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CRETACEOUS AND PALEOCENE POTASSIUM-ARGON MINERAL AGES OF THE NORTHERN PIONEER
BATHOLITH AND NEARBY IGNEOUS ROCKS IN SOUTHWEST MONTANA

RICHARD F. MARVIN
E-AN ZEN

JANE M. HAMMARSTROM
HARALD H. MEHNERT

The Pioneer batholith in the Pioneer Mountains, Beaver-
head County, southwestern Montana, is a composite bath-
olith. The plutons of the batholith range in composition
from quartz diorite, tonalite, and granodiorite to both
biotite-hornblende and biotite-muscovite granite. These
plutons have been mapped by Zen (unpublished data), Zen
and others (1975, 1980), Snee (1978), and Snee and
others (1981). Hammarstrom (1982) studied the detailed
mineral chemistry of several plutons, and Snee (1982)
studied, using the *°Ar/3°Ar age spectrum method, the age
and cooling history of the entire batholith.

During the past several years, E-an Zen collected
samples of plutonic rocks from the northern part of the
Pioneer batholith, as well as from other nearby intrusive
rocks, as part of an effort to determine the petrogenesis of
the batholithic rocks and their relation to the regional tec-
tonic evolution. All the plutons are part of the Pioneer
batholith except for plutons to the north, exposed on Lime
Kiln Gulch, and on Dodgson Creek in the Wise River
7 ¥%2-minute quadrangle. The latter pluton has been mapped
as a satellite of the Boulder batholith (Tilling, 1973).
Mineral separates were dated by the K-Ar method; this arti-
cle presents the apparent ages obtained for these plutonic
rocks and also includes three new determinations of
Eocene volcanic rocks from the Pioneer Mountains area.
The Eocene dates are addenda to the data already pub-
lished (Marvin and others, 1982) on the Tertiary volcanic
rocks. Sample locations are shown on figure 1.

Some of the dated plutons are large and were emplaced
at not more than 3-5 km below the land surface (Snee,
1982). The magma, under such circumstances, does not
cool rapidly as contrasted with the cooling rate of magma
in a lava flow. Therefore, the apparent K-Ar date given by a
hornblende or biotite concentrate from a slowly cooled
pluton reflects the time at which the mineral passed
through its ‘‘closure’’ temperature. Below this tempera-
ture, the crystal quantitatively retains the radiogenic
argon—diffusion of argon out of the crystal ceases. For
hornblende, this temperature is about 500°C (Dodson,
1973; Harrison, 1981; Snee, 1982). For biotite, the tem-
perature is about 280°C (Dodson, 1973; Harrison and
McDougall, 1980; Snee, 1982).

The temperature of emplacement for the various plutons
probably ranged from 650° to 850°C, depending on the
magma composition. Therefore, approximately 150°-
350°C cooling occurred before the hornblende closure
temperature was attained. This cooling spanned a signifi-
cant interval of time. Snee (1982) estimated, based on
40Ar/39Ar spectral studies, that the plutons in the southern
Pioneer Mountains were emplaced about 1-2 million years
earlier than indicated by the K-Ar hornblende dates; for
biotite dates, the emplacement age of a pluton probably
would be more than 2 million years earlier. A similar time
lag would be true for the northern Pioneer batholith. The
geochronologic story for some plutons is further com-
plicated by later plutons whose thermal aureoles could
raise the temperature of a mineral, say biotite, above its
closure temperature and cause loss of radiogenic argon and
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a lower apparent age.

This investigation dated 13 plutons; K-Ar dates for 18
samples indicate that magmatic activity spanned some
16 m.y.—from 80 m.y. for a quartz diorite pluton to
64 m.y. for a granite pluton. (The 95.9 and 98.8 m.y.
hornblende dates for sample 20 are spurious, as excess
argon is likely in these hornblendes). However, the small
number of dates determined during this geologic investiga-
tion of the northern Pioneer batholith is insufficient to
determine probable cooling rates and uplift or erosion rates,
as was done by Snee (1982) with nearly 130 “°Ar/2°Ar
mineral dates and greater areal coverage. In general, our
dates are in agreement with Snee’s interpretation as to
time of emplacement.

Field relations indicate that the porphyritic granodiorite
(sample 9) is intruded by a granite pluton (sample 10). The
K-Ar biotite dates for samples 9 and 10 are the same,
within the analytical uncertainties, and therefore cannot be
distinguished in time. Likewise, granite of sample 12 in-
trudes the granodiorite of sample 3 according to cross-
cutting field relationships, but the K-Ar biotite dates are
analytically indistinguishable.

