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Using criteria based on variation patterns of mean contents of

K0, Nay0, Ca0, and $10;, Tilling (1973) proposed that most

Paleozoic and Mesozoic contact-metamorphosed sedimentary strata
wrap the north and south ends of the batholith and steepen toward
the contact. At the north, the country rocks chiefly are in contact

bgm, Butte Quartz Monzonite

u|bp

Unionville Granodiorite of
Knopf (1963)

bp, grancodiorite of Burton Park;
provisional assignment to
series

pluton

ROCKS OF THE BOULDER BATHOLITH

assignment to series

o

rc, granodiorite and quartz
monzonite of the zoned
Rader Creek pluton

mMb, mafic bodies that cut the
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Basalt flows Elkhorn Mountains Volcanics 2 *
and flow breccias and associated intrusive rocks, Ki - 0 QTa| CLAY, SILT, SAND, AND GRAVEL, UNDIVIDED (QUATERNARY AND he Quartz monzonite of the Hell Canyon pluton, which forms the
o Z TERTIARY) southern tip of the batholith. Although compositionally
Pz < homogeneous, the pluton varies from medium-grained, light
50 Includes alluvium, colluvium, glacial deposits, terrace gray, slightly porphyritic rocks at its narrow southern end
'.‘\. Mesozoic and Upper Paleozoic a deposits, and lake deposit s. to coarse-graimed, highly porphyritic varieties in the
ﬁ,.. sedimenary rocks VOLCANI ROCKS RELATED | central and northern parts. Alkali-feldspar phenocrysts as
N (mm‘:) - IVR  ROCES large as 3 x 6 cm (Mathews and others, 1977), commonly
~ Pz e (o] contain dinclusions of nearly all other minerals 1in
Ll 0 discontinuous strings parallel to crystal faces. A
2 ’J W ™ :;::E:nahv:utﬂ:::fd .ll:?:t a:rz‘;.:blzs US;:;Q::::u?;le;r an::; distinctive feature of many of the Hell Canyon rocks is the
Tnclustons tn s 3 b 19720 = e = i ek s o e o
I\I\ EI’T" plutonic rocks o \] rare, generally small, bodies of aplite E’w).
T. A\ ﬂ ; 2 Trv Rhyolite lava flows and tuffs of the Upper Eocene and Lower
N . - < 0ligocene (?) Avon Volcanics of the Helena Volcanic field. ap Rare aplite bodies that cut the Hell Canyon pluton; though
| e Y b4 - virtually indistinguishable from the abundant aplites
L ambrian sedimentary rocks o @ Tri| Rhyolite dikes and plugs, intrusive equivalents of the Avon associated with the Butte Quartz Monzonite, these aplites are
: and associated intrusive rocks, P€l }ﬂ Volcanics (Trw). assumed to be related genetically to the Hell Canyon rocks
: because of spatial association.
p€ c < Tlv Quartz-latite tuff, welded tuff, and lava flows of the Middle
: l o Eocene Lowland Creek Volcanics.
—~J @ o d Leucocratic granodiorite of the Donald H
pluton
3 P Precambrian metamorphic rocks ﬁ iz w Ti4| Quartz-latite 1intrusive rocks contemporaneous with the mineralogically gimilar to but slightly more felsic than
bt E Lowland Creek Volcanics (Tlv). Shown separately only where rocks of the Hell Canyon pluton. Equigranular, medium-
a < not coincident with extrusive rocks and in the roof pendant grained, 1light gray varieties predominate, but highly
near Wickes in the Jefferson Cicy quadrangle. porphyritic rocks, with large pinkish alkali-feldspar
— - phenocrysts also are common, locally forming spectacular
Contact ROCKS OF THE BOULDER BATHOLITH AND ITS SATELLITE STOCKS castellated craggy exposures. This unit, like most other
(UPPER CRETACEOUS AND PALEOCENE) leucocratic rocks of the sodic magma series, is virtually
devoid of aplitic or pegmatitic bodies.
46° (Shown as solid line regardless of Note: The boxes imn the map legend for the main and sodic
00' [ actual nature of contact magma series are arranged according to relative position 1in me Granodiorite and quartz monzonite of the Moose Creek pluton;
the intrusive sequence, if known from field relations andfor consists of a probably early facies in the northern part of
radiometric age data (recalculated using the new conventional medium- to fine-grained, 1light gray granodiorite that
{4 ¢ u i decay constants of Steiger and Jager, 1977). contains abundant inclusions of diorite, and a main mass of
) }_p-' > P — PR N N N—— —?_-@.-—- _*_U_ *Ha__ :fdirr to coarse-grained, mostly porphyritic muscovite-
~ otite quartz monzonite with phemocrysts of alkali feldspar
ROCKS OF THE MAIN MAGMA SERIES and quartz. Locally cut by small dikes and irregular bodies
2 | Normal and reverse Thrust fault; Tear fault; arrows Syneline and Anticline and LEUCOCRATIC ROCKS :ﬂacgﬁ::‘ g;:"hll"_;ﬁn E’;‘;‘Pti f"fl ";3 lli““‘::d" "-l'lf 1‘“';?
ok faults, dashed where teeth on side indicate relative overturned overturned PRAPE b ST ONL AL AU JEhem e hy
i f d; a Aplite, alaskite, granite pegmatite, quartz-monzonite similarly to those of the Donald pluton. Moreover, like the
LA inferred; of upper plate motion, and wavy syncline anticline Donald ki h
"\ pegmatite, potassic leucogranite, quartz pegmatite, and onald rocks, the Moose Creek pluton locally is well exposed
“A( J U, upthrown side lines indicate broad ! Lok , as high, spire-like outcrops (e.g., the Humbug Spires, 8 km
quartz-tourmaline pegmatite, undivided; aplite and alaskite " 4
)‘M D, downthrown side zones of shearing predominate. Generally small bodies of variable texture and ENE of Divide; see Smedes and others, 1980).
structure, occurring as pods, dikes, sheets, and complexes, ar Leucocratic rocks of the
poorly exposed Moosetown pluton. In
only few of which are eatirely of a siogle rock type. color, mineralogy, texture, and grain size resemble those of
Quartz, sodic plagloclase and alkali feldspar typically make the nearby Moose Creek pluton (me).
up at least 98% of the rock, with biotite and lesser amounts
of magnetite, sphene, apatite, =zircon, and, occasionally, F
Ehanies combtciing e semisiny B Bt ooy o1 lg)] Hawso oyt Ui ey amemstorind s
::::;fd"rgiii::::: crmaauﬁ;lihn?:;.a ti:?:iu?aﬂq:e'lla:: a::::n :l-lu-: strongly altered. Lithologically similar te the finer-
< ¢ layers. Miarolitic cavities are common in these rocks, gz:ii:ei vatlat;eul of th: Dn;ul.d andl He:dl Canyon plutona.f
T N containing well-formed crystals of quartz {(clear, smoky, or ¢h "t::h:ﬁ::‘ plutons ’1'1 the central and northern part o
i Sa¢ o XY < < =y 7C Qs amethyst), alkali-feldspar (microcline, orthoclase, perthite i 5 represent the only bodies of 1g rocks large
- X7 G : i miapercite) - alte s, Curative; 1 S e T E mmn ey
f A == o g Y =S : a (see ng, u
PASS’ .Fﬁ =P e )1y . : 1-?.» [ Al silvery green muscovite (?); locally, molybdenite, epidote, Co detine the wolle-warios Tocks 15 the Eouthers sil of the
-~ 'L‘l"ﬁé o / L F 14 A B\ \"TE’-'—” B Fa pyrite, magnetite, sphene, and allanite are conspicuous. batholith. These rocks, none of which have been dated
Y A TS 4?“( ° =, plp 1 4 Frp=SPh ,;?M [ v radiometrically, cut the Butte Quartz Monzonite; their
- —.,I,Ei,f & N Ay jg '“"'}E\r:.;?}, 54 v Kllometel‘s gp Granite porphyry, light to pinkish gray with phenocrysts of specific relation to the other sodic-magma-series rocks is
3 S = =) & IS 2 402 AL e-re 1 __ﬁ": quartz and alkali feldspar, occurs as bodies large enough to problematic.
™ 2 & \ s Br O VE A . \ .’,@S""ifl J. : r'.# 0 2 4 6 8 10 show at the scale of this compilation only in the central
et I Y N {Q, == 1y Ve - rt of the batholith. Compositionall similar to
e ¥ N ¥ 7 = r = & pa PO ¥ Porphyritci odiorit f K f (1957, 1963 typicall
c & - , 2 t 3 ‘J g o~ : SN L 1= L1l 1 1 1 ] aplite-alaskite, but 1is distinctly more porphyritic an: i ].fr.\glft:‘r gr:y sr;::i 2;1'::90 gral;:];d-( a ’hmge.:.;u )'Pp;:tor::
~ j : M AR v | = A S bot i
‘-.“V :\ :_:e,“’i 2 4 W, - )P _,fir._‘ = ?Enwe . 0 6 generally sheared antl strongly altered t shows characterized by phenocrysts of alkali feldspar (as large as
. o~ : = 4 i stafion - gradational and cross-cutting contact against Butte Quartz
=¥ A S 4 ) . 2 x 3 cm) uniformly distributed through tive
o oo o L ) FINIIWL ) — 7% v "'_:t}‘ J; caaol T ’ 1 1 1 1 J Monzonite (bqm); its relationship to the other silicic x 3 cm) uniformly distributed throughout. A representativ
-~ "'9,- <, Cen 5 e 1% T_{__-X'-fw{' = - facies of the bgm is unknown. Because of their gradation mode (by volume) is: plagloclase 40%, alkali feldspar 24%,
2 2. ,-'{\‘; - 2 ) A5 Q Whitehall ) into the bqm, these relatively rare rocks are believed to quartz 25%, blotite 7%, hornblende 3%, with magnetite,
' 2 -, RUM/’IJS —/ .- \ 4674

