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Geology by Vint Gwinn, 1958-1960

STATE OF MONTANA
Donald G. Nutter, Governor

BUREAU OF MINES AND GEOLOGY
E. G. Koch, Director

Geology of the Drummond Area
Central-Western Montana

By V. E. GWINN

INTRODUCTION

During the summers of 1958 and 1959, the author ex-
amined previously undescribed Cretaceous and Tertiary
stratigraphic sequences in the Drummond area in central-
western Montana and mapped its geologic structure.* Prior
to this study, detailed mapping had been hampered by-inade-
quate stratigraphic knowledge of the Cretaceous and Terti-
ary r.ocks that underlie most of the area. In particular, the
stratigraphy of the 17,000 feet of Cretaceous strata in the
area had to be established before mapping could commence.

The Clark Fork River divides the area along a north-
west-southeast line, with the Garnet Range rising to the
north and the Flint Creek Range to the south. The Clark
Fork valley lowland in the area forms a portion of the Mon-
tana lineament, a line of structural change which extends
southeast from near Spokane, Washington to the northwest
corner of the Boulder batholith. Recognition of this zone
of structural trend change between southeast-trending
fol.ds in the Garnet Range and north-trending folds in the
Flint Creek Range, had led to the oft-quoted supposition
phat there was probably left-lateral transcurrent faulting
in the valley lowland and that the opposed fold systems of
the Garnet Range and the Flint Creek Range were en eche-
lon to one another. Primary objectives of the areal mapping
were to check these two premises.

LOCATION

The Drummond area is in northeastern Granite and
western Powell Counties, Montana, 50 miles southeast of
Missoula, 65 miles northwest of Butte, and 62 miles west
of Helena, the state capitol. The area includes 150 square
miles of the south-central Garnet Range, the Clark Fork-
Flint Creek lowland, and the northern Flint Creek Range.

U.S. Highway 10 (Interstate 90), the Northern Pacific,
and the Chicago, Milwaukee, St. Paul, and Pacific railroads
traverse the area along the Clark Fork. Philipsburg, 27
miles south, is connected to Drummond by U.S. Highway
10A and a spur of the N.P.R.R. Gravel-surfaced and unim-
proved roads and trails provide excellent access to most of
thg area, but some are temporarily impassable after heavy
rain or snow.

PHYSIOGRAPHY

Physiographically and structurally, the area is divisible
into three parts, from north to south: the Garnet Range,
the Clark Fork and Flint Creek valley lowlands, and the
Flint Creek Range. Local features of topography in the
mountain areas are largely controlled by differential erosion
of the Laramide structures, but the larger subdivision into
ranges and lowland appears to have been a result of relative
uplift of the ranges over the valley lowlands during Terti-
ary time. The relatively subsiding lowland areas became
basins of Tertiary sedimentation during several epochs.
Roughly accordant summit levels in the Garnet Range reach
elevations of 6500 to 7000 feet just outside the area to the
north. To the south, the more rugged, glaciated terrain of
the dome-shaped Flint Creek Range includes mountain
peaks as high as 10,000 feet. Elevations within the map
area range from 6000 to 7000 feet on the flanks of the
ranges to 4000 to 4400 feet in the valley lowlands.

Field data, plotted on U.S. Forest Service aerial photo-
graphs at an approximate scale of 1:20,000, were trans-
ferred to new U.S.G.S. 1:62,500 topographic maps of the
Drummond and Garrison quadrangles, which served as a
base for the accompanying geologic map.
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CRETACEOUS SEDIMENTARY ROCKS

Cretaceous and Cenozoic strata form the bulk of the
surface of the Drummond area. Mississippian, Pennsylvan-
ian, Permian, and Jurassic strata are exposed only in anti-
clines in the northern and southern parts of the area.

Approximately 15,000 feet of pre-Mississippian strata
underlie the area and are exposed in structurally higher
parts of the Garnet and Flint Creek Range outside the
map area. Precambrian Beltian argillites and quartzites,
greatly differing in thickness because of pre-Upper Cam-
brian erosion (Maxwell, 1959), are unconformably overlain
by 2,400 feet of Cambrian quartzites, shales, and carbonate
rocks. Ordovician and Silurian rocks are not present. De-
vgniﬁn limestones and minor sandstones are 2100 feet
thick,

Inasmuch as the stratigraphy of rocks older than the
Colorado group of Cretaceous age has previously been des-
cribed in considerable detail in reports on nearby areas
(McGill, 1959; Kauffman, 1960;* and Poulter, 1959), only
brief lithologic descriptions, thicknesses, and generally ac-
cepted geologic ages of the pre-Colorado group strata are
presented in this report (Table 1). Brief accounts of the
nature and correlation of the Colorado group and Tertiary
sedimentary rocks follow.

COLORADO GROUP

The Colorado group in the Drummond area is composed
of Lower and Upper Cretaceous strata which overlie the
Kootenai formation of mid-Early Cretaceous age and under-
lie conglomerates and andesitic lavas of a western facies of
the Elkhorn Mountains volecanics. The 9,170 to 11,500-foot
Coloradoan sequence is approximately 6 to 7 times thicker
than equivalent strata deposited in the Disturbed Belt to
the east of the Rocky Mountain Front near Great Falls and
Helena. Because sites of deposition of the western Colorado
group rocks were much nearer the western margin of the
Cretaceous seaway, they contain much more coarse-grained
detritus than do Coloradoan rocks to the east in the Dis-
turbed Belt.

The Colorado group is absent in a 40-mile zone occupied
by the Boulder batholith between the Disturbed Belt and
the Clark Fork valley. Where applicable, the author has
extended usage of Disturbed Belt stratigraphic nomencla-
ture to the western sections of the Colorado group. How-
ever, facies changes have necessitated addition to and modi-
fication of the eastern nomenclature.

BLACKLEAF FORMATION

The lower 3,400 feet of the Colorado group in this area
are tentatively assigned to the Blackleaf formation, origin-
ally defined and described by Cobban and others (1959) in
the Disturbed Belt near Great Falls. The formation occurs
above the upper “gastropod” limestones of the Kootenai
formation ana below fossiliferous limestones in the base of
the Coberly formation as herein defined. Though the Black-
leaf strata are generally unfossiliferous, the formation can
be correlated with Blackleaf sections to the east on the basis
of lithologic identity and stratigraphic position. The Black-
leaf formation is subdivided into three members in the
Drummond vicinity—Flood member (bottom), Taft Hill
member (center) and the Dunkleberg member (top).

Flood member—The Flood member of the Blackleaf
formation is composed of a lower ‘“transition bed” inter-
val lying above the Kootenai and an upper black shale se-
quence. The lower unit, 230 to 250 feet thick, was called
the transition beds by McLaughlin and Johnson (1955) and
McGill (1959) because of the intercalation of gray argilla-
ceous limestones of Kootenai aspect with tan to gray shales
and sandy siltstones of Colorado group aspect. The upper
dark shales, 450 feet thick, are interbedded with very thin,
ripple-bedded, tan sandstones.

The Flood member is 138 to 200 feet thick in the Dis-
turbed Belt, where originally described by Cobban and
others (1959, p. 2789-90). The lower contact of the Flood
member with the non-marine Kootenai formation is a minor
disconformity in most places, but in several well exposed
sections the interbedded sequence of gray Kootenai-like

* Kauffman, M. A., unpublished Ph. D. thesis, Princeton University.

limestone and typical drab Flood mudstone and siltstone
appears transitional. The deposits represent a classic onlap
depositional sequence, changing upward from continental to
intertidal and marine deposits. The lower and upper parts
of the Flood member are homologues of the Fall River and
Skull Creek members of the Thermopolis formation in
south-central Montana.

Taft Hill member.—Approximately 900 to 1,000 feet of
tan, gray, and brown sandstone, siltstone, mudstone, and
minor shale overlie the Flood formation and are included in
the Taft Hill member of the Blackleaf formation. In the
type section in the northern Disturbed Belt, the Taft Hill
is lithologically similar, but is only 240 feet thick (Cobban
and others, 1959, p. 2790).

_ The base of the Taft Hill member is placed below the
first massive sandstone in the transitional shale-sandstone
sequence above the main body of Flood shale. Deposition of
’ghe nearshore, offlap sandstone sequence apparently began
in response to Laramide uplift some distance west of the
Drummond area. Voleanie activity, perhaps in the vicinity
of the Idaho batholith, began during deposition of the upper
part of the Taft Hill member, as indicated by pyroclastic
debris in the upper sandstones.

