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[::::] UNCONSOLIDATED SURFICIAL [ 'EPOSITS--Locally inclcdes small outcrops
of Tertiary sedimentary rocks (only major deposits shown on map)

MESOZOIC

CRETACEOUS AND JURASSIC RCICKS--Mudstone,. shale, sandstone,

over a greater area than do the Mount Shields and
McNamara Formations. However, green-bed sequences in
the Snowslip are typically lenticular, and mineralized
zones commonly are difficult to trace laterally for
more than a few meters. In some places, such as near
Camp Creek (map A, T. 20 N., R. 12 W.), numerous green
beds are mineralized, and the copper and silver

The hydrothermal deposits include: (1) fracture-
filling and replacement deposits of lead and zinc, (2)
deposits of copper and molybdenum associated with
porphyritic intrusive rocks, (3) vein deposits of base
and precious metals, and (4) gold-bearing veins.

Fracture Filling and Replacement Lead-Zinc Deposits

significant amounts of gold. Placer deposits in
Livermore and Keep Cool Creeks (T. 14 N., R. 8 W.) are
small and irregular, and have accounted for very small
past production (Pardee and Schrader, 1933, p. 119).
Gold production from placer workings on Stonewall
Creek (T. 14 N., R. 9 W.) is unknown but was probably
small; samples of the workings did not contain
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Coal
Lignite and subbituminous coal, in beds less than
0.5 m thick, occur in Cretaceous and Tertiary rocks at

several localities in the Choteau quadrangle.

Low-rank coal beds in the Lower Cretaceous Vaughn

Miller, R. N., Shea, E. P., Goddard, C. C.,
Poiter, C. W., and Brox, G. B., 1973, Geology of
the Heddleston copper-molybdenum deposit, Lewis
and Clark County, Montana: American Institute of
Mining, Metallurgical, and Petroleum Engineers,
Inc., Pacific Northwest Metals and Minerals
Conference, Coeur d”Alene, Idaho, 1973,
Proceedings, p. 1-33.

Mudge, M. R., 1972, Pre-Quaternary rocks in the Sun

‘ : ' River Canyon area, northwestern Montana: U.S.
siltstone, and conglomel-ate; includes volcanic rocks in southeastern ¥ E

content of selected samples are as much as 1.5 percent detectable amounts (Earhart and others, 1977).

and 50 ppm respectively (Earhart, 1978). The Snowslip

(map B, areas 5)

Member of the Blackleaf Formation near Teton Pass (T. Beologleal Survey Professlonal Paper 5634,

PALEOZOIC 26 N., R. 10 W.) range in thickness from 0.15 m to 1.2 142 p.
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MISSTSSIPPIAN, DEVONIAN, AND CAMBRIAN ROCKS-- Mostly limestone and
dolomite, minor shale, siltstone, and sandstone

PROTEROZOIC Y

BELT SUPERGROUP--Mostly argillite, siltite, and quartzite in upper
(Missoula Group) and lowe r (Ravalli Group) parts, mostly impure

dolomite, dolomite limes tone, and limestone in middle part
(Helena Formation)
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type keyed to Table 3 and text

INT RODUCTION

The Choteau 1°x2° qiadrangle contains a variety
of mineral resources (tasle 1), but mineral production
was mostly from the sout i1eastern part where copper,
lead, zinc, silver, and zo0ld were produced from high-
grade zones in vein depo sits. Minor amounts of silver
and copper have been rec > >vered from a stratabound
deposit at the Bear Gulc 1 Mine (map A, T. 15 N.,

R. 6 W.), where producti>n has been small-scale and
intermittent. Most ore »>roduced in the quadrangle was
from mines, now inactive, in the Heddleston District
(map B, T. 15 N., R, 6 W,) and as of 1958, totaled
approximately $25 millio1 according to Miller and
others (1973). Mines wi:h a history of production are
listed in table 2 along vith the value or amount of
their recorded productio 1. These data are from the
U.S. Geological Survey Computerized Resource
Information Bank (CRIB) supplemented by data from the
U.S. Bureau of Mines Min32rals Industry Location System
(MILS). The amount of r :corded production for the
entire Choteau quadrangl > is significantly lower than
the estimate by Miller ad others (1973) for the
Heddleston District alon:. Miller's estimate may
include production not a’ailable in public records.
Small quantities of nonmz2tallic materials, principally
sand, gravel, and riprap were quarried at several
localities for use as roid-building material and for
earthen dams.

Maps A and B show areas of mineral potential
classified by deposit ty»de (table 3). The potential
hydrocarbon resources ar > discussed by Mudge and
others (1980). The mine ral resource maps reflect the
compilation and interpre:ation of results from
published reports, as ci:ed in the following text
discussion, and from geological, geochemical, and
geophysical studies now (n progress on the Choteau
19%2° quadrangle. Poten:-ial areas of production for
some nonmetallic mineral commodities, such as
limestone, are discussed in the following text but are
not shown specifically o1 map A or map B because their
distribution is adequately illustrated on the geologic
map (Mudge and others, 1279a).

The spacing of mapping traverses and the
investigative detail var/ from area to area within the
quadrangle. Areas known Or suspected to be
mineralized, such as the southeastern part of the
quadrangle, were studied in detail. The geology of
areas in the southeaster 1 part has been compiled and
published at scales of 1:24,000 (Schmidt, 1972) and
1:48,000 (Whipple, 1979).

