

the axial planes of the folds in which they are common.

In the SW sec. 11, T. 8 S., R. 3 W., steeply dip-

ping limestones contain similar drag folds. The axial

planes of the folds strike approximately northwest and

dip to the southwest.

Faulting

W 1 ow Crook Area: Cherry Creek gneiss is thrust

over limestones of the Madison group on both sides of

Willow Creek. Dip of the fault plane on the north side

of Willow Creek is estimated at about 5° to 10' west -

southwest, but both the dip and strike are seemingly
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variable, probably owing in part to the difficulty of

interpreting low-angle surfaces. The minimum strati-

graphic displacement is around 2700 feet, but may be

much greater. The net slip is not know

Overturned Meagher limestone is in fault contact

with the Madison group south of the Cherry Creek rocks.

Soil cover prevented determination of the attitude of

the fault plane.

Greenhorn Area: Along the east face of the

Greenhorn Range, Paleozoic rocks form an irregular scarp

rising 800 to 2200 feet above Cretaceous sediments to the

east. Discordance in attitudes, omission of beds (Amsden,

Quadrant, Phosphoria and Ellis? formations) and the

physiography suggest that the base of the range is marked

by a fault. The fault plane is not exposed in the thesis

area, and the map relationships, though suggestive of a

low to moderate west-dipping fault plane, are not con-

clusive. However, Mann (36, p. 52) indicates that the

same fault continues southward where It has a dip of 20

to 25° west about four miles south of this area. Re a

tionships within the range and the presence of older

formations in the hanging wall of the fault indicate that

the Greenhorn Range is the upper plate of a thrust fault.

The trace of the fault, hereafter termed the Greenhorn
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Figure 18. Small drag fold in Madison group limestones.
Strike of axial plane approximately N 45° W.
Note that northeast lift of fold is over-
turned. Location: 8o4o feet 'elevation in
SW is T. 8 S., R. 3 111.

Figure 19. Cherry Creek gneiss thrust upon massive lime-
stones of Madison group near Willow Creek (in
foreground). Note intense irreguisr fractur-
ing of limestones. Trace of thrust fault is
marked on figure.
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fault, as determined from the geologic map, strikes

roughly N 30° E. Several steep faults, some of them

vertical, are exposed on Sheep Mountain.

Northwest of Romy Lake, Cambrian, Devonian and

Mississippian beds are displaced approximately 1.5 miles

by an east-west, right-lateral, strike-slip fault. Cherry

Creek rocks are brought into contact with the Madison

group along this fault. A zone of gouge and intensely

brecciated limestones marks the fault in the NE a of

sec. 22, T. 8 S., R. 3 W. at about the 8600-foot elevation.

The dip of the fault plane was not determined exactly, but

it appears to be nearly vertical.

Fault gouge forms a striking red scar on the east

face of Sheep Mountain in the NW k of sec. 27, T. 8 S.,

R. 3 W. Here-boulders of limestones and fault breccia

are tightly imbedded in fine-grained, red fault gouge in

a zone approximately 50 feet wide that trends vertically

up the mountain. The gouge zone at the top of Sheep

Mountain, where it is only about five feet wide, has lost

the red hematite cement and instead is silicified. As

the fault displaces only the Madison group, no strati-

graphic control on direction and amount of offset was

found. Displacement on the east side of Sheep Mountain

suggests that the north side of the fault moved east

relative to the south side.



141

Figure 20. East face of Sheep Mountain,-compozed of lime-
stones of Madison group in fault contact,
referred to as the Greenhorn fault, with
Colorado group, which form the rolling hills
in the foreground. Arrows point to high-
angle faults which divide the mountain into
"blocks."
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Discordance in attitudes and displacement of the

Madison group mark another east-west fault in the center

of sec. 27 and sec. 28, T. 8 S., R. 3 W. Talus and soil

prevented determination of the dip of the fault plane,

but it appears to dip steeply to the south. Displacement

on the east side of Sheep Mountain suggests that right-

lateral movement has occurred.