Dunkleberg member—The Dunkleberg member is herein
defined to include 1,700 feet of mudstone, siltstone, sand-
stone, and several thick beds of conglomerate between the
Taft Hill member below and the Coberly formation above.
It is named for Dunkleberg Ridge and Creek where the
rocks are widely exposed. The type section is in an un-
named gulch-network which drains low hills on the south-
west side of Saddle Mountain in E14 sec. 8, T. 10 N., R. 11
W. indicated by a symbol on the map. Most of the member
contains abundant volcanic debris. The Dunkleberg is the
apparent western equivalent of the Vaughn Dbentonitic
member and Bootlegger member of the Blackleaf formation
in t2}r17<3 3);s1t)urbe‘d Belt described by Cobban and others (1959,
p. -91).

Alteration of the volcanic-rich strata in the Dunkleberg
member has caused extensive silicification. The many light
gray, white, and tan porcellanite and siliceous siltstone beds
in the Dunkleberg member form a light band readily ob-
served on aerial photographs.

The lower contact of the member is placed at the base
of massive lenticular chert-pebble conglomerates and salt-
and-pepper sandstones in the basal Dunkleberg which are

'locally disconformable with beds of the upper Taft Hill.

The sharp upper contact of the Dunkleberg member with
limestones and sandstones of the Coberly formation is along
a sharp disconformity. Several hundred feet of varicolored
beds seen below the disconformable Coberly limestones on
western Dunkleberg Ridge are absent elsewhere.

UPPER COLORADO GROUP

The remainder of the Colorado group, above the Dunkle-
berg member in the Drummond area is equivalent in age to
most of the Marias River formation, defined and described
by Cobban and others in the northern Disturbed Belt (1959,
p. 2793-96). Paleontologic and stratigraphic data indicate
that beds equivalent to the lowermost and perhaps the up-
permost Marias River formation are absent because of non-
deposition and erosion. Because of lithologic dissimilarity
to the Marias River formation, the upper 8,100 feet of the
Colorado group is here subdivided into three formations—
Coberly, Jens, and Carter Creek.

COBERLY FORMATION

The Coberly formation is defined here as the fossili-
ferous grey limestones and tan salt-and-pepper sandstones
of early Late Cretaceous age lying between the Dunkleberg
member of the Blackleaf formation below and the Jens
formation above. The upper boundary is placed above the
highest (youngest) salt-and-pepper sandstone or limestone
bed in the transitional interbedded sequence below the main
body of the overlying Jens shale. The name is derived from
Coberly Gulch, about 6 miles southeast of Drummond,
where it is exposed along the Coberly syncline for nearly
4 miles. The type section is a composite of which the uppey,
310 feet were measured in the N14 sec. 21 and the lower
260 feet in the El4 sec. 8, both in T. 10 N, R. 11 W. east
and north of Jens respectively. The formation is 570 to 650
feet thick.

It is made up of fossiliferous gray limestones and tan
salt-and-pepper sandstones of early Late Cretaceous age.
Massive sanastones locally form sharp ridges which rise
above less resistant beds in the overlying Jens formation.
Coberly sandstones contain very little volcanic detritus and
thus differ markedly from typically volcanic-rich sand-
stones in the Dunkleberg member of the Blackleaf forma-
tion and the Jens and Carter Creek formations. High-
spired snail shells and oyster fragments are found through-
out the member. The relatively mature sandstones and
fragmental limestones were deposited in intertidal and
shallow marine waters in the early Late Cretaceous sea
transgressing from the east. Inasmuch as the Coberly con-
tains fossils found elsewhere in rocks equivalent to the
upper part of the Greenhorn formation, the limestone-sand-
stone formation is the western equivalent of the Cone cal-
%ari(i}ous member of the Marias River formation near Great

alls.

JENS FORMATION

The Jens formation is defined as the thick series of
shales and siltstones lying above the Coberly formation and
below the Carter Creek formation. The proposed name is
derived from the village of Jens, 8 miles east of Drummond.
The type section, which displays the maximum thickness
and range of lithology, was measured east of Jens in the
NW7j sec. 21, and the NE1, sec. 20, T. 10 N., R. 11 W., as
indicated on the map.

The Jens formation is composed of about 1,000 feet of
dark shale and siltstone, and minor thin-bedded silty sili-
ceous mudstone east of Gough Creek; but west of Gough
Creek it thickens to 1,510 feet at Hoover Creek with the
addition of volcanic-rich siliceous sandstone, siltstone, and
silty mudstone in the middle of the member. The medial
sandstone-siltstone tongue probably disappears eastward by
facies change into siltstone and shale. But, because the
Jens formation is rather poorly exposed east of Hoover
Creek, the possibility that the sandstone tongue is absent
along an unexposed major unconformity in the Jens shale
cannot be eliminated. The author considers the latter an
unlikely eventuality. The Jens is probably the lateral equiv-
alent of the lower Ferdig shale member of the Marias River
shale in the Disturbed Belt. The Ferdig member is only
225 feet225 feet thick at its type locality (Cobban and
others, 1959, p. 2794).

CARTER CREEK FORMATION

The Carter Creek formation, as herein defined, consists
of 4,500 to 6,000 feet of intercalated marine, brackish, and
frgeshwater deposits between the Jens shales and the over-
lying unconformable Golden Spike conglomerate. The pro-
posed name is from Carter Creek, a south-flowing tributary
of Clark Fork, 138 miles southeast of Drummond. No type
section has been designated as no suitable sections are
available in the map area because of incomplete exposure
of many non-resistant parts and because the upper part has
been removed by erosion. A partial section (lower 778 feet)
was measured in the NE1/, sec. 20, T. 10 N., R. 11 W., east
of Jens. The calculated thickness of the thickest section
along the Carter Creek syncline in the eastern part of T.
10 N., R. 11 W, is 5,700 to 6,000 feet. The formation is
largely composed of sandstone, siltstone, and silty mud-
stone; but some dark shale of marine aspect is interbedded
in thg lower 2,000 feet. Varicolored beds are found in in-
creasing proportions in westernmost sections, probably in-
dicating more persistent continental or brackish water de-
positional environments to the west during Carter Creek
deposition. A few lenses of coarse-grained to conglomeratic
dacitic tuff are found 1,500 feet below the top of the Carter
Creek member along Brock Creek. All volcanic debris in
underlying Colorado group rocks is rhyolitic and sand- or
silt-sized. The dacitic cobbles were derived more locally.

_ The basal pebbly sandstones of the Carter Creek forma-
tion appear to rest on Jens shales along a sharp disconform-
ity. The sandstones contain Cardium pauperculum, occur-
rence of which in Montana is limited to disconformable
pebbly sandstones between the Kevin and Ferdig members
of the Marias River shale in the Disturbed Belt*, The two
identical sequences, in the base of the Carter Creek member
and below the Kevin member to the east, are probably
equivalent.

Though exposures of the uppermost Carter Creek beds
are very poor, an angular unconformity at the top of the
member below the overlying conglomerates and volcanics
is indicated by the following:

. 1) abrupt eastward thinning of the Carter Creek forma-
tion from 6,000 to 4,500 feet between the mouths of Carter
Creek and Brock Creek;

2) the absen_ce at Brock Creek of a distinctive 500-foot
sequence of varicolored beds seen at the top of the Carter
Creek formation 114 miles northwest at Carter Creek.

That portion of the Carter Creek formation above the
fossiliferous marine sandstones is the probable western
equivalent of the Kevin member of the Marias River forma-
tion in the Disturbed Belt. The first occurrence of andesitic-
dacitic volcanic debris in the Colorado group east of the
batholith is in the Slim Sam formation, a lateral equivalent
of the upper Kevin in the Elkhorn Mountains (Klepper and
others, 1957). The first occurrence west of the batholith
is in the upper Carter Creek formation. In both areas the
initial volcanic debris is within or succeeded by continental
deposits, which are, in turn unconformably overlain by an-
desitic volcanics and conglomerates of the Elkhorn Moun-
tain volcanics.