In the 1960's, the Anaconda Company discovered
and evaluated porphyry ( opper—-molybdenum deposits in
the Heddleston District (Miller and others, 1973).
These deposits are the [ argest known in the Choteau
quadrangle. 1In the lat¢ 1960's and early 1970's,
mineral resource studie: of wilderness and proposed
wilderness areas by the U.S. Geological Survey
(Harrison and others, 1¢69; Mudge and others, 1974;
Earhart and others, 197 ; and Earhart, 1978) resulted
in the discovery of wide¢ sSpread copper-silver
occurrences in the Prote rozoic Y metasedimentary rocks
(Belt Supergroup). The Kknown occurrences are not
presently economic, but some may be of economic
importance in the future.

The areas of miner: 1l potential outlined oun maps A
and B reflect areas infe rred to be favorable for
surface or near-surface mineral deposits, except for
areas numbered .6 which ¢ re inferred to have a
potential for concealed porphyry deposits.
Crosshatching is used t¢ show where economic minerals
were observed or geocher ically detected in highly
anomalous amounts,

Other mineral depo: its probably occur at depth.
Most notably, stratabour d copper-silver occurrences
may be locally present ¢t depth throughout much of the
Precambrian terrane. Leck of subsurface data,
however, precludes an at tempt to define areas of such
potential,