sphene, apatite, and zircon making up the remaining 1%.

This rock cuts the adjacent “granodiorite undivided” of
Knopf (1963). Two K-Ar age determinations on biotite in the
only sample of this pluton dated averaged 73.6 Ma, within the
range of ages found for other leucocratic rocks of the
batholith (Tilling and others, 1968, Fig. 2). The rocks are
chemically similar to some of the rocks of the Climax Gulch
pluton (eg), but available analytical data only permit
provisional assignment to the sodic magma series (Tilling,
1974, Table 1).

: fferson Counties, this pluton represent a continuous gradational series between

rocks of the batholith can be assigned to two magma series: 1) the High initial Sr isotopic ratlos and evidence for magma vadrangle, Powell, Deer Lodge, and Je

aanten — consieting primcipslly of plwteas in the cestral ::t:h:r;::::;::;e and ::rl:h::f;:::;:;cl;: ?;:;1?::11;1::&1:‘::&:;;5 mixing in the Ploneer batholith of southwestern Montana: aontm: U.S. Geol. Survey Mineral Inv. Field Studies Map E:;: i\éi':t::df:;lt;tz tﬁ:“c*:f;:ii-e (:ﬁ)li'nneiafc?:y z%nzﬁt&ega:&:: GRANODIORITE

main rie + There, ¥ - H .

and northern parts of the batholith; and 2) the sodic serles -- but the strike overall is largely parallel with south-dipping host Journal of Geology, v. 94, %I ilHio'i logi £ EH?I‘ 1?;"36]3.1 62‘;{‘10 f the Basin quadr le, Montana: U.S. nay’vary uidely,' ranging between those characteristic of the

consisting mainly of plutons in the southern part of the batholith rocks. However, at depth the batholith must steepen and dip st I e S g o oot ooy s 1 RPPel Eieei. Survey Bull, 1151, 121 p., nap at 1:48,000. two end members. Most are light gray and some have pinkish re [ Granodiorite and quartz monzonite of the zomed Rader Creek

ﬂ::: -.s]?1 a:ld i::end).h Furknnyf strmn fiﬂz conteu: orco:::;; northward, as suggested by the the presence of satellitic stocks and the northwest quarter of the ulder qu:ie;nad St'u.dieg Mal; Néat, E.T.,-O'Ne:ll o Lopez.’D.A.. YR8 Bredtndishry. gadiogii: uep cast, depending on the amount of alkali feldspar. pluton, the largest of the plutons of the sodic magma
erentiation ex, the rocks o e main magma series :

more K30 and less Na than do those of the sodic magma series

erosion-exhumed cupolas. Moreover, the inferred gentle northward
plunge of the batholith is compatible with the formation of a broad

U.5. Geological Survey Mineral Inv.
MF-183, 1:48,000.

of the Dillon 1 x 2 quadrangle, Montana and Idaho: U.S.

series. The weathered surfaces of these rocks generally are

darker (browner) tham those of the adjacent Butte Quartz

(Tilling, 1973, Figs. 7 - 10). contact aurole, locally as much as 2.5 km wide, composed of hornfels Becraft, B.E, Pinckney, D.M., and Rosenblum, Sam, 1963, Geology and Geol. Survey Open-File Report OF-83-168, 1:2:.0.000.lmnt s“dil:till:;::\‘ia ob:t::::p:hi:a:l:.::]:scﬂ;zeth:h:e::: cfe:l:iz o the Nonataite sl Dokald Slvson. 15 TUil Savcires. Towewt.