GOLDEN SPIKE FACIES OF
ELKHORN MOUNTAINS VOLCANICS

In and south of the eastern tip of the map area, a 4,000
to 6,000-foot sequence of andesitic lava, andesitic tuff, lime-
stone- and chert-pebble conglomerate, sandstone, and silt-
stone unconformably overlies the Carter Creek formation.
Mutch{ and the author correlated these rocks with the Elk-
horn Mountains volcanics (Klepper and others, 1957), which
occur in the roof of or above and on the flanks of the
Boulder batholith. It is now proposed that they be named

* W. A. Cobban, written communication.
t Muteh, T. A., 1960, unpublished Ph. D. Thesis, Princeton University.

the Golden Spike facies of the Elkhorn Mountains volcanics.
The site of the “golden spike” joining separate segments of
the Northern Pacific railroad constructed from the east and
west in the last century is on the south bank of the Clark
Fork within the Golden Spike outcrop area. The Golden
Spike strata are well exposed there in the walls of the Clark
Fork valley and in hills immediately south of the river out-
side of the map area.

Petrographic similarity of the voleanic intercalations in
the Golden Spike sequence and similarity of stratigraphic
position and structural relationship to underlying forma-
tions provide criteria for correlation of the Golden Spike
facies with some part of the Elkhorn Mountains volcanics
to the east. The volcanics intertongued with the conglomer-
ates and other rocks in the Golden Spike facies are very
similar to the extrusives throughout the Elkhorn volcanics.
The area of deposition of the Golden Spike facies was west
of the principal area of extrusion and adjacent to nearby
uplifts of sedimentary rocks; the uplifts contributed large
volumes of immature limestone and chert detritus which
became intertongued with the volcanics.

Both the Golden Spike facies and the Elkhorn voleanics
are unconformable to underlying formations. Folding and
faulting preceded deposition of the Elkhorn voleanics in the
Elkhorn Mountains along the eastern margin of the Boulder
batholith (Klepper and others, 1957). Erosion prior to depo-
sition of the volcanics proceeded as deep as the Madison
limestone near Whitehall (Alexander, 1955), as deep as the
Jurassic Morrison formation in the southern Elkhorn
Mountains (Klepper and others, 1957), and as deep as the
lower Colorado group near Elliston (Robertson, 1956%*),
only 15 miles east of this area. The magnitude of domal
uplift and erosional stripping preceding the volcanism ap-
pears to have decreased both east and west of the batholith.
Klepper and others (1957) noted conformable upper Colo-
radoan and Elkhorn volcanic strata in the southeasternmost
Elkhorn Mountains and only the uppermost Colorado group
is missing in this area, 15 miles east of the batholith.

McLaughlin and Johnson (1955) described a few hun-
dred feet of the conglomerates in the thick Golden Spike
sequence, correlated them incorrectly on a local basis with
Miocene conglomerates near Gold Creek, and correlated
them regionally with the Paleocene Beaverhead conglomer-
ate of Beaverhead and Madison Counties, southwestern
Montana.

No fossils have been found in the Elkhorn Mountains
volcanics which can exactly define the age of the formation.
Klepper and others found only Late Cretaceous fresh-
water molluses and plants, characteristic of the Judith
River formation, and considered the deposits pre-Paleocene,
latest Cretaceous in age.

TERTIARY SEDIMENTARY ROCKS

Tertiary rocks in the lowland areas along the Clark Fork
River and Flint Creek range in age from early Oligocene
(?) to Pliocene. The deposits are poorly exposed because
they are extensively covered by Quaternary gravel and
alluvium. Tertiary deposits in the area are unconformable
to Cretaceous and older strata which were deformed in
latest Cretaceous or pre-Oligocene Tertiary time. In early
geological reports (Douglas, 1901, 1903 ; Pardee, 1913), the
Tertiary rocks were collectively called the “Lake Beds.”

EARLY TERTIARY ROCKS

Discontinuous lenses of red pebbly clay and of rhyolitic
welded tuff found above Cretaceous strata are the oldest
Tertiary deposits in the area. At no place have the tuffs
and the clays been found in contact with one another. In-
dividually, they have both been seen to occur between Cre-
taceous strata and basal late Oligocene-early Miocene Cab-
bage Patch beds. It is suggested that the red clays originat-
ed as a deeply weathered soil mantle after or during waning
stages of Laramide deformation. The rhyolite tuffs may
have been deposited in stream courses from which the red
clays had been striped by stream erosion. This could explain
why the two deposits are always found at the same strati
graphic position and never occur in contact with one
another.

Lower Oligocene clays and plant-bearing shales occur
at the crest of the Garnet Rangei; red to gray clays and
lignites occur at the west side of the Flint Creek basin
southwest of Drummond (Pardee, 1913, and Maxwell,
J. S.1). The latter fine-grained deposits and the red pebbly
clays in the Drummond area may be equivalent to the Oli-
gocene clays on top of the Garnet Range.

CABBAGE PATCH BEDS

Tuffaceous mudstones and siltstones, crystal and vitric
tuffs, argillaceous limestones, and micaceous conglomerates
immediately overlying the older rocks north of the Clark
Fork River and east of Dunkleberg Ridge form the Cabbage
Patch beds, the middle part of which have yielded early
Miocene (Arikareean) vertebrates (Konizeski and Donahue,
1958). This rock unit comprises a mappable sequence and
persists eastward into the Gold Creek basin along the east

Robertson, F., Uupublished Ph. D. thesis, University of Washington.
R. L. Konizeski, personal communication
J. C. Maxwell, personal communication.
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margin of the area. The lacustrine (lake-deposited) and flu-
vial strata of the Cabbage Patch beds are apparently absent
in the eastern Flint Creek basin along the west side of
Dunkleberg Ridge, but are 400 to 650 feet thick in the
Clark Fork valley. The sequence is distinguished from the
overlying Flint Creek beds by the predominance of massive
bedding and by the presence of feldspathic-micacous con-
glomerate and sandstone.

FLINT CREEK BEDS

Thin-bedded, light-colored tuffs, mudstones, and silt-
stones make up most of the upper Miocene Flint Creek beds.
Sandstones and limestones are much less common than in
the underlying Cabbage Patch beds and conglomerates are
absent. Portions of the upper part of the formation have
yielded late Miocene (Barstovian) vertebrate fossils near
Hall and New Chicago (Douglas, 1901 ; Konizeski and Dona-
hue, 1958).

BARNES CREEK GRAVEL

Gravel with an unusual pink, sandy matrix disconform-
ably overlies the upper part of the Flint Creek beds east of
Hall near the mouth of Barnes Creek and is called the
Barnes Creek gravel. These sediments were formerly con-
sidered to be the upper part of the Flint Creek beds (Koni-
zeski and Donahue, 1958). However, because the gravels
are clearly unconformable and have yielded probable Plio-
cene fossils, they have been placed in a separate unit. A
few beds of tuff and limestone are intercalated with the
upper beds of the unit.

IGNEOUS ROCKS

Late Cretaceous granophyric quartz diorite sills and
complex post-early Miocene shallow intrusive-extrusive
masses of andesite, dacite, and rhyolite are found in the
Drummond area, in addition to the previously mentioned
early Tertiary rhyolitic tuffs and Cretaceous andesites.

CRETACEOUS SILLS

Porphyritic and equigranular diorite sills, with intersti-
tial granophyric quartz, potash feldspar, and oligoclase, in-
trude strata of the Cretaceous Colorado group. Intrusion of
the sills, which are as much as 400 feet thick and 4 miles
long, caused only slight thermal metamorphism of enclosing
sedimentary rocks. Locally the sills are conformable to en-
closing strata; but over distances of several miles, they
change stratigraphic position by 500 to 700 feet, apparently
utilizing joints and other places of structural weakness.

Several criteria indicate that the sills were intruded
prior to initial folding of the area. The dioritic rocks are
involved in intense overturning and are broken by tear
faults, normal faults, and high-angle reverse faults. In the
central part of Dunkleberg anticline, the three massive com-
petent sills, intruded before folding, have inhibited the
overturning of part of the fold.

Petrologically similar sills served as feeders and magma
reservoirs for the extrusion of the upper Cretaceous Elk-
horn Mountains volcanics above the Boulder batholith to the
east (Klepper, and others, 1957; Ruppel, 1958*). It is in-
teresting to note that the depth of intrusion of the sills in
the Elkhorn and Drummond areas is similar: from 3,000
to 12,000 feet below the top of the youngest volecanics. Mag-
matic pressures which domed overlying rock columns may
have been similar in the two areas.

