
label
Qts
Tb
Trv
Tri
Tlv
Tli
a
gp
h
pr
fqm
bqm
u
bp
m
cg
gr
hc
ap
d
mc
mt
lg
pg
rc
mb
sl
si
sgd
sm
Kb
Kev
Ki
MPz
Pz
pCs
pCi
pCm



explanation
Sedimentary deposits
Basalt lavas
Rhyolite lava and tuff of the Avon Volcanics and associated intrusive rocks, Tri
Rhyolite lava and tuff of the Avon Volcanics and associated intrusive rocks, Tri
Lowland Creek Volcanics and associated intrusive rocks, Tli Quartz latite
Lowland Creek Volcanics and associated intrusive rocks, Tli Quartz latite
alaskite and/or aplite
granite porphyry
Homestake quartz monzonite
Pulpit Rock quartz monzonite
felsic quartz monzonite, compositionally similar to h and pr
Butte Quartz Monzonite
Unionville Granodiorite of Knopf (1963)
granodiorite of Burton Park; provisional assignment to series
mafic rocks, mostly gabbroic
Climax Gulch pluton and associated younger granitic bodies, gr
Climax Gulch pluton and associated younger granitic bodies, gr
Hell Canyon pluton and assiciated aplite, ap
Hell Canyon pluton and assiciated aplite, ap
Donald pluton
Moose Creek pluton
Moosetown pluton
unnamed plutons
porphyritic granodiorite of Knopf (1963); provisional assignment to series
granodiorite and quartz monzonite of the zoned Rader Creek pluton
mafic bodies that cut the pluton
leucocratic rocks
intermediate rocks
granodioritic rocks
mafic rocks, mostly gabbroic
Basalt flows and flow breccias
Elkhorn Mountains Volcanics and associated intrusive rocks, Ki
Elkhorn Mountains Volcanics and associated intrusive rocks, Ki
Mesozoic and Upper Paleozoic sedimentary rocks
Paleozoic sedimentary rocks
Precambrian sedimentary rocks ans associated intrusive rocks, pCi
Precambrian sedimentary rocks ans associated intrusive rocks, pCi
Precambrian metamorphic rocks



description
CLAY, SILT, SAND, AND GRAVEL, UNDIVIDED (QUATERNARY AND TERTIARY)  Includes alluvium, colluvium, glacial deposits, terrace deposits, and lake deposits.
Basalt lava flows, most probably Upper Miocene or Lower Pliocene, but could be as old as Oligocene (Klepper and others, 1971a).
Rhyolite lava flows and tuffs of the Upper Eocene and Lower Oligocene (?) Avon Volcanics of the Helena Volcanic field.
Rhyolite dikes and plugs, intrusive equivalents of the Avon Volcanics (Trv).
Quartz-latite tuff, welded tuff, and lava flows of the Middle Eocene Lowland Creek Volcanics.
Quartz-latite intrusive rocks contemporaneous with the Lowland Creek Volcanics (Tlv).  Shown separately only where not coincident with extrusive rocks and in the roof pendant near Wickes in the Jefferson City quadrangle.

Aplite, alaskite, granite 
pegmatite, quartz-monzonite
pegmatite, potassic leucogranite, 
quartz pegmatite, and
quartz-tourmaline pegmatite, 
undivided; aplite and alaskite
predominate . Generally small 
bodies of variable texture and
structure , occurring as pods, 
dikes, sheets, and complexes,
only few of which are entirely of 
a single rock type .
Quartz, sodic plagioclase and 
alkali feldspar typically make
up at least 98% of the rock, with 
biotite and lesser amounts
of magnetite, sphene, apatite , 
zircon, and, occasionally,
allanite constituting the 
remaining 2%. Bodies commonly 
are
layered, either regularly or 
irregularly, and some are
zoned . Textures commonly 
change along as well as across 
the
layers . liarolitic cavities are 
common in these rocks,
containing well-formed crystals 
of quartz (clear, smoky, or
amethyst), alkali-feldspar 
(microcline, orthoclase, perthite
and microperthite) , albite-
oligoclase, tourmaline, and
silvery green muscovite(?); 
locally, molybdenite, epidote,
pyrite, magnetite, sphene, and 
allanite are conspicuous.

