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TABLE 1.—Sedimentary Formations of the Northeast Flank
of the Flint Creek Range.

SERIES FORMATION lTHICKNES;r LITHOLOGY METAMORPHIC  EQUIVALENT
(FEET) alluvium, gravel
RECENT truverﬁge
early, inter i and late
PLEISTOCENE] glacial_deposits
PLIOCENE gravel, silt
volcanic-rich  silts and
MIOCENE sands
conglomerate, sandstone,
SPlg%LDBEgos 4000 "volconi;:l" sandstone, &
ows
CARTER varicolored siltstone and
| UPPER CREEK FM. | 3000 d
3 JENS FM. | 1400 siltstone, shale
u COBERLY FM.| 700 | sandstone, silisfone,
< 4 limestone
E DUN'tSILBERBERG 1700 volcunic-ri‘ch siltstone, fine-grained mottled hornfels
@ . e.
© TAFT HILL
MBR. 1000 sandstone indurated  sandstone
LOWER  |FLOOD MBR.| 685 block  shale e o s
#%| reddish and greenish drab-colored  hornfels
KO?:LENA' 1250 siltstone,  sandstone, and containing mica, _chlorite,
2 limestone cordierite
3 calcareous siltstone dark-green hornfels with
5 AN%IDS'P.PEER 430‘ and .sandstone elﬁ{:ﬁcgurld clots h'gol Calcite
and _amphibole
z I‘Shal:' 5°"ds'°'"?t- fissile hornfels, calcareous
w 200 'mggi‘;;%h'eq“fgcf e, quartzite, marble
§ (?UUAARD1BZA|¥E 120 orthoquartzite recrystallized quartzite
& AMSDEN FM.| 300% calcareous  siitstone
g MADISON # limestone with voriable | Wit dnd gray " coarse-grained
= LIMESTONE | 23C0 amounts of chert murblecu:lflgs remolite
= JEH;MRSON 850* dolomitic limestone
o i
S MAYFVK,,(_"UU 275%|  calcareous sandstone
RED LION * Timestone  with lominafed  calc-silicate
UPPER FM. 330 siliceous _laminae hornfels, marble
E —————— DOZL:-SOM”IBI"% 1oo* dolomite fine-grained dolomitic marble
@ Taminated dark-green
g MIDDLE SILVER  HILL 330* shale, limestone calc-silicate  hornfels,
g FM. tremolitic _marble
Q%Iﬁ;(-l:r”zﬁég 200* orthoquartzite recrystallized quartzite
: MISSOULA |10 sandstone, shale, quartz-feldspar-biotite  schist
g ROUP quartzite _ and phyllite; quartzite
g BELT NEVéhAND 7000| argillaceous limestone llghi;lqree_:j to dnik—qreen
S ; =
RAVALLI light-gray quartzite with recrystallizgh quartzite
& FM. — some _sericitic _beds phyllite '
* taken from McGill, 1959
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Geologic Map of the Northeast
Flank of the Flint Creek Range,

Western Montana

By Thomas A. Mutch

INTRODUCTION

The Flint Creek Range is in western Montana, approxi-
mately 30 miles northwest of Butte. The area mapped
comprises 50 square miles within Powell and Granite Coun-
ties, the major portion being along the eastern and north-
ern flanks of Flint Creek Range. The northeastern part is
situated in the valley of the Clark Fork of the Columbia
River.

PHYSIOGRAPHY

The Flint Creek Range covers approximately 400 square
miles. Its eastern flank rises abruptly from the Deer Lodge
Valley. The average elevation of the valley is 5000 feet
and, within a distance of 8 miles, rugged crests of the
range reach elevations greater than 10,000 feet. Glacial
sculpturing has produced numerous cirques, many of which
now contain smrall lakes. The topography of the northern
part of the range is more mature than that of the southern
and central portions. Rounded hills rise gradually from
the Clark Fork valley on the north and northeast.

The eastern part of the range is drained by eastward
and northeastward-flowing tributaries of Clark Fork. Major
permanent streams include Racetrack, Dempsey, Tincup Joe,
Rock, Pikes Peak, Gold, and Crevice Creeks. Clark Fork
flows to the north along the eastern border of Flint Creek
Range and then swings to the northwest around the north-

Tmc — Miocene
# Toc — Oligocene(?)
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ern end of the mountains. That portion of the river valley
east of the range is known as the Deer Lodge Valley.

The northeast flank of the range is heavily timbe;g(.i
with both conifer and broad-leaf trees. A number of upland
parks are present on the broader ridges and south-facing
slopes. At elevations greater than 8,000 feet frost action
has produced boulder rubble which is generally free of
any forest cover. Clark Fork valley contains open grass-
land.

U. S. Highway 10 (Interstate 90) traverses the northern
part of the map area, following the Clark Fork. Good grav-
el roads extend from the town of Gold Creek half way to
Gold Creek Lakes, and from the town of Deer Lodge to
Rock Creek Lake. Unimproved dirt roads follow Racetrack
Creek, Rock Creek above Rock Creek Lake, Pikes Peak
Ridge to Doney Lake, Pikes Peak Creek to Emery Ridge,
Pioneer to Gold Creek Lakes, and Crevice Creek. The main
lines of the Northern Pacific and Chicago, Milwaukee, St.
Paul, and Pacific railroads follow the Clark Fork in the
northeastern part of the area.

Gold Creek is the only town in the area. Clark Fork
valley contains a number of ranches and a few families
live in the vicinity of Pioneer. About 25 summer cottages
are located on the shores of Rock Creek Lake.

PREVIOUS WORK

The Philipsburg quadrangle was first mapped by Em-
mons and Calking (1913, 1915). The northeast portion of
the quadrangle was remapped by McGill (1959). Glacial
deposits in the vicinity of Gold Creek and Pioneer have
been examined by Pardee (1951) who has also mapped the
general geology north of the Clark Fork (Pardee, 1917).
That portion of the Clark Fork valley lying to the west and
north of the present area has been mapped by Gwinn
(1961).

Field work for this report was done during the sum-
mers of 1957, 1958, and 1959. The mapping was done as
part of a larger project in the Flint Creek Range area,
directed by Dr. John C. Maxwell of Princeton University.
The reports of McGill* and Gwinn* were also prepared
as portions of this project.

ACKNOWLEDGMENTS

John C. Maxwell of Princeton University suggested and
supervised the project. A number of faculty members and
graduate students at Princeton contributed helpful sugges-
tions and criticism. Financial assistance during the sum-
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mers of 1957 and 1958 was provided through National Sci-
ence Foundation contract No. G 4169, awarded to John C.
Maxwell. Financial assistance during the summer of 1959
was provided by a National Science Foundation Summer
Fellowship for Teaching Assistants. Field assistants were
Bela Csejtey, Mark L. Holmes, Robert L. Major and Stew-
art S. Hudnut.

