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ABSTRACT

The Elliston mining district comprises an area of about 85 square
miles in the forest-covered mountainous region about 20 miles south-
west of Helena, Montana. Sedimentary rocks, Mississipplan to Lower
Cretaceous, crop out in a small area in the northwest part of the
district.

Upper Cretaceous volcanic rocks occur throughout the northwest-
ern two-thirds of the district where they rest unconformably on sed-
imentary rocks. The volcanic section 1s about 5,000 feet thick, and
comprises basic andesitic breccias at the base, andesitic and latitic
pyroclastics, including welded tuffs, above, and basalt flows at the
top. Volcanic derived sediments are minor in amount.

The Boulder batholith intruded the volecanic rocks probably in
very early Tertiary and is represented by granodiorite followed by
main stage quartz monzonite with related aplite-alaskite. Three
main textural facies, coarse, medium and fine, and three stages of
quartsz monzonite crystallization are recognized.

1. The early magmatic stage is defined by crystallization of

andesine, olivine (rare), pyroxene, hornblende and biotite.

d 2., The late magmatic or deuteric stage is defined as potash
feldspar-stable stage. The essential mineralogy includes
crystallization of potash feldspars and quartz, and alteration
of plagioclase.

a, Potash feldspars crystallized (1) in xenomorphic grains in
the groundmass, (2) porphyroblastic growths and (3) by

replacement of plagioclase, first by anorthoclase-



xviii

like minerals and then by orthoclase. Potash feldspars
are somewhat perthitic in normal quartz monzonite, and
strongly perthitic in alaskite. Orthoclase microperthite
possibly formed by reorganization of albite accompanying
replacement of andesine by potash feldspars at a relative-
ly low temperature.
b. Quartz occurs in xenomorphic grains in the groundmass
and in granophyric intergrowths with potash and rarely
plagioclase feldspars.
c. Early formed plagioclase is altered to clinozoisite,
albite and flecks of sericite.
Aplite and alaskite formed during the deuteric stage,
the former in replacement and dilation dikes and in segre-
gation pods, the latter by metasomatic replacement of quartz
monzonite at the roof of the batholith. Tourmaline and
lesser amounts of pyrite commonly occur in aplite-alaskite.
Deuteric stage segregations, structurally controlled
segregation pods, and joint coatings of tourmaline * pyrite
are surrounded by a leucocratic potash feldspar-rich selvage
gone from which most of the calcium, iron and sulfur for the
tourmaline and pyrite were derived.
The hydrothermal stage is defined by feldspar destruction to
sericite, with or without structural control. A complete
sequence of vein-like structures has been recognized from the

deuteric to the early hydrothermal stage. Likewise, a
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complete sequence of crystallization, without obvious struc-
tural control, has been recognized from the early magmatic
to the early hydrothermal stage.

Sericite alteration occurs along all veins during the
hydrothermal stage, but is more intense along veins formed
at the early hydrothermal stage prior to the introduction of
base metals. Base and precious metal mineralization formed
in the late hydrothermal stage and may be, at least in part,
locally derived.

Intrusive quartz monzonite changed volcanic rocks close to the
contact to incipient hornfelses above normal quartz monzonite, and to
microaplite above quartz monzonite whichexhibits strong endomorphic
features, especially above alaskite.

The structural events in the district are: (1) very mild warping
and erosion prior to the early volcanics, (2) westerly tilting of
sedimentary and volcanic rocks, 5% to 30°, prior to and/or accompanying
intrusion of the batholith, (3) intrusion of the Boulder batholith
which has gentle west dips on the roof, and at two localities
apparently lenses out into sill-like bodies at the margin of the
batholith, followed by (L) faulting, jointing, and vein formation,
alltectonically related.

Veins in quartz monzonite (strike N. 650 E. + dip steeply S.)
formed by many stages of fracturing. Early replacement lodes were
followed by successive fissure fillings. The common vein minerals

are: (in order), tourmaline, quartz, pyrite, auriferous arsenopyrite,



sphalerite, argentiferous galena, argentiferous tetrahedrite, chalco-
pyrite and ankeritic carbonates.