Granite porphyry, light to pinkish 
gray with phenocrysts of
quartz and alkali feldspar, occurs 
as bodies large enough to
show at the scale of this 
compilation only in the central
part of the batholith. 
Compositionally similar to
aplite-alaskite, but is distinctly 
more porphyritic and
generally sheared and strongly 
altered. It shows both
gradational and cross-cutting 
contact against Butte Quartz
Hcnzonite (bqm): its relationship 
to the other silicic
facies of the bq is unknown. 
Because of their gradation
into the bq, these relativelv rare 
rocks are believed to
be nearly contemporaneous with 
the bqm. The granite porphyry
almost certainly is not related to 
the quartz porphyry dikes
that cut the bqm, but pre-date 
mineralization, in the Butte
district. As described by Brimhall. 
(1977), the quartz
porphyry dikes always show 
sharp contacts with the bqm and
are distinctly younger (<64 Ma; 
Meyer and others, 1968) .

Quartz monzonite of the 
Homestake plut on, well exposed 
in the
Northern Pacific Railroad cut at 
Continental Divide
(southeast of Butte). Field 
relations show that rocks of
this pluton represent a 
continuous gradational series 
between
the Butte Quartz Monzonite 
(bqa) and the alaskite-aplite
(a); accordingly, the texture and 
mineralogy of these rocks
may vary widely, ranging 
between those characteristic of 
the
two end members. Most are light 
gray and some have pinkish
cast, depending on the amount 
of alkali feldspar.

Coarse-grained quartz 
monzonite of the PuIpit Rock 
pluton,
located In the central part of the 
batholith (west of
Boulder); overall light gray, but 
pinkish alkali feldspar is
conspicuous . Mineralogically 
and texturally similar to the
coarser grained varieties of the 
Butte Quartz Monzonite
(bqm) but containing more 
quartz, plagioclase, and alkali
feldspar and less 
ferromagnesian minerals. Can 
be highly
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 bqm. In contrast to
the Homestake-type rocks, the 
Pulpit Rock quartz monzonite
rarely shows gradational 
contacts against aplite-alaskite
bodies that intrude it.

Felsic quartz monzonites of 
unnamed plutons similar in color,
texture, and composition to rocks 
of the Homestake and the
Pulpit Rock plutons. Can range 
widely in grain size and
texture. Commonly grades into 
the Butte Quartz monzonite
(bqm) but cross-cutting contacts, 
where observed, always
show the bqm to be older. Some 
typical bodies of these
rocks occur along the southern 
border of the Butte Quartz
Monzonite (e .g ., Spire Rock, 
west of Whitetail Basin) .

Butte Quartz Monzonite (= 
Clancy Granodiorite of Knopf, 
1957,
1963). Quartz Monzonite and 
subordinate granodiorite, mostly
light gray to pinkish gray in color; 
locally, the marginal
parts of the body appear darker 
gray because of greater
abundance of ferromagnesian 
minerals. The rocks grade into
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 5%. These 
wide
ranges reflect the gradation of 
bqm between its related
silicic facies . Average grain size 
commonly varies from <1
to 3 mm, and textures aIso vary 
widely, including
xenomorphic, hypidiomorphic, 
equigranular, and seriate. Much
of the bqm is distinctly 
porphyritic, with conspicuous
subhedral to euhedral 
phenocrysts of poikilitic alkali
feldspar, whose length can be as 
great as 5 cm or more.  Despite 
mappable textural, color, and 
compositional
variants--of which more than a 
dozen have been mapped (for
example, see Becraft and others, 
1963; Ruppel, 1963; and
Smedes, 1966)--all the rocks 
that constitute the Butte Quartz
Monzonite (bqm) are considered 
to be parts of a single
large pluton because of the 
predominance of gradational
contacts between the bqm 
variants and of close chemical 
'and
isotopic similarity (Doe and 
others, 1968; Tilling, 1973).
The textural and mineralogical 
differences are attributed to
intermittent magma movement 
and mixing of magma fractions
that reached different degrees of 
crystallization. These
differences are best developed 
in parts of the pluton in
proximity to country rock or older 
batholith rocks and are
less common in the interior of 
the pluton.

Unionville Granodiorite and 
granogabbro of Knopf (1963),
undivided; mostly light- to 
medium-gray, seriate augite-
hornblende-
biotite granodiorite locally 
including dark-gray
hypersthene granogabbro near 
contacts. Biotite 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, in texture.