TERTIARY DIKES AND FLOWS

Complex intrusive rocks of variable composition form
a series of intrusions north of the Clark Fork River in the
southern Garnet Range and are widely distributed in the
western Garnet Range and southwest of the Bearmouth
thrust and Philipsburg thrust in the Stone-Bearmouth low-
land. The discordant igneous bodies are largely shallow in-
trusions, but extrusive rocks are present and self-intruded
by subsequently ascending magma. These intrusive bodies,
which must have been intruded at low temperature and at
very shallow depths, are featured in most cases by centri-
petally arranged foliations and other flow structures.

Rocks of basaltic, andesitic, dacitic, and rhyolitic com-
position are observed in the intrusive masses. An explosive
vent is present in the large intrusive-extrusive complex in
the northeast corner of the map area, west of Brock Creek.

Erratically dipping blocks of tuff and limestone of the
Cabbage Patch formation, in the southern margin of the
large intrusive mass on the east side of the headwaters of
Bert Creek, may be roof pendants. If so, intrusion of these
rocks in the eastern Clark Fork Valley occurred after de-
position of the upper Oligocene-lower Miocene Cabbage
Patch beds.

STRUCTURAL GEOLOGY

Approximately 34,000 feet of pre-Tertiary strata oc-
curring in or near the Drummond area were intensely folded
and faulted during Late Cretaceous-early Tertiary Lara-
mide diastrophism. Broad, open folds plunge steeply south-
east from the Garnet Range beneath unconformable, post-
Laramide, Cenozoic strata in the Clark Fork Lowland. Nar-
row, tightly compressed folds in the Flint Creek Range, for
the most part overturned to the west, strike north and
plunge beneath Cenozoic strata in the Lowland. The nature
of the juncture between the diverse fold systems in the
synclinal, transverse “sag’” near the Clark Fork River is in
large part masked by Tertiary and Quaternary deposits.
Major west-dipping thrust faults, which will be discussed
further, occur in a crescentic zone west and south of the
Drummond area.

The westward overturning of the tight narrow folds in
the northern Flint Creek Range in most of the Drummond
area and to the east and south is anomalous. For the most
part, the assymetric folds of the Northern Rocky Mountains
are overturned to the east or northeast. Minor exceptions
have been described. But folding with relative tectonic
transport to the east was typical of Laramide deformation
in the Rocky Mountains.

The conclusions of McGill (1959), derived from map-
ping in west-central Flint Creek Range, immediately south
of the Drummond area, differed only slightly from those
presented by Emmons and Calkins (1918) and Pardee
(1936), who believed that the Philipsburg thrust sheet had
been folded and partially eroded after emplacement from
the west. McGill modified earlier interpretation of faults
mapped to the east in the foreland of the thrust sheet. He
suggested that east-dipping faults, east of the thrust fault-
ed zone and relatively downthrown to the east, had origin-
ally been west-dipping reverse faults, which subsequently
had been rotated to east-dipping attitudes by underthrust-
ing from the west (by the Philipsburg thrust sheet, com-
posed of competent Beltian strata). McGill maintained that
folds in the autochthonous eastern foreland were also rotat-
ed by the underthrusting of the competent thrust sheet to
the extent that, over most of their length, the axial planes
of the folds dipped to the east.

SOUTH-CENTRAL GARNET RANGE

For the most part, the Garnet Range is composed of
broad folds which trend and plunge southeast, disappearing
beneath sharply unconformable Tertiary strata. The folds
of the Garnet Range are not broken by a major set of
northwest-striking faults, as reported by Pardee (1917).

Small west-dipping reverse faults are present on the
western “back” limbs of several of the folds and were ap-
parently formed during folding. Normal faults generally
parallel the trend of the fold axes and are consistently
downthrown to the east.

Lower Oligocene strata are present on the crest of the
Garnet Range, 3 to 5 miles north of this area. Upper Oligo-
cene-Lower Miocene Cabbage Patch beds occur on the south
flank of the Garnet Range and in the Clark Fork valley.
The lower Cabbage Patch beds on the range flank dip
steeply toward the lowland basin area.

CLARK FORK LOWLAND

Tertiary deposits in the Clark Fork Lowland present a
rather simple structural picture. The nonresistant strata
are unconformable to strongly folded pre-Tertiary rocks in
all observed localities. The Tertiary beds are tilted in vary-
ing directions locally and are broken by a few small dis-
placement faults which were not placed on the map. Dips
in the Cabbage Patch beds seem to be generally greater
than dips in the Flint Creek beds. No folding was observed
in the Tertiary rocks. The only uniform, linear structural
feature observed in Tertiary strata was the 25- to 40-degree
monoclinal dip of the lower Cabbage Patch beds on the
south flank of the Garnet Range.

Though unobserved, the presence of several normal
faults to the south in the Flint Creek Range is inferred by
stratigraphic relationships in Tertiary sediments of the
Lowland area. Movement along the Dunkleberg normal
fault appears to have taken place during or immediately
prior to the deposition of the Cabbage Patch formation.
This is indicated by the absence on the upthrown side of
the fault, due to non-deposition or erosion, of 200 feet of
tuffaceous beds of the formation found on the downthrown
east side of the fault. Distinctive conglomerates in the
Cabbage Patch formation rest on Cretaceous rocks in the
western block, but are at least 200 feet above the Creta-
ceous on the eastern side of the fault. Similar stratigraphic
relationships along the scarp on the west side of the Gold
Creek basin (east-central edge of the area) indicate that a
concealed fault is also probably present.

NORTHERN FLINT CREEK RANGE

The northern Flint Creek Range is naturally subdivided
into two structural provinces: (1) a wide eastern area of
narrow folds plunging to the north and overturned to the
west, and (2) a western area of Precambrian and Paleozoic
strata in thrust sheets emplaced from the west. The east-
ernmost thrust, the Philipsburg thrust, passes through the
southwestern corner of the Drummond area. The thrust
zone continues northwest and south in adjoining areas
mapped by McGill (1959) and Maxwell.f Inasmuch as
folds in the thrust sheets are overturned to the east, the
present-day, erosional trace of the Philipsburg thrust fault
marks a line of sharp division between areas of opposed
fold assymetry in the northern Flint Creek Range. The
eastern area and the thrust area to the west will be des-
cribed in turn.

EASTERN FOLDED AREA

In the Drummond area, Cretaceous strata form the bulk
of the surface area of the eastern subprovince of the north-
ern Flint Creek Range. Pre-Cretaceous strata are exposed
only in the southerly portion of Douglas Mountain anticline.
The narrow tolds, largely overturned to the west, display
typical features of incompetent folding. The attitude of
rocks in the western flanks of the incompetently deformed

* E. T. Ruppel, Unpublished Ph. D. thesis, Yale University.

i J. C. Maxwell, Princeton University, is mapping the thrust-faulted area between
Stone and Bearmouth, west of this map area and south of the Clark Fork.

folds varies rapidly, both along and across the fold strike,
from overturned to vertical to “right side up.” In general,
the folds are more steeply overturned and more tightly
closed toward the south. The central portion of Dunkleberg
anticline, where massive competent quartz diorite sills were
intruded prior to folding, is, however, symmetrical. The in-
truded igneous sills apparently imparted rigidity to Dun-
kleberg and Taft Hill strata which retarded overturning to
the west. North and south of the intrusives, and also in
stratigraphically higher parts of the fold immediately above
the main intrusive area, the west flank is overturned. As
pointed out by McGill (1959), construction of reasonable
cross sections demands that the overturning be limited to
only the upper part of the sedimentary section.

Folding of the area east of the major thrust faults
reached a point where no further shortening could be ac-
commodated by folding, at which time east-dipping reverse
faults were formed. Two types of reverse faults occur: (1)
oblique shear faults, which break across the overturned
western “front” limb of the fold, eliminating part of the
section in the faulted flank ; reverse faults on the west limb
of Dunkleberg anticline are of this type; and (2) “back”
limb or synclinal thrusts and reverse faults on the eastern
limb of the anticlines; fault movement of rocks up to the
west out of the tightly compressed synclines, such as on
the east limbs of Douglas Mountain and Dunkleberg anti-
clines, was largely along bedding planes in shales of the
upper Kootenai or Flood formations and resulted in dupli-
cation, rather than elimination, of section.