Cambrian, Devonian and Mississippian rocks are dis-

placed by a vertically - dipping, left-lateral, strike-slip

fault that trends N 4o° W on the north side of Sheep

Mountain. A brecciated zone approximately four feet wide

marks the fault at the top of Sheep Mountain.

Devils Area: Discordance of attitudes and

stratigraphic displacement of over 2000 feet mark a fault

trending N 30© W from the Devils Lane hill to the North

Fork of Wigwam Creek. Southwest- dipping beds. on the west

aide of the fault, hereafter termed the Devile Lane fault

have moved upward relative to the Cretaceous sediments on

the east side. The fault plane is not exposed, but the-

uniformity of the fault trace suggests that the fault

plane is steeply inclined. Parallelism of the fault line

with the strike of the beds on the upthrown side suggests

that the fault is a high-angle thrust or reverse fault

whose plane roughly parallels the bedding of the Mission
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Canyon limestone. However, evidence to prove this in

pretation was not found.

A small, exposure of the massive chert member of the

Phosphoria formation is present just east of the Devils

Lane hill. The chart is brecciated and slickensided and

evidently has been pulled up, perhaps as a slice, along

the Devils Lane fault.

Gravelly Range Area: A fault striking N 30° W dis-

places Paleozoic strata in the area between Morgan Gulch

and a point approximately 0.5 miles northeast of Doubtful

Reservoir. The east side of the fault has moved up rela-

tive to the west side of the fault. Stratigraphic dis-

placement near Morgan Gulch is about 180 feet and decreases

to the north.

Both Paleozoic and Cherry Creek rocks are displaced

along Morgan Gulch. The Flathead formation is displaced

upwards approximately 600 feet on the south side of Morgan

Gulch. Outcrops are extremely disappointing in this area,

and the trace of the fault plane is inferred. The dip of

the fault plane is not known.

Joi

Joints and mall faults with offsets less than five

feet are common in the thesis area, and are particularly



abundant in rooks of the Greenhorn Range. NO attempt was

made to study these structures systematically.

de Structures

None of the structures discussed in the area a an

definitely be attributed to Cenozoic deformation. The

lack of stratigraphic control by Cenozoic units may have

prevented recognition of post-Laramide movements. Pardee

(43, p. 366, 369) states that the present ranges in west-

ern Montana owe much of their relief to Late Tertiary up-

lift. It has been suggested that post-Miocene faulting

on the east side of the Madison Valley and along the west

side of the Snoworest Mountains has uplifted the ranges

in which the thesis area is located (43, p. 69.373) (54,

p. 629).

a.

Analysis a ide Structural Geology

The thesis area is located on the northern end of

large syncline formed in the Snoworest and Gravelly Ranges.

The Greenhorn Range is a northern extension of the Snow

crest Range. The syncline strikes "a little east of

north" (30, p. 74-75) and plunges to the south. Toward

the south, the west limb of the syncline in the owcrest

Mountains has been overturned and probably overthrust

from the west (30, p. 74).
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Eardley (14, p. 319) states that in southwestern

Montana two systems of structures are present, a north-

east-trending system and a later northwest-trending sys-

tem. Northwest-trending faults and folds are associated

with northeast faults and folds in the Three Perks area

(2), in the Lima region (52, p. 378), and in the Mgdison

Range (46)

The following suggestions are advanced relative to

the structural geology in the area studied,

The Greenhorn fault is interpreted as a thrust fault

that originated in the inverted limb of an overturned

syncline. The east limb, corresponding to the normal limb

of the syncline, is preserved in the Romy Lake area and

the Gravelly Range area. The west limb, which now forms

the upper plate of the thrust, would correspond to the

Greenhorn Range area. The steep dips of the strata in

the upper plate indicate that the fault is not a bedding

thrust. Thom, Bucher, and Chamberlin (63, p. 169) found

that the occurrence of vertically dipping to overturned

Paleozoic rocks in the upper plate of thrust faults in

the Bighorn Basin was a recurring situation. Perhaps the

fault is the result of failure during stretching of the

inverted limb, or the result of localization of the stress

along oblique shear zones on the inverted limb.
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The vertical to steep dips of the fault planes, he

horizontal components of displacement, and the production

of fault breccias suggest that the faults on Sheep Mountain

are wrench faults. The intersection at approximately 50.

of the right-lateral faults with the left-lateral fault

suggests a complementary system (1, p. 62).

