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thickness, in Big Hole basin, exceeds 4,000 m

Basaltic rocks near Sweetwater Creek (Pliocene)—Grayish-
black vesicular basalt or basaltic andesite flows near
Sweetwater Creek in south-central part of map area are
about 4 Ma (Daniel and Berg, 1981, p. 110); similar
basaltic rocks are present in the central part of Ruby
Range (James, 1990)

rocks in Withington Creek caldera, about 10 km .in
diameter, at north end of Lemhi Range; caldera contains
massive ash-flow tuffs at least 600 m thick that pass
laterally across caldera margin into 50-100 m of thinly
layered ash-flow tuffs and andesitic flows. Age probably
about 40-45 Ma (Staatz, 1979, p. 12-23; Ruppel and
Lopez, 1984). Preserved thickness in most places
probably less than 200 m. Volcanic rocks east of Idaho-
Montana State line are not clearly related to Challis
volcanic field of east-central Idaho and are mapped as
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biotite-hornblende tonalite and quartz diorite. Ages of
various plutons range from 68 to 77 Ma, age of
granodiorite about 75 Ma (Snee, 1982, p. 104-134;
Pearson and Zen, 1985; Pearson and others, 1987,
1988). Includes granitic rocks in McCartney Mountain
stock, directly east of Pioneer Mountains, and in stocks
north of Pioneer Mountains, in north-central part of map

and others (1983) as Precambrian cratonic rock

Granite gneiss of Foolhen Ridge (Cretaceous?)—Bluish
gray, strongly foliated, medium to coarse grained;
contains porphyroblasts as much as 2 cm long of
plagioclase, smoky quartz, and sparse microcline aligned
parallel to foliation. Accessory minerals include sphene,
magnetite, zircon, and apatite. Original rock may have
been coarse-grained granodiorite or porphyritic dacite or
andesite. Exposed only in northwestern part of Pioneer
Mountains and interpreted by Berger and others (1983)
as Precambrian cratonic rock

only along east flank of Pioneer Mountains northward to
area of Granulated Mountain north of Wise River
Lower part (Upper Cretaceous)—Sandstone, conglomerate,
shale, mudstone, and porcelaneous mudstone, siltstone,
limestone, and bentonite. Sandstone is yellowish gray,
light olive gray, light to medium bluish gray to pale
yellowish brown, brownish gray and medium to dark

rowed and bioturbated, and locally contains abundant
carbonaceous material and leaf and wood impressions.
Limestone, in rare, scattered, discontinuous beds 1 m or
less thick, is medium gray to greenish gray, fine grained,
silty, commonly bioturbated, and grades laterally into
calcareous mudstone. In part lithologically equivalent to
Frontier Formation near Lima Peaks in southern Beaver-
head County (Dyman and others, 1989). Measured
thickness as much as 420 m, but top of formation not
present in this region (Dyman, 1985a, 1985b, 1985¢;
Dyman and Tysdal, 1989; Tysdal and others, 1989)

fossil wood. Sandstone occurs in subordinate interbeds
throughout formation but is predominant in lower part;
typically it is light olive gray and medium light gray to
medium dark gray, fine to coarse grained, thin to thick
bedded, and calcareous; rounded to subangular quartz
grains and grains of dark chert are abundant; basal
sandstone commonly is conglomeratic and contains
abundant pebbles and cobbles of chert. Thickness

Dillon region
Triassic rocks, undivided
Thaynes Limestone (Lower Triassic)—Light-gray lime-

stone, sandstone, and siltstone. Maximum thickness
about 120 m in south-central and southeastern parts of Oq

map area; absent elsewhere in Dillon region
Woodside Formation (Lower Triassic)—Reddish-brown,
reddish-purple, and medium-gray calcareous mudstone,
siltstone, and limestone. Maximum thickness about 30 m
in south-central part of map area and in Snowcrest
Range; absent elsewhere in Dillon region

sippian? and Upper and Middle Devonian), undivided

Three Forks Shale (Mississippian? and Upper Devonian)—

Composed of, at top, Sappington Member of yellowish-
orange calcareous or argillaceous siltstone and fine-
grained sandstone; underlain by Trident Member of
dark-gray shale and interbedded fossiliferous dark-gray
limestone and yellowish-gray to yellowish-orange argil-
laceous limestone; and at base the Logan Gulch Member

and silty, shaly dolomite; locally includes minor beds of
shale and solution breccia. Thickness ranges from about
30-35 m in Blacktail Mountains and 80 m in Ruby Range
to 150-200 m in Pioneer Mountains region

Quartzite of Dickie Peak (Ordovician?)—White to grayish-

white, vitreous quartzite, locally containing dark, heavy
minerals in planar layers and crossbeds; interlayered
near base with greenish-black, silty, locally sandy argillite
(Lewis, 1990). Argillite contains numerous trace fossils
that are definitely of Paleozoic age, most probably
Ordovician (M.W. Reynolds, written commun., 1987)

tion in Dillon quadrangle

Gunsight Formation—Light-brownish-gray, medium-light-

gray to grayish-red-purple, thin- to medium-bedded,
fine- to medium-grained feldspathic quartzite; many
beds laminated or cross-laminated. Minimum thickness
about 1,800 m, but no unfaulted sections known

Apple Creek Formation—Grayish-green, thin-bedded

siltite and very fine grained feldspathic quartzite that

Yellowjacket Formation (Middle Proterozoic)—Medium-

gray to medium-dark-gray, mostly thin- to medium-
bedded, very fine grained to fine-grained, feldspathic,
finely biotitic quartzite and subordinate interbedded
dark-greenish-gray to medium-dark-gray, thin- to medium-
bedded siltite and argillite. Probable thickness more than
8,000 m, but the base of the formation has not been
found and the upper part is everywhere bounded by Late
Cretaceous Medicine Lodge thrust plate in east-central
Idaho and adjacent southwestern Montana (Lopez,
1981, 1982a)

medium- to coarse-grained, weakly feldspathic, evenly
parallel-laminated to crossbedded quartzite common in
the upper 20 m of the section. Quartzite is underlain by,
and locally interbedded with, yellow-tan to greenish-tan,
parallel to cross-laminated argillaceous sandstone and
siltstone, minor laminated argillite, and rare brownish-
gray limestone. Base not exposed. Equivalent to the
sequence of Swamp Creek of Zen (1988) and to Belt

Includes formations of the Missoula Group, strongly metamorphosed
equivalents of the Missoula Group, the Helena and Empire Formations,
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and unnamed lower Relt argillite and quartzite

Missoula Group (Middle Proterozoic)
Mount Shields Formation—Grayish-white to pink, fine- to

coarse-grained, feldspathic quarizite locally interlayered
with quartz-pebble conglomerate. Quartzite beds, gen-
erally less than 1 m thick, commonly become fine upward
and are locally capped by siltite and argillite. The
distinctive feldspathic quartzite beds of this formation

grained sandstone lenses. Empire Formation consists of
dark-gray to black, vew fine grained, argillaceous siltite
containing elongate pods of tan, silty limestone that is
locally interlayered with thick-bedded, purplish-gray
siltstone. Maximum thickness of unit about 350 m
Spokane and Greyson Formations (Middle Proterozoic)—
Spokane Formation consists of grayish-tan to tan,
structureless to laminated and commonly crossbedded,
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sediment slump structures. Basal part consists of light- to
dark-gray silty argillite and argillaceous siltite having
uneven to even parallel laminations and locally inter-
layered with tan, discentinuous silty lenses, commonly
less than 1 cm thick; tiese basal siltite beds locally are
interlayered with 0.2- to 0.5-m-thick, laterally discon-
tinuous beds of matrix-supported quartzite composed of
well-rounded grains, and locally dense, tan to white,
crossbedded quartzite. Thickness of combined formations
ranges from less than 400 m in the west to more than
900 m in central part of Highland Mountains
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quartz-muscovite schist. Subordinate minerals include
sillimanite or, locally, kyanite and minor garnet, antho-
phyllite, and biotite. Aluminous schist is closely associated
with quartzite and marble