Fissure veins in volcanic rocks are generally narrow and include:
(1) steep N. 65° E, veins, (2) steep veins parallel to NE faults, and
(3) "flat" veins. The mineralogy is the same as above except for
tourmaline,

The mineralogical and petrographic features, as well as chemical
variation diagrams, suggest consanguinity of the batholithic and
Upper Cretaceous volcanic rocks. The volcanic pile is considered to
represent the first magmatic episode which was followed by the
intrusion of quartz monzonitic magma in an essentially concordant
body of batholithic dimensions. The formation of aplite-alaskite and
the mineralized veins are late magmatic (deuteric) and latest magmatic
(hydrothermal) stages in the crystallization of the batholith.

Batholithic rocks were exposed by erosion in early Tertiary time.
An upland surface was developed which is now at @out 7,200 feet.
Rhyolite welded tuffs were extruded onto the partly disected surface.
The age of the rhyolite is not known, but a late Tertiary age 1is
possible. Two stages of glaciation, one possibly pre-Wisconsin and

another probably early Wisconsin are recognized.



GEOLOGY AND MINERAL DEPOSITS
OF THE ELLISTON MINING DISTRICT
POWELL COUNTY, MONTANA
INTRODUCTION
Purpose and Scope

The original objective of this investigation was to map the Elliston
district, in reconnaissance, to determine the relationship between
geologic structure and metalization for the purpose of aiding prospecting.
As the study progressed, the scope was enlarged to include a more detailed
geologic map and to investigate the genetic relations of the mineral
deposits of the district to rocks of the Boulder batholith, as part of
an investigation of this general problem by the U. S. Geological Survey.
Permission to use the area for a thesis was granted by Dr. J. R. Van Pelt,
President of Montana School of Mines.

The report covers the areal geology and the mineral deposits of the
district. Particular stress is placed on the petrology and petrography
of the intrusive rocks and on late magmatic phenomena leading to vein
formation.

About three months of field work were spread over the 1950 - 1952
field seasons. Plane table maps and property examinations were made at
this stage. Because the early work was done without the benefit of
adequate base maps, more detailed mapping was desirable when air photos
were obtained in 1953 and advance topography for the southern half of
the district became available for the 1954 field season. Parts of the

195, and 1955 seasons were devoted to additional mapping.



History and Production

The region was first opened to settlement by the construction of
the Mullan Road between Fort Benton, on the Missouri River, and Walla
Walla, Washington, by Capt. John Mullan from 1855 to 1862. The road
crossed the Continental Divide northeast of Elliston and followed
Little Blackfoot Creek across the northern part of the district.

The discovery of gold in Last Chance Gulch at the site of the city
of Helena, in 186, brought prospectors into the area. The first dis-
covery of gold in the Elliston district was probably made before 1870,
From 1890 to 1909, the district had its greatest period of activity,
(Pardee and Schrader 1933, p. 262) at which time a number of small gold
and silver mines were in production. There has been periodic activity
in the district ever since, but no important mines have been developed.
The total production to date is estimated at somewhat more than
$3,100,000.

From 1909 to 195k, ;bout 7,600 ounces of gold, 149,000 ounces of
‘silver, 98,000 pounds of copper, 1,560,000 pounds of lead, and 197,000
pounds of zinc have been marketed from the district. Some placer gold
was produced in the very early days, and ever since there have been
sporadic attempts to operate small placers.

Although there has been virtually no mineral output during the
past few years, there have been three organized efforts to bring
properties into production for the recovery of base and precious metals.,
Two verified occurrances of uranium minerals in the district have been

a mild stimulus to exploration during the past field season.



Previous Work

The first serious geological investigation was made by Knopf

(1913 who described the general geology of the Helena Mining region
and made observations on some mining properties in the district.
Billingsley and Grimes (1918) investigated some of the mineral deposits
in the district in their discussion of the ore deposits of the Boulder
batholith, Pardee and Schrader (1933) outlined the general geologic
setting of the district and described some of the properties then act-
jve in their bulletin on the greater Helena mining district. Only in-

cidental reference to the district has been made by other investigators.
Acknowledgements

In its early stages, the project was conducted under the supervis-
ion of Montana Bureau of Mines and Geology. The counsel of the late
Dr. F. A. Thomson, Dr. Eugene S. Perry, and Professor Walter S. March, Jr.
are acknowledged. Messers Higby Williams, Richard Marvin and Frank
Coupal ably assisted in the 1949, 1950, and 1951 field seasons,
respectively.