and other contact-metamorphic rocks (Knopf, 1957; Rice, 1977). mineral deposits of the Jefferson City quadrangle, Rutland, C., Vogel, T.A., and Greenwood, W.R., 1984, Major e s Pk T o Tareatld 13 B youaket.  Weah Bodfes most Rader Creek rocks are distinetly bluish gray. The

The distinction between the two series is well expressed by Pb Metamorphic grade ranges from pyroxene-hornfels to albite-epidote Jefferson and Lewis and Clark Counties, Montana: U.S. chemical evolution of the Cretaceous Elkhorn Mountains 1;0 hs ;;ﬂn i g ke Ho)' 4 . k southwestern part of the pluton is composed of medium-

isotopic ratios but is mot evident ia the laitisl St ratios facies with increasing distance from the batholith. Geological Survey Prof. Paper 428, 101 p., map 1:48,000. Volcanics, southwestern Montana: Abstracts with Programs, bt Ml SR e Aol areiies uu.'lul Mc:r grained, equigranular granodiorite, which grades continuously

(Tilling, 1973). It is also seen in a variety of gther datai Brimhall, G.H., Jr., 1977, Early fracture-controlled disseminated Geol. Soc. America, v. 16, no. 6, p. 641l. (Abstract). :%msﬁuz;t;?l:g;: sq::i:;z Monzonite but are too small to be $5i aairly AspideaptiNiy. Lets dvaits. Boasemite A% h
variation patterns for U, Th, Rb, and Sr (Tilling, 1973, Figs. 1 ;

and 12); modal proportions of quartz, plagloclase, and alkali
feldspar (Tilling, 1973, Fig. 16); oxygen and hydrogen isotope
variations (Tilling, 1977); and, possibly, crystal morphology and
chemical composition of zircon (Effimoff, 1972). In a recent

At the south end of the batholith, the dips of the Paleozoic and
Mesozole country rock and primary foliation of the batholith, where
developed, are nearly vertical or dip steeply north or south. The
steep nature of the batholith-country rock contact is also suggested
by a much narrower zone of contact metamorphism, compared with that

mineralization at Butte, Mortana: Economic Geology, v. 72,
p. 37-59.

Derkey, R.E., 1986, The Emery mining district, Powell County,
Montana, in Lawson, D.C., compiler, Directory of Montana
Mining Enterprises: Montana Bureau of Mines and Geology,

Rutland, C., 1985, The geochemistry of the Elkhorn Mountains
Volcanics and its relationship to the magma chamber of the
Boulder batholith [Ph.D. Thesis]: East Lansing, Michigan,
Michigan State Univ., 96 p.

Rutland, C., 1986, Geochemistry of the Elkhorn Mountains Volecanics,

pr Coarse-grained quartz monzonite of the Pulpit Rock pluton
located in the central part of the batholith (west o

Boulder); overall light gray, but pinkish alkali feldspar is

northeastern part. Also, rocks in the northernmost end of
the exposed pluton are conspicuously porphyritic rather than
equigranular; these rocks are the only ones in the entire
batholith to have the porphyritic texture expressed by

consplcuous. Mineralogically and texturally similar to the plagioclase phenocrysts (dark gray and as long as 1 cm),
trace-element study of the plutons in the southern part of the observed at the north end. Locally, the forcible emplacement of the Bulletin 124, p. 30-42 and Map Sheet 2. southwestern Montana: Implications for the early evolution coarser grained varieties of the Butte Quartz Monzonite rather  than  alkali-feldspar  phenocrysts. Detailed
batholith, Lambe (1981) showed that the separation into two magma plutonic rocks is indicated by the shearing, vertical stretching and Doe, B.R., Tilling, R.I., Hedge, C.E., and Klepper, M.R., 1968, Lead of a volcanic-plutonic complex: Geol, Soc. America Rocky (bam) but costainiag mere quarts, plagiociass, aad alkali descriptions of the mineralogical and chemical zomation of
series is also supported by variation patterns for Nb, Zr, Pb, Cu, shouldering aside of the country rock. and strontium isotope studies of the Boulder batholith, Mountain Section Abstracts with Programs, v. 18, no. 5, p.

and Ba.

The differences between the two magma series cannot be ascribed
simply to change in chemical and isotopic composition of magma with
time, because the intrusive sequences of the two series, as

The western wall of the batholith is buried beneath younger
deposits, but extensive, though generally poorly outcropping,
exposures of the roof are preserved in the western part of the

southwestern Montana: Economic Geology, v. 63, p. 884-906.

Effimov, Igor, 1972, The chemical and morphological variations of
zircons from the Boulder batholith, Montanma [Ph.D. Thesis]:
Cincinnati, Ohio, Univ. Cincinnati, 136 p.

508, (Abstract).

Schmidt, C.J., Smedes, H.W., Suttner, L.J., and Vitaliano, C.J.,
1979, Near-surface batholiths, related volecanism,
tectonism, sedimentation, and mineral deposition: Guidebook

feldspar and less ferromagnesian minerals. Can be highl
porphyritic locally with large phenocrysts (or “megacrysts”
of alkali feldspar, which commonly contain inclusions of
earlier crystallized minerals alined along crystal faces.
Generally grades into but locally cuts bgm. In contrast to

the Rader Creek pluton are given in Tilling (1964, 1968).

The Rader Creek pluton 1s cut by the Butte Quartz
Monzonite. Its age relations to the granodiorites of the
main magma series (the Unionville and Burton Park) are

y known because nowhere are these rocks in contact. However

batholith reglon. These exposures constitute overall gently Freeman, V.L., Ruppel, E.T., and Klepper, M.R., 1958, Geology of for Penrose Conference-—Granite II: Geol. Soc. America, the Homestake-type rocks, the Pulpit Rock quartz monzomite un A

determined by contact relations and K-Ar age data, nwrb].:p. £ l;?,.: west-dipping strata of the pre-batholith Elkhorn Mountains Volcanics part of the Townsend Valley, Broadwater and Jefferson Gregson, Montana, June 24-29, 111 p. ravely shows gradutlmi contacts agaimst aplite-slaskite K-Ar ages for the Rader Creek rocks (74.4-78.4 Ma) and the

example, the Rader Creek pluton is the earliest "‘“""‘-“‘:t < "f Eha (Kev) and a few large, dirregular roof pendants of pre-Kev Counties, Montana: U.S. Geol. Survey Bull., 1042-N, p. Schmidt, R.G., 1978, Geologic map of parts of the East Helena, bodiea that intrude it. Unionville Granodiorite (74.0-79.5 Ma) largely overlap, but
sodic series but is older than the Butte Quartz Momzonite o ik rocks. One large roof remnant of Kev lies near the north-central 481-556, maps at 1:48,000. Elliston, and Rattlesnake Mountain quadrangles, Montana:

main series. Chemical data provide permissive evidence

suggests that many of the satellitic plutons could represent members

part of the batholith (near Wickes) and 1is partly overlain by the

Friberg, L.M., and Vitaliano, C.J., 1981, The petrology of the

U.8. Geol. Survey, 1:48,000, unpublished.