As noted in the opening remarks, tectonic transport
from the east, resulting in westward overturned folds, is
unusual in the Northern Rocky Mountains. In this case, the
overturning to the west persists eastward through the Flint
Creek Range to the Deer Lodge Valley, increasing in in-
tensity. On the southeast side of Rock Creek and Rock
Creek Lake in the eastern Flint Creek Range an isoclinal
fold of Precambrian Belt strata has been thrust to the
northwest over lower Paleozoic strata (Mutch and Gwinn,
1960). Similar overturned folds and east-dipping thrusts
have been mapped in the southern Flint Creek Range by
Emmons and Calkins (1913), genesis of which was ascribed
to igneous deformation accompanying intrusion of the
Mount Powell stock. However, the presence of the westward
overturned folds in the northeastern Flint Creek and in the
southeastern Flint Creek Range* on all sides of the stock
would preclude such an origin for the westward overturn-
ing, at least north, east, and south of the intrusives.

Within the Drummond area, and in the area to the east
and southeast, north-trending normal faults, such as the
Douglas Mountain, Princeton Mountain, Wasa, and Dunkle-
berg faults, displace and postdate reverse faults formed
during overturning to the west. These north-south faults
are downthrown to the east without exception, as are most
of the north-northwest-trending normal faults in the Garnet
Range. Mutch has mapped a southerly extension of the
Wasa or Dunkleberg fault which enters the Royal stock
3% miles south of this area. Joint, foliation, and lineation
studies by John Allen** reveal rotation and translation of
the granite on oposite sides of the fault zone. This would
suggest that intrusion preceded the normal faulting, which
may have taken place, at least in part, during or immedi-
ately prior to deposition of the lower part of the Cabbage
Patch formation in Late Oligocene (?) time.

The youngest faults observed in the area are east-west
normal faults downdropped to the north in the Flint Creek
Range and downdropped to the south in the Garnet Range
immediately south of the map area on Dunkleberg Ridge.
These faults cut across and post date both normal and re-
verse north-trending faults.

At the north end of the Flint Creek Range, north-
plunging folds are overlapped by uncomformable Cenozoic
rocks. However, the gap between structures in pre-Cenozoic
rocks on either side of the Clark Fork Lowland is narrow
enough in several places to establish structural continuity
across the Lowland. The excellent “fit” of stratigraphic
units and structural trend in the Coberly syncline and the
Drummond syncline provide the clearest case of continuity
across the Lowland lineament in the Drummond area. Map-
ping by Mutch, east and southeast of the area, demon-
strates continuity of the east flank of Carter Creek syn-
cline across the Lineament and the presence of an anticline
west of the syncline matching Saddle Mountain anticline.
Continuing to the west, one can thus assume between these
two known points of structural continuity that Gold Creek
syncline and Dunkleberg anticline are the southern counter-
parts of the unnamed syncline west of Saddle Mountain and
Limestone Ridge anticline in the Garnet Range. Thus, the
change in trend from north to northwest across the Mon-
tana Lineament in the Clark Fork Lowland occurs along
continuous folds, as observed in the Gold Creek and Coberly
synclines; the folds are not broken by transverse, strike-
slip faults. The “fit” of first-order structures on opposite
sides of the Lineament appears to be excellent.

WESTERN THRUST FAULTED AREA

The zone of west-dipping thrust faults on the western
flank of the Flint Creek Mountains has been previously
described by Emmons and Calkins (1913), Pardee (1936),
Poulter (1959), and McGill (1959). Recent detailed mapping
immediately west and northwest of the Drummond area
(J. C. Maxwell, in progress; Kauffman, 1960) reveals the
continuity of the thrust zone from the western Flint Creek
Range in an arc to the northwest through the lowlands
west of Flint Creek and farther northwest along the Clark
Fork River and the south flank of the Garnet Range. Rela-
tive movement to the east or northeast has been demon-
strated along all of the large thrust faults.

The easternmost thrust fault of the zone, the Philips-
burg thrust, crosses the southwest corner of the Drummond
area and disappears to the north beneath unconformable
Tertiary strata immediately north of Douglas Creek. East
of the approximate thrust trace is Eye Brow Mountain a
klippe of Pennsylvanian and Permian (?) strata. McGill
(1959) ascribed preservation of the thrust sheet remnant
to minor downfolding of part of the forward edge of the
thrust sheet. The klippe rests on a syncline of Kootenai
and Flood beds which is overturned to the west opposite the
south end of the klippe. Immediately to the south of the
map area. near Gird Creek, another klippe of the Philips-
burg thrust sheet rests on the tightly overturned fold;
other overturned folds in that area trend at small angles
to the trace of the thrust fault and to the trend of folds
in the thrust sheet itself (See geologic map of McGill,
1959).

Assymetric folds in the thrust sheets of the western
zone are overturned to the east or northeast. No folds east
of the present erosional trace of the Philipsburg thrust are
overturned to the east. Even the fold which was visibly
overridden from the west between Douglas and Gird Creeks
has westward assymetry.

INTERPRETATION OF THE OPPOSED ASSYMETRY OF
FOLDING AND THRUST FAULTING

The juxtaposition of rocks with opposed asymetry re-
ceived little attention until McGill (1959) proposed that,
after thrusting, competent Precambrian and lower Paleo-
zoic rocks in the western thrust sheets were down-warped
into their present topographically lower position relative to
less competent upper Paleozoic and Mesozoic strata to the
east. McGill postulated that the competent rocks of the
western block were then thrust under the incompetent
rocks to the east, creating a bulldozing effect which rotated
originally west-dipping faults and fold axes to their pres-
ent east-dipping positions.

Since this interpretation was presented, the following
additional data have become available which shed light on
the problem of the opposed assymetry and direction of
thrust faulting:

(1) Overturning to the west persists across the entire
northern Flint Creek Range and into the southern Flint
Creek Range, both to the east of granitic stocks in the
crest of the ranget and to the west of the stocks (Emmons
and Calkins, 1918). The overturning to the west is in no
way restricted to a zone near the Philipsburg or George-
town thrust faults. Overturning increases to the east.

(2) A major thrust fault moving an overturned fold of
Beltian strata northwest over lower Paleozoic rocks has
been mapped along the southeast side of Rock Creek and
Rock Creek Lake by Mutchi in the eastern Flint Creek
Range. The axes of the overturned folds in the central and
eastern Flint Creek Range form an arc concave to the east.
The major thrust sheet is located just east of the middle
of this arc. Other east-dipping thrust faults have been
mapped in the southern Flint Creek Range in the southeast
part of the Philipsburg quadrangle (Emmons and Calkins,
1913). These facts indicate that tectonic forces producing
westward thrusting and overturning were a major geologic
event in the history of the Flint Creek Range.

(3) Faults which McGill thought were originally west-
dipping reverse faults rotated through the vertical by un-
derthrusting have convincingly been shown as part of a
set of north-south normal faults consistently downthrown
to the east. The Douglas Mountain normal fault maintains
a 55° to 85° east dip through both upright and strongly
overturned portions of the west flank of Douglas Mountain
anticline most clearly dating its time of formation as later
than the overturning to the west.

Furthermore the author would re-emphasize that the
Eyebrow Mountain klippe and the unnamed klippe to the
south are erosional remnants of a thrust sheet which ap-
pears to have overlain and thus overriden the westward-
overturned syncline of Mesozoic rocks.

These data cast considerable doubt on underthrusting
and rotation as the mechanism of overturning to the west
of the folds in the foreland of the Philipsburg thrust.

Instead, the author and Mutch (1960) have suggested
that the overturning east of the Philipsburg thrust re-
sulted from a force field producing a net westward push.
These forces affected much, if not all, of the Flint Creek
Range. Field relationships along the Philipsburg thrust
fault and its outlying klippen indicate overriding of already-
westward-overturned folds by the Philipsburg thrust sheet.

The author and Mutch (1960) have tentatively suggest-
ed that the ultimate source of the forces from the east may
have been deforming stresses accompanying emplacement
of the Boulder batholith during initial Laramide compres-
sion, probably in latest Cretaceous time.

POST-COMPRESSIONAL TECTONIC ACTIVITY

In both the Garnet and Flint Creek Range in and near
the Drummond area, the major north-south or northwest-
southeast normal faults east of the thrust zone were formed
after folding and resulted in relative downthrow to the
east. At least part of this movement may have taken place
during Oligocene time, as indicated by stratigraphic rela-
tionships in the Cabbage Patch beds. In addition, a southern
extension of the Wasa normal fault caused rotation and

* Bela Csejtey, personal communication.
** John Allen, personal communication.
7 Bela Csejtey, personal communication, mapping in progress.