Granodiorite of the Burton Park 
pluton; medium-grained,
bluish-gray equigranular rock, 
containing poikilitic biotite,
which forms a moderate-size 
pluton near the southern end of 
the  
batholith. Several smaller 
satellitic bodies of granodiorite
(sgd) cutting Proterozoic rocks in 
the area are similar in
appearance to the Burton Park 
granodiorite and possibly
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 
Burton Park plutons contain very
few aplite-alaskite bodies.

Mafic and ultramafic rocks, 
undivided; IncIudes melanorite,
hyperite, gabbro, syenogabbro, 
mafic monzonite, syenodiorite,
augite quartz monzonite, and 
rare layers of peridotite in
gabbro. These rocks, highly 
variable in composition and
texture, may occur as a single 
rock type or, more commonly,
form a complex of diverse rock 
types . Field relations and
genchronometric data indicate 
the mafic and ultramafic rocks
are the earliest products of the 
Boulder batholith, found
almost exclusively along its 
margins. A representative suite
of these complex rocks has been 
well characterized
petrographically and chemically 
by Smedes (1966).

Leucocratic quartz monzonite 
and granodiorite of the Climax
Gulch pluton. Cuts the Butte 
Quartz Monzonite and the 
Burton
Park granodiorite. This pluton 
varies widely in texture,
mineralogy, and chemical 
composition, but the 
predominant
rock type is a fine- to medium-
grained, light gray to
pinkish-gray, highly porphyritic 
quartz monzonite, which
locally may contain as many as 
300 phenocrysts (as large as 2
x ~ cm) of alkali feldspar per 
square meter. Compared to the
Butte Quartz ~lonzonite, the 
Climax Gulch rocks tend to
contain relatively more quartz 
and plagioclase, and fewer
ferromagnesian minerals . 
Ranges in modal composition 
(by
volume) are as follows : 
plagioclase 35 to 45%; alkali
feldspar 20 to 35%; quartz 24 to 
30%; hornblende 0 to 4%;
biotite 4 to 8%; and accessory 
minerals < 1 to 2%
Locally, the rocks grade into, and 
are cut by, a more-felsic
and finer-grained facies, which, 
where large enough, is shown
as gr on the map. The youngest 
K-Ar age determinations for
the Boulder batholith, 69.5 to 
70.5 Ma, were obtained on
biotite and hornblende, 
respectively, in the one sample 
of
Climax Gulch pluton dated (see 
Tilling and others, 1968,
Table 2).

More-granitic, finer-grained, and 
slightly younger facies of the 
Climax Gulch pluton.  Grades 
into and locally cuts the cg.

Quartz monzonite of the Hell 
Canyon pluton, which forms the
southern tip of the batholith . 
Although compositionally
homogeneous, the pluton varies 
from medium-grained, light
gray, slightly porphyritic rocks at 
its narrow southern end
to coarse-grained, highly 
porphyritic varieties in the
central and northern parts. 
Alkali-feldspar phenocrysts as
large as 3 x 6 cm (Mathews and 
others, 1977), commonly
contain inclusions of nearly all 
other minerals in
discontinuous strings parallel to 
crystal faces. A
distinctive feature of many of the 
Hell Canyon rocks is the
presence of conspicuous, equant 
quartz " eyes," some of which
may attain 1 cm in size. The Hell 
Canyon rocks are cut by
rare, generally small, bodies of 
aplite (ap).

Rare aplite bodies that cut the 
Hell Canyon pluton; though
virtually indistinguishable from 
the abundant aplites
associated with the Butte Quartz 
Monzonite, these aplites are
assumed to be related 
genetically to the Hell Canyon 
rocks
because of spatial association.

Leucocratic granodiorite of the 
Donald pluton;
mineralogically similar to but 
slightly more felsic than
rocks of the Hell Canyon pluton. 
Equigranular, medium-grained, 
light gray varieties predominate, 
but highly
porphyritic rocks, with large 
pinkish alkali-feldspar
phenocrysts also are common, 
locally forming spectacular
castellated craggy exposures. 
This unit, like most other
leucocratic rocks of the sodic 
magma series, is virtually
devoid of aplitic or pegmatitic 
bodies.