SEDIMENTARY ROCKS

Approximately 35,000 feet of sedimentary rocks rang-
ing in age from Precambrian to Cenozoic are exposed in the
map area. Poor exposures, complex structures, and contact
metamorphism prevent much detailed stratigraphy. Most
of the units which are present have already been described
in adjacent areas (Emmons and Calkins, 1913; Poulter,
1957 ; McGill, 1959; Gwinn, 1961). Stratigraphic units, es-
timated thicknesses, and metamorphic equivalents are
shown in Table 1.

PRECAMBRIAN ROCKS

Thermally metamorphosed, boldly outcropping Belt
rocks are extensively exposed in the southern part of the
map area. Ravalli group rocks, estimated to be 2,000 feet
thick by Emmons and Calkins (1913, p. 39) are composed
of light-colored quartzite with subordinate thinly bedded
dark-colored shale,

The Newland formation (Piegan group) contains ap-
proximately 7,000 feet of alternating thinly bedded impure
limestone and calcareous siltstone with some beds of pure
limestone near the base. Both the upper and lower con-
tacts are gradational. Widespread thermal metamorphism
has resulted in the formation of calesilicate hornfelses
which are much more resistant to erosion than unaltered
rocks.

In the map area the Missoula group has a thickness of
about 1,000 feet. Sandstones and shales have been thermal-
ly metamorphosed to quartz-feldspar-biotite schists. In the
vicinity of Georgetown Lake, 25 miles to the southwest,
Poulter (1957) has reported a thickness of over 10,000 feet.
Metamorphism and deformation of Missoula group rocks
exposed within the present map area make assignment to
formations impossible.

Features such as mud cracks, ripple marks, and cross-
bedding indicate that Belt rocks were deposited in shallow
water. The presence of similar rocks through much of the
northern and central Rockies indicate that this shallow
sea covered a large area.

*Unpublished Ph D Theses, Princeton Univ., 1958 (McGill) and 1960 (Gwinn) avail-
able for consultation at the Montana School of Mines Library, Butte, Mont.
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PALEOZOIC ROCKS

" Paleozoic rocks total 6,000 feet in thickness. The May-
wood and Jefferson formations have not been identified
in the map area although they have been described in the
adjacent Philipsburg quadrangle (Emmons and Calkins,
1913 ; McGill, 1959). Their absence is the result of structur-
al displacement.

Carbonate rocks constitute the major portion of the
Paleozoic section. The Hasmark, Jefferson, and Madison
formations contain massive pure carbonate rocks. The Sil-
ver Hill, Red Lion, Maywood, Amsden, and Phosphoria
formations, on the other hand, generally contain more thin-
ly bedded and more impure limestone interbedded with
shale, siltstone, and sandstone. There are two prominent
quartzites: the Flathead of Cambrian age and Quadrant
of Pennsylvanian age.

The prominence of carbonate rocks, the presence of pure
quartz sandstones above unconformities, and evidence of
cyclical sedimentation in some of the formations all indicate
deposition on a stable shelf. A total stratigraphic thickness
of 6,000 feet in 300 million years indicates a rate of deposi-
tion transitional between that of the miogeosyncline sev-
eral hundred miles to the west and portions of the stable
shelf in southcentral Montana,

MESOZOIC ROCKS

Mesozoic rocks, including the Golden Spike facies of the
Elkhorn volcanics of probable Late Cretaceous age, total
about 16,000 feet. In contrast to Paleozoic deposits, carbon-
ate rocks are very rare. The Ellis formation contains cal-
careous shale with some conglomerate and minor amounts
of limestone. The Kootenai formation comprises reddish
sandstone and greenish and reddish siltstone with several
beds of gastropod-rich limestone near the top of the forma-
tion.

Cretaceous rocks younger than the Kootenai formation
have been subdivided by Gwinn (1961). He has correlated
these units with the Colorado group on the Sweetgrass
Arch (Cobban and others, 1959) and the Colorado forma-
tion described in the southern Elkhorn Mountains by Klep-
per and others (1957).

The Flood, Taft Hill, and Dunkleberg members of the
Blackleaf formation, and the Coberly and Jens formations
are all exposed in the Gold Creek syncline. The lower Flood
member contains sandy shales transitional between the
sandstone of the Kootenai formation and black fissile shale
of the upper part of the Flood member. The Taft Hill mem-
ber is composed of sandstone, and the overlying Dunkle-

berg member contains dense volcanic-rich mudstone with
mudstone is partially eomposed of fine-grained volcanic
subordinate intraformational conglomerate. The siliceous
debris generally distinguishable only under the microscope.

Separated from the Dunkleberg member by a probable
unconformity is the Coberly formation which containg a
series of gastropod-rich limestones interbedded with sand-
stone. Although superficially similar to the “gastropod
rimestone” of the Kootenai formation, the limestones with-
in the Coberly formation contain a greater variety of forms.
The major fossil in the Kootenai limestone is the low-spired
Reesidella montanaensis.* Fossils in Coberly limestones in-
clude the high-spired Craginia coalvillensis (Stevenson) and
other turrietellid-like high-spired forms as well as some
pelecypods (Op. cit., p. 42).

The Jens formation is composed primarily of shale and
siltstone. The upper portion of the Carter Creek formation,
exposed in the northeastern corner of the map area, com-
prises varicolored shale, siltstone, and sandstone.

Deposition in Mesozoic time was faster than that in
the Paleozoic, suggesting the presence of a rapidly subsid-
ing miogeosyncline. Sporadic occurrence of conglomerate
in almost all Cretaceous formations indicates the presence
of uplifted lands a short distance to the west or possibly
to the north. The region to the south and east was a de-
positional area during this time,

CRETACEOUS (?) ROCKS

Approximately 4,000 feet of conglomerate, sandstone,
and siltstone, with some volcanic sandstone, as well as ex-
trusive volcanic rocks are exposed along Brock Creek and
Independence Creek in the northeastern part of the map
area. This sequence has been named the Golden Spike facies
of the Elkhorn volcanics by the author** and Gwinn (1961).
‘I'he formation is lithologically differentiated from the un-
derlying Carter Creek formation by the presence of coarse
conglomerate, although such rocks probably comprise no
more than a third of the total formation.

Conglomerates occur in drab-colored lenticular beds as
much as 12 feet thick. Most of the contained fragments
are pink, gray, and green quartzite derived from the Mis-
souia group, but Paleozoic limestone and chert pebbles local-
ly comprise as much as 25 percent of the total rock volume.
No pebbles derived irom igneous rocks were observed.
Abundant plant fragments occur on bedding planes.