Association of wrench faults, thrust faults, and

folding is explained by Anderson (1, p. 13 -20, 60).

may be significant to note that the maximum principa

stress direction theoretically necessary for the forma

of the wrench faults of Sheep Mountain is N 65. W, for the

Greenhorn fault is N 60° Ws and for the fslding of the

Gravelly Range and Romy Lake areas (assuming strikes of

N 15. E and N 20. E) is between N 750 W and N 70 W. This

general accordance of the theoretical stress directions

assumed from the mapped relationships may indicate that

these structures were formed under the same set of roughly

west-northwest directed compressive forces.

The relative age of the wrench faults and the

horn fault is uncertain. Anderson (1, p. 62) points to

two general chronelogic possibilities.

"The wrench faulting may have been the first to
originate and may have separated the country into
vertical blocks in which the thrusts were formed
independently. On reaching the margin of such a
block, a thrust plane may be deflected along it
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so as to increase the relative movement of the
wrench faults, either above or below its level.
Or the thrusting may have been the earlier, and
the wrench faults may have been deflected along
the thrusts."

The email drag folds in the Madison group limestones

north of Sheep Mountain are probably incongruous drag

folds. Compressive stress directions indicated by these

structures were directed N 45° E and N 5° E. According

to Billings (3, p. 83), incongruous drag folds can be

formed later than major structures under different stress

conditions, by local resolution of stresses by inhomogeno

sties in rocks deformed in a single phase, or for some

other reason.

The Devils Lane fault is of uncertain affinities. If

it is a high-angle thrust fault, as suggested, theoretic-

ally it would be expected to have formed during a period

of compression directed N 600 E. It is interesting to

note that the drag folds in the Greenhorn Range also indi

cate a local northeast direction of compression. However,

the lack of information on the nature of the fault plane

prevents any definite conclusion relative to its formation.

The thrust fault at Willow Creek is probably younger

or roughly contemporaneous with the Greenhorn fault. Con-

sidering the small area in which it is exposed, one can

hardly assume any absolute principal stress direction other
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than a generalized westerly direction for a fault of

such low angle.
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GEOMORPEOLOGY

The Greenhorn Range is a rugged, partly timbered

mountainous area in a late youthful stage of development.

Streams within the range are unadjusted to the structure

and, except locally, are ungraded.

Two small cirques, carved out of the Madison group

limestones, are present in sec. 11, T. 8 3., R. 3 W. Post-

glacial processes have modified their appearances and

partly Pilled them with talus.

The Gravelly Range, east of the Warm Springs drainage

basin, has a considerable area of rolling, grassy surface

and only scattered stands of timber, developed on tilted

Paleozoic and Mesozoic beds. Erratic boulders of quartz

sandstone, abort and rarely gneiss are sparsely scattered

on this surface, particularly north of Crockett Lake near

the Call Road and to the south of Doubtful Reservoir. A

similar surface is present east of Meadow Fork of the

Greenhorn Range developed on the vertically to steeply

dipping Paleozoic rocks. An area of only about one half

square mile of such terrain is preserved in the thesis

area, but the surface extends north to Baldy Mountain.

Consequent streams, Morgan and Wigwam Creeks and their

tributaries, have dissected the Gravelly Range surface.

The rounded summits in the intertluves of these streams



150

Figure 21. Round accordant summits of Gravelly Range
erosional surface. Morgan Gulch in fore-
ground.
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range in elevation from 8661 to 7412 feet. The erosional

surface in the Greenhorn Range occurs at about 9000 to

9250 foot elevations. Pardee (43, p. 368) has suggested

that this surface is an uplifted "Late Tertiary peneplain"

and is related to similar uplifted surfaces in the Madison,

Gallatin, Centennial, Ruby, and other ranges in western

Montana. However, this surface probably should be more

properly referred to as an uplifted pediplane. The email

extent of the area studied prevents more than a suggestion.