Interlayered schist and gneiss (Archean)—Composed
mainly of quartz-feldspar-biotite gneiss, granitic gneiss,
and amphibolite

Marble (Archean)—Medium-gray to dark-brown, coarsely

alternate quartz-rich and magnetite-rich layers and
lenses. All layers consist of essential magnetite, quartz,
orthopyroxene and clinopyroxene, and garnet; individual
layers typically 1-2 cm thick, but mappable units are as
much as 30 m thick (James, 1981). Commonly associatec
with quartzite and aluminous schist. Present in southern
Tobacco Root Mountains and Ruby Range

Ag Gneissic rocks (Archean)—Well-foliated medium- to dark:
gray biotite-hornblende-garnet gneiss, migmatite, auger
gneiss, and aluminous schist. Structurally lowest sequence
in Ruby Range (Karasevich and others, 1981)
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public in mineral exploration and development sparse phenocrysts of olivine(?) near North Fork of see Smedes and others, 1988] unit, partlg (glcareous hard and dense locallals begtonitic 2045 m thick. Lower unit, in most places, inclu des. from ribboned grayish red in lower part; locally contains thinly 1Sh|-l:lgs F om;]atlon. Upper %art of seq;.le;']lce is malr;ly of clastic to calc-silicate rocks similar to those rocks to the medium- to coarse-grained, biotite-rich gneiss. Contains
: ! g ’ . . . -2l » Na ) s . ) ) " inat 1 = ight-brownish-gray, greenish-gray to light-gray, pale- : r i i , light- i b J . )
Salmon River in west-central part of map area (Lopez, - Alaskite, aplite, and pegmatite and related felsic rocks and locally pyritic; contains locally abundant lithophysae top to bottom, (1) dark-gray, carbonaceous, phosphatic Iszt’rrg:::tgfijt :S ?:lul::)ii ::i %C;;né rseheiplsiir;% :roigug;itzr rg 3 o less cgomymgnly graygishyre d-pugrpleg 03: gark- zg;‘;:‘e dT::::'?tzri?:kje?vep:grcli;relig]o:gdlzm;ngtne?hehggstt g;?t)yrfglfeiz 32?ymssirr?ir;:railrlugf:n?;g:i?g?\a:r?dfileistﬁx {2 1. Alexander, R.G., 1955, Geology of the Whitehall area, Montana: 34. Okuma, A.F., 1971, Structure of the southwestern Ruby Range near
retaceous)—Leucocratic, fine- - i in tuffaceous beds. Sandstone and conglomerate occur mudstone and shale and phosphate rock, and oil shale . . A . ish. o e arai - a A i g N i 1 ; Ll . ellowstone-Bighorn Research Association, Inc., Yellowstone- illon, Montana: University Park, Pennsylvania State Universi
1982b) and a finely crystalline diorite dike that intrudes (Cret: )—L. ratic, fine- to coarse-grained gran in tuff beds. Sandst d | t dst d shal d phosphat k, and oil shal ¢ ddish fissile. finel hal reddish-gray, fine- to medium-grained, thin-bedded to I Cont tal Divid hich in t lie thinl l’ tic biotit X(A Hiahland M Yellowstone-Bighorn R h A t Inc., Yellowst Dillon, Mont University Park, P ylvania State University,
e irectl th e I irrecular pods. and stocks in Butte S i v di ¢ h fills. Sand Retort M : d Bales, St (2 nit of licht- gray to reddish-gray, fissile, finely micaceous shale. ‘ ) i 2d, along Continental Divide, which in turn overlie thinly mylonitic biotite gneiss (X(A)m) in Highland Mountains, Bighorn R h Project Coniributior 195. 111 .
Beaverhead Divide er;‘er Lake fiu“czl(;?e directly sou ¢ ite; oceurs s small, ineguiar pods. in thin, laterally discontinuous channel fills. Sandstone on Retort Mountain and Dalys Spur; (2) a unit of lig Thickness about 20-50 m; absent in Blacktail Mountains massive, locally ripple-marked, laminated and cross- laminated siltite-argilite. The calc-silicate rocks are Locally cut by numerous quartz-rich pegmatite dikes and SHOPH Besear ) S Tolect LonmiDUton ’ % Ph.D. thesis, 122 p.
DESCRIPTION OF MAP UNITS gglcrr?g;ef Mountain in the Beaverhead Mountains east o Sel;:;tztggo:;zﬁl:i t?en]ss{ml?\;?\eﬁ bodies are shown, many ai’lﬁsﬁogrg;geﬁii ;::yllrgnhgsggvﬁengfg r:re]gi l?rr:g?:i:e?:lr S;:Séstgngf:zgti‘b;g;’g; s(::iir;yéofll:ri—i%:;zg)e: ycgil]?)r\:}zi:i’llc southern Tobacco Root Mountains, and locally absent in 1arrlxlinatecid f(ejld?pathic quartzite; condtainskwel]-sortedc,l correlated with rocks directly to the south; these rocks large quartz veins. Exposed east of Bloody Dick Creek < And:r::g;:r].;i,e1Egg,h?écgsgfya?:arﬁ?el:ie;l]:(e)sgl\:::t;ioofft %f:;";ﬁg 35. O Ne&&tg}ribi?;::izgamse';nilt':g}-ﬁgﬁ?:;i\dgﬁiiailngii’uﬁaeigg
S . . . . : . ) ) : : ) 5 : i i well-rounded glassy quartz grains and pink quartz an igi d as the Wall i ; .E. j 2 2 ) ’
SURFICIAL DEPOSITS m Rhy(I))c!Ecne& i:1ac1te, andes;{te, and rl(;yohte (Tertlalry)'— Monzogranite (Cretggeous)—'nght-gray,d equigranular to consisting of subrounded to angular grains; partly brown and medium-bluish-gray chert, yellowish-brown Pill:?ir::elr: xtonlggzrs(Upper Cambrian)—Pale-yellowish- verldislh chest grain:irc)l some?:)]aces, andpabu :ldant Fiy vaz;ren ::aliil?la;lgBT'?‘Ezi ndaesr]yi :g ; :a rizcifel;gg:l:r:i?)r;tgg f.‘\ge abi)ut 1.8 Ga (RE Zartmarl, oral commun g 1987) Geology Pamphlet 106, 102 p. Montana, in Lewis, S.E., and Berg RB, eds, Precambrian and
Qa Alluvium (Holocene)—Silt, sand, and gravel in channels and ikes, [; ekswarms, an alssoclxlate' he)l()truswe volcanic strqngly porPl:nynt\c, medium-grained to very coarsi calcareous, partly pyritic, thin to medium bedded; to dark-gray, cherty, carbona'ceous and phosphatic brown to light-gray; fine- to medium- to thick-bedded gray heavy minerals disseminated throughout the rock or silifte-amgillite amesimilisnsequente and Tiholoaytothe Metamorphic and igneous rocks of the Highland Mountains 3. _d1957l, Geolggy and mlner‘?\l resources of the Baker Mesozoic plate margins: Montana Bureau of Mines and Geology
flood plains of major rivers and streams and in related fogKs paradiesh 50, [PRESHE GRILSIWL BIN oF grained granitici voc'ss that compade the Moosé Cree conglomerate zones contain rounded to angular frag- r.nUdStone and p hogphate ISl A (4? i sl unit ok dolomite; upper part is sandy and includes interbeds of concentrated on laminae and cross-laminae. Muscovite lower Belt quartzite and underlying siltite-argillite beneath Archean rocks that were regionally metamorphosed and deformed in guagiang e, Lemhi County, Idaho: 1daho Bureau of Mines and Special Publication 96, p. 81-88.
i lei Maxi yellowish-gray to pale-red, fine-grained, porphyritic stock, Hell Canyon pluton, and most of the Butte Quartz ments as much as 3 cm in diameter of mudstone, shale light-gray to yellowish-gray, pale-reddish-brown, fine- ’ ot 5 . beddi o . . : d thi A gt R Geology Pamphlet 112, 71 p. : 36. Pearson, R.C., and Zen, E-an, 1985, Geologic map of the eastern
alluvial fans. May be partly of Pleistocene age. Maximum : > = _ R ; i . ‘ : R s/ = . e - fine- to medium-grained sandstone. About 90-120 m thick common on bedding surfaces; bedding partings and thin the Helena Formation in the Anaconda Range (Ysg). Early Proterozoic time, about 1.8 Ga (O’Neill and others, 1988) and g : ki ’ S ’ )