Snee (1982) stated that the hornblende separates that
he analyzed by the *°Ar/3%Ar age spectrum method always
gave an older date than the coexisting biotite. The dates
given by our biotite-hornblende pairs are much more
variable. For sample 1, the hornblende date is significantly
older than the biotite date. But for the six other biotite-
hornblende pairs—exluding sample 20—the dates are in-
distinguishable within the limits of analytical uncertainty
Thus, the undertainties involved in the potassium an&
argon analyses for the K-Ar age method have led to those
anomalies.

Despite the uncertainties regarding t i
significance of the K-Ar dates, it ig cleargtha?et}hegs:::gagnlc
were emplaced in Late Cretaceous through earliest Paleos
cene, an interval of some 10-15 million years. The Pione '
batholith is roughly contemporaneous with the Boulder
batholith (Tilling and others, 1968), the Tobacco R o
batholith (Giletti, 1966), and the Philipsburg batho?‘?t:
(Hyndm?n and others, 1972). These are all shallow- '
composite intrusions.

The ages given by two samples of Eocene rh i
V1 and V2, are included in this article. Thesey:::mi;lt:s:
came fro_m two outcrops of the same volcanic unit near the
community of Divide in the northeast corner of the area of
the Vipond Park quadrangle; sample locality for V1 is also
mar}<ed on figure 1 of Marvin and others (1 982). Sample
V3 is a 6-meter-wide dike of Eocene quartz basalt that hag
a wide (about 3 m) contact metamorphic aureole sug-
gesting passage of considerable magma through the éike gt
the exposed level, and therefore was probably a feeder t
Eocene lava flows found elsewhere in the area. °

level

ANALYTICAL PROCEDURES

Mineral concentrates were obtain
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liquids, a magnetic




12

11397°30" V] 112045
45045’ = 5
B 1 v
Q
&S
e
45°52°30"N \LK
o B
20
\F asosony LINSET 1
% 113°00°'W 112°57°30"°'W
@17
V3
°
A\L C 8 C
4
45%22°30°N INSET 2
11205730 W

45030’

0 4 8 12 KILOMETERS
L 1 1 1
46°
' ® Butte
Quadrangle name INSET 1 —4T3__WR
VP - Vipond Park SM——| yp
SM - Stine Mountain MM C

MM = Maurice Mountain
WR - Wise River
TA -Twin Adams

45°

2 HTA
2 %- )2
?Zg, {"ZLINSET 2 ® Dillon

o7

114°

113°

1120

FIGURE 1. Map showing sample localities. Numbers are the samples referred to in the text; relation
of the two insets (same map scale) to the main map is shown in the index map, which is the Dillon 1 x
2° quadrangle map. Letter designations of major rock types: A, quartz diorite; B, tonalite; C,
granodiorite; D, hornblende-muscovite granite; V, Tertiary volcanic rocks. Geology of the Vipond
Park—Stine Mountain—Maurice Mountain area based on unpublished data of Zen. Geology of inset 1
based on Fraser and Waldrop (1972). Geology of inset 2 generalized from Snee (1978).
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separator, and a vibration table, with final purification by
hand picking. Sample purity was checked by x-ray diffrac-
tion and visual inspection and is estimated at 99.5% or
better.

The techniques used have been described by Dalrymple
and Lanphere (1969); K-Ar dates were calculated using the
following decay constants and isotopic abundance: \s =
4.962 x 107'%yr, \¢ = 0.581 x 107'%yr, and *°K/K =
0.01167 atomic percent (Steiger and Jager, 1977).
Analytical uncertainty for the K-Ar dates is quoted at 26
and is obtained from standard deviations (Cox and
Dalrymple, 1967).
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SAMPLE DESCRIPTIONS

1. USGS(D)-M313-1 K-Ar
(Sample DR; Zen and others, 1975)
Quartz diorite (45°35’36''N, 112°57'10"'W;
prominent ledge at 9540-ft elevation on NW side of
Keokirk Mountain; Vipond Park 15’ quad.,
Beaverhead Co., MT). Comments: A medium- to fine-
grained, dark bluish-gray, biotite-hornblende quartz
diorite—52.6% SiO. (volatile-free basis). Igneous
foliation is very weakly developed. Hornblende laths
are as much as 5 mm long; biotite grains have two
size modes: 1 mm grains uniformly distributed
through the rock and 2-3 mm bronze-colored
clusters. Plagioclase is equant, 1-2 mm across;
sphene is rare. Published ages have been recalculated
in accordance with revised isotopic ratios and decay
constants (Steiger and Jager, 1977).
(biotite) 72.6 + 2.5 m.y.
(hornblende) 79.8 + 2.2 m.y.
(hornblende) 80.3 + 2.3 m.y.