also occur in the other gray, mineralized silver, The vein system that extends to the Mineral Table l.--Mineral commodities and their modes of occurrence Table 2.--Mines and mineral production in the Choteau 1°x2° quadrangle, Montana
* . . . . . 0_»0
METALLIC 41INERAL DEPOSITS quartzites. In addition, Trammell (1975) identified Hill prospects is within a part of the Proterozoic in the Choteau 1%x2” quadrangle, Montana N - red]
r 2 . P 3 I, 1 tive; A, active; § t e
digenite, minor bornite, and minor native silver in section which, adjacent to the veins and elsewhere in - Ly Lisative @ ot recor
Stratat ound Deposits . r th aadr 1 contains Mineral commodity Mode of occurrence
these dep081ts. the southeastern Pa E 9f €4q ad angie, B Longitude (north) Value or amount Mode of
D £ 11 . 1s that are contained stratabound deposits of green-bed copper and of lead O In porphyry-type and vein deposits assoclated with Tertiary Mine Status Latitude (west) Commodity of production occurrence Remarks
eposits of metallic minerals a re c el 1 T . . . i s COPDER————————e—— -
. p.  d d i the Chot Within area 2’ a minimum of 800’000 t of and zinc in Ca%careous quartzite, This overlap intrusive rocks. In stratabound deposits in Proterozoic
i €értaln strata are widespread im the Chotean mineralized rock which averages 0.1 percent copper and between the vein system and stratabound occurrences clastic rocks, in vein deposits in and adjacent to 47-02-26
quadrangle., They consict of 3 PrlnClP?1 ;ygest gl) 0.2 oz silver per ton (5.7 g/t) is estimated to crop which may have contributed copper, lead, zinc, and Pnnenmoicdimitesiﬂs- Anaconda-------- I 112-21-31 Au,Ag,Cu,Pb,Zn $30,000---—--- Vein————-==a— Inactive since 1926.
copper—silver deposits in Proterozoic (Belt) arenites . A . : . .
pper=silv p o and Loeally coomar— out and continue to shallow depth. Additional silver to selected veins, complicates a prediction of Leademmmmm e Tn, yeln deposits near and- desoniated with the Heddleston ‘ 47-06-03
and argillites, (2) leac-zinc - y pp deposits in the subsurface are highly probable and depth or location of possible buried copper-molybdenum copper-molybdenum porphyry deposit, in stratabound XBear Gulch-——--— A 112-29-23 Ag,Cu NR Stratabound--- Intermittently active.
silver deposits in calcereous quartzite of the Helena could include high_grade silver pods similar to that porphyry deposits based on mineral zoning associated deposits in the basal part of the Helena Formation, in
Formation, and (3) titar iferous magnetite deposits in . . replacement bodies in Paleozoic carbonate rocks, minor 47-02-05 N
) at the Bear Gulch mine, with a porphyry system. - ) ) )
sandstones of Cretaceous age. Type 1 dep031ts include constituent in Proterozoic stratabound copper deposits. Bobby Boy==————- I 112-24-12 Pb,Cu,Ag NR Vein===—--ma=- Inactive since about 1940.
green—bed deposits in several formations and deposits Deposits in Calcareous Quartzite of the Helena Aeromagnetic data (Kleinkopf, 1980) suggest that Zinc—————m=—mm—m- Associated with lead in the above occurrences. 47-03-20
in gra uartzite of the Spokane Formation. : : : i Calliope—————-—- I 112-21-32 Au,Ag——m————m—m $11,000-=-———- Vein-————=——- Production 1890-1896.
gray q , Formation (area 3) and Replacement Deposits (map A, the Heddleston deposits are on the fringe of a large S BT oo In-vein deposits associated with Tertiary and Proterozoic
. d area 4) concealed batholithic body to the northeast. Area 6, intrusive rocks, important constituent in stratabound 47-02-26 ‘
Green-bed Deposits (map A, areas la, lb, lc, and 1d) to the northwest of the Heddleston deposit, is along a copper deposits in the Proterozoic rocks. Carbonate====——- 1 112-22-45 Pb,Ag, Zn—————- $3,000==——=—~ Vein===—===—mn Inactive since 1949.
i e r s din neti ient on the
Anomalous amounts ¢ f copper occur 1in green beds The sec?nd type Gk R e howm mlnera].“ St.ep RoT Ehwe terl}.’ tr?n ing magnetic gradle E Gold===m==—————ee One occurrence in quartz stringers in the Precambrian 47-02-26
. o 1t i he Ct occurrences in the Choteau quadrangle consists of fringe of a magnetic high to the north, somewhat rocks, small amounts in placer deposits in the extreme Consolation=—-—- 1 112-21-31 Au,Ag,Pb,Cu,Zn,Mo 1 carload---- Vein—————————o None.
in all formations of the Belt in the 1Ot§au lead-zinc and locally copper—silver, in calcareous analogous to the magnetic expression in the vicinity southern part of the quadrangle, minor constituent in )
quadrangle except the Ge rnet Range Formation and the quartzite near the base of the Helena Formation of the Heddleston. Along this same trend, the gravity porphyry and vein deposits associated with Tertiary 47-06-52
. | : . ) ° A . . intrusive rocks. Copper Bowl-—-—-- I 112-24-10 C NR Vein(?)=====—- N .
Bonner Quartzite (Harrison, 1972; Mudge an@ others, These occurrences are widespread in the southern and data (Wilson, 1980) indicate a northwesterly treand of pp u ein(?) one
1979a). The formations or parts of formations most southeastern parts of the quadrangcle e minerali ravity highs and lows; the lows could be associated Mo lybdenum===—==== Associated with copper in porphyry-type deposits at 47-05-08
. . P q gle, mineralize g y g 5
favorable for green-bed deposits are outlined on map A zones commonly are less than 0.5 m thick planar to with hydrothermally altered intrusive rocks at Heddlleston, locally a minor constituent in stratabound Copper Camp-—=-—- I 112-44-07 Cu NR- Veinsssssammas None.
re rocks with copper sulfide . . N ’ . 3 ¥ . copper deposits in the Proterozoic rocks. Mode of
a?d are crosshaFched'g?EEd roducts w repgbserved and lenticular, and contain less than one percent combined depth. On the basis of the geophysical data, the area occurrence unknown in geochemically anomalous area in the 47-03-57
minerals or their oxidiz P ucts we N lead-zinc. In the Wood Canyon area (map A, T, 20 N., of potential for concealed porphyry—type deposits central part of the quadrangle. Cotter——=————==ev A 112-41-55 Cu,Ag- NR Vein=-====———- Intermittently active.
sampled (Grimes and Leir z, 1980a). Other widespread R. 10 W.) the calcareous quartzite is as much as 2.3 m (area included by the dashed line) is extended beyond
occurrences that are only sparsely mj_neralj_zed, . ° B 11 d he b . £ £: bl 1 Iron and--—-====-- In stratiform deposits in the Virgelle Sandstone of Late 47-02-19
; Tarl h s te Helena and Shepard tthka and at Landers Fork (maP A, T. 16 N. , R. 8 W.) the area outlined on the basis o avorable geology titanium. Cretaceous age. Small deposits in the Horsethief Giant Lode===—-- I 112-43-11 Au,Cu,Ag,Pb-—= NR————— e Vein—=————====v None.
particularly those in t e . Pd it is structurally thickened to as much as 3.5 m. At and geochemistry. Sandstone, also of Late Cretaceous age.
i ] insignificant and are not ¢ i ; . ’ 47-44-51
Formatlens, appear to he & most localities, the calcareous quartzite contains . . 13=17-02  BaAcemmmemee MR g N
shown, . . i . Area 6, northeast of the center of the Barite=s=e——mme—ae In vein deposits as much as 3 m thick in the McNamara Glacier Prospect I 113-17-0 Ba NR Vein one.
disseminated galena and sphalerite; in outcrops the ’ . . . Formation in the northwestern part of the map.
) ) ) ) sphalerite is partly altered to smithsonite. At quadrangle, could contain a buried molybdenum-bearing _ 47-01-37
All green-bed deposits are contained in greenish- Landers Fork, the quartzite contains chalcopyrite and porphyry deposit, although no intrusives, veins, or Lithium-—=-====-= In oil shale and mudstone in lacustrine strata of Oligocene Herwood-———==--- 1 112-10-17 Cu,Ag,Au-————— 1.3 tons—---- Vein-—-=——=--- None.
. . . . s .