hickitess caRknow volcanic and related intrusive rocks containing pheno Monzonite in central part of Boulder batholith. Slight siltstone, quartzite, and chert. Silty, micritic limestone is grained dolomitic sandstone, siltstone, chert, and cherty in eastern and central parts of Dillon region; thins to interbeds of dark-gray to greenish-gray and grayish-red Thickness of these units is not known shown by symbol X(A). Metamorphic rocks were intruded by felsic to 4. 1959, Geology and mineral resources of the North Fork Pioneer Mountains, Beaverhead County, Montana: U.S. Geo-
al Landslide deposits (Holocene and Pleistocene)—Angular crysts of sanidine, plagioclase, alkali feldspar, and quartz, textural and compositional variants are present. Includes rare and typically occurs in thin argillaceous lenses and limestone containing minor interbeds of vitreous quartzx.te.. 12-13 m in western part, near Jackson ' argillite and siltite are present locally. Thickness unknown Ysg Quartzite of Queener Mountain and Greyson Shale mafic sills and dikes during the last stages of metamorphism quadrangle, Lemhi County, Idaho: Idaho Bureau of Mines and logical Survey Miscellaneous Field Studies Map MF-1806-A,
fragments of bedrock mixed with soil or heterogeneous or of plagioclase, biotite, and hornblende in more mafic small bodies of dark-gray diorite and gabbro grades into highly calcareous mudstone. Thickness 340- Total thickness of formation ranges from 50 to 180 m; it Park Shale (Middle Cambrian)—Pale-oli ish- but probably more than 1,500 m (Middle Prot Se}-Quartzite is equivalentic Spok Geology Pamphlet 118, 92 p. scale 1:50,000.
boulders and finer grained material derived from glacial ros:ks: Mainly rhyqdacite and‘ dacite. Extrusivg rocks Granodiorite (Cretaceous)—Medium- to dark-gray, equi- 356 m in eastern Pioneer Mountains; thins eastward to thins northward mainly by disappearance of lower part of green, finely mic:ceoau? ;issile shalz alr‘:g :)r:'ing;raytlﬁin Lower part of the Mo Shields in Beaverhead Fo;magor:(;nerlfl)f(ﬂlczzn 1 h‘;llou?l‘tai‘nse?;ltvhaee;]as(t) PoRaS Granite, aplite, and peg'matite_(.Early_Proterozoic)-—‘Den.se 5. Becker, H.F., 1961, Oligocene plants from the upper Ruby River 37. Pecora, W.C., 1981, Bedrock geology of the Blacktail Mountains,
deposits on steep valley walls; characterized by irregular, prmcipally rhyodacite and dacite tuffs and breccias and granular, fine- to medium-grained rocks of Rader Cfeek 80 m in Snowcrest Range lower unit . . interbeds of yellowish-brc;wn medium-grained dolomite Mountains consists of three zones: (1) Upper zone of 10- Ouarizite of Quegener Mountain—Light-gray to white swarm of leucocratic, granitic apll.te and pegmatite sills basin, southwestern Montana: Geological Society of America southwestern Montana: Middletown, Connecticut, Wesleyan
hummocky topography; boggy in places. Many landslides rhyolite flows, tuffs, and welded tuffs. Present in north- and Donald plutons intruded along southeast margin of Floed Member Quadrant Formation—Light-gray to pale-yellowish-brown, vid vellowich Hiniks ola 1 fi P to 50-m-thick units of interlayered thin- and thick- fine- t di ned rtzite interl d with and minor dikes, and augen-bearing orthogneiss; inter- Memoir 62, 127 p. University, M.A. thesis, 203 p.
are marked by torn sod, tilted trees, and steep unvegetated western and north-central parts of map area. Age about Boulder batholith. Also includes Tobacco Root batholith, Clastic lithofacies—Interbedded with subordinate fine- to medium-grained, quartzitic sandstone and - i dyf :w1§lt-?ray, 13yp datty, oy ;at:‘eotu z,slgg-graﬂl_lr_)ek; bedded to massive, light-brownish-gray to light-gray ine- % nlle 1um-gr§i{'1te qga 'i‘tl'te laersy.etre VZ; layered mainly with mylonitic biotite gneiss and quartz: 6. Berg, RB., 1979, Precambrian geology of the west part of the 38. Petkewich, RM.,, 1972, Tertiary geology and paleontology of the
slopes that indicate continuing movement 4:? Ma (Desmarais,. 1983, p. 49.—50, 106) _ a zoned pluton that is mostly a medium-gray, coarse- siltstone, mudstone, shale, and conglomerate. Sandstone vitreous quartzite; contains well-sorted, subrounded to ;?nc; eos s'u?t; (t)lr::,‘zzstmu sione. Abou mhie fine- to medium-grai’ned, laminated and cross-laminated Lnr;r\:/(z)arrd gtc;gdrzgk-zrrgalv]:rg?lrllite Silr\tleffayel;‘:d zv:/ifhgr;ainz: fe!dspar-biotite gneiss Greenhorn Range, Madison County, Montana: Montana Bureau Beaverhead East area, southwestern Montana: Missoula, Uni-
of Alluvial-fan deposits (Holocene and Pleistocene)—Poorly - lntrl'lswed rgcll(s (TenlaLy)—Greenlsll'l(-Plack }l::asa]tlc 1pluQ grained, porphyritic gran'odiorite in map area (O’Ngill, is light olive gray and light greenish gray to dark yellowish well-tounded- quartz grains; commo'n].y cross-stratified, Meagher Limestone (Middle Cambrian)—Medium-gray, feldspathic quartzite and quartzitic sandstone interlayered davicaray: fine-aminel quarkie, and iseal thin beds of - Mylc;mti(i orth(:igneisg;.and granit: si'll's (Ealily l"‘roterl(:zoic)'— of Mines and Geology Geologic Map Ser.ies GM 6, 12 p. versity of Montana, Ph.D. thesis, 365 p.
sorted silty sand and gravel deposited in broad alluvial intruded along Grasshopper Creek in south-central part 1983), and related stocks in the Tobacco Root M(.)ur.)tams brown and pale red, fine to coarse grained and locally locally hematitic. Locally includes thin interbeds of light- medium-light-gray and yellowlsh-brown, fine- to mediurm. with thin beds of dark-gray argillite; bedding surfaces and desn, white, mediup: o coMTEqEINed uaHzite nterlayered granitic to grano 1or1t19 mylonitic ort ogneiss 7. Brumbaugh, D.S., 1973, Structural analysis of the complexly 39. Prostka, H.J., 1966, Igneous geology of the Dry Mountain quadrangle,
fans along valley margins. Includes gravel veneer on of map area. May be r.elated to Tvu L. ! Granitic rocks,_ undividefi (Late Cretaceous)—_.Pr}nCnglly conglomeratic; grains are rounded to angular; medium to gray to mec'iium-gray, micritic, silty or sandy dolom.ite or grained limestone, dolomitic limestor:ne and dolomite partings are commonly calcareous or dolomitic; probably Thick’ness is ,nearly 600 m. Quartzite is best exposed ai and ponfohated, leucocratic, medium- to coarse-grained deformed Bi_g Hole River area, Madison, Beaverhead, an.d Silver Jefferson County, Montana: U.S. Geological Survey Bulletin
pediments Monzogranite, granodiorite, quartz monzodiorite, and monzogranite, granodiorite, and related granitic intrusive thick bedded, ripple or horizontally laminated or trough limestone; in some places lower 15-55 m of formation is o : Ay A b 150-2 £ ” g granite sills Bow Counties, Montana: Bloomington, Indiana University 1221-F, 21 p