2. USGS(D)-M547-1 K-Ar
Tonalite (45°35°38''N, 112°54'00°°'W; large loose
block at 8200-ft elevation in felsenmeer at base of
cliffs south of Trapper Creek; Vipond Park 15'-quad.,
Beaverhead Co., MT). Analytical data: (biotite) K20 =
9.30, 9.33%; °"*°Ar = 10.18 x 107'° mol/gm;
*40Ar/T4°Ar = 88%; (hornblende) K0 = 0.91,
0.91%; **°Ar = 0.9618 x 10-° mol/gm; **°Ar/L*°Ar
= 82%. Comments: A medium- to coarse-grained,
dark-gray, homogeneous-textured, biotite-hornblende
tonalite—62.2% SiO, (volatile-free basis). Horn-
blende occurs as 2-mm euhedral grains; biotite is less
abundant. Plagioclase grains are 1-3 mm across.
Sphene and quartz are sparse. Alignment of mafic
minerals causes a faint primary foliation. The felsen-
meer is monolithic tonalite and corresponds to the
rock of the cliffs. About 700 m SW of the felsenmeer,
outcrops on the cliff face show the tonalite in in-
trusive contact with an earlier quartz diorite body (see
sample 1).

(biotite) 74.3 + 2.7 m.y.
(hornblende) 71.9 + 4.3 m.y.
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3. USGS(D)-IvP K-Ar
(Zen and others, 1975)
Granodiorite (easternmost of several blasted outcrops
along mine road; NE1/4 S4,T4S,R10W; 45°31'15''N,
112°50°20"'W; Vipond Park 15’ quad., Beaverhead
Co., MT). Comments: A medium-grained, uniformly
textured, light gray granodiorite—66.3% SiO,
(volatile-free basis). Conspicuous hornblende and
biotite grains are in about equal proportions (1-3
mm); honey-brown euhedral sphene is prominent;
plagioclase (3-5 mm) is white. In contrast to samples
5, 6, and 7, all from the same pluton, K-feldspar
megacrysts are rare. This rock was tentatively
classified as a tonalite by Zen and others (1975) on
the basis of a much smaller set of modal data than
now exists. Published ages have been recalculated in
accordance with revised isotopic ratios and decay
constants (Steiger and Jager, 1977).
(biotite) 72.6 + 2.8 m.y.
(hornblende) 69.5 + 2.0 m.y.

4. USGS(D)-FG K-Ar
Granodiorite (C S$15,T55,R10W; 45°24'02''N,
112°49'67°'W; outcrop at 6100-ft elevation on N
side of Birch Creek Rd., just W of Farlin Guich; Twin
Adams 7.5’ quad., Beaverhead Co., MT). Analytical
data: (biotite) KO = 9.16, 9.17%; "*°Ar = 9.491 x
107'° mol/gm; " *°Ar/Z*°Ar = 93%; (hornblende) K.O
= 0.50, 0.50%; "*°Ar = 0.5186 x 10-1° mol/gm;
T4OAr/L°Ar = 58%. Comments: A dark- to light-
gray, medium-grained, uniformly textured granodio-
rite—66.1% SiO. (volatile-free basis). Conspicuous
hornblende and biotite (1-2 mm), feldspar (3-5 mm),
quartz (1-5 mm), as well as euhedral crystals of
honey-yellow sphene. A primary foliation, imparted
by alignment of mafic minerals, is weakly developed
in the rock.

(biotite) 70.5 + 1.7 m.y.
(hornblende) 70.6 + 3.2 m.y.

5. USGSID)-M121-1 K-Ar
Granodiorite (45°31°'14''N, 112°57°27""W; loose
block from blasted outcrop at 9100-ft elevation on
trail to Tendoy Lake; Vipond Park 15’ quad., Beaver-
head Co., MT). Analytical data: (biotite) K,O = 8.76
8.81%; *°Ar = 9.196 x 10°'° mol/gm; " “°Ar/T oA L
= 96%; (hornblende) K.0 = 0.70, 0.71%; *s0a, —
0.7382 x 107'° mol/gm; *4°Ar/Z4°Ar = 65%. Com-
ments: A medium- to coarse-grained, slightly pinkish-
gray, generally uniformly textured granodiorite —
66.6% SiO. (volatile-free basis). Prominent horn-
blende and biotite grains (2-5 mm), readily visible
honey-brown euhedral sphene, and large K-feldspar
megacrysts (10-20 mm) that are anhedral and col-
orless but contain plagioclase, quartz, and mafic
minerals normal for the rock, in slightly smaller than
normal (3—-5 mm) grain size. Megacrysts have promi-
nent cleavage surfaces. This granodiorite comes from
a transition zone between a granite and a granodiorite

of the Pioneer batholith where magmatic mixin
ably occurred. 9 prob-

(biotite) 71.3 + 2.4 m.y.
(hornblende) 71.3 + 4.5 m.y.