The poorly sorted, lenticular conglomerates and associat-
ed finer grained sedimentary rocks suggest stream depos-
its. Prominence of limestone fragments, presence of boul-
ders up to one foot in diameter, and angularity of all frag-
ments suggest that these deposits were derived from a
nearby highland. Although no clear evidence was obtained
regarding the direction of stream transport, one channel
is oriented in a southeast-northwest direction. The most
probable source lay to the northwest in the Garnet Range.
Rocks of the Missoula group are extensively exposed there
and Paleozoic formations are exposed along the southern
flanks of the range. The distance between these Paleozoic
exposures and the outcrops of conglomerates is no more
than 30 miles. A postulated transport distance of 25 miles
is consistent with conclusions reached by Plumley (1948)
who discovered that limestone pebbles in recent stream
gravels of the Black Hills were almost completely destroyed
after a stream transport of 30 miles.

A few beds composed almost exclusively of volcanic de-
tritus occur in the upper half of the Golden Spike beds.
These are divisible into two types. The first, exposed south
of the Clark Fork along Independence Creek, is a light to
dark greenish-gray volcanic-rich siltstone identical in ap-
pearance to that in the Dunkleberg formation. It is com-
posed chiefly of feldspar, quartz, and biotite in a finer
grained matrix. Bedding planes are marked by orientation
of biotite flakes flat on beds and by layers containing vary-
ing amounts of coarser fragments. Feldspar and quartz oc-
cur both as subhedral grains and as angular slivers.

The second type of rock, also exposed south of the Clark
Fork, is coarser grained, composed dominantly of frag-
ments of volcanic rock. Colors range from purplish-gray
to greenish-gray. Bedding is poorly developed but the rock
possesses irregular foliation. Contained fragments include
aphanitic and porphyritic volecanic rocks, pumice, crystals
of andesine, hornblende, pyroxene, and minor amounts of
nonvolcanic sandstone and siltstone. Sorting is poor, al-
though fragments larger than 8 mm. are rare.

Fragments contained in the volcanic sandstone are be-
lieved to have been ejected from volcanoes near the Elkhorn
Mountains, 70 miles to the southeast. Volcanic materials
in the volcanic siltstone were probably derived from vents
near the present site of the Idaho batholith. Rocks similar
to these siltstones occur in the Dunkleberg member of the
Blackleaf formation, deposited before the start of vulcan-
ism in the Elkhorn Mountains but during a time of vulcan-
ism farther to the west in the vicinity of Idaho.

Two bodies of andesite, interpreted as extrusive flows,
occur within the upper part of the Golden Spike beds,
forming two linear ridges south of the Clark Fork. The
andesites occur in association with volcanic sandstones,
strike parallel to the enclosing sedimentary rocks, and show
variable layering which generally paraliels the dip of the
surrounding sedimentary rocks. Joints are well developed
perpendicular to the layering.

The age of the Golden Spike sequence is not definitely
known since no fossils have been found within it. On the
basis of contained volcanic rocks it is tentatively correlated
with the Elkhorn Mountains voleanics, and Upper Cretac-
eous sequence of tuffs, breccias, and flows in excess of 6,000
feet (Klepper and others, 1957). In places the Elkhorn
Mountains volcanics rest with angular unconformity on
rocks as old as the Morrison formation (Klepper and others,
1957, p. 40). Although no angular unconformity was ob-
served between the Golden Spike and the underlying Car-
ter Creek formation, one is suggested by the sharp litho-
logic break between the two formations and by the variable
thickness of the Carter Creek formation. Estimated thick-
ness along Warm Springs Creek where the formation is
overlain by Golden Spike rocks is approximately 500 feet
less than the thickness along Carter Creek where the top
of the formation is not exposed. Light pinkish-gray and
greenish-gray siltstones prominently exposed near the top
of the Carter Creek formation on Carter Creek were not
observed along Warm Springs Creek.

TERTIARY ROCKS

The oldest Tertiary rocks in the map area are siltstones,
sandstones, and conglomerates exposed between Racetrack
and Dempsey Creeks. Coal seams within this sequence have
yielded an Oligocene (?) flora (R. L. Konizeski, personal
communication). It is possible that the area between Rob-
inson Creek and Rock Creek mapped as “Qed” is underlain
by similar Oligocene rocks completely covered by a thick
zone of unconsolidated sand and gravel with the appearance
of till,

Younger Tertiary sediments consisting of calcareous
silts and clays with subordinate well-indurated coarse sand-
stone and conglomerate outcrop in the Clark Fork valley
to the east and north of the Flint Creek Range. Most of the
silts and clays are composed of variable amounts of quartz
and montmorillonite with relatively minor amounts of cal-
cite. Abundant gastropod remains are contained in some
beds. Beds of sandstone and conglomerate, some of which
contain large amounts of fresh feldspar apparently derived
from granitic rocks, are irregularly distributed both ver-
tically and laterally. Because of their induration they form
resistant caps on many hills underlain by softer Tertiary
sediments. Konizeski (1957, p. 140) has obtained an Early
Miocene mammal agsemblage from a sequence of silts, con-
glomerate, and breccia located near Willow Creek, about
four miles south of Garrison. Silty beds with abundant
gastropods but no mammal remains are exposed on the
southern slopes of Perryman Hill in sec. 15, T. 9 N., R. 11
W. Pardee (1951, p. 81) reports the age of these gastropods
as probable middle Miocene,

From Willow Creek as far south as Racetrack Creek,
and just to the east of the present map area, coarse channel
sands and gravels are exposed and are overlain by brown
unconsolidated silts, Konizeski (1957) has obtained a Mid-
Pliocene fossil assemblage from these rocks which he be-
lieves were deposited in a flood plain environment.

Quaternary sediments including glacial deposits of sev-
eral different ages are discussed in the section on Cenozoic
History.

IGNEOUS ROCKS

A variety of igneous rocks are exposed within the map
area. The oldest, probably Precambrian, is an altered dia-
base sill which intrudes the Newland formation. Original
principal constituents were augite and labradorite, but
later granitic intrusions have resulted in the alteration of
most of the augite to hornblende.

A diorite sill of irregular shape intrudes rocks of the
Colorado group exposed within the Gold Creek syncline.
This sill follows approximately the same stratigraphic hori-
zon as it is traced around the nose of the syncline, a fact
suggesting that intrusion predated folding. A number of
apophyses form subsidiary bodies on both sides of the cen-
tral sill. Rocks display great variety in texture and min-
eralogy. The chief minerals are plagioclase, ranging in com-
position from labradorite to andesine, and augite, partially
altered to amphibole. All of the rocks have undergone
strong hydrothermal alteration. A similar sill is exposed
along the Clark Fork one mile west of Brock Creek.