Sheep Mountain, the highest point in the area, does not

show any evidence of ever being part of the erosional

surface and probably persisted as an "island" of resistant

limestone standing above the erosional surface,

Structural control of topographic highs in the area

is mainly effected by the thick Paleozoic limestones,

particularly those of the Madison group. This control is

reflected in the Greenhorn Range, the Devils Lane fault-

line (?) scarp and the irregular cuesta that forms the

east side of the Gravelly Range.
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HISTORICAL GEOLOGY

The earliest geologic event in the thesis area occur-

red during the Precambrian. Deposition of a thick sequence

of elastic and non-clastic sediments took place perhaps in

a miogeosynclinal setting. These sediments were then in-

tensely metamorphosed and deformed during one or more major

Precambrian, but pre-Beltian, orogeny. As no Beltian rocks

are present in the area studied, erosion and reduction of

the Precambrian land mass probably continued until the

initial inundation by the Middle Cambrian seas. Marine

erosion during transgression may have been partly responsi-

ble for the flat surface upon which the deposits of the

Flathead formation, which were derived from the Precambrian

rocks, were laid. Onlap continued as the progressively

deeper water deposits of the upper Flathead formation were

laid down.

The area included in the present study occupied a

critical position with respect to a tectonic framework

controlling Paleozoic and part of the Mesozoic sedimenta-

tion. The area lies between the thick Cordilleran miogeo-

synclinal accumulations to the west and southwest in Idaho

and west of Armstead and Lima, the less well-defined

Central Montana trough to the north and northeast, and

the thin deposits of the Wyoming shelf to the east and



southeast, With few exceptions, the lithologies and

thickness of the deposits of the area are more character.

istic of the stable shelf assemblages.

Deposition in shallow, carbonate-saturated waters

resulted in the formation of the Meagher limestone. An

influx of silt and argillaceous material was deposited as

the Park shales. The Pilgrim limestones formed in shal-

lower carbonate-saturated waters. Locally "desiccation

breccias" of fine-grained limestone mud were produced on

the barely awash shelf area. A decrease in detrital con-

tribution, probably controlled by water depth, is marked

in the massive upper carbonate unit of the Pilgrim forma-

tion. Migration of magnesium-rich brines probably pro-

duced the post-depositional textural and compositional

modifications resulting in the mottled appearance. Local

ly in the pre-Devonian seas, in the area represented by

the east side of the Gravelly Range, an island of Meagher

limestone may have persisted so as to prevent deposition

of the Park and Pilgrim formations, or local oscillation

and erosion may have removed deposits of the Park and

Pilgrim formations prior to deposition of the Devonian

strata.

Following he deposition of the Pilgrim limestones,

the use retreated from the area, and either an interval
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of nondeposition persisted throughout the Ordovician and

Silurian periods or the sediments deposited during these

periods were removed by pre-Devonian erosion.

Sedimentation began with the deposition of the Devon-

ian rocks. Rocks of Jefferson age may be present, but the

typical lithologies are not found in the area studied.

Sedimentation may have been continuous into Mississ-

ippian time, a time during which the shelf area received

a relatively great thickness of limestone. The cyclic

nature of the Lodgepole formation probably resulted from

numerous variations of depth of water, reflected in the

shallow water (0) current-induced pellet and bioclastic

limestones alternating with deeper water (4) dense, cal-

careous mud deposits. Mission Canyon seas were more

stable, allowing accumulation of thick deposits of cal

careous muds at depths generally below those of pronounced

wave activity.

A period of erosion after the deposition of the

Mission Canyon limestone and before the formation of the

Amaden beds has been recorded elsewhere in western Mon-

tana (58, p. 309-310) and probably occurred in the area

studied. The terrigenous detritus, in general, decreases

upward in the Amaden formation. Wave or current action

was locally important in the accumulation of the limestones

in the Amaden formation.
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Clastic dolomites and sandstones testify to sorting

by wave and/Or current action in the Quadrant seas. An

increased contribution of elastic quartz in the upper part

of the Quadrant formation likely records a regression of

the seas.