6. USGS(D)-M881-1 K-Ar
Granodiorite (45°31'36''N 112°56'06"" >
. w;
block at 8700-ft elevation at base of high clif|foso g
face of 9330-ft knob; Vipond Park 15’ quad., Beav'er~

head Co., MT). Analytical data: K,0 = 8.18,8.25%:
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. USGS(D)-BH9850

*40Ar = 8.687 x 107'° mol/gm; "4°Ar/Z4°Ar = 94%.
Comments: A medium- to coarse-grained, slightly
pinkish-gray, generally uniformly textured granodiorite —
68.0% SiO. (volatile-free basis). Prominent horn-
blende and biotite grains (2-5 mm), readily visible
honey-brown euhedral sphene, and large K-feldspar
megacrysts (10-20 mm long) that are anhedral and
colorless but contain plagioclase, quartz, and mafic
minerals normal for the rock, in slightly smaller than
normal (3-5 mm) grain size. Megacrysts have promi-
nent cleavage surfaces. A primary foliation due to
alignment of mafic minerals is faintly visible. From a
transition zone between a granite and a granodiorite
of the Pioneer batholith where magmatic mixing prob-
ably occurred.

(biotite) 72.0 £ 2.5 m.y.

USGS(D)-M1272-2 K-Ar
Granodiorite (45°32'42''N, 112°58°36°'W; large
loose block at base of the W face of Tahepia Mountain
at 8920-ft elevation; Vipond Park 15’ quad., Beaver-
head Co., MT). Analytical data: (biotite) KO = 9.16,
9.10%:; "*°Ar = 9.683 x 107'° mol/gm; **°Ar/L4°Ar
= 92%; (hornblende) KO0 = 0.88, 0.87%; “*°Ar =
0.8834 x 10-'° mol/gm; **°Ar/Z*°Ar = 79%. Com-
ments: A gray, medium-grained, uniform granodiorite —
69.3% SiO, (volatile-free basis). Conspicuous horn-
blende and biotite, abundant but small (0.5 mm)
sphene, white plagioclase and pale smoky quartz in
the 3-5 mm size range, and white K-feldspar
megacrysts (10-20 mm) that are visible only by the
reflection of light from the cleavage surfaces.
Cleavage surfaces contain the other minerals of the
rock in slightly smaller than normal size range (1-3
mm). Faint igneous foliation caused by alignment of
the mafic minerals. The loose rocks at the base of the
west face of Tahepia Mountain and the rocks of the
west face of the mountain are, as far as can be deter-
mined, petrographically homogeneous.

(biotite) 72.2 = 2.6 m.y.

{hornblende) 68.8 + 4.2 m.y.

USGS(D)-BC K-Ar
(Zen and others, 1975)
Granodiorite (NW1/4 S9,T55,R10W; 45°25'00"'N,
112°51'12''W; roadcut at curve on Willow Creek
Road north of Birch Creek Guard Station and BM6420;
Twin Adams Mountain 7.5’ quad., Beaverhead Co.,
MT). Comments: A fine-grained, light-gray, slightly
porphyritic biotite granodiorite—69.6% SiO,
(volatile-free basis). Plagioclase phenocrysts are as
much as 3 mm in size; groundmass is about 1 mm.
Biotite is much more abundant than hornblende. The
published age has been recalculated in accordance
with revised isotopic ratios and decay constants
(Steiger and Jager, 1977).

(biotite) 70.4 + 2.4 m.y.

K-Ar
(Zen and others, 1975)

Granodiorite (45°35°18"'N, 112°56'55''w; large
loose block at 9850 ft-elevation, immediately E of the
northern ridge of Barbour Hill; Vipond Park 15’ quad
Beaverhead Co., MT). Comments: A medium- to finé:
grained, medium-gray, porphyritic granodiorite .
65.3% SiO. (volatile-free basis). White K-feldspar
phenocrysts (1 cm) rest in a groundmass of Aares

10.

11.

12.

(1-3 mm), feldspars, biotite, subordinate hornblende,
and accessory sphene. A strong primary igneous folia-
tion is caused by alignment of long dimensions of the
minerals. Published ages have been recalculated in ac-
cordance with revised isotopic ratios and decay con-
stants (Steiger and Jager, 1977).

(biotite) 71.5 + 2.5 m.y.

(hornblende) 70.0 + 2.0 m.y.