I am grateful for the time which the following have devoted to
this thesis: to Professor G. E. Goodspeed under whose supervision the
thesis was compiled. To Professor Goodspeed and Dr. J. Hoover Mackin
for the time they spent in the field, and to these and Dr. Howard A,
Coombs and Dr. Julian D, Barksdale for their suggestions relative to
those parts of the manuscript which they read.

I am indebted to Dr. Montis R. Klepper and many of the geologists

of the U, S. Geological Survey party who are mapping in the northern



part of the Boulder batholith, for many stimulating discussions of

the geology of the region. From these discussions, two joint papers
were compiled and prepared on late magmatic and vein formation phenomena
with Dr. Klepper and Mr. Darrell Pinkney (1956). Mr. Edward Ruppel

has made a copy of his map in the adjoining area east and south
available to me. Dr. Randolph W. Chapran, formerly with the Survey,
provided a chemical analysis from his unpublished manuscript. The
attempt has been made to Eredit the sources of all ideas and specific
information obtained from these sources.

The cooperation and good will of mine owners, operators, and
interested persons in the Elliston district are much appreciated.
Special thanks are due Messers David and Leo Newman and the late
Charles Anderson. Commissioner Frank E. Dougherty, Dr. Fee, the Hopkins
brothers, the Best brothers, the Ward brothers, Messers Lester Thomson,
Elimer Lince, Henry Neumiller, "Casey" Jones, W. L. Henderson and

others provided useful information.



i,

o
Anacenda

X

Garrison

i & CLARK Helena Egast
A : -—. -elena

POWE L

ZoseII.(Emerg)

i5tric

] Deerlodge

Ci@);

 CSE L R. 2.

S
et

SCALE

One Inch = 10 Miles

whitehall

) o Lrrerle
e S R
oM stP& 72 R a

Index Map showing location of the Elliston district

Figure 1.
: with respect to the Boulder batholith in southwestern

Montena. (Boulder batholith in red)



GEOGRAPHY
Location and Definition of District

The Elliston district comprises an area of about 85 square miles
in the southeastern corner of Powell County, Montana, as shown in the
index map in Figure 1, The center of the district is at about latitude
L6° 30' north, and longitude 112° 20' west, about 20 miles west south-
west of Helena.

The district includes that part of a broad mineralized area
located south of Elliston and west and north of the Continental Divide.
East of the Divide, in Lewis and Clark County, lies the Rimini district,
and south of the Divide in Jefferson County, is located the Basin
district. Thus the Elliston distfict is defined by geographic rather

than geologic boundaries.
Accessibility

Elliston is located on U. S, Highway 10 N, 31 miles by paved high-
way west of Helena as shown on the index map in Figure 1. Likewise,
the main transcontinental freight line of the Northern Pacific Railroad
passes through Elliston.

The district is well situated for easy access to two smelters.

The Kast Helena smelter of the American Smelting and R_ fining Company
is about 35 miles east of Elliston, and the Anaconda smelter of The
Anaconda Company is located about 80 miles southwest of Elliston.

Within the district, graded roads are maintained by the U. S.

Forest Service up the Little Blackfoot and Telegraph Creeks. Numerous

mine roads and Jeep trails provide access to all active and recently



of northeasterly or northwesterly trending valleys which have moderately
straight courses.
The highest point is on Bison Mountain at 8028 feet, and the
bench mark at Elliston at 5046 feet is near the lowest point. Bison,
Nigger and Treasure Mountains have a local relief of about 1800 feet.
Although the valley sides are steep, particularly along the Little
Blackfoot Creek, the summit and divide areas are marked by gentle slopes.
Above 7200 feet (plus or minus 200 feet), the topography is a gently
rolling upland, particularly noticable in the southeastern part of the

district and along parts of the Continental Divide.
GENERAL GEOLOGIC SETTING OF THE BOULDER BATHOLITH

The Elliston district lies astride the northwestern border of the
Boulder batholith (Figure 1). The batholithic rocks crop out in the
eastern and southern parts of the district, and the pre-batholithic
volcanics in the western and northern parts. Within the district, most
of the main geologic episodes relative to the history of the Boulder
batholith are recognized. The distribution of the principal rock types
is shown on the geologic map.