to olive-gray strata included in an alternating an unidentified silver-bearing mineral. Selected hydrothermal alteration features are exposed. age. ’ 47-02-26
sequence of green (reduced) be?s and red (oxidized) . samples from this locality contain about 0.5 percent Selected samples of ferruginous Jurassic and Sand and gravel-- 1In flood plains and alluvial terraces, glacial outwash, and Iron Hill-=-—-—- I 112-21-31 Pb,Zn NR Velnsme—smmsns None.
beds. The copper and silver minerals occur locally in copper and 0.2 oz silver (5.7 g/t) To the west of Cretaceous sedimentary rocks in this area contain in preglacial fluvial deposits.
uartzite, siltite, and argillite, and typically all i i : anomalous amounts of molybdenum and zinc which are 47-02-26
(éh . 1; . ’ insralized tn any Epeelfic Landers Fork, the quartzite locally contains thin . . _y i logi . Limestone=—====== High-purity limestone (greater than 95 percent CaC04) Keep Cool=====—- I 112-36-33 Au NR Placer---———--—- None.
tee Fock Lypes are un=ia . . zones of lower-grade copper and silver. highly mobile elements in this geologic environment occurs in the middle member of the Allan Mountain
locality. Green-bed deposits differ from the deposits _ (D. J. Grimes, oral commun., 1980). The geochemical Limestone of Mississippian age. 47-01-31
i i - g i i i . : . . Li I I 112-39-04 A NR Placer———————- None.
in light-gray quartzite, in the Spokane Formation, in The occurrences at Wood Canyon are in the anomaly is superimposed on a bend in a negative Dolomi te==---==-= High-purity dolomite (greater than 40 percent MgCO3) occurs verpeo ° acer one
that the latter does not occur in a green-bed northern part of a lead-zinc belt described by Mudge magnetic anomaly (M. D. Kleinkopf, oral commun., in the Devils Glen Dolomite of Cambrian age. 47-02-26
. - osits are grossly concordant ; i i i » idnight-—————mv I -21- A P NR=mmmmm e Vein=——=m——=v Tnacti i 58.
sequence Gre.en bed dep . 1 g 317 t £ t and others (1968)- Here the lead-zinc occurrences 1980)’ and on a negative gravity anomaly (Wllson, Construction——--- Proterozoic quartzites and siltites, Paleozoic carbonate Hiduighs LBl Bl gl e pactive since 19
to the enclosing strata; interna ls?or an eatures, appear to be similar to that observed elsewhere in the 1980). stone. rocks, and Mesozoic volcanic rocks. 47-01-32
such as the concentration of coppef Tlnerals along ) Proterozoic calcareous quartzite; however, in the L ) Mike Horse=————- 1 112-21-31 Au,Ag,Cu,Pb,Zn,Bi $6,942,565--=  Vein--——-=——-- Inactive since 1950.
penecontemporaneous and post—dep031t10nal crosscutting central and southern parts of thé belt thé lead and Vod Deposits (map B, areas 7 and 8) Bentonite-———---- Thin interbeds in Cretaceous shale and mudstone.
' s . 5 i . . . 47-02-26
fractures are common. zinc occurrences form discordant bodies in a variety ‘ . ) ) ) ) ) 0il Shale=======- . Small occurrences in shales of Oligocene age. Paymaster=—————- 1 112-22-45. Pb, Zn=-————me— about 100 tons Vein—————————— Inactive since 1927.
. . of rocks. These occurrences are discussed in the Vein deposits associated with Tertiary intrusives
The character of green-bed deposits varies section on hydrothermal deposits, even though they (map B, area 7) are mostly restricted to the . ?;@ZJ? vos
somewhat with rock type. Quartzite lenses in the form a linear extension of the stratabound deposits southeastern part of the quadrangle. They are, at OX BE Gl I 112-21-3 Tl £8.Cu, 20,8 B erammmmmm Nong-
green-bed occurrences generally contain the highest and are probably related to them. least in part, spatially associated with porphyry-type 47-01-37 |
concentrations of copper and silver minerals which are systems, Most of the past production of base metals Rosetta———————mm I 112-09-02 Cu,Ag, Au-————— $25,516————— 7T — Production 1922-1926.
i i i ix of the rock, repla . : . . : : :
d}ssemlnate@ in the matr} 0 ! e ro ’t 5 dcel Titaniferous Magnetite Deposits (map B, area &) and 511veF was from these depos%ts. Lead, %1nc, 5§7-10-94
mineral grains, and are :ommonly concentrated along copper, silver, and gold were mined from veins at the SUSAN=———m e - 113-22-34 Ag, Cit NR Stratabound(?) None.
sedimentary structures such as foreset laminae. Extensive titaniferous magnetite deposits cap Mike Horse and at other mines near the Heddleston
i ilti re similar, but with greater ; . Mi
Occurrences in siltite a rapely X % o buttes and mesas across the northeast corner of the porphyry deposits (Pardee and Schrader, 1933; Miller *Also known as the Adele mine and as the Alyce Creek mine.
concentration of the copper and silver minerals in the Choteau quadrangle. Smaller deposits lie east of the and others, 1973). Small amounts of copper and
coarser laminae at the bise of graded beds. The Sawtooth Mountains in the east-central and precious metals were produced from the Cotter and
c?pper and silver minerals in argl}llte are in southeastern parts of the quadrangle. Copper Camp mines northwest of the Heddleston District
discordant structures, sich as shrinkage cracks, or in the upper reaches of Copper Creek, and from the
along thin, coarser-grainsed laminae. These deposits are stratiform in the upper part Rosetta Mine and other nearby small workings to the
] ) ) of the Virgelle Sandstone of Late Cretaceous age, east about 7.2 km west of Wolf Creek (Pardee and ) , ) 0,10
The primary copper nlnerals, in order of overall thickness ranges from about 0.3 m to about 6 m, and Schrader, 1933; Schmidt, 1978). The principal Table 3.--Mineral deposit types and descriptions in the Choteau 1°%x2 quadrangle, Montana
abundance, are bornite, :halcocite, and averages about 1.5 m. Small stratiform deposits in economic minerals in veins at the Mike Horse and at
chalcopyrlte. In some B =CULLOLCEs, chalcocite is more the Horsethief Sandstone, also of Late Cretaceous age, nearby mines in the Heddleston District, are galena Area  Mineral deposit type Location and distribution  Commodity Description References
abundant than bornite; chalcopgrlgele mos; abunqant are not shown because they have no foreseeable and sphalerite; some of the veins contain significant
i 51 e amar rmation, ; ; : ‘
in only a few occurrence s n.t chamara rormatl resource potential, amounts of chalcopyrite and bornite. Several la,  STRATABOUND ;==mm——mn Widespread in=-————-———m Cu, Ag, Pb, Copper and silver sulfides disseminated Harrison and others (1969),
The copper sulfide minerals in outcrops are partially deposits, particularly those in the Heddleston b,c,d Green-bed copper, Proterozoic terrane. Zn, Mo. in green clastic sedimentary rocks of Mudge and others (1974),
altered to covellite, ma[achlte, and rarely to The titaniferous, magnetite—bearing bads ars District and at Copper Camp, contain small but . silver deposits. - Belt Supergroup. gaﬁ?rt??;ésmns (1977), and
< . . s s . A arhart .
azurite, The silver min2ral(s) has not been beach paleoplacers containing heavy minerals that were significant amounts of tetrahedrite, which may be the
identified, but silver ajparently occurs as a sulfide derived in part from intermediate to mafic sills of principal silver-bearing mineral in the vein system. 2 STRATABOUND ;===m=mmm Southeast part of quad- Cu, Ag---- Copper and silver sulfides disseminated Whipple (1979), Connor (1980).
i i i i o . " ; : : : : G in T. 16 N., i tzite in 1 t of
and in some eases as native silver in close . Proterozoic age. The highest concentrations of iron The gangue minerals in the veins include quartz, CZ;L;f:ﬁﬁize Seaple fn Spokane Tormaeten o Pon ®
association with the copoer sulfides. In addition to and titanium minerals, as much as 45.5 percent iron calcite, and locally barite, deposits.
silver, green-bed deposits commonly contain anomalous and 7 percent titanium (Wimmler, 1946), are in
b 5