USGS(D)-BHS K-Ar
(Zen and others, 1975)
Granite (45°35°14''N, 112°56'55"'W; outcrop just
E of summit of Barbour Hill; Vipond Park 15’ quad.,
Beaverhead Co., MT). Comments: A medium- to
coarse-grained, light-gray, uniformly textured
granite—73.4% SiO. (volatile-free basis). White,
subhedral, K-feldspar phenocrysts, as much as 10 cm
in size, are present; rare dark specks in the
phenocrysts are zonally arranged. Groundmass con-
sists of white plagioclase (2-5 mm); biotite (1-2
mm); quartz; and conspicuous, honey-yellow sphene.
A faint primary foliation is caused by alignment of
biotite. This granite and sample 11 are from the same
large igneous body that intrudes an older porphyritic
granodiorite phase exposed on the north slope of Bar-
bour Hill. The published age has been recalculated in
accordance with revised isotopic ratios and decay
constants (Steiger and Jager, 1977).

(biotite) 72.3 = 2.5 m.y.

USGS(D)-M1293-1 K-Ar
Granite (45°34°40’'N, 112°55'40''W; loose block
in large, fresh felsenmeer at 8 780-ft elevation at base
of high cliffs, NW of Granite Mountain; Vipond Park
15’ quad., Beaverhead Co., MT). Analytical data: K,O
= 9.01, 8.95%, "*°Ar = 9.777 x 107'° mol/gm;
*40Ar/Z°Ar = 88%. Comments: A medium- to
coarse-grained, light-pinkish-gray granite—69.0%
Si0. (volatile-free basis). Biotite is the major mafic
mineral, but hornblende is clearly visible in hand
specimen, as is fine-grained, euhedral, honey-yellow
sphene. White, subhedral to euhedral plagioclase, and
anhedral, pale-lilac, smoky quartz constitute the bulk
of the rock, in grains 2—-3 mm across. The remainder
of the rock consists of conspicuous pale-pink,
subhedral, K-feldspar phenocrysts 1 cm across; these
are nearly inclusion free but the inclusions present are
zonally arranged.

(biotite) 74.1 = 2.7 m.y.

USGS(D)-M744-2 K-Ar
Granite (NE1/4 NE1/4 S3,T4S,R10W; 45°31'32"'N,
112°50'09''W; just N of and 100 ft above road at
6800-ft elevation, block from cliff in Rock Creek
Gorge; Vipond Park 15’ quad., Beaverhead Co., MT).
Analytical data: K.0 = 8.90, 9.06%; "*°Ar = 9.400
x 1071° mol/gm; "*°Ar/Z4°Ar = 91%. Comments: A
uniform, coarse-grained, pinkish-gray granite—72.2%
SiO. (volatile-free basis). Large (10 mm across), pink
K-feldspar phenocrysts are subhedral to euhedral in
shape, containing a few zonally grouped inclusions.
The other minerals are subhedral white plagioclase
(1-3 mm), light-gray quartz (1-3 mm), biotite (1 mm),
subsidiary hornblende, and tiny but conspicuous
honey-yellow sphene. This granite cuts the granodio-
rite represented by sample 3.

(biotite) 71.3 £ 2.4 m.y.
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USGS(D)-M1228-1 K-Ar
Granite (45°33'02''N, 112°58'33''W; outcrop at
8980-ft elevation on lower slope of Mount Tahepia, SE
of Tahepia Lake; Vipond Park 15’ quad., Beaverhead
Co., MT). Analytical data: K.O = 8.76, 8.82%; "*°Ar
= 9.258 x 107'° mol/gm; **°Ar/Z*°Ar = 93%. Com-
ments: A medium-grained, light-gray granite—69.2%
SiO: (volatile-free basis). The mixture of approximately
equigranular white plagioclase, salmon-pink K-feldspar,
pale-smoky quartz, and dark biotite and hornblende
gives the rock a motley appearance. Grain size of the
quartz and feldspar is about 2 mm and is 1 mm for the
mafic minerals. Igneous foliation is faint to absent.
(biotite) 71.7 + 2.6 m.y.

USGS(D)-M1162-1 K-Ar
Granite (45°42'57''N, 113°01'31''W; roadcut
300 m N of Bridge 6086 over Wise River; Stine Moun-
tain 7.5’ quad., Beaverhead Co., MT). Analytical data:
K20 = 9.20, 9.20%; "4°Ar = 9.770 x 10~'° mol/gm;
"49Ar/LZ4°Ar = 88%. Comments: A light-tannish-gray,
medium- to fine-grained (1-2 mm), uniformly textured
2-mica granite—70.9% SiO. (volatile-free basis).
Biotite is conspicuous but muscovite is visible mainly in
thin section as ragged plates; only a few are euhedral
intergrowths with biotite, suggesting a magmatic
origin. No primary igneous foliation is present. The
granite’s contact-metamorphic zone is about 100 m
wide in the Proterozoic Y sedimentary rocks, just west
of Bridge 6086.