In the region of the batholith, sedimentary rocks were deposited
without evidence of strong structural deformation from late pre-Cambrian
time throughout the Paleozoic and much of the Mesozoic. During the
early Upper Cretaceous, the sedimentary rocks were strongly warped.
Upper Cretaceous volcanic rocks were spread over an erosion surface

which truncates the sedimentary beds from Mesozoic (Colorado group)



Figure 2.

General view of Nigger Mountain taken from the air
and looking northwest. Note timbered slopes and
open parks. Dump at Big Dick shaft)shows as white
patch near top of mountain. Dump at the drainage
level is the white pateh near center of photo.

The valley of Little Blackfoot Creek is behind
Nigger Mountain in the left background. Note steep
glaciated slopes visible over the top of the
mountain.
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to upper Paleozoic (Madison limestone). The thickness of the volcanic
pile is about 5000 feet.

Subsequent to the outpouring of the volcanics the region was
subjected to strong folding, followed by thrust faulting, followed by
the emplacement of the Boulder batholith. The batholith was not in-
truded as a single body of magma at a given time, but was formed by a
succession of intrusive episodes. Rocks of gabbroic and basic grano-
dioritic composition are represented in the early stages, followed by
the main body of quartz monzonite with related aplite and alaskite.
Over an area of approximately 1500 square miles the batholith was in-
truded into a position relatively close to the earth's surface, in many
areas probably less than 5,000 feet from the surface.

In the Radersburg area, sediments interbedded with pre-batholithic
volcanics have yielded late Cretaceous or é@leocene fossils (Klepper,
personal communication). Northwest of Helena, at Blossburg, lower
Oligocene plants are reported by Knopf (1913, p. 36) in sediments which
rest on eroded quartz monzonite. An early Tertiary age, possibly
Eocene, is indicated for the batholith. From a completely different
approach, the age has been determined to be about 61 to 72 million years,
based on zircon age determinations. (Chapman 1953)

After the batholith was partly exposed by erosion, dacite and
rhyolite were spread over parts of the area and rest unconformably on
granitic and older rocks. Intrusive dikes and plugs of the same com-
position have been recognized cutting quartz monzonite, notably in the
Butte area. In the Pleistocene, the region was glaciated. A small

jce cap centered in an area just south of the Elliston district.
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Geologic History in Elliston District

Paleozoic and Mesozoic sedimentary rocks are exposed in the north-
ern part of the district. The oldest formation is the Mission Canyon
limestone of the upper Madison (Mississippian). The sedimentary rocks
were only slightly warpgd prior to the outpouring of the volcanics
which rest unconformably on upper Kootenai and lower Colorado beds.

The amount of warping and erosion in this area prior to the extrusion
of the volcanics was not as great as in the area east of the batholith.

The volcanic rocks comprise a series of flows, pyroclastics, and
some volcanic-derived sediments. The composition changes from the base
upward, from basic andesite to andesite to latite to basalt. The
thickness of the volcanics is probably about 5,000 feet.

Following the accumulation of the volcanic rocks, the region was
slightly folded prior to the emplacement of the Boulder batholith. The
mild deformation in this district is in striking contrast to the strong
deformation on the east side of the batholith.

Two intrusive stages of the batholith are recognized in the district,
and in the immediately adjacent areas east and west, two additional
stages are found. Alaskite and small bodies of apliteare related to
late magmatic crystallization of the quartz monzonite.

The mineral deposits of the district are found principally in
veins, the dominant trend of which is about N. 65° E. in the batholithic
rocks., Gold, silver, lead, zinc and minor amounts of copper, are the
metals which have been produced. The valuable minerals are localized

in relatively small ore shoots in long vein zones. The most productive
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veins are in quartz monzonite, however some ores have been mined
from veins in the volcanic rocks.