A small body of hornblende granodiorite is exposed to
the north of Racetrack Creek. This rock is easily distin-
guished from other granodiorites of the area because of
greater amounts of femic minerals and a well developed
gneissic structure. It is intruded by aplitic and pegmatitic
dikes associated with porphyritic granite of the Powell
batholith, indicating that the Powell batholith is the young-
er of the two intrusions

The Royal stock occupies a surface area of approxi-
mately 25 square miles, outcropping in the form of an oval

* Cobban, in Gwinn, 1960, p. 8; Unpublished Ph. D. thesis, Princeton University.
** Unpublished Ph. D. Thesis, Princeton Univ., 1960, available for consultation at

Montana School of Mines Library, Butte, Ment.

with its maximum dimension in an east-west direction.
The eastern portion is included in the map area. The west-
ern and northern contacts are near vertical while the north-
eastern and eastern contacts dip toward the east at moder-
ate angles. A number of joint systems are developed
throughout the pluton, one of which strikes parallel to the
contact and dips towards the interior of the stock at in-
termediate angles. Most rocks of the stock are megascop-
ically uniform medium-grained gray granodiorite. Included
minerals are plagioclase ranging from labradorite to albite,
orthoclase, microcline, quartz, and biotite. Some gneissose
and hydrothermally altered granodiorite occurs along the
contacts of the pluton.

The Powell batholith occupies an area of about 50 square
miles. It has an elongate shape with its longest axis of
twelve miles extending in a northeast direction. Exposures
south of Rock Creek where fresh, unaltered rocks of the
batholith are in contact with sheared rocks of the Royal
stock indicate that the former is the younger of the two
plutons. The rocks have a variable appearance. They are
generally lighter colored and more porphyritic than rocks
of the Royal stock. Chief minerals include quartz, zoned
plagioclase, microcline, muscovite, and biotite, Microcline
forms large poikilitic crystals, some attaining lengths of
several inches. Many of these crystals display growth zones
with oriented inclusions of plagioclase, quartz, and musco-
vite.

In contrast to the Royal stock, there is ample evidence
that rocks of the Powell batholith have intimately invaded
and possibly stoped large portions of country rock. On the
northern face of Mt. Powell granitic apophyses are intrud-
ed into the Newland formation along flat-lying joints and
almost completely enclosing portions of these rocks. Asso-
ciated with the batholith are numerous dikes with texture
ranging from aplitic to pegmatitic. These dikes cut both the
batholith and the surrounding country rock. Primary min-
eral constituents are quartz, microcline, muscovite, and
reddish garnet. Along the southeastern border of the bath-
olith there are a number of exposures of sheared porphyrit-
ic granite, large bodies of sheared vein quartz, and partial-
ly recrystallized quartzite. Vein quartz was apparently de-
rived from mobilized quartzite and these veins were sub-
sequently sheared by further movement and were intruded
by alkaline solutions resulting in the erystallization of mus-
covite, alkali feldspar, and quartz.

In the southern part of the map area there is exposed
a suite of igneous rocks with three main types ranging in
composition from granodiorite to diorite (Tdi on map). The
first of these is a fine-grained greenish-gray rock with
altered feldspar and clots of femic minerals as much as an
inch in diameter. Specks of secondary hematite are com-
mon. Rocks of this character were observed on the north-
eastern face of Mt. Powell and at the eastern foot of the
Powell ridge. The second type is a porphyritic rock with
light gray plagioclase crystals averaging an eighth of an
inch in diameter set in a gray matrix. These rocks occur
about one mile east of Bohn Lake and at the foot of the
Powell ridge. The third type is a very distinctive fine-
grained porphyritic greenish-gray rock spotted with quartz
as well ag feldspar phenocrysts with hematite rims. These
rocks occur in elongate bodies outcropping on the western
slopes of Mt. Powell. All three types are probably hyp-
abyssal intrusions related to early or mid-Tertiary volcanic
activity in nearby areas. Unlike rocks of the Royal and
Powell plutons, they all show marked hydrothermal altera-
tion.

Tertiary intrusive and extrusive andesitic rocks are
exposed in the northeastern part of the map area, north
of the Clark Fork. Some of the volcanic rocks contained
in the Golden Spike facies of the Elkhorn volcanics south
of the Clark Fork may be intrusive although the major
part appears to be extrusive flows interbedded with sedi-
mentary rocks of the formation. Several of the higher
hills north of the Clark Fork are capped by angular and
unsorted volcanic debris; these volcanic caps are appar-
ently remnants of former extrusive sheets. Along the
northern boundary of the map area there is one good ex-
ample of extrusive rocks overlying indurated and silicified
sediments of Miocene age. The volcanic rocks show hori-
zontal sheeting and horizontal orientation of phenocrysts.

There are a number of andesite and diorite dikes pres-
ent within the Golden Spike and the upper part of the
Carter Creek formation. These dikes are steeply dipping
and are preferentially oriented in a northeast direction.
Many of them show right-lateral offset of a few feet along'
multiple faults.

METAMORPHISM

Rocks adjacent to the Royal stock and the Powell batho-
lith have undergone thermal metamorphism. Rocks from
the albite-epidote and the hornblende facies (Fyfe, Turner,
and Verhoogen, 1958, p. 201) have been recognized. All
Mesozoic and Paleozoic rocks exposed between Rock Creek
and Gold Creek have been affected to some degree by
thermal metamorphism. To the north, effects are visible
at distances of one and a half miles from the steeply dipping
granite contact. Between Rock Creek and Racetrack Creek
almost all sedimentary rocks have been metamorphosed.
The only unaltered ones are Paleozoic and Mesozoic rocks
exposed to the southeast of the Powell fault and Cretaceous
rocks exposed along Robinson Creek.

Metamorphic mineral suites in both aureoles are largely
dependent on the mineral composition of the original sedi-
mentary rock. Metamorphic varieties of originally noncal-
careous rocks contain muscovite and biotite. Calcareous
rocks favor the formation of amphibole and diopside. Purer
limestones and dolomites similar to those in the lower part
of the Newland and the Hasmark formation have recrys-
tallized with formation of only minor amounts of silicates.
Where silica was available, as in the chert of the Madison
limestone, tremolite was formed. Cordierite and andalusite
are restricted to fine-grained clastic rocks, presumably de-
ficient in potassium. In thinly laminated rocks, such as
those making up the major portion of the Newland forma-
tion, sedimentary control of metamorphic suites is observ-
able on a scale of inches, a fact suggesting that there was
little transfer of material during metamorphism.

Several exceptions to the general case of non-transfer
of material should be noted. Within the Ellis formation,
calcite has been concentrated and transported distances of
a few inches. Along granite contacts Newland metasedi-
ments have developed a selvage a fraction of an inch thick
particularly rich in hornblende. Newland rocks close to
the contact are also cut by albite-epidote veins. The cal-
cium in these veins is believed to be derived from sedimen-
tary rocks. Development of forsterite and grossularite in
pure carbonate rocks directly on the contact is probably a
result of introduction of silica from adjacent magma.