amounts of lead and molyb>denum (Earhart, 1978, p.
94). Anomalous amoynts »Of mercury were detected in
some samples that contai i1ed about 10 ppm (parts per
million) or more silver.

Green-bed deposits in the McNamara Formation
(areas la) are commonly -n glauconite-rich beds.. The
glauconite and associatel copper minerals are most
abundant near the top of the lower half of the
formation. The sulfide jninerals include chalcopyrite,
bornite, chalcocite, and locally pyrite. The highest
concentrations of copper and silver, as much as 1.5
percent and 10 ppm respe:tively, were found in
glauconitic quartzite. Ifost mineralized zones in
outcrops are less than 0.5 m thick and can rarely be
traced for more than 2 o: 3 m laterally. Green-bed
deposits in the McNamara have a low potential for
submarginal resources bei:ause they are small and
discontinuous.

Green-bed deposits :.n the Mount Shields Formation

mineralized zones are in quartzite lenses in argillite
and siltite. A copper occurrence in the upper part of
the Mount Shields at Red Ridge (map A, T. 17 N.,

R. 9 W.) was traced alony; the strike for 90 m and is

in this area may contain several submarginal deposits
comparable in size and somewhat higher in grade than
the deposit in the Mount Shields Formation at Red
Ridge. More green-bed deposits in the Snowslip
contain anomalous amounts of lead and molybdenum than
do deposits in the other Proterozoic formations
(Earhart, 1978, p. 94).

Green-bed deposits in the Empire and Spokane
Formations (map A, areas 1d) occur mostly in the
western and southern parts of the quadrangle. The
Empire, where differentiated from the Spokane on the
geologic map (Mudge and others, 1979a), is mostly a
green—-bed unit and, in places, contains zones about a
meter thick of stratabound copper. Most of the
deposits are in the middle and lower parts of the
formation; however, in the southern part of the
quadrangle, strata in the upper part of the Empire are
locally mineralized. 1In places bornite is the
dominant copper mineral, in others it is chalcocite.
The thickness and grade of the deposits are probably
similar to those in the Mount Shields and Snowslip
Formations, but some deposits in the Empire may have
greater lateral continuity.

Green-bed deposits in the Spokane are mostly in
the upper 200 m of the formation. The lower part of
the formation, near the transitional contact with the
underlying Greyson Formation, contains a few, very
thin, copper-bearing strata that are less mineralized
than those in the upper part of the formation.

In the upper part of the Spokane, as many as 16
green—-bed sequences that are as thick as 18.5 m are
interbedded with red strata. The green beds consist
mostly of siltite and argillite that form graded
(fining upward) couplets averaging 3 cm thick.
Locally, the siltite coarsens to fine sand. The
copper and silver minerals are commonly near the
middle of a green-bed sequence., Mineralized zones
range in thickness and reach a maximum of about 3 m
near Copper Camp mine (map B, T. 15 N., R. 9 W.)
where the grade averages 0.12 percent copper and about
0.25 oz of silver per ton (7.1 g/t). This
stratigraphic interval has been correlated and
inferred to be mineralized where present from near
Monture Creek (map A, T. 16 N., R. 12 W.) to Alice
Creek (T. 16 N., R. 7 W.), a distance of 49 km. The
strike trace of the upper part of the Spokane in this
region is about 88 km. Assuming a continuous
mineralized zone with a specific gravity of 2.7 that
averages 1.5 m thick and extends down dip for 100 m,
this one zone in the upper part of the Spokane may
contain about 35 million t of submarginal resources
that averages about 0.1 percent copper and 0.25 oz of
silver per ton (7.1 g/t). Eight other mineralized
zones are also exposed near Copper Camp, but most of
these are probably not traceable over great
distances. Additional work, including drilling, would
be required to estimate accurately the extent and
grade of the mineralized zones.