Rhyolite was subsequently extruded onto eroded batholithic and
older rocks. Some of the rhyolite is welded tuff which is not neces-
sarily related to the petrogenetic province of the Boulder batholith,
whereas some rhyolite in adjoining areas is clearly related to the
batholith.,

Two stages of glaciation have been recognized, neither of which
is the youngest glacial stage recognized regionally. During one stage,
a small ice cap was present in the southern part of the district.
Glaciers moved out radially from the map eastward across the Continental
Divide, and northward in the Little Blackfoot Creek as far north as

Elliston,
SEDIMENTARY ROCKS

Sedimentary rocks crop out over an area less than five square miles
in the northwest part of the district. Except for the area immediately
north of Elliston, exposures are very poor. The rocks have not been
mapped in detail, except in the area of good exposures, and only in-

cidental attention has been given to petrologic characters of the rocks.
Madison Group (Mississippian)

Limestone of the Madison group is the oldest rock known in the
district. Only the Mission Canyon formation is exposed; if the lower,

or Lodgepole formation is present in the region, it is covered by
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glacial debris. The Mission Canyon limestone is overlain by shales of
the Big Snowy group. The thickness of the formation in the district
is less than 1000 feet; Sloss and Hamlin (1942) indicate a possible
1,500 feet of Madison in the adjoining region.

The Mission Canyon formation is composed of thick, massively bedded
buff to bluish-white limestone which is fine grained, locally dolomitic,
and which contains scattered chert nodules in a few beds. The form-
ation is well exposed in the western quarries of the Elliston Lime
Company two miles east of Elliston (NW % sec. 5, T. 9 N., R. 6 W.).

In the eastern quarry, the structure is very comp{gfl_ The massive lime-
stone has been sheared and recrystallized to a friable, poorly con-
solidated breccia., The shearing is probably caused by the large fault

which is postulated to be present in the adjacent valley.
Big Snowy (?) (Mississippian)

Dark gray shales of the Big Snowy group (?) are very poorly ex-
posed. They are of undetermined thickness and undertain correlation.
Dr. O. D. Blake, who discovered a few exposures of shale, expressed the
opinion that they may be correlated to the Heath formation of central
Montana, which is Upper Mississippian in age. (Personal communication)
The shales overlie the Madison and underlie the Amsden formation. No-
where, however, have the contacts been observed.

West of the outcrops of Mission Canyon limestone and east of the
nearest Amsden outcrops, there is an interval which, if not complicated

by faulting, would represent possibly 1,000 feet of section in the
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Table 1. Stratigraphic Section of Sedimentary Rocks

Age

Pleistocene
and Recent

Mid-
Cretaceous

(?)

Lower
Cretaceous

Jurassic ?
to Lower
Cretaceous ?

Upper
Jurassic

Permian

Pennsylvanian
Lower
Permian

Mississippian
part

Pennsylvanian ?

Mississippian

Mississippian

Formation Lithology
or Group
Alluvium, glacial outwash gravels in
stream valleys, morainal deposits on
valley slopes, terminal moraines.
Colorado Black and gray shales, silts and mud-
group stones. The Fall River (?) quartsitic
sandstone is 50-100 ft thick and
occurs about 50 ft above the base,
Kootenai Red and green shales, "salt and
formation pepper" sandstones, siltstones.
Gastropod limestone at top, quartzite
and black chert pebble conglomerate
at base.
Unconformity
Morrison Varicolored shales, mudstones, silts
formation and sandstones.
Swift Conglomeratic sandstone at base, thin
formation limestone and buff colored sandstones
Unconformity
Phosphoria Dark chert and quartzite with L4 ft
formation oolitic phosphate rock in middle
Quadrant Limestone, thin shale and quartzitic
formation beds overlain by more massive, white,
fine grained quartzite above with
interlayered limestone
Amsden Red and buff shales at base, overlain
formation by gray dolomite and thin quartzitic

Big Snowy
?

Madison
group
Mission
Canyon
Formation

Lodgepole
formation

beds, the latter more abundant at top
(Covered) Dark shales

Massive, thickly bedded, white to gray
limestone, uppermost beds are somewhat
dolomitic and buff colored, very minor
nodular chert

Limestone, more thinly bedded than
Mission Canyon

200 +

1,500

I+

20 - 35

33

300 ¢

200 - 300

1,000 %

Not
exposed
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position of the Big Spowy group. So great a thickness is considered
excessive by Dr. Blake. Glaclal debris covers the hillslopes and only

in one or two of the deeper gulches are the underlying shales visible.
Amsden Formation (Mississippian-Pemnsylvanian ?)

The lower contact of the Amsden formation is not exposed, but the
upper part of the formation grades conformably into the overlying
Quadrant formation. It is uppermost Mississippian (Chester) in age
(Perry 1953, p. 11) and in its uppermost beds may be Pernsylvanian in
age (Dr. H. E. Wheeler, personal communication). The beds assigned to
the Amsden in the district aré estimated to be from 200 to 300 feet
thick.