Granodiorite and quartz 
monzonite of the Moose Creek 
pluton;
consists of a probably early 
facies in the northern part of
medium- to fine-grained, light 
gray granodiorite that
contains abundant inclusions of 
diorite , and a main mass of
medium- to coarse-grained, 
mostly porphyritic muscovite-
biotite
quartz monzonite with 
phenocrysts of alkali feldspar
and quartz. Locally cut by small 
dikes and irregular bodies
of quartz porphyry . Except for 
the presence of minor
muscovite, the rocks are 
mineralogically and chemically
similarly to those of the Donald 
pluton. Moreover, like the
Donald rocks, the Moose Creek 
pluton locally is well exposed
as high , spire-like outcrops 
(e .g., the Humbug Spires , 8 km
ENE of Divide; see Smedes and 
others, 1980).

Leucocratic rocks of the poorly 
exposed Moosetown pluton. In
color, mineralogy, texture, and 
grain size resemble those of
the nearby Moose Creek pluton 
(mc).

Fine- to medium-grained, light 
gray, granodiorite and quartz
monzonite, mostly equigranular; 
in places moderately to
strongly altered. Lithologically 
similar to the finer-grained
varieties of the Donald and Hell 
Canyon plutons.
Several unnamed plutons in the 
central and northern part of
the batholith represent the only 
bodies of lg rocks large
enough to show at the scale of 
this compilation. The lg
rock's satisfy the chemical 
criteria (see Tilling, 1973) used
to define the sodic-series rocks 
in the southern end of the
batholith. These rocks, none of 
which have been dated
radiometrically, cut the Butte 
Quartz Monzonite; their
specific relation to the other 
sodic-magma-series rocks is 
problematic.

Porphyritic granodiorite of Knopf 
(1957, 1963), typically
Iight gray and coarse grained; a 
homogenous pluton
characterized by phenocrysts of 
alkali feldspar (as large as
2 x 3 cm) uniformly distributed 
throughout. A representative
mode (by volume) is: plagioclase 
40%, alkali feldspar 24%,
quartz 25%, biotite 7%, 
hornblende 3%, with magnetite,
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 (cg), but available 
analytical data only permit
provisional assignment to the 
sodic magma series (Tilling,
1974, Table 1).

Granodiorite and quartz 
monzonite of the zoned Rader 
Creek
pluton, the largest of the plutons 
of the sodic magma
series . The weathered surfaces 
of these rocks generally are
darker (browner) than those of 
the adjacent Butte Quartz
Monzonite and Donald pluton. In 
fresh exposures, however,
most Rader Creek rocks are 
distinctly bluish gray. The
southwestern part of the pluton 
is composed of medium-grained,
equigranular granodiorite, which 
grades continuously
and nearly imperceptibly into 
quartz monzonite in the
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
plagioclase phenocrysts (dark 
gray and as long as 1 cm),
rather than alkali-feldspar 
phenocrysts. Detailed
descriptions of the mineralogical 
and chemical zonation of
the Rader Creek pluton are 
given in Tilling (1964, 1968).
The Rader Creek pluton is cut by 
the Butte Quartz
Monzonite. Its age relations to 
the granodiorites of the
main magma series (the 
Unionville and Burton Park) are
unknown because nowhere are 
these rocks in contact. However,
K-Ar ages for the Rader Creek 
rocks (74.4-78.4 Ma) and the
Unionville Granodiorite (74.0-
79.5 Ma) largely overlap, but
possibly the Unionville rocks are 
in part slightly older
(Tilling and others , 1968, Table 
3). Locally, the pluton is
cut by rare aplite bodies (too 
small to show at compilation
scale) and also by a number of 
mafic ("lamprophyric")
intrusions (b) , which contain 
inclusions of the Rader
Creek as well as aplitic rocks 
(see below).

Fine- to coarse-grained mafic 
bodies that intrude the Rader
Creek pluton; occur as irregular 
plugs and ring dikes, and,
much less commonly, as thin 
dikes (only the larger bodies
could be shown on map). Some 
of the masses are uniform in
lithology, but others are 
composed of several distinct
lithologies . Compositionally, 
these rocks are heterogeneous
and predominantly dioritic to 
gabbro, but granodioritic rocks
may make up much of the ring-
dike complexes, generally the
interior portions. These mafic 
bodies probably were intruded
before the emplacement of the 
Butte Quartz Monzonite.
Detailed descriptions of several 
of the Rader Creek mafic
bodies is given in Smedes and 
others (1968).
The relative proportion of late 
mafic intrusions in the
Rader Creek pluton is much 
higher than that in the Butte
Quartz Monzonite. The 
relationship among late mafic 
bodies
associated with different plutons 
of the batholith is not
known.