The copper sulfide minerals in the Spokane green-
bed deposits are, in order of abundance, chalcocite,
digenite, and bornite. They occur as fine
disseminations in the coarser laminae; in outcrops,
these minerals are partly altered to covellite,
malachite, and rarely to azurite. The silver-bearing
minerals have not been identified.

Green—bed deposits in the Spokane Formation are
inferred to have a higher potential for submarginal
mineral resources than those in the_younger formations
in the Belt because some are laterally extensive,
particularly in the southern part of the quadrangle.
The potential of the deposits in the Spokane is
further enhanced by higher silver content than most
copper—silver deposits in the other formations of the
Belt.

Deposits in Gray Quartzite (map A, area 2)

Stratabound copper—silver deposits occur in
light-gray quartzite and siltite lenses in brick-red,
platy siltite in the middle part of the Spolkane
Formation, in the southeastern part of the Choteau
quadrangle. The quartzites, collectively called the
quartzite of Green Mountain by Trammell (1975), are
distributed through as much ag 300 m of the Spokane in
a tilted block of about 30 km“ in the vicinity of
Alice Creek (map A, T. 16 N., R. 7 W.). Although the
name quartzite is commonly applied to these rocks,
they are in fact very fine grained, highly feldspathic
arenites and arkoses. Outcrops typically form ledges
that are rarely more than 2 m thick, and range from a
few tens of meters to nearly 1,000 m along the strike;
two of the larger lenses appear to trend northerly.
The sulfide minerals occur as disseminations and
fracture fillings and are highly oxidized to malachite
in outcrops. The quartzites contain an average of 0,1
percent copper and 0.2 oz silver per ton (5.7 g/t).

One high-grade, pod-shaped silver deposit at the
Bear Gulch mine (map A, T. 16 N., R. 7 W.) was
discovered by Bear Creek Mining Company in the early
1960's. The pod contains at least 200 t of ore that
averages about 70 oz/t (1,984.5 g/t) silver; recent
analyses were as high as 290 oz/t (8,221.5 g/t)
silver. Copper is not noticeably enriched in the
silver pod compared to quartzite outside the pod.
Silver occurs as a sulfide--probably acanthite, and
the copper mineral is apparently chalcocite. It seems
reasonable to assume that chalcocite and acanthite

regressive littoral facies at the top of the ancient
beach deposits and are similar to deposits in Wyoming
described by Houston and Murphy (1962). Perhaps as
much as one-third of the titaniferous magnetite
deposits are included in the littoral facies; the
remainder commonly contains less than 15 percent iron
and only small amounts of titanium.

The deposits in the northeastern part of the
quadrangle are potentially minable because they are
extensive and are covered with negligible amounts of
overburden, One deposit in the area, the Choteau
deposit (map B), was evaluated by the U.S. Bureau of
Mines who drilled 76 core holes to depths ranging from
1.6 m to 7 m (Wimmler, 1946). Thirty-three of these
holes recovered titaniferous, magnetite-bearing rock
that averaged greater than 30 percent iron.  The total
reserves of the Choteau deposit, as determined by
Burlington Northern Inec., is 10,290,000 t of which
3,215,000 t contains greater than 30 percent

which 30,000,000 t may contain more than 30 percent
iron.

Wimmler (1946) reports that the ilmenite and

Lead-zinc minerals in the southern part of a
mineralized belt described by Mudge and others (1968)
occur as fracture fillings, disseminations, and pod-
like replacement deposits in a variety of rocks,
mostly of Cambrian and Devonian ages. The occurrences
show a close spatial relationship to the Eldorado
thrust fault (Mudge and others, 1968; Leinz and
Grimes, 1980). Although the occurrences in area 5 are
markedly different than the stratabound occurrences in
area 3 at Wood Canyon (map A, T. 20 N., R. 10 W.), the
presence of both types in the same linear belt
suggests that they are related. Area 5 may represent
a part of the lead-zinc belt that was remobilized /
during thrust faulting. The potential for submarginal
deposits of lead and zinc is highest in the southern
part of the belt.

Porphyry Copper—-Molybdenum Deposits (map B, areas 6)

The known porphyry-type deposits of copper and
molybdenum in the Choteau quadrangle are in the
Heddleston District (T. 15 N., R, 6 W.). These
deposits have been explored and described by the
Anaconda Company (Miller and others, 1973); the
following descriptions are summarized from their
report. Tonnage and grade estimates of the deposits
have not been published, but "the Heddleston District
contains several significant copper-molybdenum zones
economically exploitable by open-pit methods.”

The Heddleston deposits are associated with
multiple igneous intrusions. The main unit is a quartz
monzonite porphyry, The intrusive complex also
includes quartz porphyry as well as late quartz
monzonite porphyry dikes and breccia pipes. An age of
44.5 m.y. (1.2 m.y.), by K/Ar methods, was obtained
on sericite from an altered part of the quartz
monzonite by American Metals Climax Corporation
(Miller and others, 1973). A base- and precious-metal
vein system related to but later than the porphyry
system has been the source of past lead-zinc-copper-
silver—-gold production. The vein system trends
northwesterly within and peripheral to the intrusive
complex.