One particularly interesting case of transfer of material
is displayed in metamorphosed Hasmark dolomite north
of Rock Creek Lake. Unmetamorphosed rock contains up
to 95 percent dolomite* but metamorphosed varieties con-
tain about 75 per cent calcite. Dolomite crystals remain
as scattered grains throughout the rock showing no pref-
erential concentration except along small fissures, apparent
avenues along which leached magnesium was travelling.
This decrease in dolomite coupled with the absence of mag-
nesium-containing oxides, hydroxides, or silicates in cor-
responding quantities suggests two alternatives. Either
the dolomite has been preferentially leached with an ac-
companying decrease in rock volume or magnesium has
been replaced by calcium,

Because of structural complexities and limited exposures
it was not possible to observe the effects of progressive
metamorphism in most formations. However, one good ex-
ample of such metamorphism was afforded by the middle
claystone and siltstone unit of the Kootenai formation, ex-
posed on the eastern limb of the Gold Creek syncline. Un-
metamorphosed rocks are maroon and greenish-gray. The
reddish color is presumably due to finely divided iron oxide.
Interbedded sandstones contain both magnetite and ilmen-
ite as accessories. The first megascopic metamorphic ef-
fect is the obliteration of bedding planes, the loss of alter-
nating maroon and light-green colors, and the production of
a denser, harder rock. This blocky, fine-grained hornfels
has colors ranging from dark-gray to dark-brown and pur-
plish-gray. Some have a mottled appearance. Microscopic
and X-ray examination shows that these rocks are com-
posed of a fine-grained aggregate of sericite, chlorite, and
quartz with minor amounts of graphite, biotite, and iron
oxides. Chlorite is present in small amounts in unmeta-
morphosed rocks, but its abundance in slightly altered horn-
fels probably resulted from reaction between iron oxides,
sericite, and quartz. The presence of small amounts of
medium-grained chlorite schist closer to the igneous contact
is clear evidence of metamorphic production of chlorite.
The mottled appearance of some of the hornfels is due to
local concentration of chlorite, carbonaceous material and,
in some cases, biotite.

More strongly metamorphosed rocks are coarser-grain-
ed, dark-gray and maroon hornfels which have a speckled
appearance caused by small cordierite porphyroblasts.
Megascopically visible minerals include cordierite, quartz,
and biotite. Microscopically, the rocks display a porphyro-
blastic texture with medium-gized grains of cordierite, par-
tially altered to pinite, surrounded by a fine-grained ag-
gregate of quartz, feldspar, and brown biotite. The bio-
tite flakes are oriented subparallel to the original bedding
except where they are moulded around porphyroblasts.

STRUCTURE
PRE-MIDDLE CAMBRIAN DEFORMATION

There are no structures within the present map area
which can be attributed to Precambrian deformation, but
stratigraphic evidence suggests such a period of folding.
A thickness of only a few hundred feet for the Missoula
group was reported by Poulter (1957) on the northern
flanks of the Anaconda Range and the author has observed
an estimated thickness of 1000 feet along Lost Creek, just
to the south of the present map area. About 12 miles to
northwest of this last locality McGill** has estimated the
group to be 4,400 feet thick. The optimum thickness is
10,070 feet, measured by Poulter*** immediately north of
Georgetown Lake and within the Georgetown thrust plate.
* MecGill, G. E., 19598, unpublished Ph. D. thesis, Princeton University.

** Unpublished Ph. D. thesis, Princeton University, 1958.
***Unpublished Ph. D. thesis, Princeton University, 1957.

Allowing for the fact that the original areal relation-
ships of Missoula rocks have been disturbed by Laramide
thrusting, a rapid change in thickness within a few miles
is still apparent. It seems unlikely that this represents
depositional variation since such an explanation would im-
ply depositional basins of limited extent subjected to severe
downwarping. It is much more likely that variation in
thickness within the group is the consequence of broad
folding and erosion foliowing Beltian and preceding Middle
Cambrian deposition.

LATE CRETACEOUS AND EARLY TERTIARY DEFORMATION

Major deformation occurred within the map area dur-
ing the Laramide orogeny. This included tight folding ac-
companied by some faulting, and intrusion of granitic plu-
tons.

Principal folds north of Pikes Peak Creek are, from
west to east, the Dunkleberg anticline (Gwinn, 1961), Gold
Creek syncline, Emery Ridge anticline, Carter Creek syn-
cline, and Garrison anticline. The Gold Creek syncline
plunges to the north and is overturned to the west. It is
tightly compressed and is generally isoclinal except in its
northern portion where it starts to flare and is no longer
overturned. To the north of the map area the syncline
continues to flare, the eastern limb being obscured by Ter-
tiary sediments. The southern nose of the syncline trends
northwest, wrapping around the northeastern corner of the
Royal stock. The Emery Ridge anticline, overturned to the
west, is paralleled on the western side by multiple reverse
faults and on its eastern side by normal faults. These are
interpreted as converging at depth to form an uplifted
wedge, inclined toward the west. The southern portion
of the anticline and associated faults have been twisted so
that they are conformable to the northeastern contact of
the Royal stock. The presence of the Carter Creek syncline
is inferred from exposures of the Golden Spike formation
to the northeast and from exposures, to the southwest, of
Paleozoic and Mesozoic rocks dipping to the northeast. Only
the southwestern limb of the southeasterly plunging Garri-
con anticline is contained within the map area.

The area north of Pikes Peak Creek contains a number
of normal faults trending northeast and east, most down
on the north. These faults displace folds and faults de-
scribed above. The fault zones have controlled the present
drainage pattern which is dominated by streams flowing
towards the northeast in the eastern and northern Flint
Creek Range. In the northeastern corner of the map area,
steeply dipping joints and dikes also have a northeast trend.

Complex structures are present around both the north-
western and the northeastern corners of the Royal stock.
In the former area a small syncline trends east-west, at
right angles to trends of folds a little farther from the
contact. This syncline is terminated on its eastern side
by a normal fault down to the east. The fault parallels a
steep cliff which continues south a few hundred yards into
the Royal stock, suggesting that the faulting may have
involved rocks of the pluton. Also at the northwestern
corner of the stock, Quadrant quartzite has been tortuously
deformed and overthurst by Madison limestone. Structure
in this area, particularly in sec. 10, T. 8 N, R. 12 W,, is
probably more intricate than is shown on the map. Ex-
posures are limited and most of these consist of strongly
brecciated pillars of Quadrant quartzite.

To the south of Pikes Peak Creek, eastward-dipping
Madison limestone is exposed in contact with the Royal
stock. The axis of the Emery Ridge anticline, if continued
to the south, would approximately follow this contact. Ex-
posures of the gently dipping roof of the stock along Pikes
Peak Ridge, particularly in Sec. 21, T. 8 N., R. 11 W, reveal
occasional fragments of diopside-rich hornfels, probably de-
rived from Jurassic rocks. It is probable that, prior to in-
trusion, Madison limestone was thrust to the west into
fault contact with these sedimentary rocks in the same
sort of deformation that has resulted in Quadrant quart-
zite being in fault contact with the Kootenai formation
north of Pikes Peak Creek.