fqm Felsic quartz monzonites of unnamed plutons similar in color,

possibly the Unionville rocks are in part slightly older

(Tilling and others, 1968, Table 3). Locally, the pluton is

McCartney Mountain stock, southwestern Montana: Northwest Smed H.W 1958, Geologic map of the eastern part of the Mel £ d the cut by rare aplite bodies (too small to show at ilation
- 1ith Lowland Creek Volcanlcs. es, H.W. g P P texture, and composition to rocks of the Homestake and ¢ ¥ P to show at comp
of the sodic series older than the Rader Creek rocks. All the post=batho Geology, v. 10, p. 32-45. piah qum!ranslé, Montana: U.S. Geol. = Survey, 1.&?3&}. Pulpit Rock sintoas. ~Can zange widsly ‘in gyete siss sod scale) and slso by a number of mafic ("lamprophyric”)
members of the main-series rocks can be related by differentiation Greenwood, W.R., Ludington, Steve, Miller, W.R., Hanna, W.F., ' unpublished. - texture. Commonly grades into the Butte Quartz Monzonite intrusions (mb), which contain inclusions of the Rader
of a single parental magma, whereas the various plutons of the sodic of f‘i‘?ﬁiﬁisﬂii‘ﬁf“ ofcf:: 2?2"3’;‘1&2‘5" :1':.:;-!:!::1;:;:3:}?::::: Mineral resource assessment, with a section on geophysical Smedes, H.W., 1959, Geologic map of the Wickiup Creek quadrangle, (bqm) but croas-);:ugtins contacts, where observed, always Creek as well as aplitic rocks (see below).
series do not seem to be related by magmatic differemtiation t,em‘,’im sana .19:.3"5:.: central axis of the batholith, This zone exploration (by W.F. Hanna), a section onm 8‘30\::8’:-‘:;1 Honun,;: U.S. Geol. 31;1*:'!?. 1=55|2°°i “npul;lt;:ei;rthem show the bgqm to be older. Some typical bodies of these
(Tilling, 1973). Magmas that formed the sodic-series rocks are also marks the loci of abundant late-stage veins, which are not exploration (by W.R. Miller, Steve Ludingtom, an «R. Smedes, H.W., 1966, Geology and igneous petrology o e T rocks occur along the southern border of the Butte Quartz mb Fine- to coarse-grained mafic bodies that intrude the Rader
inferred to have been derived from two or more discrete sources of shown in this compilation but are shown in detail by Becraft and Greenwood), a section on geological and geochemical Elkhorn Mountains, Jefferson and Broadwater . ;_ Monzonite (e.g., Spire Rock, west of Whitetail Basin). Creek plutom; occur as irregular plugs and ring dikes, and,
INTRODUCTION distinct Rb/Sr and strontium and lead isotoplc ratios, or from a others (1963) and Smedes (1966), as well as dikes and plugs of evaluation {by Steve Ludington and W.R. Greenwood), and a Montana: U.5. Geol. Survey Prof. Paper 510, 116 p., map a much less commonly, as thin dikes (only the larger bodies
QUARTZ single heterogeneous source characterized by intrinsic differences post-batholith quartz latite and rhyolite. Discontinuous screens of section on wuranium and thorium potential (by K. J. 1:48,000. bqm Butte Quartz Monzonite (= Clamcy Granodiorite of Knopf, 1957, could be shown on map). Some of the masses are uniform in
Because the Boulder batholith region hosts many rich ore in Rb/Sr and Sr and Pb isotopic ratios from ome part to anmother. pre-batholith volcanic and older rocks and fault zones lie near the Wenrich-Verbeek, W.R. Miller, V.J. Suits, and J.G. McHugh), Smedes, H.W., 1967, Preliminary geologic map of the auttepSouthR & 1963). Quartz Monzonite and subordinate granodiorite, mostly lithology, but others are composed of several distinct
deposits, the rocks of the batholith, its satellite plutons, and @ T western limit of the exposures of the batholith. in Chapter A, Mineral resources of the Elkhorn Wilderness quadrangle, Montana: U.S. Geol. Survey Open-File Repor light gray to pinkish gray inm color; locally, the marginal lithologies. Compositionally, these rocks are heterogeneous
surrounding terrane have been the targets of many mapping and

Both chemically and isotopically, rocks of the pre-batholith

Study Area: U.S. Geological Survey Open-File Report 78-325,

67-203, 1:24,000. Supplemented by unpublished maps (1972)

and predominantly dioritic to gabbro, but granodioritic rocks
. parts of the body appear darker gray because of greater ,

- 4 5 ke up much of the ring-dike complexe enerally the
topical studies [see, for example, the references cited in Klepper B Collectively, these observations related to the shape and p. 7-82, map 1:48,000. of H.W. Smedes abundance of ferromagnesian minerals. The rocks grade into Ray ma P ng p s, B ally
b (195,§_ Robinson and others (1968), and Tilling (1973, # f::hmn?_i:::f::n;hmsrgigc é:"io::fm K aciises sntiee o contact relations of the plutons indicate that faults of Grout, F.F., and Balk, Robert, 1934, Internal structures in the Smedes, H.W., 1968, Preliminary geologic map of part of the Butte interior portions.

L]

1974)].

These geologic mapping and related topical studies

In the mid-1950's, the U.5. Geological Survey (USGS) began
a major effort, directed by (the late) Montis R. Klepper, to map the
entire Boulder batholith region at a scale of 1:24,000 or 1:48,000.
(informally
called "the Boulder batholith project”) were essentially completed
by the late 1960's; minor additional mapping was done in the late
1970's in connection with the mineral resource assessment of the

-
= -

Granite

Potassic granite

\

10 : -
Potasgic Sygnodiorite,
ﬂ'illgli 7(/ Syenite ] Mop{orile \ -S!::nﬂiahhf

Quarltz diorite,
Quartz gabbro

that suggest that they are genetically associated. However, the
Kev rocks only show chemical affinity to rocks of the main magma
series; there appears to be no Kev extrusive equivalents of the
sodic magma serles (Tilling, 1974). These observatioms, based on
the limited chemical data, have been substantiated by a recent
systematic study of the geochemistry of the Elkhorn Mountains

north-northeast trend played a prominent role before, during, and
after batholith emplacement and post-batholith volcanism.