) . ; sl - ; ’ ’ : ed, 1p 3 ; " 4 = g that partly is irregularly mottled yellowish gray, light gray, about 150-200 m thick. (2) Middle zone, as much as Queener Mountain zt the head of Seymour Creek, X(Ab | B _ J « Of ’ ’ . p ;
—Sil related intrusive granitic rocks (Tertiary)—Intrusive rocks in small stocks and plugs in east-central and fied: 1 1 = d mainly dolomite or limestone containing thin interbeds ° :  grad ! . . : - e (A) iotite gneiss (Early Proterozoic and Archean)—Dark Ph.D. thesis, 96 p. 40. Reid. R.R.. 1957. Bedrock 1 f th h end of the Tob
Qs Lacustrine sand and silt (Holocene and Pleistocene)—Silt plug cross stratified; commonly calcareous, micazeous, an Y g or pale red. Mainly limestone and dolomitic limestone in 500-700 m thick, of light-brownish-gray to pale-purple directly north of the quadrangle boundary. Unit is h 4 ) P . Reid, ) , Bedrock geology of the north end of the Tobacco
and sand in thin-bedded, well-sorted deposits in the Big rocks in Carmen and Napoleon Ridge stocks and small southern parts of map area. Includes porphyritic, high- contains abundant carbonaceous material and wood of dolomitic or calcareous, fine-grained sandstone. Toga & Rook Mo?mtains aitd it doloraltic limest fimes to medium:grained Hhickibedded 4o mussive. hn trati Y hicall - ]q ot g kane F rry ti ¢ gray to black, medium-grained to very coarse grained, 8. Burger, H.R,, III, 1967, Bedrock geology of the Sheridan district, Root Mountains, Madison County, Montana: Montana Bureau of
Hole basin in western part of map area plutons south of Gibbonsville in Beaverhead Mountains, potassium dacite in a 16-km-long intrusive sheetand as a fragments. Siltstone, mudstone, and shale are yellowish Thickness ranges from 210 m in Blacktail Mountains to S 0 st Aol ! : . : hi Sratgraphicaty equitalent to Spokane rormation o strongly folded, garnet-rich biotite gneiss; locally contains Madison County, Montana: Montana Bureau of Mines and Mines and Geology Memoir 36, 27 p
C : ) - . A . :! ne, y NG S : . P and dolomite farther south and west, in Dillon region. part coarsely laminated and cross-laminated, feldspathic, Ravalli Group in Helera embayment of Belt Basin. It was : : _ : 2 ) sy g : .
al in western part of map area; rocks intrude Yellowjacket 1-km-diameter plug that is hydrothermally altered and light ol llowish b d dark 115 m near Wise River; thickness is 200400 m in Pioneer : ; : " . b ! X 1 abundant thin ptygmatic quartz-feldspar veins Geology Memoir 41, 22 p. 41. Richards, RW., and Pardee, J.T., 1925, The Mel hosphate fiel
Qm Till (Pleistocene)— Unsorted mixture of boulders, cobbles, plug Yy Y gray and light olive gray to yellowish brown and dar ; _ artly calcareous or dolomit rtzit d rtzit ay ) P . Richards, R.W., and Pardee, J.T, , The Melrose phosphate field,
L . ) . : ‘s k ; ’ - . . ) Thickness about 75-150 m in Tobacco Root Mountains, partly olomitic quartzite and quartzitic mapped as Ravalli Formation by Emmons and Calkins . ; ’ A .
ebbles. and sand deposited by glaciers. Includes Formation (Middle Proterozoic) and lower part of Medicine mineralized 15 km west of Dillon ra artly calcareous. commonly bioturbated. and Mountains, about 90 m in the Ruby Range, and 150 min - . ; . = g ” - ) ; . Mylonitic biotite gneiss (Early Proterozoic and Archean)— 9. Calbeck, J.M., 1975, Geology of the central Wise River Valley Montana: U.S. Geological Survey Bulletin 780, p. 1-32
P 2S, P oy g - Lodge thrust plate. Age about 5548 Ma; eastern part of gray, partly ) : v ) S ‘R S g 4 Ethrid 1984) 170-230 m in Ruby Range and Highland Mountains, sandstone containing bedding partings and sparse thin (1913); however, Ellict and others (1985) included this Dark-gray to black, medium- to coarse-grained, biotite Pior M ins B head C M " Missoula, S g Yy » P ‘
deposﬂs of at lga§t two, and in some places three, c g : lf, ’ \g n i 0 g contain carbonaceous rpatenal and' wood fragmepts. nowcrest Range (Saperstone an l ridge, and 166 'm inBlackell Mounitains: thins westward do beds of dark-gray argillite; sparse floating pebbles and it iri Missonila Grots raeks ot _ T bt G -g ,» O ioneer Mountains, Beaverhead County, Montana: Missoula, 42. Ross, C.P,, }925, The copper deposits near Salmon, Idaho: U.S.
episodes of glaciation. Boulder fields in south-central BFTICH SIOCH-COTIaNS Siha -aTens O fole Naygiroons CRETACEOUS VOLCANIC ROCKS Thickness about 75 m in eastern Pioneer Mountains, PMu | Snowcrest Range Group (Lower Pennsylvanian and Upper 12-13 m near Jackson pebbly zones are common on bedding surfaces, and Greyson Shale—Dark-gray to dark-greenish-gray, well- il JRelss Buc oL Seiisk Sentains conspleuony University of Montana, M.S. thesis, 89 p. Geological Survey Bulletin 774, 43 p.
part of map area are characterized by frost riving and that are about 83-80 Ma (Kilroy, 1981; Ruppel and ; . . thinning eastward to 4-15 m in and near Snowcrest Range Mississippian) and Madison Group (Upper and Lower  Olive. o dntlearaw leaye minerals sie disseminsted Brounhoi : s ; s ' porphyroclasts of quartz and plagioclase that are com- 10. Coppinger, Walter, 1974, Stratigraphic and structural study of the 43. Sahinen, U.M., 1939, Geology and ore deposits of the Rochester and
! L 1988 W High-potassium dacite and minor andesite and dacite 2 : ; e e g Wolsey Shale (Middle Cambrian)—Olive-green, grayish gray Y g laminated argillite and silty argillite. Beds, generally less lvanbiedial and brok h dsndd ; 3 - . R o :
frost-heaved boulders in locally boggy and commonly opez, ) (Late Cretaceous)—Comprises an upper lava-flow and Mudstone-shale lithofacies—Mudstone, shale, silt- Mlssnssml];lan), undlvtdetll: | 4 4 red and reddish-brown, micaceous, glauconitic siltstone rock and concentrated on laminae and cross laminae. fhan 5 icm thick, cenimonly contali anever, parsllel ‘monlyan fefr? ?_n roken, are s eTre l]an. tra}wn ou(; Belt Supergroup and associated rocks in a portion of the adjacent mining districts, Madison County, Montana: Montana
. . — o c y y E 3 ] ) in an . s . . .
terrac;ed terrane thatformeid b_y creep and solifluctionion breccia unit of intermediate composition and a lower stone, and 'greatly subordxpate sandstene, Mudstone: Snl;);/;raeg;n ::g?o?)rg?psno(:mg;gum?gﬁﬁis E:Z 1?;1]5‘ bir; and olive-green, fissile, micaceous shale interbedded (3) Lower zone, about 150-200 m thick, of light- lamellae of white to tan, very fine grained sandstone and witg gr:n?tic oaﬁ\gfrt,bzgr?;z zt.lgg;n:;z P IEreree Eiearlvgrgez;d 34 %lt?ta”;vs[" Y gm'leSt Mor;)t}alr;)a ?d' eazstzzentral 4 R e e Mgmonr . 53 b i
flanking hills. These boulder fields probably formed as a GRANITIC BATHOLITHIC ROCKS IN THE ANACONDA RANGE ilicic puroclastic unit. The upper unit is high-potassium shale, and siltstone are medium gray to dark gray, partly ' g v p  region, © with grayish-red and yellowish-gray, glauconitic, argil- brownish- or greenish-gray to light-gray, pebbly and silistone Containsihin, datk-aray quartite lensesin e r s aho: Oxford, Ohio, Miami University, Ph.D. thesis, p. 4. 1950, Geology and ore deposits of the Highland Mountains,