¥ T. A. Mutch, unpublished Ph. D. thesis, 1960, Princeton University.

translation of lineations and foliations in granitic rocks in
the northern margin of the Royal batholith.* McGill (1959)
and Mutch (1960) demonstrated that the Royal batholith
“shouldered aside” the allochthonous Philipsburg-Princeton
thrust sheet and older folds in the foreland of the thrusts.
Thus, field relationships in the northern Flint Creek Range
indicate the following sequence of events: folding and
thrusting from the east; folding and thrusting from the
west; intrusion of the Royal stock; and finally normal
faulting, first along essentially north-south lines and then
to a lesser degree along east-west lines.

After or during waning stages of compressional deform-
ation, subsidence of local intermontane basins and elevation
of ranges began. Tertiary lacustrine and fluvial deposits
decrease in age from the crest of the Garnet Range down
into the Clark Fork and Flint Creek Valley basins. In addi-
tion, lower Cabbage Patch beds dip uniformly away from
the Garnet range at a considerable angle, whereas Miocene
and Pliocene beds, further out in the basin are generally
inclined less steeply and less uniformly.

The areal distribution and structural disposition of suc-
cessive Tertiary formations point to either (1) southward
migration of sites of deposition during Tertiary uplift of
the ranges above the basin area or (2) stripping of late
Miocene and possible Pliocene beds from the more steeply
tilted southern flank of the Garnet Range in late Tertiary
time. Although the relatively steeper plunge of folds in the
Garnet Range as compared to that in the Flint Creek Range
might lend support to the latter stripping hypothesis, the
fact that successively younger Tertiary formations are
generally found at successively lower elevations supports
southward migration of area of deposition during relative
range uplift in Oligocene and Miocene time., Acceleration
of tilting and range uplift during Pliocene time may have
caused erosion of any Flint Creek beds present north of the
Clark Fork River,

INTERPRETATION OF THE MONTANA LINEAMENT
IN THE DRUMMOND AREA

As outlined on previous pages, the change in fold trend
and fold plunge direction on either side of the Montana
lineament in the Clark Fork lowland is a fundamental
structural feature of the area. The change in plunge direc-
tion along the folds appears to be, in part, a Tertiary fea-
ture produced by relative uplift of the range areas above
the sag-like Lowland lineament by arching or tilting, as in-
dicated by the persistent Tertiary deposition in the inter-
vening belt along the “lineament.” The change in structural
trend on opposing sides of the lineament must have come
about during Laramide compression in pre-Oligeocene time,
because there are no extensional features in the area which
would indicate that the trend change had been “imposed”
by post-compressional left-lateral, strike-slip movement
along the lineament.

Though there are no surface manifestation of strike-slip
faulting in the area, it is possible that left-lateral movement
occurred at considerable depth along a zone of basement
weakness under the present Lineament ; Poulter (1959) and
McGill (1959) suggest that a force component of east or
northeast directed Laramide stress may have caused rela-
tive eastward movement of a previously delineated base-
ment block south of the lineament.

ECONOMIC GEOLOGY

The Drummond area contains deposits of lead, zine,
silver, and gold ores which were exploited in past years
when market conditions were more favorable. At present,
only rock phosphate from the Phosphoria formation and
limestone from the Madison limestone are produced in or
near the area. Quaternary sand and gravel in floodplains
and terraces within the area are regularly utilized in road
construction. Argillaceous limestone in the uppermost Koot-
enai formation is a potential source of limestone and cement
rock if a nearby market should develop.

METALLIC MINERAL DEPOSITS

Hydrothermal deposits of argentiferous lead and zinc
ores are found in the Dunkleberg mining district in the
southeastern part of the area on Dunkleberg Ridge and in
Dunkleberg Creek valley. The mineralized area, 3 to 4 miles
long from north to south and 1 to 114 miles wide, is in the
Deer Lodge National Forest and can be reached by dirt
road from Jens, a village approximately 10 miles to the
north on U. S. Highway 10. From the west, a dirt road
enters the valley of Douglas Creek at Sherryl and continues
east to Dunkleberg Ridge and the Wasa mine, where it
connects with the road from Dunkleberg Creek and Jens.

HISTORY AND PRODUCTION

Initial discovery in the Dunkleberg district was made
about 1880. Early production and development were negli-
gible (Popoff, 1953). The principal producing mines, the
Forest Rose and the Wasa, were discovered in 1884 and
1910 respectively. Rising base metal prices during World
War I stimulated production of 2,000 tons of ore from ex-
tensive developments in the Forest Rose and Wasa mines.
Favorable demand and prices during World War II led to
renewed leasing in the Dunkleberg district by the Forest
Rose Syndicate and construction of a 100-ton flotation mill,
which treated 113,000 tons of lead-zinc ore valued at $875,-
000. (This amounted to 98.6 percent of the production from
the district to date.) Values of earlier production were less
than $200,000 (Pardee, 1918).

RECENT WORK

Extensive diamond drilling, trenching, underground
mapping, and road construction were done by the U. S. Bu-
reau of Mines from 1946 to 1949. Popoff’s report (1953)
presents core drill data, ore evaluation, and detailed maps
of mine workings which are inaccessible today because of
caving and flooding.

GEOLOGY

Hydrothermal replacement and fissure-filling deposits
have been emplaced in the Kootenai formation and lower
part of the Colorado group on the faulted, north-plunging
nose of Dunkleberg anticline. Dunkleberg and Douglas
Creeks have carved deep valleys along and across the anti-
clinal trend. Beds of the Quadrant quartzite, Ellis group and
Morrison formation are exposed south of the district. Strata
of the Kootenai formation, and Flood, Taft Hill, and Dun-
kleberg members of the Blackleaf formation are exposed in
the anticline within the district.

The low-grade, lead-zinc-silver ores are emplaced largely
in the Kootenai formation, 1,100-1,300 feet thick. Small
prospect pits are found in fractured beds on the Taft Hill
and Dunkleberg members in the northern part of the dis-
trict. Beds of limestone in the lower limestone and upper
limestone members of the Kootenai formation have served
as favorable beds for extensive ore deposition. Alteration
accompanying mineralization bleached the vivid red, ma-
roon, purple, and green mudstones, siltstones, and shales to
subdued tones of greenish gray, grayish violet, and reddish
eray.

As noted in the previous description of structure in the
may area, the Dunkleberg anticline is flanked on the east
by the Dunkleberg normal fault and is broken by several
small-displacement normal and reverse faults which dip
steeply to the east on the crest of the ridge near the Wasa
mine. Zones in sandstones and argillites along and near the
faults have been more intensely shattered, altered, and min-
eralized than have unfaulted portions of the fold.

ORIGIN

Origin of the deposits has been discussed to varying
extents by Pardee (1918), Popoff (1953), and Smallwood.*
Pardee believed that the Wasa deposits were formed by con-
tact metamorphism accompanying intrusion of dioritic sills
into beds of the Colorado group. This conclusion is unten-
able, since the sills were intruded prior to folding and fault-
ing, which was in turn prior to mineralization. In addition
there seems to have been no appreciable metamorphism of
the country rock by the intrusive bodies.

Popoff advocated replacement of Kootenai limestones
by metasomatizing hydrothermal solutions introduced along
faults and bedding surfaces. He concurred with Pardee that
sphalerite was a late-stage mineral which partially replaced
pyrite. Fracture-filling quartz-sulfide veins and minor re-
placement deposits in Kootenai argillites are of little value.
Smallwood** gpeculated that extensive replacement of Madi-
son limestone may have occurred at depth. The possibility
of such replacement is mentioned under Prospective Areas
below.

MINES
FOREST ROSE

The Forest Rose mine, principal lead-producing mine in
the district, is on the north-plunging nose of Dunkleberg
anticline on the west slope of Dunkleberg Creek valley. Ore
deposition is localized by replacement of favorable limestone
beds in the upper “gastropod” limestone member of the
Kootenai formation. These beds outcrop at several places
near the mine entries.

The Forest Rose ores are largely argentiferous galena,
sphalerite, and pyrite in the matrix of limestone, which
contains numerous veinlets of calcite and quartz. The ore
averaged 4.0 percent lead, 4.0 percent zinc, and 3.0 ounces
silver per ton.