{biotite) 72.3 + 2.6 m.y.

USGS(D)-M516-1 K-Ar
Granite (45°39'52'N, 113°00'00"'W; large outcrop
N of open valley at 9050-ft elevation, NW of Bob’s
Lake; Vipond Park 15’ quad., Beaverhead Co., MT).
Analytical data: K;0 = 9.11, 9.15%; **°Ar = 8.946
x 107'° mol/gm; *4°Ar/Z4°Ar = 78%. Comments: A
medium- to coarse-grained, unevenly textured, V?"Y
pale pinkish-gray, leucocratic granite—71.7% SiO:
(volatile-free basis). Large (10 mm or less), euhedral,
equant quartz phenocrysts are conspicuous and dis-
tinctive. The matrix (1 mm or less in size) of'the rock
consists of felted feldspars, minor biotite, af\d
euhedral, honey-brown sphene. No primary foliation
present.

(biotite) 66.8 + 2.4 m.y.

USGS(D)-M500- 1 K-Ar
Granite (45°39'00’'N, 112°59'42"'W; loose block
on cirque floor at 8680-ft elevation, just S of smalll
pond N of Black Lion Mountain; Vipond Park 15
quad., Beaverhead Co., MT). Analytical data: K0 =
9.52, 9.56%:; *4°Ar = 9.038 x 107'° mol/gm;
*4OAr/T4Ar = 91%. Comments: A mottled-gray,
medium- to coarse-grained, homogeneous, 2-mica
granite—73.4% SiO. (volatile-free basis).. The rock
contains conspicuous biotite (1-2 mm in size); mych
rarer, uniformly distributed muscovite; white,
euhedral plagioclase (1-3 mm); white, strongly perth-
itic K-feldspar (< 10 mm); and subhedral to euhedral,
smoky quartz (3—-5 mm). Cirque from which the sam-
ple was collected is located within the granite only.

Sample 17 is from the same granite pluton.
(biotite) 64.6 + 2.1 m.y.

USGS(D)-M32-1-4 K-Ar
Granite (45°38°41''N, 112°58'38''W; loose block
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in felsenmeer at 9460-ft elevation, ENE of the
9578-ft peak; Vipond Park 15’ quad., Beaverhead
Co., MT). Analytical data: K.O = 8.28, 8.27%; "4°Ar
= 7.877 x 107 mol/gm; “%°Ar/Z*°Ar = 88%. Com-
ments: A light tan-gray, medium-grained, homog-
eneous, 2-mica granite—75.5% SiO. (volatile-free
basis). The rock contains biotite, rare muscovite,
plagioclase, smoky quartz, and large (1-3 cm)
euhedral white K-feldspar phenocrysts scattered
throughout. Sample 16 is from the same granite
pluton.

(biotite) 64.9 + 2.2 m.y.

USGS(D)-M741-2 K-Ar
Felsite (SE1/4 SE1/4 S33,T3S,R10W; 45°31°46’'N,
112°50°13''W; outcrop at 7900-ft elevation in
series of cliffs formed by the Pennsylvanian Quadrant
Quartzite; Vipond Park quad., Beaverhead Co., MT).
Analytical data: K;0 = 5.03, 4.98%; "4°Ar = 4.724
x 107'° mol/gm; **°Ar/Z*°Ar = 87%. Comments: A
light-greenish-gray, fine-grained, resistant felsic dike
containing rare 1-mm phenocrysts of white plagio-
clase (partly saussurite) and 1-mm rusty weathering
spots caused by biotite altering to chlorite. White
muscovite is sparse.

{whole-rock) 64.4 + 2.2 m.y.

USGS(D)-M984-2 K-Ar
Tonalite (NW1/4 S20,T1S,R10W; 45°44'34''N,
112°52'18"'W; conspicuous outcrop at 6700-ft
elevation on W side of gully NW of ridge NW of Lime
Kiln gulch; Vipond Park 15’ quad., Beaverhead Co.,
MT). Analytical data: K.O = 8.37, 8.48%; “40Ar =
9.548 x 107'° mol/gm; "*°Ar/Z*°Ar = 88%. Com-
ments: A very dark, medium-grained (2 mm), uniform-
ly textured, biotite-hornblende tonalite—57.4% SiQ,
(volatile-free basis). Hornblende is more abundant
than biotite; sphene is sparse. Igneous foliation is
weak to absent.

(biotite) 77.1 + 2.8 m.y.