It of hering i Id cli di B o stlicic py g PP gnh-p . hinly laminated, cal d in abund now defined as Snowcrest Range Group, which contains ; ; 4 Mieal c e ; . . i s Garnetiferous gneiss and schist (Early Proterozoic and 11. Dorr, J.A, Jr., and Wheeler, W.H., 1964, Cenozoic paleontol h M ‘M B f Mi 1
gisgtt 9 weat]ae;xfler;g l?{cs;eisr?nc?he cbf:f]\ctjzra fi]:liii»ntaf'z Granodiorite (Tertiary)—Complex mixture of porphyritic, dacite and minor andesite and dacite as volcanic breccia, ::allrclayre::slliiceiuiescaa(s:a:rfsgﬁ’ aasn5 ;r(:unitr?lr:ii:ml;?era?rf Conover Banch Eommation L% =sbiarl | imestons. and laceous, fine-grained, platy sandstone and medium-gray, congl?meratlc&l flrlme-gramed C;ol very coarse grained, upper part. Thickness in excess of 1,000 m. Unit is Archean)—A diverse sequence chiefly composed of ’stratig’rapi\y and recon;'laissar;ce gec;logy of tl:epusgeroRcL%; ISV?:;;T %tZer%S c;ntana. SHiEnaSiirean oicHines ang Geology
eistocene glaciers. C o S imearai . ior : ; . ; ) ! fine-grai i ) i i cross-laminated calcareous or dolomitic quartzite, quartz- i i ival i i imi . " } i i : . ki ’ .
disantiall i filace. i stictuial iloEmanon i intams fine- to mednu_m grained, gray to dark'gray granodiorite lava flows, a volcanic dome', and minor volcanic pe})ble diserete zonesseommonly bisturbated, [imonite statied, Kibbey Sandstone (Wardlaw and Pecora, 1985; Tysdal ine-grained hmestong Thlckne:ss qbout 15-75 m in o  ——— o qb g fq . stratigraphically equivalent and lithologically similar to garnet-rich gneiss and schist; also contains discontinuous River basin, southwestern Montana: Contribution from Museumn 45. Samuelson, K.J., and Schmidt, C.J., 1981, Structural geology of the
. stocks and dikes. Phenocrysts consist of orthoclase, conglomerate, volcanoclastic sandstone, tuff, and dikes. ) = Sl Tobacco Root Mountains, 80 m in Highland Mountains, € sandstone, and sparse lenticular beds of sandy Greyson Shale of the Helena embayment of the Belt ] f 1 o i ; ; AR .y .
plete or lacking ’ J ? ? SR e and commonly contain carbonaceous material, wood and others, 1987) ; X p . dolomite and beddi : d thin interbed : : : ; enses of marble, quartzite, iron-formation, and amphib- of Paleontology, University of Michigan, v. 13, no. 12, p. 297-339. western Tobacco Root Mountains, southwestern Montana, in
X . plagioclase, and rounded glassy quartz. K-Ar age The lower unit comprises pale-colored pyroclastic flow ° » X . 18-30 m in Ruby Range, 20 m in Blacktail Mountains, olomite and sparse bedding partings and thin interbeds basin. Unit was mapped as the Prichard Formation by olite. Ranaes in thick t 0 to 100 A ’ . ’ i
Qo Glacial outwash (Pleistocene)—Poorly sorted bouldery determined on biotite is 51 Ma (Desmarais, 1983) deposits and tuff that are nonporphyritic to slightly fragments, and coal. Sandstone is pale blue to medium Conover Ranch Formation (Lower Pennsylvanian and and 85-120 m near Jackson of dark-gray argillite; includes conglomerate lenses, as Emmons and Calkins (1913) and included with Missoula . ges ckness from U to m 12. Duncan, M.S,, 1976, Structural analysis of the pre-Beltian rocks of Tucker, T.E., ed., Southwest Montana: Montana Geological
— gravel and sand deposited by glacial meltwater Biotite-muscovite granodiorite (Tertlary)—’Light gray o? hyritic and, in most places zr)eolixi)ticy light gray, very fine to fine grained, thin bedded and Upper Mississippian)—Pale-reddish-brown to pale- Flathead Sandstone (Middle Cambrian)—Pale-orange much as 2 m thick, of subangularto subrounded pebbles Group rocks by Elliot and others (1985) X(Ajaf | Quartz-feldspar-biotite gneiss (Earls{ Protel.'ozoic and the southern Highland Mountains, Madison and Silver Bow Society Field Conference and Symposium Guidebook, p. 191-
I vl and pedimentipravels (Quatesnaryand Tertiar)— - medium to coarse grained, equigranular to porphyritic, Elkh%rnplvsl’ountain; Volcanics (Lt;te Cretaceous)—Light- parallel laminated, and calcareous. Grains are rounded reddish-purple, thin-bedded, calcareous mudstone and light-yellowish-gray, and yellowish-brown, thin- to medium- 1-4 cm in diameter of white quartz and less common Archean).—('Sray 1o ar, fne. 1 mednum-gyamed quartzs: Counties, Montana: Bloomington, Indiana University, Ph.D. 199.
T Uncansollcated, deeplywentnered angulai fo foupded and nonfoliated. Phenocrysts, where present, consist of ray to dark-gray and grayish-red to greenish-gray ia eubanauian Uhickness ebout 20°30) . dn eastern minor interbeds of limestone, calcareous sandstone and bedded, mostly fine- to medium-grained, but locally quartzite, granite, and feldspar pebbles in sand matrix feldspar-biotite gneiss in which compositional banding thesis, 222 p. 46. Schmidt, C.J., 1975, An analysis of folding and faulting in
pebbles, cobbles, and small boulders of quartzite, arkosic orthoclase, microcline, and 10;33“9 plagioc]ase, K-Arages cgiominantl andesitic to latitic welded tuff and tuff Pioneer Mountains, thickens eastward to about 75 m in siltstone, limestone-pebble conglomerate, and phosphatic coarse-grained, quartzitic sandstone and e;rkosic sand- and on bedding surfaces definesa d.'Stht’ platy fohatlor};_local]y lntet:layered with 13. Elliot, J.E., Wallace, C.A., O'Neill, J. M., Hanna, W.F., Rowan, L.C., the northern Tobacco Root Mountains, southwest Montana:
sandstone, and granitic rocks in sand matrix; commonly determine::l on biotite’ snd imuscovite range from 58 to hreccia tuyff Tl ikt Tava flows, flo: breseis: Bnd and near Snowcrest Range claystone. About 13-33 m thick. Mainly of late Chesterian sione, liseally éonglomeratic. Uniger part of lormation Lower partiof Mommt{SkildsiEarmition i Beaver MIDDLE PROTEROZOIC ROCKS IN THE FRONTAL seams of finely las{ered mylonitic leucogneiss or sills of Segal, D.B., Zimbelman, D.R, Pearson, R.C., Close, T.J. Bloomington, Indiana University, Ph.D. thesis, 480 p.
covered by a thin layer of eolian silt; most deposits are 50 Ma (Desmarais, 1983) poorly sorted vglcanic sandstone and conglomeréte in Transitional clastic l.ithOfa.Cies_SandStone’ siltstone, age but includes a few thin beds of Pennsylvanian age at comrr;onlyincludes interbeds of glauconitic, fine-grained head Mountains exposed from vicinity of Ajax Lake and FOLD AND THRUST ZONE IN THE HIGHLAND MOUNTAINS X(A fie- ftol(;:oars;-gramed granite Federspiel, F.E., Causey, J.D., Willett, S.L., Morris, RW., and 47. Smedes, HW., 1967, Geologic map of the Butte South quadrangle,