Just north of Rock Creek Lake there is a poorly exposed
anticline of Cambrian rocks overturned to the west. It is
separated from Madison rocks to the north by a northeast
normal fault which has been tentatively traced to the west
into the Royal stock. Shear sets within the granodiorite
indicate movement in a sense opposite to that indicated by
displacement of sedimentary rocks. This may reflect two
periods of movement along the same fault zone.

Belt rocks are extensively exposed south of Rock Creek.
The most prominent structure is the Ravalli Mountain anti-
cline which trends northeast and is overturned to the north-
west. The contact between Ravalli quartzite on the south-
ern shore of Rock Creek Lake and Cambrian sedimentary
rocks on the northern shore is not revealed, but a reverse
fault, dipping to the southeast, is believed to separate the
two.

Igneous intrusions and glacial deposits south of Ravalli
Mountain obscure structural relations, but general belts of
rocks, possibly separated by faults, can be delineated. New-
land and Missoula rocks exposed on the southeastern limb
of the Ravalli Mountain anticline terminate to the south
along a line trending N. 60° E. They are bordered on the
south by Cambrian rocks and on the southeast by upper
Paleozoic and Cretaceous rocks. A prominent fault line
scarp is observable on the eastern end of the Powell Ridge,
with sheared granite to the northwest and a gravel surface
to the southeast. At the junction of Dempsey Creek and
North Dempsey Creek, sheared granite and completely re-
crystallized Missoula rocks are in contact with relatively
unmetamorphosed Paleozoic and Mesozoic rocks. Both these
areas indicate that there has been post-Laramide move-
ment, up to the northwest, on the Powell fault,

A ypostulated sequence of events accounting for struc-
tures described above includes: 1) A period of tight folding
accompanied by western overturning of folds and western
thrusting. This overturning and thrusting may be evidence
of lateral deformation associated with the intrusion of the
Boulder batholith directly to the east. 2) Deformation of
pre-existing folds and faults by intrusion of granitic plu-
tons within the Flint Creek Range, particularly the Royal
stock. 3) Normal faulting along a northeast system of
faults. These structures are younger than other folds and
faults and may be associated with mid-Tertiary uplift of
the range.

CENOZOIC HISTORY

Cenozoic history is documented by the presence of land
forms and sediments. There are three prominent surfaces
which are referred to as old, intermediate, and young, fol-
lowing the terminology of Poulter*. The old surface, devel-
oped on granitic and Belt rocks, is preserved in isolated
areas of low relief near the crest of the Flint Creek Range.
The intermediate surface, largely developed on Cenozoic
sediments, is exposed in the Clark Fork and Deer Lodge
Valleys, several hundred feet above present base level. The
young surface is an ancient flood plain associated with
the Clark Fork. Cenozoic sediments include Oligocene (?)
siltstone, sandstone, and conglomerate; Miocene and Plio-
cene silts, sands, and gravels, and three groups of glacial
deposits representing three periods of Pleistocene glacia-
tion.

Flat summits at approximately equal elevations within
the Flint Creek Range, particularly north and south of Lost
Creek, are considered to be remnants of the old erosion
surface of early or mid-Tertiary age. To the south and
west of the map area there are exposures of maroon and
buff conglomerate of probable Eocene age (Emmons and
Calkins, 1913, p. 185; Poulter, 1957, p. 112-114). Atthough
it cannot be shown that these sediments rest on the old
erosion surface, conglomerate exposures at high elevations
in close proximity to this surface suggest a genetic rela-
tionship.

Oligocene (?) beds exposed between Racetrack Creek
and Dempsey Creek are more deformed than later Tertiary
rocks, suggsting a period of folding and faulting occurring
after the deposition of these rocks and preceding the depo-
sition of Miocene rocks. The general fine grained eharac-
ter of Miocene sediments suggests that by mid-Tertiary
time the area had been reduced to one of low relief with
numerous lakes present. Pliocene deposits are, by compari-
son, coarser grained, suggesting a steeper regional gradient.
This is consistent with ideas of Pardee (1950) concerning
late Miocene block faulting and uplift. He has shown that
such deformation beginning in the Miocene and continuing
to the present has affected much of western Montana. These
movements disrupted the old surface of low relief and
caused differential uplift of a number of mountain ranges.
The present configuration of remnants of the old surface
in the Flint Creek Range suggest that it has been arched,
particularly along the northern and northeastern sides of
the range. Along the eastern side between Racetrack Creek
and Rock Creek the front has a different character. The
increase in altitude is very abrupt and slopes of as much
as 30 degrees are not uncommon. This feature is well illus-
trated on the east ridge of Mt. Powell. In a mile and a half
this ridge rises from 5,500 feet at the rear of the intermedi-
ate surface to 8,900 feet, resulting in an average slope of 20
degrees. Having achieved this elevation the ridge continues
four miles to the west with an average slope of 6 degrees.
The abrupt front is the probable consequence of Tertiary
movement along the Powell fault.

The intermediate surface is well displayed in the Deer
Lodge Valley and, less perfectly, in the Clark Fork Valley
north of Rock Creek. This surface has elevations of 5,500
feet at the range front and slopes gently towards the valley
center at angles of two or three degrees, reaching a mini-
mum elevation of about 5,000 feet. At its higher limit it
is bounded by scarps with angles of 20 degrees or more. The
major portion of the surface is underlain by unconsolidated
Cenozoic sediments ranging in age from Miocene to Pleisto-
cene. To the west of Gold Creek a small area of deformed
Cretaceous rocks is truncated. To the north of Rock Creek
Miocene sediments have been deformed so that they dip
up to 30 degrees. These deformed sediments are uncon-
formably overlain by Quaternary gravel. To the south of
Racetrack Creek a similar situation exists. The bevelling
of Tertiary sediments suggests that the intermediate sur-
faee is a product of erosion. Further evidence of erosion

*Unpublished Ph D Thesis, Princeton University, 1957.

can be seen along scarps south of Rock Creek where the
surface has been cut into hills mantled with early drift.

Konizeski (1957, p. 146) mentions two vertebrate fossils
of late Pliocene or possible early Pleistocene age collected
from sediments underlying the intermediate surface. He
also describes partially eroded glacial outwash and glacial
erratics capping the surface (p. 139). Accepting the pro-
posal of Alden (1954, p. 80) that the earliest glaciation in
the Flint Creek Range occurred in early Pleistocene time,
ne ascribes an early-middle Pleistocene age to the inter-
mediate surface.

Three periods of glaciation are indicated by the charac-
ter and position of glacial drift exposed along the eastern
flank of the Flint Creek Range. Following the terminology
or Pardee (1951), these are called early, intermediate, and
late glacial deposits.

Early glacial drift includes weathered deposits charac-
terized by an almost complete absence of granite boulders
and a general paucity of boulders with a diameter in excess
of one foot. The majority of boulders and cobbles are
quartzite but hornfels is also common. Some of these are
striated. Surficial limestone boulders have generally been
destroyed by solution but are preserved in places where
recent land slides have exposed fresh rock.