The base of the formation is marked by reddish shales which rarely
crop out, but which are clearly identified by the red color imparted to
the derived soils. Thinly bedded limestone, with interlayered dolomite
and thin quartzitic sandstone beds, comprise the remainder of the form-
ation. Quartzitic beds become progressively more mumerous and thickér
in the upper part of the formation. The exposures are so poor that
few details were easily obtainable about the lithologies of the form-
ation. In the region east of the batholith, the Amsden has been de-
scribed as a "heterogeneous assemblage of sandy, argillaceous, and
dolomitic and q}gsggreous rocks." (Klepper and Freeman 1954 p. )

The description would adequately describe the rocks noted in the small

number of outcrops east of the Quadrant outcrops about one mile east

of Elliston.
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Quadrant Formation (Pennsylvanian—Permian)

The Quadrant formation grades conformably from the underlying
Amsden below and without distinguishable unconformity into the Phos-
phoria above. The formation is generally congidered to be of Penn-
sylvanian age (Perry 1953, p. 11) but in its upper part it may well be
lower Permian in age (Wheeler, H. E., personal communication). The
thickness is about 300 feet.

The formation consists of quartzite, limestone, and some shale.
Shale and limestone are more sbundant at the base, and contain thin
beds of quartzitic sandstone, whereas quartzite is more abundant in
the upper part of the formation.( For mapping purposes, it is customary
to consider the first thick quartzite in the Amsden-Quadrant gection the
base of the Quadrant formation. In the Elliston district, three con-
spicuous quartzite layers are in the sectionj one at the base of the
formation, another about 150 feet above the base, and a third, which is
the most massive and isaout 80 feet thick, at the top of the formation.
The quartzites are composed of clean, white sands and are only moderate-
ly iron stained along major joints. The shaly and thinly-bedded lime-
stones in the formation rarelycrop out, but are usually marked by
grassy and sparsely forested slopes. Large slabs of quartzite float
are abundant in the soil over the limestone layers, and tend to give
an incorrect impression of the amount of quartzite actually present in

the formation.
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Phosphoria Formation (Permian)

The Phosphoria formation rests more or less conformably on the
Quadrant formation and is marked by an erosional unconformity above,
which may have cut out a part of the original Phosphoria section. The
Elliston district is near the northern boundary of the outcrop area of
the Phosphoria formation (Sloss 1950). The thickness is but 33 feet.

The base of the formation consists of 18 feet of massive dark
chert and fine quartzite in which a thin phosphatic bed occurs near
the top of the chert. An oolitic phosphate-rock bed four feet thick,
in which a 0.1 foot shale parting occurs near the middle of the bed,
overlies the basal chert. The upper part of the formation is dark
chert and quartzite.

</;hoaphate rock from the Phosphoria formation is being mined in
the Avon district, about 15 miles northwest of Elliston, and in the
Garrison district about 30 miles west of Elliston. Because of its
possible potential as a future economic resource, a detailed section,

measured by Paine (1952) and the writer is given in Table 2.
Swift Formation (Jurassic)

The Swift formation rests unconformably on the Phosphoria form-
ation. The relations with the overlying Morrison formation are un-
certain. The Swift formation is the uppermost member of the Ellis
group of Upper Jurassic age (Perry 1943, plate 7). The formation is
about 20 to 35 feet thick, and is composed of thin, buff-colored

quartzitic sandstone and thin limestone. The base of the formation is
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a conglomerate with scattered, well-rounded, dark chert pebbles. A
bluish-gray limestone, which contains many marine fossil fragments,

was noted at one locality at the top of the formation.
Morrison Formation (Jurasaic ?-Lower Cretaceous ?)

The Morrison formation is poorly exposed in the district. It
overlies the Swift formation and underlies the Kootenai formation.
Elsewhere in Montana it is a much thicker formation, but in the Elliston
area only about 100 feet of section is considered to represent the form-
ation. The age of the Morrison is uncertain. According to Perry (1953)
it is uppermost Jurassic or v ery earliest Lower Cretaceous. The form-
ation is composed of purplish-gray to dark gray varicolored shales and

mudstones.,
Kootenai Formation (Lower Cretaceous)

The Kootenai formation is Lower Cretaceous in age. It rests un-
conformably on the Morrison and may grade conformably into the Colorado
group above., The basal sandstone is widely distributed in western
Montana, and it is an important oil producing horizon in central Montana
(Perry 1953). The formation is estimated to be about 1500 feet thick
in the Flliston district.