Internal structures

As earlier noted by Grout and Balk (1934), most rocks of the

Boulder batholith: Geol.
877-896.

Hamilton, W.B., and Myers, W.B., 1967, The nature of batholiths:
U.S. Geol. Survey Prof. Paper 554-C, 30 p.

Hamilton, W.B., and Myers, W.B., 1974, Nature of the Boulder
batholith of Montana: Geol. Soc. America Bull., v. 85, p.

Soc. America Bull., w. 45, p.

North quadrangle, Silver Bow, Deer Lodge, and Jefferson
Counties, Montapna: U.S. Geol. Survey Open-File Report
68-254, 1:24,000. Supplemented by unpublished maps (1972)
of H.W. Smedes.

Smedes, H.W., Klepper, M.R., Pinckney, D.M., Becraft, G.E., and
Ruppel, E.T., 1962, Preliminary geologic map of the Elk

and are cut by the silicic facies described above; locally
and very rarely, thin dark dikes of undetermined composition
(lamprophyre?), commonly highly altered, also cut the bqm.
The general ranges in the principal constituent minerals (by
volume) are: plagioclase 20 to 48%, alkali-feldspar 15 to
45%, quartz 15 to 40%, biotite < 1 to 12%, hornblende < 1
to 8¢, pyroxene sparse but locally as much as 51. These wide

These mafic bodies probably were intruded
before the emplacement of the Butte OQuartz Monzonite.
Detailed descriptions of several of the Rader Creek mafic
bodies is given in Smedes and others (1968).

The relative proportion of late matic imtrusions in the
Rader Creek pluton is much higher than that in the Butte

10 oiorite, Boulder batholith are largely massive and do not exhibit stromgly 365-378. Park quadrangle, Jefferson and Silver Bow Counties, ranges reflect the gradation of between its related Quartz Monzonite. The relationship among late mafic bodies
Elkhorn Wilderness Study Area (Greenwood and others, 1978, plate °\¥_’ Gabbro ::::::::’ til’;ut::::i_b:::ouo::t!l':;hl;:ﬁﬁc,m::t:r:;uti:&i.“ 1::::1.::&1;: expressed rock fabric. H:“j'“' the marginal parts of some plutons Hammarstrom, J.M., 1982, Chemical and mineralogical variation in the Montana: U.S. Geol. Survey Mineral Inv. Field Studies Map siﬁcic facies. A\rerasse grain size l::?—onlr varies from < 1 associated with different plutouspof l:h!;z batholith is not
I). Since then, systematic geologic mapping (scale 1:250,000) and 5 35 65 95 abin b6 ke Falslc weeabsts Sf the sodle sakms asciss. Towever and, less commonly, their interiors show internal structures, Pioneer batholith, southwest Montana: U.5. Geol. Survey MF-246, 1:48,000. 568 14 t0 3 mm, and textures also vary widely, including koown.
geophysical surveys of the Butte, Dillon, and White Sulphur Springs ALKALI Sevtopioally Shay ate moce: siallar to the u!.:s:ariea (es.pccillly 4 daefined by steeply dipping planar foliation marked by alinement of Open-File Report OF-82-148, 178 p. Smedes, H.W., Klepper, M.R., and Tilling, R.I., 1968, The Bou 21'1 ) xenomorphic, hypidiomorphic, equigranular, and seriate. Much
2-degree sheets——which include the Boulder batholith region—-have FELDSPAR QUARTZ PLAGIOCLASE Isotopes) but are somewhat more radiogenic in terms of both of Pb minerals and/or platy inclusions or by gently dipping schlieren in Hyndman, D.W., Talbot, J.L., and Chase, R.R., 1975, Boulder batholith, Montana: Description of geology and roadc Di' of the bqm 1is distinctly porphyritic, with conspicuocus BATHOLITH ROCKS AND SATELLITIC BODIES NOT ASSIGNED TO MAGMA SERIES
been in progress as part of the USGS' regional mapping and/or and Sr isotopic ratios than batholith rocks of either series the roof zone. Locally, particularly alomg contacts against country batholith: A result of emplacement of a block detached from Field Trip No. 3, Rocky Mountain Section Hf;:;ns,neo : subhedral to euhedral phenocrysts of poikilitic alkali
mineral-resource assessment programs (see, for example, Ruppel and (Tilling, 1973, Fig. 19). rock or other batholith rocks, the plutonic rocks contain abundant the Idaho batholith infrastructure: Geology, 3, p. 401-404. 5(0‘-;“ *’::;I-:Z:i Bozeman, Montana, May 8, » L feldspar, whose length can be as great as 5 cm or more. Many small plutons within the batholith and most satellitic
others, 1983; Wallace and others, 1987 ). mafic inclusions, composed of sharply outlined to diffuse aggregates nimeog .

This compilation draws from published and unpublished maps of
the component plutons of the Boulder bathelith and its satellites,

-

Regional zonation

Except for three small bodies (lg) in the north-central part

of ferromagnesian minerals and plagioclase of the same composition
as in the host rock. These probably represent large semi-solid
blocks of inclusion-rich rock from near the roof or contact zones

Indiana University Geologic Field Station Staff, 1964, Geologic map

of the Jeffersom Island quadrangle, Montana: 1:48,000,
unpublished.

Smedes H.W., Hammond, P., and Hanna, W., 1980, Geology and mineral-
resources evaluation of the Humbug Spires Primitive Area,
Montana: U.S. Geological Survey Open-File Report 80-836.