The main adit of the mine, now caved and flooded, is
at an elevation of 5,150 feet and has been driven 480 feet
west. Workings from this adit exceed 3,000 feet. Extensive
mining was done from a winze sunk 400 feet below the main
level. Mining methods were modifications of shrinkage
stoping.

Ore bodies attain maximum thickness on the nose of
the fold in beds of the upper “gastropod” limestone mem-
ber. The main ore shoots have been followed nearly 1,000
feet along the plunge of the anticline. The largest ore bodies
are at the intersection of limestone beds and small-displace-
ment faults, Smaller ore bodies are found at the intersection
of numerous bedding plane faults and fissures parallel to
the axial plane. Popoff (1953) reported that the width of
ore bodies and ore tenor decrease to points of unprofitable
mining in the deepest explored levels.

WASA

The Wasa mine is on the axial portion and west limb of
Dunkleberg anticline in the headwaters of Douglas Creek
high on the west side of Dunkleberg Ridge about a mile and
a half south of the Forest Rose mine. In addition to ex-
ploration and development difficulties introduced by more
complex faulting of Dunkleberg anticline in the Wasa area,
structural relationships are more difficult to determine be-
cause bedding in the Kootenai formation has largely been
obscured by alteration and weathering.

* John Allen, personal communication, mapping in progress.
** Smallwood, K., 1956, unpublished M. S. thesis, Montana State University.

Crude ores from the Wasa mine averaged 4.3 to 5.5
percent zinc and 0.8 percent lead. Samples from the upper
levels averaged 3.0 to 12.0 percent zinec.

The Wasa mine workings included adits driven at eleva-
tions of 6,140, 6,110, 6,100, and 6,020 feet, totaling about
1,500 feet. Other development adits exceed 800 feet in
length, including about 400 feet along the strike of ore
bodies. Ore bodies in the Wasa mine are probably a result
of replacement of limestone beds near their intersection
with east-dipping faults, as in the Forest Rose. The Wasa-
Shamrock fault and lesser parallel faults trend north and
north-northwest. Several gossan zones, probably mineralized
subsidiary fault and breccia zones, have been traced 2,500
feet south of the main working (Popoff, 1953). The author
observed their termination to the south of this area along
an east-west, post-mineral normal fault upthrown to the
south.

Wasa ores are predominately massive to disseminated
sphalerite and pyrite with low proportions of galena. Other
minerals present are small amounts of scheelite, chalcopy-
rite, siderite, tetrahedrite, and traces of gold.

Ore deposits reportedly dip 75° E. to vertical and rake
northeast along the fault planes.

Drill cores taken a few hundred feet north of the Lower
Wasa adit reveal high lead content like those in the Forest
Rose mine ores. More development work would be necessary
to determine the relationship of these deposits to those in
the main Wasa mine,

OTHER MINES

Numerous other deposits in the Dunkleberg district
yielded small amounts of ore in the early period of mining
(Popoff, 1953). They have proved unprofitable since that
time. To the north of the Forest Rose mine, most of the
small prospects are along shattered or brecciated zones on
the flanks of Dunkleberg anticline. Small-displacement
strike faults and bedding plane faults are probably present
along most of the fold .

AURIFEROUS GRAVELS

Pleistocene and Recent gold-bearing gravels in sur-
rounding areas have been intermittently worked since the
initial discovery of gold in 1852 in the drainage of Gold
Creek, adjoining the Drummond area on the east. Pardee
(1951) and Mutch (1960) have pointed out that the only
profitable gold placer operations in the eastern and north-
eastern Flint Creek Range have been developed in early
Pleistocene glacial gravels. These glacial deposits have not
been seen in this area.

Just before World War I, a large sluicing operation was
carried out near Sherryl at the mouth of Douglas Creek,
where Quaternary (probably Recent) fluvial gravels in the
large bench yielded only small quantities of flour gold. The
venture was subsequently abandoned.

PROSPECTIVE AREAS

Further exploration could be undertaken north of the
lower Wasa adit where core drilling revealed valuable lead
ores. Also, inasmuch as the high-angle normal faults cer-
tainly extend to some depth, it is possible that replacement
ore bodies occur along the fault zones in the Madison or
Jefferson limestones at a depth of 1,300 to 2,700 feet below
the surface.

NONMETALLIC DEPOSITS
PHOSPHATE ROCK

A 4- to 12-foot interval of interbedded pure and impure
phosphate rock occurs throughout most of the Flint Creek
Range in the Phosphoria formation of Permian age. This
unit has a restricted distribution in the central Granet
Range because of pre-Late Jurassic erosion and, perhaps,
because of facies changes within the Permian strata. The
phosphate content, estimated reserves, and regional strati-
graphy have been thoroughly discussed in several reports
(Pardee, 1917; Pardee, 1937; and McKelvey and others,
1959). Active underground and open pit mines are being
operated by the Montana Phosphate Products Co., on North
Brock Creek, 1 mile northeast of this area. Several mines
operated on Douglas Creek in former years have produced
a small amount of phosphate rock, but are inactive at pres-
ent. The phosphate beds are well exposed only in trenches,
but can be located approximately in most areas by pieces of
float coated with bluish-white, phosphatic “bloom.” This
float is normally found in the low swale between the older
Quadrant quartzite and the overlying Shedhorn quartzite of
Permian age.

Pardee (1936) mapped the phosphate beds on Douglas
Mountain in considerable detail and suggested further de-
velopment of the phosphate by adits and winzes on the
Phosphoria beds on the northern “nose” of Douglas Moun-
tain anticline,

LIMESTONE

Madison limestone is quarried 4 miles west of Drum-
mond on the south flank of Drummond anticline in the
Garnet Range, a mile east of Rattler Gulch and a mile
north of the Clark Fork River. Steep dipping beds of very
pure limestone in the upper part of the Madison are quar-
ried and hauled 2 miles to the railroad, where the crushed
rock is shipped to the Missoula sugar refinery. Perry (1949)
reports that the limestone quarried averages 98 percent
calcium carbonate. The Madison limestone forms the sur-
face of the northern part of “Limestone Ridge” in the
Drummond area.

Units of the upper “gastropod” limestone member of
the Kootenai formation were formerly quarried 100 yards
northeast of Drummond. The proximity of this more ar-
gillaceous limestone to the railhead at Drummond could
make such an operation more attractive at some future date
if a local demand for cement rock should develop.

DIATOMACEOUS EARTH

A single bed of impure diatomaceous earth occurs in the
upper Cabbage Patch beds in a small isolated butte directly
south of the Wallace ranch house on the south edge of the
Clark Fork River floodplain southwest of Jens. The bed,
which makes a prominent white band around the butte, is
about 2 feet thick and may be quite lenticular. This was
the only observed occurrence of diatomite in the area.
Quartz, volcanic, glass, and lithic particles contaminating
the rock could make it of such low grade as to be unsuitable
for filtration or abrasive purposes, fillers, or ceramic
admixtures.

GRAVEL

Gravel in flood plains and terraces of the Clark Fork
River and Flint Creek is at present being exploited as road
metal in construction of the new interstate highway. Con-
siderable screening and washing would be necessary to up-
grade the gravel for use as concrete aggregate.
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TABLE 1

Sedimentary Rocks of the Drummond Area

CENOZOIC:
QUATERNARY:
ALLUVIUM.—Stream sand and gravel, talus, slope wash.

GRAVEL.—Dissected remanants of gravel benches; highest
gravel may have originated on a pediment.

TERTIARY:

BARNES CREEK GRAVEL.—Thickness, 0-250 ft. == Gravel
with intercalated lacustrine argillaceous, volcanic-rich
siltstones, sandstones and limestones; gravel matrix has
a characteristic pink cast which differentiates it from
the Quaternary gravels; contains Pliocene vertebrate
fragments in upper part; truncates the underlying Flint
Creek beds.

UNCONFORMITY

SPECIAL PUBLICATION 21 (Geol. Map 4)

FLINT CREEK BEDS.—Thickness, 0-600 ft. =. Thin-bed-
ded, tan to light gray tuffs, voleanic-rich siltstones and
sandstones, laminated limestones, and thin sandstones;
thinner and more excellent bedding distinguishes the
Flint Creek beds from the underlying Cabbage Patch
beds; contact not observed.