Early drift displays no morainal form. The pattern of
glacial deposition suggests that early glaciation did not
follow the present valley system. These valleys may have
existed as shallow gullies which were filled by glacial de-
bris, allowing further transport of till across them. If this
was the case, later glaciation and erosion has flushed out
the contained till. Apparent transport of material across
the area presently occupied by the Rock Creek valley is
indicated by drift preserved to the south of Rock Creek.
Boulders and cobbles of this deposit are derived from sedi-
mentary rocks ranging in age from Mississippian to Cre-
taceous. Many of these boulders show evidence of thermal
metamorphism. Igneous boulders are extremely rare, even
in fresh exposures. The limited nature of the materials in
the drift sharply delimits possible source areas. The ter-
rain to the west and southwest is underlain by Belt rocks
and porphyritic granite. It is extremely unlikely on struc-
tural grounds that rocks of late Paleozoic and Mesozoic
age immediately overlay this Belt sequence and have sub-
sequently been removed by erosion. To the northwest,
across Rock Creek, the Royal stock is bordered on the east
by Madison limestone, and Jurassic and Kootenai (?) meta-
sediments are preserved in patches along its roof, suggest-
ing that only recent erosion has exposed plutonic rocks. At
the time of early glaciation this area was probably under-
lain by thermally metamorphosed sediments from Mississip-
pian to Cretaceous age, the same rock types that are found
in early drift to the south of Rock Creek.

Intermediate drift is characterized by a greater abun-
dance of igneous materials than early drift. The degree of
weathering is closely comparable to that of early drift. Un-
like younger deposits it has very poorly developed morainal
topography. The distribution of drift suggests that glacial
movement roughly followed the present drainage system
with some of the glaciers completely filling the present,
valleys and extending lobes along interstream divides.

Late glacial deposits are easily recognizable because of
their perfectly preserved lateral and terminal moraines.
Most of the contained boulders are granite which is fresh
and unweathered. The pattern of glaciation followed closely
that of the present drainage, and all of the deep valleys
and gorges which cut across the eastern front of the Flint
Creek Range formerly contained valley glaciers. From
north to south these are Gold Creek, Pikes Peak Creek,
Rock Creek, Tincup Joe Creek, Dempsey Creek, and Race-
track Creek glaciers.

The late glacial advance in the Flint Creek Range can
be fairly confidently correlated with the Pinedale advance.
This advance is well documented throughout the northern
Rocky Mountains by almost perfectly preserved lateral and
terminal moraines. Advances roughly equivalent to the
Temple Lake and Little Ice Age are probably present in
the map area, although no attempt was made to identify
them.

The two earlier stages are more difficult to correlate.
The general absence of granite boulders, the weathered
character of the deposits, and their partial failure to fit
the present drainage patterns indicates that a considerable
amount of time and erosion separated these two stages
from the more recent one. It is tentatively concluded that
the intermediate drift is similar to that mapped as Bull
Lake (?) by Poulter (1957) and that the early drift, of
probable pre-Wisconsin age, is similar to that mapped as
Buffalo in other parts of the Rocky Mountains.

ECONOMIC GEOLOGY
PLACERS

The mining history of this area is of special interest
since the first discovery of placer gold in Montana was
made in 1852 in alluvium along Gold Creek (Lyden, 1948,
p. 118). Since that time, extensive working of the placer
deposits, described in detail by Lyden (1948) and Pardee
(1951), has been the only major mining activity in the
area. An estimated $7,000,000 in gold has been obtained
from all placer mines in the district from 1860 to 1945
(Lyden, 1948, p. 120). Peak gold production occurred dur-
ing three periods. The first of these periods extended from
1870 to 1890 and was initiated by construction of the Rock
Creek ditch, a canal 16 miles long which delivered water
at a level of almost all of the goldbearing gravels (Par-
dee, 1951, p. 75). The second period, from 1905 to 1916,
started with the installation of a dredge on Pioneer
Creek but continued after the abandonment of this project.
Production in the third period, from 1933 to 1941, was in-
creased by the use of dredges and other mechanical equip-
ment (Lyden, 1948, p. 118). In 1933 the Pioneer Placer
Dredging Co. began mining with a large bucket-line dredge
near the town of Pioneer, but this activity was suspended
in 1941 after a total volume of 7,500,000 cubic yards with
reported recovery of 18 cents a yard had been mined (Par-
dee, 1951, p. 78).

Present operations are being carried out along Gold
Creek by two companies. The first of these, the Montana
Gold and Chemical Co., sporadically operates a small dredge
several hundred yards from the site of the Pioneer Placer
Dredging Co. trench. A second company, the Master Min-
ing Co., is mining placer deposits near the junction of
North Gold Creek and Gold Creek. These deposits, which
are well within the mountainous area, are characterized by
coarse-grained gold. According to Pardee (1951, p. 94) the
average size of the gold being recovered in 1949 by ground
sluicing methods was at least twice that of wheat grains.
He reports recovery of nuggets up to 24 ounces from the
McFarland and Pineau placers which are located one mile
to the southwest of the Master Mining camp and are not
now being worked. At the present time, the Master Mining
Co. is using hydraulic equipment with water carried from
artificially dammed Gold Creek Lake by ditches and flumes.
The company maintains a number of modern buildings at
the mining site and has at its disposal considerable equip-
ment including tractors, shovels and drag-line excavators.
During 1957-1959 only a small amount of actual mining
was done.

Pardee (1951, p. 96) has pointed out that the major
portion of placer gold is contained in the two earliest glac-
ial deposits. Similar deposits are extensively exposed be-
tween Pikes Peak Creek and Tincup Joe Creek but, ex-
cept in one case, have not been worked. The one exception
is the Orphan Boy mine, located along Mill Creek, just
south of Pikes Peak Creek. Gold-bearing gravel 20 to 30
feet thick rest on Tertiary lake beds and is overlain by
intermediate drift (Pardee, 1951, p. 92).

The limited exploration of glacial deposits south of
Pikes Peak Creek is probably due to rugged terrain and
the elevations high above permanent streams at which the
glacial deposits are exposed. Although gravel lenses are
present, most deposits contain a large proportion of boul-
ders.

LODES

The value of gold in placer deposits has stimulated con-
tinual interest in prospecting near the headwaters of Gold
Creek and Pikes Peak Creek, but no deposit of any real
value has been discovered in the granite or surrounding
country rock, Indications that the richest lodes have al-
ready been eroded are consistent with Pardee’s observations
that most placer gold occurs in the early glacial deposits.
Emmons and Calkins (1913, p. 251) describe a number of
tunnels, shafts, and prospect pits along quartz sulfide veins
within the Royal batholith. These include the John G. Car-
lisle mine, the Queen lode, and the Clear Grit, Majestic,
Ophir, Eldorado, and Morning Star claims. More recently,
several tunnels have been driven across an iron oxide body
on Iron Mountain.