Despite mappable textural, color, and compositional
variants--of which more than a dozen have been mapped (for

bodies cannot be assigned to onme or the other of the magma series,
because either the chemical criteria canmot be met unambiguously or
the pertinent compositional data are lacking. Moreover, because the

» Johannsen, Albert, 1939, A descriptive petrography of the igneous example, see Becraft and other 1963; Ruppe 1963; and satellitic bodies occur as isolated masses in country rock and very
and of the distribution and principal structures of pre- and Alkali granite e Quariz diorite of the batholith, all bodies largé enough to show at the compilation that have foundered into the less crystallized (less viscous) rocks: Chicago, I11., Unrverﬂ:y ofschgczgo Press,snﬂ p- Snee, L.W., 1978, ?“'“"‘“"h}" e u“f' “Lﬂdpi ri]::m;:t?:ﬂtlt]ﬁ S'ﬁi" 1966)—-all the rr:""k: th“:"“’““it“t' ]:5'“1 .B““: &“““ for 9F Vhie Nevs b dated vediosriceily; thels peskeiom ia the
post-batholith rocks and deposits. The purpose of the map and . scale that can be unambiguously assigned (with currently available magma . Klepper, M.R., and Tilling, R.I., 1970, Geologic maps of the Delmoe 13“‘?:: roct; ot P[‘Hr:xt :'s ';heaj.;]:an(.'olullbu! Uhiﬂ. Monzonite (bgqm) are considered to be parts of a single intrusive sequence cannot be established. Accordingly, for this
accompanying brief text is twofold: N data) to the sodic magma series are restricted to the southwestern Lake, Grace, Homestake, Pipestone Pass, and north half of ;g‘;t S “er;} 1 onull-r{?) & ! ' large pluton because of the predominance of gradaticnal compilation, we only show them by gross compositional type
S part of the reglon, i.e., south of Butte (lat. 46°N) and west of In places, two or more steep foliations are preserved in the the Twin Bridges quadrangles, Montana: U.S. Geol. Survey, o tat:ﬂ I;j:" Pnd " ik Broaee Waehald e contacts between the bgqm variants and of close chemical “and regardless of age as follows:
1) to summarize the available mapping and other data on the 20 % 20 about longitude 112°10'. However, there are a few other bodies of same rock; these structures are well developed in some plutons 1:48,000, unpublished. Snee, L.W., 1982, Emplacement and coo T": DEar ot e et ohio isotopic similarity (Doe and others, 1968; Tilling, 1973).
plutonic rocks, at a scale that allows the entire batholith to . sodic-series rotks (too small to be shown) that oceur randomly to (e.g., bp, bqm, and cg) in the southwestern part of the Klepper, M.R., and Tilling, R.I., 1972, Unpublished reconnaissance southwastern Montama [Ph.D. Thasis]: uraizs ? The textural and mineralogical differences are attributed to sl Leucocratic rocks, 1light gray granodiorite and quartz
be portrayed in a single map sheet of manageable sise (for field W syanit ) pisms, the north and east of these boundaries. Such areal distribution is batholith. The older structure, consisting of alined wmafic for this compilation, 1:180,000. State Univ., 320 p. intermittent magma movement and mixing of magma fractions monzonite, undivided; variable 1in texture, fine- to
use); and ARAR-avamie Symnite ”“"f?“"' Gabbro grossly cospatille WAth the 1m_|:_nm larger-scale reglonal minerals, mafic inclusions, and plagloclase, is interpreted to be Klepper, M.R., Weeks, R.A., and Ruppel, E.T., 1957, Geology of the Steiger, R.H., and Jager, E., 1977, Subcommission on geochronology-- that reached different degrees of crystallization. These mediumgrained. These rocks are relatively sparse.
P zonatlon of increasing K20 eastward for the Western United States caused by primary flow during pluton emplacement; the younger southern Elkhorn Mountains, Montana: U.S. Geol. Survey convention on the use of decay constants in geo- and differences are best developed in parts of the pluton in
3) 4 Sarve A% & gamaTal guide for future Studiss to better 10 a5 90 (e.g., Lindgren, 1915; Moore, 1959, 1962). Tilling (1973, Fig. 18) structure, marked by alined large alkali- feldspar megacrysts, is Prof. Paper 292, 82 p., maps at 1:31,250. cosmochronology: Earth and Planetary Sciences Letters, V. proximity to country rock or older bathelith rocks and are sl Intermediate rocks, light- to medium-gray granodiorite to
understand this classic igneous terrane, whether through ALKALI suggas’ted that ;&lutonl:c tecks to Ehe wast and ssuth of the Boalder interpreted to reflect late crystal growth along incipient joints Klepper, M.R., Ruppel, E.T., Freeman, V.L., and Weeks, R.A., 1971a, 36, p. 359-362, less common in the interior of the pluton. quartz monzonite, undivided; variable in texture and grain
more-detailed mapping or by topical investigations. FELDSPAR PLAGIOCLASE batholith (e.g., the Tobacco Root, Philipsburg, Pioneer, and Idaho that formed late in cooling history, when the pluton had largely Geology and mineral deposits, east flank of the Elkhorn S treckeisen, Albert, 1973, Plutonic rocks: Classification and size, but coarse-grained varieties are rare.
=" ) batholiths) are similar to, or more sodic than, the sodic-series solidified. Joints that formed still later in the cooling history omaaeiany; Weostumaer-Comnky, femtawas 1.8 Geels Survey pibkclatute Tecommnded by the IUGS Scdmiewion om the SRANDIRI T8 Granodioritic rocks, undivided; 1 1 di
Geologle information from which the map was compiled is e MAIN MAGMA SODIC MAGMA rocks. However, recent data indicate that the regional zonation is of some main-series plutons, especially the bgm, became the loeci Prof. Paper 665, 66 p., map at 1:48,000, Systematics of Igneous Rocks: Geotimes, v. 18, p. 26—30: sgd :::ned“a dcdam: 8, undivided; mostly equigranular, medium-
indicated in the index to source data. Other than the segment along SERIES SERIES more complicated than first thought, at least in terms of Sr initial for injection of felsic rocks (principally aplite, alaskite, and Klepper, M.R., Robinson, G.D., and Smedes, H.W., 1971b, On the Streckeisen, Albert, 1976, To each plutonic rock its proper name: - Unionville Granodiorite and granogabbro of Knopf (1963), & x- A Tk gray.
the northern part of the batholith mapped by Adolph and Eleanora B. ratios (SIRs). Although the nearly contemporaneous rocks of the pegmatite) and, wvery rarely, mafic rocks of undetermined nature of the Boulder batholith of Montana: Geol. Soc. Earth-Science Reviews, v. 12, p. 1-33. u . undivided; mostly light- to medium—gray, seriate augite-
Knopf (Knopf, 1963), the bulk of the mapping was done by members of northeastern part of the Pioneer batholith are chemically akin to composition. In the Rader Creek plutom, the emplacement of mafic America Bull., v. B2, p. 1563-1580. Tilling, R.I., 1964, Variation in modes and norms of a "homogenecus hornblende-biotite granodiorite locally including dark-gray sm Mafie and, less commonly, wultramafic brownish-weathering
the U.S. Geological Survey (USGS). The stratigraphic and structural the sodic-series rocks, they are characterized by a range of imitial bodies (mb) was in part joint controlled. Some later generations Klepper, M.R., Robinson, G.D., and Smedes, H.W., 1974, Nature of the pluton of the Boulder batholith, Montana, in Geological hypersthene granogabbro near contacts. Biotite rocks, undivided; highly variable in texture and grain size.
details of the pre- and post-batholith rocks shown in the source

geologic maps have beem highly generalized in our compilation, not
only to accentuate the plutonic units, but also to avoid unnecessary
repetition of detail shown in source geologic maps already published
and in the final 1:250,000 maps of the Butte, Dillom, and White
Sulphur Springs 2-degree sheets scheduled to be published in the
Therefore, this map focuses on plutonic rocks of the

near future.