Principal ore minerals in the porphyry are
chalcopyrite and molybdenite which occur as
disseminations and in veinlets in the early to late
phases of the intrusive complex, Secondary copper
minerals, chalcocite and covellite, are most abundant
in steeply dipping zoues that follow pre-mineral
structures,

Altered rocks are most evident in the earlier-
formed phase of the quartz monzonite and are
predominantly sericitic and pyritic, grading outward
to propylitic. The intrusive complex was emplaced in
beds of the Spokane Formation and a diorite sill. The
Spokane strata are bleached and limonitic in a broad
halo around the intrusive contact and the sill is
chloritized and epidotized.

Area 6, which extends northwesterly from the
Heddleston District about 45 km, has a high potential
for concealed porphyry deposits of copper and
molybdenum. Quartz monzonite, similar to that at
Heddleston, crops out along a part of Alice Creek
(T. 15 N., R. 7 W.) and in an outcrop too small to
show on the geologic map at the Cotter Mine (T. 15 N.,
R. 9 W.), which suggests a northwesterly alinement of
the quartz monzonite intrusions. Quartz carbonate
veins, exposed intermittently from the Cotter Mine to
the Mineral Hill prospects (T. 16 N., R. 10 W.),
contain base and precious metals, and trend
northwesterly parallel to the trend of veins at the
Heddleston deposit and to the alinement of quartz
monzonite intrusives, Geologic evidence suggesting a
possible buried porphyry system is supported by
geochemical studies (Grimes and Leinz, 1980a,b; Leinz
and Grimes, 1980c). Mercury, which is commonly
concentrated in outer halos of copper-molybdenum
porphyry deposits (J. H. McCarthy, oral commun, ,
1979), occurs in highly anomalous amounts along the
northwesterly trend of the vein system that exteunds to
the Mineral Hill prospects. The rocks immediately
adjacent to the Heddleston deposits contain low
amounts of mercury (mostly below 0.4 ppm).
Approximately 4,000 m from the porphyry deposit
mercury values in rock samples are 1.5 ppm and
increase to 4 ppm about 8,000 m from the deposit.
Mercury values in area 6 are as much as 10 ppm and
could reflect halos over buried porphyry deposits.
The distribution of hydrothermally derived mercury is
probably dependent on a number of factors including
the size, temperature, and chemistry of the
hydrothermal system as well as the composition,
porosity, and competency of the country rocks. Thus,
the depth to possible buried porphyry deposits in area
6 cannot be estimated on the basis of mercury
distribution.

Mineral zoning in the vicinity of the Heddleston,
in some respects, is similar to the typical copper-
molybdenum porphyry model (Lowell and Guilbert,

1970). Galena and sphalerite veins with minor silver
and gold occur mostly beyond the outer shell of
disseminated chalcopyrite mineralization. There is,
however, no clear—cut chalcopyrite-pyrite zonal
pattern typical of most porphyry deposits. On a
regional scale, mineral zoning patterns which may be
associated with buried porphyry deposits are obscured
due to the effects of other types of mineral deposits,
mainly Proterozoic stratabound deposits of copper and

Mineralized veins associated with Proterozoic Z
sills (map B, areas 8) occur in the central, western,
and southern parts of the quadrangle. Most of the
veins are predominantly calcite and occur near the
hanging wall of the sill and in adjacent country
rock. The principal sulfide mineral in the veins is
chalcopygite; galena, sphalerite, and an unidentified
silver mineral occur in subordinate amounts, Typical
veins are no more than 2 or 3 cm thick and are
discontinuous. Veins are exposed in an adit and in
pits at Goat Ridge (map B, T. 23 N., R. 11 W.), in
smaller prospects at several localities to the south,
and at one locality in the western part of the
quadrangle, but none have known production.

Gold Lode Deposits (map B, area 9)

The only known gold lode deposit in the Choteau
quadrangle is the Giant Lode (T. 15 N., R. 9 W.) in
the extreme southern part. The gold is associated

the occurrence is small (Earhart and others, 1977)., A
similar gold lode deposit in Lincoln Gulch a short

distance south of the Choteau quadrangle was described
by Pardee and Schrader (1933, p. 116). As previously

NONMETALLIC MINERALS

The Choteau quadfangle contains a variety of
nonmetallic mineral resources, but only areas with
potential for vein deposits of barite and for lithium-—
bearing oil shale are shown on map B. The
distribution of the other nonmetallic minerals is
adequately illustrated by using appropriate parts of
the following text in conjunction with the geologic
map of the Choteau quadrangle (Mudge and others,
1979a) to identify favorable areas for deposits of
sand and gravel, high-purity limestone and dolomite,
construction stone, bentonite, and coal.

Vein Deposits of Barite (map B, area 11)

Vein deposits of barite occur in the McNamara
Formation at the Glacier prospect (T. 23 N.,
R. 13 W.), in the northern part of the quadrangle,
The veins, as much as 3 m thick, consist of nearly
pure barite and are exposed in trenches and pits over
a slope distance of about 100 m (Earhart, 1978).
Marks (1978) estimated reserves of 80,000 t that
average 92 percent BaSO4.

0il Shale Deposits (map B, area 12)

Shales of Oligocene age in the southeastern part
of the quadrangle (T. 15 N., R. 9 W.) contain as much
as 93 1/t of oil. The oil-bearing beds also contain
as much as 1,500 ppm lithium (Brenner-Tourtelot and
others, 1978). Drilling by the U.S. Geological Survey
indicated that the sequence of rocks that contain the
oil is about 1,300 m long by 300 m wide, and
significant amounts of hydrocarbons are restricted to
narrow stratigraphic zones. Brenner-Tourtelot and
others (1978) concluded that the lithium-bearing rocks
were a submarginal resource in 1978.