located along southeast flank of Highlar}d Mountains. - Hornblende-biotite gra;\odiorite (Tertiary and Cretaceous)— northeastern part of map area mudstone, and subordinate limestone, shale, and con- top of forma-tion o . sandstone, and olive-green and pale-red mudstone and Lena Lake south to Hamby Lake; best exposed in vicinity AND ISOLATED EXPOSURES IN THE NORTHERN (Ala Qua;\trzc%:an)sgi}_tedgocg:t?:ss (E:’rly P;(_)tero:oic and Huffsmith, JR., 1985, Mineral resource potential map of the Silver Bow and Madison Counties, Montana: U.S. Geological
E]se]\ghere, CoTs'fts ot rtp_oorly sgrrted ts’lt’ §gnd, antd Fine- to medium-grained, nonporphyritic granodiorite glomeratle. SaﬂdSt.oEe b’S med'umdhght dgray, light Ohvde L;)mbard Ll:mestonhe k((épggr dl\fhssnlsfsmplarlr)—hght- shale. Basal part of formation locally includes interbeds of Ajax and Rock Island Lakes. Estimated thickness of TOBACCO ROOT MOUNTAINS Srained, stronaly deforrﬁel:i];s: p l?;mer:tee J:’S;\ng fZﬁia;::; énacondal-)PmtlaE \glllderéless alr:d gontigclilo;lis ro"adléss area, 8 T ISUWSky.l?p:n-sFll!le f1’@1)(}))#;,"scaled 1 HZ‘;OE(}){ 1855, & acd] 1
ouldery gravel ot uncertain age. Present on ridge crests _ " : ] gray, pale yellowis rown, and medium gray, an olive-gray, thin- to thick-bedded fossiliferous limestone of vellowish-grav to pale-brown siltstone, mudst d lower part about 1,000 m; base not exposed . <1es 3 . R A e : ranite, eer lLodge, Beaverhead, an avalli Counties, - lansley, Willred, Schater, F.A., an art, - , A geologica
in the vicinity of Fish Creek in northeastern part of map Mo";‘:%ﬁﬁﬁf;fg;g?f:ﬁ?gn Sgﬁ:g:éc,?,?f;q&g: e TERTIARY, MESOZOIC, AND PALEOZOIC SEDIMENTARY generally very fine to medium grained. Grains are and thin interbeds of silty limestone, siltstone, and shale, sh:le. Thickgesz 0_23 m in Tobacco fioo? ,;:l?:t’aai:s Ymm | Foliated metasedimentary rocks, probably part of the Foml}g::ilcl:'c]i.eér:ngzmse%ﬁ::: 2;eda£fe s;gl;epgix;fﬁng%:yaﬁii g;a‘l)eune? gneiss that contains sparse biotite or muscovite. Locally Montana: U.S. Geological Survey Miscellaneous Field Studies reconnaissance of the Tobacco Root Mountains, Madison
area, near Wise River in north-central part, and in Lemhi Foliated hornblende-biotite granodiorite and tonalite ROCKS EXPOSED MAINLY IN THE THRUST BELT rounded to subangular grains. Is in part horizor?t_ally about 85-125 m thick, underlain by olive-gray and 9-16 m in Ruby Range and Blacktail Mauntains, &hil Bonner Quartzite and Mount Shields Formation L l,_imegtor{e' PLaHoo,d Formazon in Highland Mountaing an;z'i f:or:it.ams welfl-dev?lope]ii quartz-feldspar augen ranging Map MF-1633-A, scale 1:50,000. County, Montana: Montana Bureau of Mines and Geology
Valley. Overlies tuffaceous rocks of late Tertiary.age at (Cretaceous)—Gray, medium to coarse grained, equi- AND ON THE CRATON laminated, ripple laminat.ed, or trough cross-stratified, medium-red to pale-reddish-purple calcareous mudstone 20-30 m in Pioneer and Highland Mountains (Middle Proterozoic)—Interlayered gray to greenish- Greyson and LaHoc;d Formations in Tobaceo Root Mountains ; in diameter from less than 1 cm to more than 6 cm 14. Flood, RE., 1974, Structural geology of the upper Fishtrap Creek Memoir 9, 57 p.
Fish Creek and in Lemhi Valley and Paleozoic a.nd granular; shameenied by distinctive foliation. K-Ar ages TKb Beaverhead Group (Tertiary? and Upper Cretaceous)— and in places coarse grained and conglomeratic, con- about 40 m thick. Chesterian to late Meramecian age Hasmark Formation (Upper and Middle Cambrian)— gray and brownish-gray, fine-grained biotite-muscovite Igneous and metamorphic rocks of the Tobacco Root Mountains, area, central Anaconda Range, Deer Lodge County, Montana: 49. Theodosiug, S.D, 1956, Geqlogy of the Melrose area, Beaverhead
Mesozoic rocks at Wise River. Present locally overlying determined on biotite and hornblende range from 74 to Moderately indurated massive boulder, cobble, and taining f.ragments of limestone and mudst.one asmuch as Kibbey Sandstone (Upper Mississippian)—Pale-red to Light-gray, thin- to thick-bedded dolomite; locally contains metaquartzite; locally contains garnet and sillimanite. Ym Missoula Group (Middle Proterozoic)—Interlayered quartzite Ruby and Greenhorn Ranges, Snowcrest Mountain, Missoula, University of Montana, M.A. thesis, 71 p. and Sllyer Bow Counties, Montana: Bloomington, Indiana
Bozeman Group and re]ateq valley-fill deposits (Tbz) but 60 Ma (Desmarais, 1983) pebble conglomerate having a quartz-sand matrix and 25 cm in diameter; calcareon{s, partly bioturbated, and pale-yellow, thin- to medium-bedded siltstone, sandstone, oolites, pisolites, pellets, and algal structures. About Previously interpreted by L.W. Snee in Berger and others aqd siltite that pinches out to the east and west within and small exposures south of Dillon in the 15. Fraser, G.D., and Waldrop, H.A., 1972, Geologic map of the Wise University, Ph.D. thesis, 118 p.
not mapped separately. Thickness 0-50 m cemented with calcite, and some interbedded sandstone contains carbonaceous material. Mudstone, shale, and and claystone, and interbedded limestone solution 235-300 m thick. Correlative of Pilgrim Formation, Park (1983) to be pre-Belt in age Highland Mountains. Upper part consists of white to Blacktail Mountains and on the Armstead anticline River quadrangle, Silver Bow and Beaverhead Counties, 50. Thomas, J.D., 1981, Structural geology of the Badger Pass area,
and fresh-water limestone; in most places these rocks siltstone are medium light gray and light olive gray to breccia and evaporite solution breccia in middle part of Shale, and Meagher Limestone pinkish-white, fine- to medium-grained quartzite inter- lations b ks in: probabl Montana: U.S. Geological Survey Geologic Quadrangle Map southwestern Montana, in Tucker, T.E., ed., Southwest Montana:
BASIN-FILL DEPOSITS AND COEVAL VOLCANIC GRANITIC ROCKS IN THE PIONEER BATHOLITH consist of rounded to subangular fragments of Proterozoic medium bluish gray, medium dark gray, and greenish formation. About 5-45 m thick. Late Meramecian age Silver Hill Formation (Middle Cambrian)—Light-yel- layered with minor tan siltite. Middle part consists of ¢ Al‘getretatll»?ip; dletXee]'? most rocks are uncertain; probable ages range GQ-988, scale 1:24,000. Montana Geological Society Field Conference and Symposium
AND PLUTONIC ROCKS Tsi/ Silicic dikes (Tertiary)—Light-gray rhyolitic dike, in southern quartzite and Paleozoic carbonate rocks; however, near black; calcareousz and locally contains 'calcarequs nodules Madison Group—Limestone, dolomitic limestone, and lowish-brown calcareous shale, limestone, and dolomite MIDDLE PROTEROZOIC BELT SUPERGROUP ROCKS THAT interlayered white to tan, thick-bedded, locally platy and rofn La € [0 Migdle.firchear 16. Garihan, J.M,, 1979, Geology and structure of the central Ruby Guidebook, p. 211-214.