Figure 1, Classification and nomenclature of plutonic rocks: A,
scheme used in this compilation (modified from Johannsen,

1939); B, scheme of Streckeisen (1976).

Fields of modes

of rocks of the Boulder batholith from Tilling (1973,

Fig. 16)-

Sr ratios (.7112-.7160) that is significantly higher than, and do
not overlap, that for the entire Boulder batholith (.7055-.7092)
(Zen and others, 1975; Snee, 1978, 1982; Hammarstrom, 1982; Marvin
and others, 1983; Arth and others, 1986). The Big Hole Canyon
pluton (west of map), a composite mass located between the Boulder
and Pioneer batholiths near Dewey, Montana, 1is characterized by
chemical affinity to the sodic-series rocks and has Sr, Rb/Sr, SIR

of fractures were occupied by metalliferous quartz wveins and/or by
thin dikes of diverse composition.

Satellitic plutons

The Boulder batholith is fringed by a number of satellitic
plutons within 50 km of its margins. These plutons vary widely in

Boulder batholith of Montana:
America Bull., v. 85, p. 1953-1958,

Knopf, Adolph, 1956, Argon-potassium determination of the age of the
Boulder bathylith, Montana: Americam Journal Science, v.
254, p. T44-745.

Knopf, Adolph, 1957, The Boulder bathylith of Montana: American
Journal of Secience, w. 255, p. 81-103.

Discussion: Geol. Soc.

Survey research 1964: U.S. Geol. Survey Prof. Paper 501-D,
p. D8-D13.

Tilling, R.I., 1968, Zonal distribution of wvariations in structural
state of alkali feldspar within the Rader Creek pluton,
Boulder batholith, Montana: Journal Petrology, v. 9, p.
331-357.

Tilling, R.I., 1973, The Boulder batholith, Montama: A product of

commonly
occurs as large bronze-colored, irregular poikilitic plates
that continued to grow late in the crystallization history of
the rock. The rocks typically are medium grained and
equigranular, xenomorphic to hypidiomorphic, im texture.

bp Granodiorite of the Burton Park pluton; medium-grained,

Includes some plutons that are composite bodies, composed of
mafic rocks cut by more-felsic rocks.

PREBATHOLITH VOLCANIC AND VOLCANICLASTIC ROCKS AND
HYPABYSSAL INTRUSIVE ROCKS (UPPER CRETACEOUS)

. bluish-gray equigranular rock, containing poikilitic bilotite,
Boulder batholith and its satellites. More-detailed compilation of values (.7051-.7077) similar to those for the Rader Creek pluton size, composition, texture, grain size, and relationship to country Knopf, Adolph, 1963, Geology of the northern part of the Boulder two contemporaneous but chemically distinet magma serles: that forms a moderate-size pluton near southern end of the Kb Basal:l and ul.i.;ine—haaaltd lava dfl':'“s ;“d e‘fl‘”" hI“‘:"i':é
the pre- and post-batholith rocks, we believe, would be better, and (Zinter, 1982; Zinter and others, 1983; L.W. Snee, oral rock. The larger satellites [e.g., the Hell Canyon (he), Moose bathylith and adjacent area, Montana: U.S. Geol. Survey Geol. Soc. America Bull., v. 84, p. 3879-3900. batholith. Several smaller satellitic bodies of gramodiorite creconm{ns o] exgnsap ;: 0519“53 t“th; ? <
more appropriately, done by those actively involved im the current communication, 1987). The composite McCartney Mountain stock of Creek (me), and Moosetown (mt) plutons) nearest to the main Hisc. Geol. Inv. Map I1-381, 1:48,000. Northern part Tilling, R.1., 1974, Composition and time relations of plutonic and (sgd) cutting Proterozoic rocks in the area are similar in ider dance ;apro 1 o ibly post-A . l:Jﬂl‘: .::"
regional mapping studies. Boulder-batholith age (south of map), also located between the intrusive mass are considered to be part of the batholith proper in revised on basis of unpublished maps of R. G. Schmidt, assoclated volcanic rocks, Boulder batholith region, appearance to the Burton Park granodiorite and possibly SoasLaeres (P9 D CAFLIEY,. JOSMIELY goRL-dven  Yoicemries
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EXTENT, COMPOSITION, AND STRUCTURE OF THE BATHOLITH

In 1899, Walter Harvey Weed gave the name Boulder batholith to
the instrusive mass that extends from near Helena to south of Butte,

Boulder batholith seem best interpreted in

Boulder and Pioneer batholiths, is mineralogically and chemically
similar to the sodic-series rocks (Friberg and Vitaliano, 1981).

In summary, chemical, isotopic, and mineralogic data for the

terms of two magma

this and most previous studies of the Boulder batholith region.

Most of the satellite bodies intrude Proterozoic (Belt) and
younger sedimentary rocks or the Elkhorn Mountains Volcanics; very
few, most notably the Hell Canyom pluton (he), intrude Archean

1978, 1:48,000,

Lambe, R.N., 1981, Crystallization and petrogenesis of the southern
portion of the Boulder batholith, Montama [Ph.D. Thesis]:
Berkeley, California, Univ. California, Berkeley, 171 p.