USGS(D)-Dodgson Creek K-Ar, fission-track
Tonalite (SE1/4 S5,TIN,R11W; 45°52'07''N
112°59'30''W; outcrop at 7100-ft elevation or;
ridge between Dodgson Creek and a tributary to the
east; Wise River 7.5° quad., Silver Bow Co., MT).
Analytical data: K-Ar: (biotite) K.O = 9.28, 9.349 ;
*4%Ar = 10.46 x 107'° mol/gm; "*°Ar/Z*°Ar = 94%,;
(hornblende) K-O = 0.653% by isotope dilution;
“40Ar = 0.9258 x 107'°, 0.9547 x 10-'° mol/gm;
“40Ar/L4°Ar = 94%, 84%. Fission-track: (5 sphenes;
Ps = 1.16 x 107 tracks/cm? (2246 tracks counted);
Pi = 1.838 x 107 tracks/cm? (1787 tracks counted):
¢ = 1.93x 10" nfem?; U = 310 ppm; (5 zircons) Pa
= 3.11 x 108 tracks/cm? (504 tracks counted); Pi =
3.23 x 10° tracks/cm? (262 tracks counted): ¢ =
1.08 x 10'® n/cm?; U = 100 ppm; decay constant
for spontaneous fission of 238y = 7,03 x 1077/yr
Comments: A medium- to fine-grained (1 mm).
uniformly textured, dark-bluish-gray tonalite— 55 6.
SiO. (volatile-free basis). Equant and euhedral h.orn-
blende and biotite show against a background of
plagioclase and quartz; no primary foliation is visible
Sample location is near intrusive contact. The dates.
given by hornblende separates are spurious; mag-
matic argon was probably incorporated in the horn-
b!ende crystals as they formed. The fission-track date
given by the sphene is slightly younger than expected;
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V1.

V2.

V3.

Cox, Allan, and Dall
geomagnetic re
argon dating: Jo
2614. 9

the zircon date is much too young. These date's sug-
gest that a younger thermal event occurr.ed in this
area, but as yet, no field evidence substantiates such

an event.
K-Ar(biotite) 76.4 + 2.6 m.y.

K-Ar(hornblende) 95.9 + 2.8 m.y.
K-Ar(hornblende) 98.8 + 2.8 m.y.
fission-track (sphene) 72.4 + 4.4 m.y.
fission-track (zircon) 61.8 + 9.1 m.y.

USGS(D)-M913-1 K-Ar
Rhyodacite (E1/2 S14,T1S,R10W; 45°45°02'N,
112°46'46''W; Dewey 7.5’ quad., Beaverhead Co.,
MT). Analytical data: K,0 = 3.11, 3.12%; "*°Ar =
2.176 x 107'° mol/gm; **°Ar/E*°Ar = 82%. Com-
ments: The rhyodacite flow is characterized by pheno-
crysts of plagioclase and quenched augite in a ground-
mass of microlites and glass (33%), a few opaque
minerals, and a trachytic texture. The flow is part of a
series of flows that probably covered a considerable
part of the Pioneer Mountains region. The geochronol-
ogy and some of the petrology of these flows ha\{e
been described by Zen and others (1979) and Marvin
and others (1982).

{whole-rock) 47.8 £ 1.7 m.y.

USGS(D)-M914-2 vl
Rhyodacite (SE1/4 SE1/4 S18,T1S,ROW;
45°44'48"N, 112°46'09"'W; SE flank of small
sharp butte of columnar jointed material, about
20 m below the top; Vipond Park 15' quad.,
Beaverhead Co., MY). Analytical data: K:0 = 3.17,
3.17%; *sopr — 2.202 x 1071° mol/gm; °*°Ar/Z*°Ar
= 90%. Comments: Collection site is located about
0.6 km SE of sample VV1; samples V1 and V2 are from
the same rhyodacite flow, characterized by pheno-
crysts of plagioclase and quenched augite in a ground-
mass of microlites and glass (33%), a few opaque
mlqerals, and a trachytic texture. The flow is part of a
series of flows that probably covered a considerable
part of the Pioneer Mountains region. The geochronol-
99y and some of the petrology of these flows have
been described by Zen and others (1979) and Marvin
and others (1982),

(whole-rock) 47.6 = 1.7 m.y.

USGS(D)-M41-3-1 K-Ar
Basalt (45°37'40""N, 112°50'18"W; Vipond Park
15’ quad., Beaverhead Co., MT). Analytical data: K20
022, 1.21%; *s0ar ='0,8652 x 1071 mol/gm;
" Ar/Z*°Ar = 68%. Comments: From a plug that is
the apparent feeder to one or more Eocene lava flows
In the area. The geochronology and some of the
petrology of these flows have been described by Zen
and others (1979) and Marvin and others (1982).
(whole-rock) 48.8 + 1.8 m.y.