Bisineer Mounixine, tomposet of cuziz and saniiite Banmackithe sequenie canbeidivided into an aoperumnit as much as 1 cm in diameter; partly thinly laminated, thin shale included in Mission Canyon Limestone and i ‘i ; crossbedded quartzite interlayered with laminated, very Ultramafic rocks (Early Proterozoic? and Archean)— Range, Madison County, Montana—Summary: Geological 51. Tucker, D.R, 1975, Stratigraphy and structure of the Precambrian
: ; : : ) p q q PP ! and olive-green shale and mudstone; includes minor UNDERLIE THE GRASSHOPPER THRUST PLATE IN ry g
[Intrusive rock names in accordance with Streckeisen, 1973] phenocrysts in a finely granular groundmass of quartz composed mainly of quartzite clasts that is separated bedded, commonly bioturbated, and contains carbo- Lodgepole Limestone interbeds of thin-bedded sandstone. Thickness 0—100 m. THE PIONEER MOUNTAINS fine grained, argillaceous quartzite. Quartzite grades Black to dark-greenish-brown, coarse-grained rocks Society of America Bulletin, v. 90, Part |, no. 4, p. 323-326. Y (Belt?) metasedimentary and associated rocks, Goldstone
Tbz Bozeman Group and related valley-fill deposits, undivided and potassium feldspar. Age about 46 Ma (Snee, 1982; from underlying carbonate-rich unit by volcanic rocks naceous material. Limestone is medium light gray, light Mission Canyon Limestone (Upper and Lower Missis- Correlative of Park Shale, Meagher Limestone, Wolsey _ ' _ laterally into subangular, pebble to cobble intraforma- present as small lenses and irregularly shaped pods 17. Heinrich, EEW., 1960, Geology of the Ruby Mountains and nearby Mountain quadrangle, Lemhi County, Idaho, and Beaverhead
(Pliocene to Eocene)—Light-gray to ye]lov::ish-brown Pearson and Zen, 1985) (Kvu) not assigned to the Beaverhead; as much as 350 m bluish gray, yellowish gray to medium gray, and medium sippian)—Olive-gray to yellowish-gray and dark-yellowish- Shale. and Flathead Sandstone. Locally, also includes The following rocks are present only in the northern Pioneer tional conglomerate in central part of Highland Mountains. commonly less than 30 m in length or width but locally areas in southwestern Montana: Montana Bureau of Mines and County, Montana: Oxford, Ohio, Miami University, Ph.D. thesis,
moderately indurated to well-indurated tuffaceous sand- ‘ Biotite-muscovite granite (Tertiary and Cretaceous)— thick. Exposed only in south-central part of map area bluish gray, micritic, thin bedded, typically nodular with brown, light-gray-weathering, medium- and thick-bedded fine-g,rained clastic rocks of probable Middle Proterozoic Mountains. These s.e.d]mentar.y rocks are closely associated spatially, b‘ft Lower part consists of medium-gray, laminated, very fine more than 1.5 km long. Consists of orthopyroxene, Geology Memoir 38, p. 15-40. 221 p.
stone and siltstone containing subordinate interbeds of Light gray, medium to coarse grained, locally porphyritic. Km Sedimentary rocks of McCartney Mountain (Cretaceous)— nodules as much as 10 cm in diameter, carbonaceous, to massive, generally fine- to medium-grained (but Belt Supergroup age structural complexities and incomplete exposures make stratigraphic grained sandstone and siltstone showing even parallel olivine, spinel, hornblende, and magnetite; locally partly 18. James, H.L, 1981, Bedded Precambrian iron deposits of the 52. Tysdal, R.G,, 1970, Geology of the north end of the Ruby Range,
limestone and marl and lenses of pebble and cobble Age about 65-61 Ma (Snee 1982, p. 153-154; Marvin ‘ Thick succession of poorly known, partly metamorphosed partly silty to sandy, and grades laterally into siltstone or ranges from very fine grained to coarse-grained) lime- relations among these rocks difficult to determine. lamination. Maximum thickness about 300 m altered to serpentine and talc (Desmarais, 1981) Tobacco Root Mountains, southwestern Montana: U.S. Geological southwestern Montana: Missoula, University of Montana, Ph.D.
conglomerate composed of locally derived rock frag- and others, 1983). Includes Clifford Creek Granite of sandstone and shale that underlie McCartney Mountain sandstone. Thickness about 80-85 m near Pioneer stone. Locally cherty. Includes a few beds of dolomitic Yq | Quartzite of Grace Lake (Middle Proterozoic?)—Light- Helena and Empire Formations (Middle Proterozoic)— Agf Quartzofeldspathic gneiss (Archean)—Complexly inter- Survey Professional Paper 1187, 16 p. thesis, 187 p.
ments. Exposures of related valley fill in Horse Prairie Paleocene and Late Cretaceous age in north-central in east-central part of quadrangle Mountains, thinning eastward to about 15 m near limestone in places. Upper part of formation includes MIDDLE PROTEROZOIC ROCKS IN THE ' gray, tan, and white, slightly feldspathic, medium- to Helena and Empire Formations are thickest in central layered granitic, tonalitic, quartz-feldspar-biotite, and 19. James, H.L,, and Weir, K.L., 1972, Geologic map of the Carter Creek 53. 1988, Geologic map of the northeast flank of the Blacktail
basin and in Salmon River valley include lignitic rocks of ) Pioneer Mountains (Zen, 1988) Sedimentary rocks (upper and lower parts) and Blackleaf s Snowcrest Range. pale-red to grayish-orange limestone solution breccia. MEDICINE LODGE THRUST PLATE coarse-grained, thick- to thin-bedded quartzite. Contains part of Highland Mountains, pinch out to the west, and hornblende-plagioclase gneiss (Vitaliano and Cordua, iron deposit: U.S. Geological Survey Miscellaneous Field Studies Mountains, Beaverhead County, Montana: U.S. Geological
Oligocene age (Cavender, 1977; Harrison, 1982, 1985; Biotite granodiorite and granite (Late Cretaceous)— Forn.ation, undivided (Upper and Lower Cretaceous)— Kootenai l';.m'maﬁm (l‘-jowegCfeta(ijous)—Muﬁtone, silt- Thickness ranges from 240 m in Blacktail Mountains to [For addifionsl discussion see Ruppel {1975), Lopez [1981) adistinctive quartz-pebble to quartz-cobble conglomerate, thin to tge e‘a:st. The Empire generally underlies the 1979). In Ru‘t;y Range the gneiss appears to underlie Map MF-359, scale 1:3,600. fuzr‘\l/egooMiscellaneous Field Studies Map MF-2041, scale
R {afd L 1984, 1988). C ! d L e Pinkish gray, medium to coarse grained; contains Includes poorly known rocks of Blackleaf Formation and : stone, limestane, and sandstone. Upper part of formation as much as 420 m in Ruby Range and Pioneer Mountains ; as much as 5 m thick, in middle part. Unconformably Helena, but the formations are locally complexly inter- main metasedimentary succession (James, 1990); in 20. James, HL., Wier, KL, and Shaw, KW., 1969, Map showing :24,000.