Two mines, presently inoperative, are situated on the
slopes to the north of Racetrack Creek, close to the gran-
ite-country rock contact. The Fissure Vein Gold Mining
Co., Inc., owns one of these mines, located several hundred
feet north of Racetrack Creek. Three adits have been driv-
en into granite; specimens from the mine dumps show vein
quartz, with copper and iron sulfides. The principal value
has been in gold (Trauerman and Reyner, 1950, p. 85). The
second operation, the Lois Quartz Lode mine, is located just
below Emery ridge. Four tunnels are located in metamor-
phosed Ellis rocks. Material from the dump shows vein
quartz and copper sulfides. The principal value is probably
in gold.

Between Racetrack Creek and Dempsey Creek there are
several localities where shallow shafts and portals have
been driven into Madison limestone, Hasmark dolomite, and
Red Lion (?) formation. These operations are collectively
known as the Dark Horse claims. The claims are located
close to a granite contact and sedimentary rocks have been
metamorphosed. Madison limestone is recrystallized and
laminated limestone of the Red Lion (?) formation has
been altered to a banded rock with individual layers rich
in potash feldspar, biotite, diopside, and epidote.

SPECIAL PUBLICATION 22 (Geol. Map 5)

MAGNETITE-RICH SANDSTONE

Fine-grained sandstone composed almost completely of
detrital magnetite is exposed in sec. 8, T. 9 N., R. 11 W.
These rocks, which are located just beyond the borders of
the map area, are mapped by Gwinn (1960) as the Carter
Creeek formation.

The magnetite-containing beds are dark reddish-brown
in color and noticeably heavier than most sandstones. A
polished section of a specimen particularly rich in magne-
tite showed the major constituent to be well-rounded grains
of magnetite partially altered to hematite. Many of these
grains showed numerous silicate inclusions. A few grains
of hematite and one grain of ilmenite were observed.

A portion of this same specimen was crushed and passed
through a No. 60 sieve. Ninety-five per cent by weight of
the crushed material was separated with a hand magnet.
The remaining 5 per cent consisted of calcite, quartz, feld-
spar, hematite, colorless zircon, rutile, and garnet.

Titaniferous magnetite sandstone in Upper Cretaceous
rocks of Montana has been reported in several localities.
Wimmler (1946) has described thicknesses of as much as
nine feet of rock containing 30 per cent or more iron in
Virgelle sandstone exposed in Teton County, Montana.
Stebinger (1914) has reported thicknesses of nine feet con-
taining 80 to 40 per cent iron in the Horsethief sandstone
exposed on the Blackfeet Indian Reservation, Montana.
Murphy and Houston (1955) have described ilmenite-rich
sandstone in Upper Cretaceous rocks of Wyoming. A report
of Upper Jurassic titaniferous rock in Wyoming (Houston
and Love, 1956) has demonstrated that these deposits are
not restricted to the Upper Cretaceous.

All the people who have investigated these deposits be-
lieve that concentration of heavy minerals occurred in lit-
toral environments, transitional between marine and non-
marine. The sandstones are generally fine-grained and well
sorted (Murphy and Houston, 1955, p. 192). There has been
limited speculation regarding ultimate origin of the mag-
netite and ilmenite but Houston and Love (1956, p. 72)
state that “the source of minerals in rocks of Late Cretac-
eous age was assumed to be in part, at least, the Idaho
batholith. The presence of titaniferous sandstone in rocks
of Jurassic age suggests that the unroofing of the source
area started a little sooner than had hitherto been suspect-
ed.” Magnetite is much more abundant in the Montana
deposits than in those of Wyoming. The one analyzed speci-
men from the map area is unique in containing very small
amounts of ilmenite and large amounts of magnetite. New-
house (1936, p. 23) states that magnetite is more abun-
dant in salic and extrusive rocks and ilmenite in the femic
rocks.

Heavy minerals of the Upper Cretaceous titaniferous-
magnetite deposits contain two types of zircon, colorless
and purple, which have been dated by the lead-alpha meth-
od. The purple variety is dated as 750 million years old
and the colorless variety ranges from 90 to 135 million
years old (Houston and Love, 1956, p. 73).

The presence of colorless zircon and the abundance of
magnetite in rock within the map area suggests a source
area underlain by Cretaceous granitic extrusive or intru-
sive rocks. The well-rounded character of all grains sug-
gests long-distance transport by water, probably from the
general area of the Idaho batholith, with concentration of
neavy minerals occurring near or at the site of deposition.
A littoral environment favored selective winnowing out of
grains of lighter minerals by air and wind currents.

The available quantity of magnetite sandstone at this
locality is not great. Magnetite-rich beds occur as irregular-
ly shaped lenses through a stratigraphic interval of about
10 feet. Gently dipping beds occur on both sides of the
Gold Creek syncline within several hundred feet of the syn-
clinal axis.

PHOSPHATE ROCK

The Phosphoria formation exposed to the north of the
map area along Brock Creek is presently being mined for
phosphate. The success of this operation has stimulated in-
terest in prospecting in adjacent areas. One regional sur-
vey (Swanson and others, 1953) has shown possible re-
serves to be present along the eastern flank of the Flint
Creek Range, a speculation contrary to fact.

The Phosphoria formation is exposed along the north-
ern contact of the Royal stock, and a minor amount of
phosphate rock with oolitic texture and characteristic phos-
phatic “bloom” was observed in sec. 9, T. 8 N,, R. 11 W.
Structural complexity, steeply dipping beds, and the inac-
cessibility of the area preclude the possibility of any large
or profitable mining operation.

A small area of Permian rocks has been mapped in sec.
30, T. 7 N, R. 10 W. Their presence is based primarily on
the identification of the enclosing formations. No phos-
phate rock was observed.

BENTONITE

Miocene lake deposits are extensively exposed between
Blum Creek and Rock Creek. The major constituents of
these sediments are calcite, quartz, and montmorillonite.
Some specimens collected from sec. 13, T, 9 N., R. 11 W.
show X-ray diffraction patterns indicating almost pure
montmorillonite,

Bentonites are commercially divided into two classes:
(1) those that adsorb large quantities of water and swell
greatly; (2) those which adsorb only slightly more water
than ordinary plastic clays and do not swell noticeably.
Bentonites in the map area belong to the second class, Be-
cause of the wide variety of types of bentonites and their
varied uses, it is not easily possible to assess the potential
value of a deposit. The bentonites within the map area are
accessible and could be easily dug out. Only a few strata
contain pure montmorillonite. Bulk material would include
appreciable amounts of calcite and quartz.

GRAVEL

Large quantities of unconsolidated gravel are present in
Pliocene and Pleistocene deposits exposed immediately to
the east of the map area in the Deer Lodge Valley. Several
gravel pits near the town of Deer Lodge are presently be-
ing worked.
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