REFERENCES

r'ymple, G. B. (1967) Statistical analysis of
versal data and the precision of potassium-
urnal of Geophysical Research, v. 72, p. 2603-

o T e

Dalrymple, G. B. (1976) K-Ar age of the San Mateos Gabbro and
related gabbroic rocks of the Sguthe"‘ all ith:
Isochron/West, no. 15, p. 35-36- —

Dalrymple, G. B., and Lanphere, M. A. (1 gfdgz:zmazzs;“:)“ argon
dating: San Francisco, W. H. Freeman 2@ in co;)lling Qeéchron-

Dodson, M. H. (1973) Closure ter\'ipe"awﬂ?bI tions to Mineralogy
ological and petrological systerr;s7:400ntn u
and Petrology, v. 40, p. 259- - .

Fraser, G. D., ﬂf,d"Wa,d,f,’p, H. A. (1972) Geologic map of the

Wise River quadrangle, Silver Bow and Be.averhead Counties,
Montana: U?S.dGaeoglogical Survey Geologic Quadrangle Map
GQ-988.

Giletti, B. J. (1966) Isotopic age
Journal of ical Resear F i L

Hammarstmm,Gj_o&ﬁy(?gaSIZ) Chemical and mineralogical vanat.lor}
in the Pioneer batholith, southwgst1f\7/lgn;anai U.S. Geologica
Survey Open-file Report 82-148, . ) .

Harrison,yT. l?/l (1981 )%iffugion of “°Ar in hornblende: C:mtrlbu-
tions to Mineralogy and Petrology. V- 78. P- 324-331. )

Harrison, T. M. and McDougall, I. (1980) Investigations of an
intrusive contact, northwest Nelson, New Zealan.d,‘l—thermal,
chronological, and isotopic constraints: Geochimica et Cos-
mochimica Acta, v. 44, p. 1985-2003. )

Hyndman, D. W., Obradovich, J. D., and Ehinger, R.“(1972)
Potassium-argon age determinations .of the Ph:lupsbg;g
batholith: Geological Society of America Bulletin, v. :

.473-474, .

Ma::/in, R. F., Zen, E-an, and Mehnert, H. H (1982) Tertiary
volcanics along the eastern flank of the Pioneer Mountains,
southwestern Montana: Isochron/West, no. 33, p. 11-1 3

Snee, L. W. (1978) Petrography, K-Ar ages, and flelfi relations
of the igneous rocks of part of the Pioneer Ba.thohth., south-
western Montana: unpublished Master’s thesis, Ohio State
University, Columbus, Ohio, 110 p. ) )

(1 982) Emplacement and cooling of the Pioneer Batho!lth.
southwestern Montana: Ph.D. dissertation, Ohio State Univer-
sity, Columbus, Ohio, 320 p.

Snee, L. W., Zen, E-an, Sutter, J. F., Berger, B. R., and Hubert,
A. E. (1981) New data on the plutonic roc!<s of the west
Pioneer Mountains, Montana, as compared yvnth those of t.he
east Pioneer Mountains: Geological Society of America
Abstracts with Programs, v. 13, no. 4, p. 226.

Steiger, R. H., and Jager, E. (1977) Subcommission on geochron-
ology —convention on the use of decay consta.nts in geo- and
cosmochronology: Earth and Planetary Sciences Letters,
v. 36, p. 359-362.

Tilling, R. I. (1973) Boulder batholith, Montana—a product' of.
two contemporaneous but chemically distinct magma series:
Geological Society of America Bulletin, v. 84, p. 387-398.

Tilling, R. 1., Klepper, M. R., and Obradovich, J. D. (1968) K-Ar
ages and time span of emplacement of the Boulder batholith,
Montana: American Journal of Science, v. 266, p. 671-689.

Zen, E-an, Arth, J. G., and Marvin, R. F. (1980) Petrology. age,
and some isotope geochemistry of the Cretaceous and Paleo:
cene intrusive rocks, Pioneer batholith, southV\{est Montana:
Geological Society of America Abstracts with Programs,
v. 12, no. 6, p. 309.

Zen, E-an, Hammarstrom, J. M., Marvin, R. F., /
(1979) Tertiary volcanic rocks, Pioneer Moun.tams,bstr
western Montana: Geological Society of America A
with Programs, v. 11, p. 307. -

Zen, E-an, Marvin, R. F., and Mehnert, H. H. (1975) PLe;l;\r;:":r:Y
petrographic, chemical, and age data on someé m}\;ountains,
associated contact metamorphic rocks, Pioneer orica Bulle-
southwestern Montana: Geological Society of Am
tin, v. 86, p. 367-370.

s from southwestern Montana:
ch, v. 71, p. 4029-4036.

nd Arth, J. G.
2 south-
acts

[ISOCHRON/WEST, no. 38, December 1983]