Deposition may have been continuous into Permian time.

The basal Phosphoria was deposited in a marine, near-shore

environment with some variation in detrital influx which

resulted in a complex carbonate-sandstone sequence. Dolo-

mitization and replacement by silica are notable postdepo-

sitional modifications. Deepening of water of the Phos-

phoria seas culminated in the deposition of the massive

chart unit, which may have resulted, in part, from the

diagenetic reorganization of accumulations of siliceous

organisms.

Triassic sediments were not found in the area. Most

likely, pre-Jurassic epeirogenic uplift and subsequent

erosion removed any Triassic sediments.

Marine sedimentation began again with inundation by

the Middle Jurassic seas. Detrital influx was significant

in the lower and upper parts of the Ellis? group. However,

part of the Jurassic sedimentation occurred in shallow,

constantly agitated waters of the shelf area that did not

receive any significant amount of terrigenous detritus.
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Following the retreat of the Jurassic seas, contin-

ental deposits of the Morrison formation were possibly

laid down but pre-Kootenai erosion has removed any such

Morrison sediments from the area mapped. The basal sedi

menta of the Kootenai formation mark a profound change in

the character of sedimentation in the area. Deposition

of the sandstones and conglomerates may have occurred

partly in shifting channels and flood plains of Lower

Cretaceous rivers or partly along the beach of a broad

lake. Lower relief in the source area or deepening of

the lacustrine waters resulted in the deposition of the

shales and finally the fresh-water, shell- choked lime-

stones.

Detrital influx into shallow, wave-agitated waters

is indicated for the overlying sandstones.

Marine (?) inundation resulted in the deposition of

the basal shales of the Colorado group in a restricted,

possibly estuarine, environment. The sandstones of the

Colorado group, deposited in near-shore, shallow waters

having open circulation, are the youngest pre-Laramide

rocks exposed. Younger Cretaceous rocks have been strip-

ped by erosion from the thesis area.

During the late Cretaceous and continuing into the

early Tertiary, an episode of compression and crustal
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shortening t took place throughout the Rocky Mountains

is locally reflected in faulting and folding within the

thesis area. Compression from the west-northwest resulted

in much of the deformation, producing folds and faults.

Thrusts in the area have moved, relatively, to the east.

Following the Laramide orogeny, the geologic history

is only sketchily recorded in the thesis area. The

erosional surface preserved in the Gravelly Range and part

of the Greenhorn Range was probably largely developed be-

fore deposition of the Tertiary conglomerates and tufface-

ous sediments near the Devils Lane hill. Scott (54, P.635)

suggests that the apparently similar deposits near Black

Butte are Eocene? tillites. However, the present writer

considers that the conglomerates in the thesis area may

be alluvial or mudflow deposits derived from the nearby

Greenhorn Range, as no evidence of glacial action was

noted. The overlying ash deposits resulted from volcanic

eruptions outside the area studied possibly during the

Oligocene to Miocene epochs.

Following the deposition of the tuffs, possibly

during the Pliocene as Pardee (43, p. 370) suggests, the

area was uplifted as part of the larger Snowcrest-Gravelly

Range area. The erosional surface established before up-

lift was then dissected by stream action. The basalts, in



the area of Meadow Fork, may have been extruded before,

during, or after the uplift. Considering the large extent

of Pliocene and younger baaalts in nearby areas, it is

likely that the basalts at Meadow Fork are related.

Pleistocene glaciation carved cirques in the Green-

horn Range and deposited morainal material that is local

preserved. The extent of the glaciers was probably not

much beyond the present bridge at Wigwam Creek, although

some veneer is present on the hill to the north of the

bridge. Post-glacial erosion has modified much of the

work of glaciation. Erosion of the area is actively con-

tinuing during the present. Only locally are alluvial

deposits forming in the small. valleys studied.
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