Leucocratic rocks, light gray 
granodiorite and quartz
monzonite, undivided; variable in 
texture, fine- to
medium-grained. These rocks 
are relatively sparse.

Intermediate rocks, light- to 
medium-gray granodiorite to
quartz monzonite, undivided; 
variable in texture and grain
size, but coarse-grained varieties 
are rare.

Granodioritic rocks, undivided; 
mostly equigranular, 
mediumgrained,
and dark gray.

Mafic and, less commonly, 
ultramafic brownish-weathering
rocks, undivided; highly 
variable·in texture and grain size.
Includes some plutons that are 
composite bodies, composed of
mafic rocks cut by more-felsic 
rocks.

Basalt and olivine-basalt lava 
flows and flow breccias,
commonly poorly exposed 
and/or altered. In the
reconnaissance map of Prostka 
(1964), this unit was
considered to be Tertiary, 
possibly post-Avon Volcanics
(Trv). More recent studies 
(Derkey , 1986; Watson, 1986)
consider these rocks, certainly 
where mapped in detail in the
Emery mining district, to be 
"separate, but time equivalent"
to the middle and upper 
members of the Elkhorn 
Mountains
Volcanics (Kev).

Elkhorn Mountains Volcanics 
and Slim Sam Formation,
undivided. Tuffaceous 
sedimentary rocks of the Slim 
Sam
Formation and basalt lavas; 
basalt and andesite tutt,
breccia, and agglomerate; and 
rhyolite welded tuff of the
Elkhorn Mountains Volcanics.
Field relations and radiometric 
age data demonstrate that
the Kev and the earliest batholith 
rocks are nearly
contemporaneous, but, where 
diagnostic cross-cutting
relationships can be observed, 
the batholith rocks are
invariably the younger (Becraft 
and others, 1963; Robinson
and others, 1968; Tilling and 
others, 1968). For example,
the middle member of the Kev 
near the northeastern end or
the batholith is cut by mafic 
rocks (m) of the main magma
series . In the central part of the 
batholith, the upper sedimentary 
member of the Kev is cut by the 
Butte Quartz
Monzonite (bqm).

Basaltic and
adesitic hypabyssal intrusive 
rocks contemporaneous
with the Elkhorn Mountains 
Volcanics (Kev).

MESOZOIC AND LATE 
PALEOZOIC SEDIMENTARY 
ROCKS, UNDIVIDED -- Includes 
the Permian Phosphoria Fm., 
Jurassic Swift and Morrison F.  
And the Cretaceous Kootenai 
and Colorado Fms. 

PALEOZOIC SEDIMENTARY 
ROCKS, UNDIVIDED -- Includes 
the Cambrian Flathead 
Quartzite, Wolsey Shale,
Meagher Limestone, Park Shale, 
Pilgrim Fm., Hasmark Dolomite,
and Red Lion Fm.; Devonian 
Maywood and Jefferson 
Dolomite;
Devonian and Mississippian 
Three Forks Shale; Mississippian
Lodgepole Limestone, Mission 
Canyon Limestone, and Amsden
Fm.; and Pennsylvanian 
Quadrant Fm.

SEDIMENTARY ROCKS OF 
THE BELT SUPERGROUP, 
UNDIVIDED (PROTEROZOIC) -- 
(See original sources given in 
index for details concerning
stratigraphic nomenclature of the 
rocks mapped).
Includes formations and units 
mapped in the northern part as 
Empire Fm., 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, 
Empire Fm., Helena
Dolomite, and Highland 
quartzite.

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

METAMORPHIC ROCKS, 
UNDIVIDED (ARCHEAN) -- 
Mostly gneiss and schist;  lesser 
amounts of amphibolite and 
granite.



CLAY, SILT, SAND, AND GRAVEL, UNDIVIDED (QUATERNARY AND TERTIARY)  Includes alluvium, colluvium, glacial deposits, terrace deposits, and lake deposits.
Basalt lava flows, most probably Upper Miocene or Lower Pliocene, but could be as old as Oligocene (Klepper and others, 1971a).
Rhyolite lava flows and tuffs of the Upper Eocene and Lower Oligocene (?) Avon Volcanics of the Helena Volcanic field.

Quartz-latite intrusive rocks contemporaneous with the Lowland Creek Volcanics (Tlv).  Shown separately only where not coincident with extrusive rocks and in the roof pendant near Wickes in the Jefferson City quadrangle.
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