(&9

CABBAGE PATCH BEDS.—Thickness, 0-500 ft. =. Mica-
ceous conglomerates and sandstones, overlain by massive,
poorly-bedded tuffs and volcanic-rich mudstones and
tuffs; underlain by a variable thickness (0-200’) of lam-
inated limestone and fine-grained detrital rocks; im-
pure diatomite bed in lower fine-grained sequence.

——UNCONFORMITY

EARLY TERTIARY CLAYS AND RHYOLIT.IC TUFFS.—
Thickness, 0-150 ft. =. Red, montmorillonitic pebbly clay
found in discontinuous patches between the Cabbqge
Patch beds and pre-Tertiary strata; at least 100 ft. thick
along east wall of Dunkleberg Creek; pre-Miocene, prob-
ably older than the rhyolitic welded tuffs which occur
at the same position at several localities.

MAJOR UNCONFORMITY

MESOZOIC:

CRETACEOUS:

GOLDEN SPIKE FACIES OF ELKHORN MOUNTAINS
VOLCANICS.—Thickness 4,000-6,000 ft. . Andesitie-
dacitic lavas, tuffs, and volecanic-rich sandstones inter-
bedded with massive, poorly-sorted conglomerate and
salt-and-pepper sandstone, siltstone, shale, and siliceous
mudstone; conglomerates and sandstones are lenticular,
truncate underlying beds, and are interbedded with car-
bonaceous shales; upper % of formation exposed south-
east and south of Brock Creek outside map area.

UNCONFORMITY

COLORADO GROUP:

CARTER CREEK FORMATION.—Thickness 4,500-6,000
ft. Quartzose sandstone, siltstone, shale, and siliceous
mudstones; tan to gray and gray-green; distinctly de-
limited by dark shales below and conglomerates above;
basal sandstones contain small chert pebbles and Car-
dium pauperculum fauna; a lenticular volcanic-pebble
conglomerate 4,000 ft. above the base indicatgs the in-
ception of volcanic and intrusive activity; marine fossils
at the base, but only brackish-water invertebrates and
petrified wood above; obscure disconformity at base.

JENS FORMATION.—Thickness 1,000-1,510 ft. Dark gray
shale, siltstone, siliceous mudstone, and minor fine-
grained calcereous sandstone east of Carter Creek;
middle 1,000 ft. of formation west of Carter Creek are
composed of basal vari-colored shale and sandstone and
higher voleanie-rich sandstone, siliceous mudstone, and
tan shale; dark shales at top and bottom, tongues from
the east; unfossiliferous.

COBERLY FORMATION.—Thickness 590 ft. Calcareous
salt-and-pepper sandstone, lenticular clastic, fossiliferous
limestone, and minor dark gray shale and siltstone;
aphanitic black limestene with delicate, unabraded
brackish-water mollusks intertongued from the west;
unconformable on underlying Dunkleberg member.

UNCONFORMITY

BLACKLEAF FORMATION.—Thickness 3080-3400 ft. total.

DUNKLEBERG MEMBER.—Thickness 1500-1700 ft.
Siliceous, voleanic-rich mudstones, siltstones, and sand-
stones, calcareous, feldspathic sandstone and siltstone;
light-gray weathering, gray to gray-green and tan on
fresh exposures. Lenticular chert-pebble conglomerates
in basal 400 ft. and about 1300 ft. above base of forma-
tion; 100 ft. of varicolored siltstones and shales found
locally at the top of the formation, where not stripped
away during pre-Coberly erosion.

TAFT HILL MEMBER.—Thickness 900-1000 ft. Tan to
light gray, calcareous sandstone and gray to green silt-
stone, and mudstone; lower 300 ft. are cross-bedded
marine sandstones, some pyritic at base; lenticular vol-
canic-rich strata in upper 200 ft. of formation; transi-
tional with underlying Flood member.

FLOOD MEMBER (UPPER PART).—Thickness 450 ft.

Dark gray to black, non-calcareous shale with minor
finegrained caleareous, ripple- and cross-laminated sand-
stone; marine, nonfossiliferous; sandstones marked by
organic burrows and trails.
LOWER PART.—Thickness 230-250 ft. Sandy limestone,
siltstone, and minor fine-grained sandstone; iron-oxide
stain prominent on weathered exposures; mixed fresh
and brackish water deposits formed on western margin
of encroaching Cretaceous sea.

BASE OF COLORADO GROUP
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KOOTENAI FORMATION.—Thickness 900-1100 ft. total.
Four mappable members not named here.

UPPER “GASTROPCD” LIMESTONE MEMBER.—Thick-
ness 80-130 ft. Gray, medium-to coarse-crystalline lime-
stone, containing many recrystallized shells of globose
snails; several beds up to 35 ft. thick, separated by gray
to rose-colored calcareous shale and siltstone; lacustrine
or fresh water lagoon origin.

UPPER DETRITAL MEMBER.—Thickness 400-500 ft.
Maroon, green, and gray mudstone and siltstone, with
minor gray and brown calcareous salt-and-pepper sand-
stone; distinctive “flat-pebble” limestone conglomerate
100 ft. below top; non-marine.

LOWER LIMESTONE MEMBER.—Thickness 150-220 ft.
Gray fine-crystalline limestone which weathers light
gray and tan, interbedded with varicolored siltstone and
mudstone; as many as 10 discrete beds of limestone,
some of which contain peculiar unidentified twig-like,
branching bodies of secondary calcite (organic?); la-
custrine.

LOWER DETRITAL MEMBER.—Thickness 80-130 ft.
Gray to red-brown salt-and-pepper sandstone and silt-
stone, with widespread gray chert cobble conglomerate
at base, ranging up to 35 ft. in thickness; sandstone and
conglomerate cemented by silica; non-marine.

UNCONFORMITY

JURASSIC:

MORRISON FORMATION.—Thickness 190 ft. =. Gray to
gray-green siltstone and fine-grained sandstone, iron-
oxide staining prominent on weathered outcrop; salt-and-
pepper sandstone intercalated near top; truncated by the
overlying basal conglomerates and sandstones of the
Kootenai formation; lower contact is transitional with
the Swift formation; unfossiliferous and assumed to be
non-marine.

ELLIS GROUP: Thickness 500 ft. =

SWIFT FORMATION.—Calcareous salt-and-pepper sand-
stone, thin-bedded to massive and commonly cross-
laminated; conglomerates in lower half; reported to be
disconformable on underlying Rierdon formation,

UNCONFORMITY

RIERDON FORMATION.—Thin-bedded, .tan—weatheripg,
gray, argillaceous limestone, shale and siltstone; marine
invertebrates.

SAWTOOTH FORMATION.—Dark gray siltstone and
shale, with minor thin-bedded argillaceous gray lime-
stone; sandstone at base where it rests on lower part
of Phosphoria formation; unconformable on Permian
below; marine invertebrates; locally rests on Phosphoria
formation near Brock Creek.

UNCONFORMITY

PALEOZOIC:

PERMIAN:

SHEDHORN SANDSTONE.—Thickness 0-150 ft. Tan silica-
cemented quartzites with specks of limonite; locally
cross-bedded; thickness varies because of pre-Jurassic
erosion; unfossiliferous.

PHOSPHORIA FORMATION.—Thickness 0-50 ft. Upper
part bedded chert, lenticular chert conglomerate, sand-
stone, and siltstone, contains volcanic detritis; medial
part phosphatic mudstone and oolitic phosphorite; basal
part chert breccia and siltstone; unfossiliferous.

PARK CITY FORMATION.—Thickness 0-50 ft. Light gray
to tan, thin-bedded dolomite with chert lenses and
nodules: obscure disconformity at base; not deposited
north of the Clark Fork River.

UNCONFORMITY

PENNSYLVANIAN:

QUADRANT QUARTZITE.—Thickness 200-250 ft. Massive,
tan to light gray, vitreous quartzite; stained red-brown
to black on weathered surfaces; lower 50 ft. are rarely
exposed calcareous or dolomitic quartzites; brecciated
by later tectonic activity in several localities; transi-
tional with Amsden below.

MISSISSIPPIAN:

AMSDEN FORMATION.—Thickness 300-325 ft. Very non-
resistant, red-orange to tan, calcareous siltstone, shale
and limestone; deposited on karst surface developed on
Madison limestone during late Mississippian erosional
interval.

UNCONFORMITY

MADISON FORMATION.—Thickness 1200 ft. +. Gray lime-
stone and chert; only upper part of the formation ex-
posed in this area in axial portion of Limestone Ridge
anticline. ¢
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