wﬁgezsi:{:al g(r)sveezl orathin layer)ofe(:)rlri]:r‘los'i]lt?'l"}l'elil::i?\reess ’ euhedral posiassium feldspar phenocrysts about 1 cm overlying strata. Blackleaf Formation of this report is principally limestone with subordinate interbedded Lodgepole Limestone (Lower Mississippian)—Medium- and Ruppel and Lopez (1988)] overlies conglomerate (Ycg). Maximum thickness 300 m. layered and grade laerally into one another. Helena Tobacco Root Mountains the gneiss is complexly inter- lithology of Precambrian rocks in the Christensen Ranch 54. Vitaliano, C.J., and Cordua, W.S., 1979, Geologic map of the
ranges from less than 300 m to about 3,000 m in the long. Includes associated tonalite, rhyodacite porphyry, formerly was designated as part of Colorado Group, mudstone, siltstone, and sandstone; limestone beds also to dark-gray, fine- to medium-grained, thin- to thick- ‘ Swauger Formation (Middle Proterozoic)—Grayish-pink to Quartzite is best exposed at Grace Lake, located 1.5 km Formation typically consists of tan, pinkish-gray to layered with, and overlies, these metasedimentary quadrangle, Montana: U.S. Geological Survey Open-File Report, southern Tobacco Root Mountains, Madison County, Montana:
valley of Grasshopper Creek near the confluence of rhyolite porphyry, intrusive breccia, pegmatite, and undivided, or as Aspen Formation ogcur in middlle par;l of form::(\)tion (l}’[_yers, 1952; Schuégrtz, bedded limestone, overlying medium- to dark-gray and pale-reddish-purple, light-brown, and grayish-green, south of Black Lion Mountain grayish-green, laminated to thin-bedded, calcareous, rocks. In core of Armstead anticline, unit includes minor scale 1:24,000. Geological Society of America Map and Chart Series MC-31,
Grassh dS Creeks and h as 4,600 Grayling Lake Granite in north-central Pioneer Mountains Upper part (Upper Cretaceous)—Greenish-gray or light- 1 83; Pearson an 'Zen, 1985). imestone is medium brownish-gray, thin-bedded, laminated, argillaceous thick-bedded, cross-laminated, medium- to coarse-grained Ycg Conglomerate (Middle Proterozoic?)—Light- to medium- and commonly vuggy siltite; locally shows water-expulsion metase_dimentary rocks (Lowell, 1965). Rb-Sr age 21. Johns, W.M,, 1961, Geology and ore deposits of the southern Tidal scale 1:62,500.
inrislfe og%fcﬁz bz:‘s]iar:'.n pDel:c?sitsar;ls?)s riTr)\L::fudacf Tertia$ (Zer%, %988), Age about 68-73 Ma (Snee, 1982, yellowish-gray to grayish-white, tuffaceous subgraywacke, light gray to medium dark gray, finely to coarsely limestone, containing thin interbeds and bedding partings hematitic quartzite. Present as thin, fault-bounded gray, matrix-supported pebble conglomerate, pebbly features, mud cracks, and very finely laminated, upwardly determined from these rocks is 2.76 Ga (James anc Wave district, Madison County, Montana: Montana Bureau of 55. Zen, E-an, 1988, Bedrock geology of the Vipond Park 15-minute,
landslide deposits derived from flanking mountains, p. 134-152) tuffaceous sandstone, quartz sandstone, and tuff, locally crystalline, thin to medium bedded, and fossiliferous; of dark-gray shaly limestone and calcareous shale. In tectonic slivers along Carmen Creek. Maximum thickness quartzite, and poorly sorted, argillaceous quartzite and convex pods that may be algal mounds. In central part of Hedge, 1980) Mines and Geology Bulletin 24, 53 p. Stine Mountain 7 1/2-minute, and Maurice Mountain 7 1/2-
Bozeman Group has been divided into Sixmile Creek g Granodiorite, tonalite, and quartz diorite (Late Creta- interlayered with conglomerate lenses. Interbedded with abundant fragments of gastropods.in some beds. Mud- Blacktail Mountains, Ruby Range, and Highland Moun- directly west of map area is near 3,100 m, but unit is sandstone grit. Most of unit is very similar to parts of range, upper part of the Helena consists of calcareous Ampbhibolite (Archean)—Dark-gray to greenish-black, medium: 22. Karasevich, L.P.,, 1981, Geologic map of the northern Ruby Range, minute quadrangles, Pioneer Mountains, Beaverhead County,
and Renova Formations (Kuenzi and Fields, 1971), ceous)—Light-gray, medium-grained hornblende-biotite grayish-green, greenish-blue, and dark-gray silty mud- stone and siltstone, principally in middle and lower parts tains the formation is composed of Woodhurst Member much thinner or absent in Dillon quadrangle as a result of LaHood Formation of Belt Supergroup in Highland - siltite and argillite that locally show well-developed to coarse-grained, hornblende-rich gneiss; forms lenses Madison County, Montana: Montana Bureau of Mines and Montana: U.S. Geological Survey Bulletin 1625, 49 p.
mainly on the basis of mammalian fossil data; however, granodiorite of Uphill Creek Granodiorite (Zen, 1988), stone, shale, and siltstone. Beds near top of section of formation, are light olive gray, grayish green, and (upper) and Paine Member (lower). Thickness is 180- Late Proterozoic erosion. Probably correlative with rocks Mountains to the east. Zen (1988) named this unit Black water-expulsion structures and rip-up conglomerate ranging from less than 1 m to more than 500 m in Geology Geologic Map GM 25, scale 1:24,000. . . ) .
formation names are not used here because in most the predominant rock exposed in Pioneer batholith; locally contain plant fragments and pollen indicating medium light gray to pale red, grayish red, and medium 230 m in Ruby Range and Blacktail Mountains, and of Missoula Group farther east Lion Conglomerate and inferred a Cambrian age lenses; lower part consists of upward-fining cycles of very thickness. Rock composed mainly of hornblende and 23. Karlstrom, T.N.V., 1948, Geology and ore deposits of the Hecla Areas covered by unpublished U.S. Geological Survey geologic mapping:
places in Dillon quadrangle the two formations cannot be includes plutons, mainly in northwestern part of batholith, mid-Campanian to Maastrichtian age (Zen, 1988). Thick- dark gray, partly thinly laminated, partly fissile, calcareous, = 100-200 m in Pioneer Mountains region Lemhi Group (Middle Proterozoic)—Includes Gunsight Ysc Quartzite, siltite, and argillite of Swamp Creek (Middle fine grained sandstoneshowing wavy parallel lamination plagioclase Mining district, Beaverhead County, Montana: Montana Bureau 56. NR. D is. DL H DA L ET R ¥ sid
. . ; f dark-arav to bluish-gray. medium-grained biotite and ness uncertain. but possibly as thick as 1,200 m. Exposed and contain carbonaceous material and fragments of - MDu | Three Forks Shale and Jefferson Formation (Missis- Formation, Apple Creek Formation, and Big Creek Forma- Proterozoic)—White, yellowish-white, and pinkish-white, overlain by argillaceous siltite interlayered with very fine Aluminous schist (Archean)—Light-colored, coarse-grained of Mines and Geology Memoir 25, 87 p. R s R <CPES So SEPRES A0
separated lithologically (Hanneman, 1989). Maximum o gray gray, g ,butp y , p : y p ay p LW. Snee.

57. R.C. Pearson and E.T. Ruppel.
58. MR. Klepper and J.M. O’Neill.
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