Sand and Gravel Deposits

Sand and gravel deposits are widespread on the
flood plains and alluvial terraces of the major
streams and rivers in the Choteau quadrangle. Other
possible sources of sand and gravel are in glacial
outwash deposits. A large deposit of preglacial
gravel occurs at Lone Mountain (map B, T. 16 N.,

R. 8 W.) in the southeastern part of the quadrangle.
The deposit is as much as 780 m thick but would be
difficult to process because it is well cemented in
places.

Limestone and Dolomite Deposits

High-purity limestone and dolomite occur in
Paleozoic carbonate rocks in the Choteau quadrangle.
The largest deposits are in the Sawtooth Range from
the central to the northern part of the quadrangle. A
few analyses of high-purity limestone from the middle
member of the Allan Mountain Limestone of
Mississippian age suggest that it may average about
96 percent CaCO3. Resources of high-purity dolomite,
in the Devils Glen Dolomite of Cambrian age (Earhart,
1978), were also sampled at a few localities and may
average about 45 percent MgCOB.

Construction Stone

Several formations in the Choteau quadrangle
contain rocks suitable for dimension stone and crushed
stone. Several of the Proterozoic formations, notably
the Bonner Quartzite and the Mount Shields Formation,
contain large deposits of quartzite suitable for
dimension stone. Other formations with deposits
include the Flathead Sandstone of Cambrian age and the
Kootenai Formation of Cretaceous age. Cambrian and
Mississippian carbonate rocks would also be suitable
dimension stone. The Cambrian Devils Glen Dolomite,
which is uniformly near-white and thick bedded, is
high-quality dimension stone. Schmidt (1978) noted
that latite from Mesozoic volcanic rocks in the
southeast corner of the map area would be usable for
dimension stone. He also noted that some thinly
laminated argillite amd siltite in the Proterozoic
Greyson Formation in that area bear a resemblance to
slate, and have been wsed as rough ashlar and
Flagstone. Nearly all of the rocks of Proterozoic
through Mesozoic age would be suitable for crushed
stone,

Bentonite Deposits

Bentonite occurs in several of the Cretaceous
formations (Mudge, 1972), but most of the deposits are
too thin to be minable. Mudge (1972) has noted that
more than 100 bentonite beds, each less than 0.5 m
thick, occur in the Kevin Shale Member of the Marias
River Shale. The thickest bentonite bed, 2.1 m, is in
the Cone Member of Marias River Shale along the South
Fork of the Sun River (Mudge, 1972). Schmidt (1978)
reports bentonite beds as thick as 1 m in the Cone
Member of the Marias River Shale and in the Two
Medicine Formation in the southeastern part of the
quadrangle,

n. One or more low-rank coal beds are widespread in
the lower part of the Upper Cretaceous Two Medicine
Formation. In the southeastern part of the quadrangle
these beds range in thickness from about 0.5 m to 2 m
and have been mined on a small scale for local usage
(Schmidt, 1978). Schmidt notes that good quality coal
was mined from a bed 1.2 m to 1.5 m at two localities
in sec. 21, T. 17 N., R. 4 W. Low-rank coal was also
mined for local usage from a bed.about 0.7 m thick
along the Sun River in sec. 27, T. 22 N., R, 8 W. 1In
the eastern part of the quadrangle, a 0.5 m thick bed
of low-rank coal occurs locally in the lower part of
the Upper Cretaceous St. Mary River Formation.

Thin beds of low-rank coal were observed in
Tertiary sedimentary rocks at two localities: (1)
near the southern boundary of the quadrangle in
T. 14 N., R. 10 W., and (2) along the South Fork of
the Flathead River in the northwestern part of the
quadrangle (Mudge and Earhart, 1978). The beds are
2.5 cm to 0.5 m thick, and the coal is of low quality.

Coal deposits in the Choteau quadrangle have a
very low resource potential except for local domestic
usage.,
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deposits, that have someithat lower grades of copper
and silver, occur in a stratigraphic interval about
30 m thick in the upper-middle part of the formation.

Green-bed deposits in the Snowslip Formation
(areas lc) are widespreac throughout the formation in
the central, southern, ar.d western parts of the
quadrangle. The primary copper minerals are bornite,
chalcocite, and rarely ctalcopyrite. The Snowslip
contains more green beds and more green-bed deposits

Hydrothermal Deposits

Metallic mineral deposits related to hydrothermal
activity are mostly associated with Tertiary intrusive
rocks in the southeastern part of the quadrangle. A
few minor occurrences are associated with Proterozoic
diorite sills in the central, northern, and western
parts. In the southeastern part, some of the
stratabound deposits previously described may be
locally modified and enhanced by hydrothermal activity
associated with the Tertiary intrusives.

Gold Placer Deposits (map B, areas 10)

Placer deposits of gold have been prospected in
drainages near the Gold Lode occurrences described
above. The richest and most productive placer was in
Lincoln Gulch (T. 14 N., R. 10 W.), south of the
Choteau quadrangle (Pardee and Schrader, 1933). Only
the headwaters of Lincoln Gulch are in the Choteau
quadrangle, and the small amount of gravels in this
part of the drainage precludes the discovery of

Lithium-bearing
oil shale.

in lacustrine strata of Oligocene age. (1978).
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