Lindgren, Waldemar, 1915, The igneous geology of the Cordilleras and
its problems, in Problems of American geology: New Haven,

Montana: Geol. Soc. America Bull., v. 85, p. 1925-1930.
Tilling, R.I., 1977, Interaction of meteoric waters with magmas of
the Boulder batholith, Montana: Economic Geology, v. 72,
no. 5, p. 859-864.
Tilling, R.I., Klepper, M.R., and Obradovich, J.D., 1968, K-Ar ages
and time span of emplacement of the Boulder batholith,

correlative. Even though compositionally similar to the
Unionville Granodiorite, the Burton Park rocks can only be

assigned provisionally to the main magma series (Tilling,
1974). In contrast to the Butte Quartz Monzonite, both the
Unionville Granodiorite and Burtom Park plutoms contain very

(Trv). More recent studies (Derkey, 1986; Watson, 1986)
consider these rocks, certainly where mapped in detaill in the
Emery mining district, to be “separate, but time equivalent”
to the middle and upper members of the Elkhorn HMountains
Volcanics (Kev).

few aplite-alaskite bodies.
cooperation, and encouragement of our USGS colleagues who have series, emplaced in the same brief time span but chemically and metamorphic rocks. The northwesterly elongation of the Hell Canyon, Conn., Yale University, Silliman Foundation, p. 234-286, Montana: Amer. Journal Science, v. 266, no. 8., p. 671-689. . Kev| Elkhorn Mountains Volcanics and Slim Sam Formatiom,
worked, or currently are working, in and around the Boulder Montana (Weed, 1899). Since then, hundreds of papers, maps, and isotopically distinct (Tilling, 1973). Lambe (1981) suggests that and possibly also the Donald pluton, appears to be controlled by Marvin, R.F., Zen, E-an, Hammarstrom, J.M., and Mehnert, H.M,, 1983, Wallace, C.A., Schmidt, R.G., Lidke, D.J., Water, M.R., Elliotr, MAFIC AND ULTRAMAFIC ROCKS undivided, Tuffaceous sedimentary rocks of the Slim Sam
batholith region. Throughout the years of the Boulder batholith geochemical and geophysical surveys have been published on the the sodic magma series may be further split into two groups on the f"‘l)“ in the Archean basement rocks (see Schmidt and others, Cretaceous and Paleocene potassium-argon mineral ages of J.E., French, A.B., Whipple, J.W., Zarske, S.E., Formation and basalt lavas; basalt and andesite tuff,
project, the Montana Bureau of Mines and Ceology (MBMG) was most batholith and vicinity, and its nature and mode of emplacement have basis of rare-earth-element patterns. The main and sodic magma 1975). Some satellites are uniform in composition, and others are

helpful and supportive.

Special thanks go to E-an Zen (USGS,
Reston) and Edward T. Ruppel (Director, MBMG) for their constructive
criticism and helpful suggestions on earlier versions of this map

been vigorously debated (Hamilton and Myers, 1967, 1974; Klepper and

others, 1971b, 1974; Hyndman and others, 1975).
discussion below only highlights selected aspects of

The brief
the batholith

series of the Boulder batholith are believed to have been derived
from two or more sources within the lower crust or upper mantle (Doe
and others, 1968).

However, for the rocks of the Ploneer batholith,

heterogeneous because they are contaminated, are highl
differentiated, are composite or zoned plutons. Available chemica
data suggest that satellitic rocks tend to have compositions

the northern Pioneer batholith and nearby igneous rocks in

southwest Montana: Isochron/West, no. 38, p. 11-16.
Mathews, G.W., McClain, L.K., and Johanns, W.M., 1977, Petrogenetic

aspects of the Hell Canyon pluton and its relatiom to the

Blaskowski, M.J., Heise, B.A., Yeoman, R.A., 0'Neil, J.M.,
Lopez, D.A., Robinson, G.D., and Klepper, M.R., 1987,
Preliminary geologic map of the Butte lo x 20 quadrangle,
western Montana: U.5. Geol.

m Mafic and ultramafic rocks, undivided; includes melanorite,
hyperite, gabbro, syenogabbro, mafic monzonite, syenodiorite,

augite quartz monzonite, and rare layers of peridotite in

breccia, and agglomerate; and rhyolite welded tuff of the
Elkhorn Mountains Volcanics.

Survey Opex-File Report bro. Th nd Fleld relati d rad that
and accompanying text, and to Jerry Russell, Karen Gray, and Lori appropriate to the scale and information content of this compilation with 4its high SIR wvalues, a significant crustal component is ﬂi;:t‘;f‘;’ f:::? im.cf:“:h:ff?:’r}n:: t;?t:df:f:::h:ni.:;'::sthi: Boulder batholith, southwestern Montana: Northwest Geology, 0OF-86-292, 14 p., map at 1:250,000. %i‘;tu‘:'e, u;':cc:?:c?n' ah:nsil::ie v::::b:.;pait;r'co:ggzi:m" the Kev .:nd :E: u:“i;;:let;::h;ﬁethdat:ocd::on:xat;“ﬂy
Moore (USGS, Reston and Menlo Park) for cartographic advice amd L Eequired .{MHI and  others, 1906). Beca;m: of the Bouldelr main-series rocks (Tilling, 1973, Fig. 5). v. 6, no, 2, p. 77-84. Watson, 5.M., 1986, The Bqulder batholith as a source for the form a complex of diverse rock types. Field relations and contemporaneous, but, where diagnostic cross-cutting
assistance in the preparation of the map. Last but not least, we 2 - “h"i’“t"' 8 11‘“;“ "e‘:;e“““alguﬂg 1§1 7 };_ f“"t“' Vf::‘::h? Mertie, J.B., Jr., Fischer, R.P., and Hobbs, S.W., 1951, Geology of Elkhorn MountainsVolcanics, southeast quarter of the Deer geochronometric data indicate the mafic and ultramafic rocks relationships can be observed, the batholith rocks are
(HWS and RIT) dedicate this map to the memory of Montis (Monty) R. omposite nature and age relations :"“8“:“:“8 rag-ong, th:“:aai :f tectonli’.? ::1 ::- si.::iom::'lr. Post-batholith igneous history the Canyon Ferry quadrangle, Montana: U.S. Geol. Survey Lodge 153' quadrangle, southwestern Hun:an]nf Missoula, are the earliest products of the Boulder batholith, found invariably the younger (Becraft and others, 1963; Robimson
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CE.

PRELIMINARY MAP OF PLUTONIC UNITS OF THE BOULDER BATHOLITH, SOUTHWESTERN MONTANA

By

Harry W. Smedes, Montis R. Klepper, and Robert I. Tilling

1988

Spokane Fm., Helena Dolomite; Marsh Fm., and
Greenhorn Mountain Quartzite; in the eastern part as Empire
Shale, Spokane Shale, and Greyson Shale; and in the southern
part as LaHood Fm., Quartzite of Table Mountain, Greyson
Shale, Argillite of Red Mountain, Ewmpire Fm., Helena
Dolomite, and Highland quartzite.

pei| GABBRO, DIABASE, AND BASALT INTRUSIVE ROCKS CONSIDERED TO BE
BELT AGE (PROTEROZOIC)

pém METAMORPHIC ROCKS, UNDIVIDED (ARCHEAN )

Mostly gneiss and schist;
granite.

lesser amounts of amphibolite and

This map is preliminary and has not been
reviewed for conformity with U.S. Geological
Survey editorial standards and stratigraphic
nomenclature. Any use of trade names is for
descriptive purposes and does not imply
endorsement by the USGS.