Quartzitic sandstones and red silty shales are the principal
lithologic types found in the formation. The basal quartzitic sandstone
ig about 100 feet thick and contains a black chert pebble conglomerate

at the base. Several other dark chert pebble beds are found in the
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Table 2

Measured section of Phosphoria formation NE 3 sec. 2, T. 9 N.,

R. 7 W. (Paine 1952, 79-81).

Ellis formation (unmeasured)

1 Sandstone and 2 + basal conglomerate
of subangular to round quartzite and
chert pebbles cemented in slightly cal-
careous tan sandstone

Phosphoria formation feet

Zone K

26- Quartzite, gray, sandy, medium-
grained, slightly resistant, poorly
exposed generally 2.0

25- Quartzite, gray, fine-grained, re-
sistant, forms ridge, weathers red-
dishj lower 2 feet cherty 9.6

2l- Covered, probably chert or sandy
quartzite 3.9

23- Quartzite, gray, medium-to-fine-grained,
cherty, resistant, forms ridge,
weathers grayish red. 2.5

Zone D

22- Phosphate rock, black to blackish,
speckled gray, white, oolitic, nodular,
weathers gray, nonresistant. 0.4

21- Phosphate rock, gray, speckled white,
oolitic, shaly, coarse-grained, non-
resistant.

20- Phosphate rock, gray, shaly, thin-
bedded, oolitic, fine-grained, non-
resistant. 0.k
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18-

17-

16-

15-

-

13=

12-

Zone C

11-

10-

20

Phosphate rock, black, speckled
white, oolitic, coarse-grained,
nonresistant

Phosphate rock, gray, ferruginous,
oolitic, fine-grained, weathers
white to bluish phosphate bloom,
non resistant

Shale, gray, phosphatic, thin bedded
nonresistant

Phosphate rock, gray, siliceous,
glauconitic, oolitic, coarsely cry-
stalline, nonresistant, massive

Phosphate rock, gray oolitic, medium-
to-coarse-grained, massive, weathers
reddish, nonresistant

Phosphate rock, gray, oolitic, fine-
to-medium-grained, thin bedded
weathers reddish

Phosphate rock, gray like above but
massive.

Phosphate rock, black to grayish
black, shaly, ferruginous, thin-
bedded, slightly oolitic.

Siltstone, tan, slightly calcareous,
nonresistant.

Chert, black to black gray, quartzitic.

Siltstone, black, argillaceous, cal-
careous, nonresistant, weathers
whitish

Chert, black to gray, massive, gen-
erally covered with talus from below,
weathers gray.

Chert, black, thin-bedded, nonresistant,

weathers gray

0.2

0.3

O.l

0.2

0.5

0.3

0.9

0.L

003

0.3

0.4

0.4
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6= Chert, black, like bed 8. 0.4

5- Phosphatic chert, black, speckled white,
forms dip slope of chert ridge; appears
to be gradational in next lower unit. L 5]

L- Quartzite, gray, grading into buff at
base, cherty, massive, resistant, forms
crest of ridge 2.1

3- Quartzite, buff, cherty, less massive
resistant, ridge former 1.0

2- Chert, gray, nodular, thin-bedded in
irregular layers, resistant, ridge

former. 3.7
1- Chert, gray, massive, base of ridge 0.3
Total 32057

Quadrant formation (unmeasured)

Upper 1 ft covered, below massive white
quartzite which forms back slope of the
above ridge.
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upper part of the quartzite, The entire unit is a coarse "salt and
pepper" quartzitic sandstone which is well exposed northeast of the
railroad station at Elliston. Several additional sandstone beds are
interbedded with red silty shales in the lower part of the section,

but sandstoneslare thin and poorly @leveloped in the upper part of the
formation. The upper part is generally poorly exposed, but is indicated
by deep red colors imparted to the soils. The top of the formation is
marked by a thin, gray to nearly black limestone which is commonly
crowded with gastropods. The "gastropod bed" so-called, is about 20 to
30 feet thick. The bed is particularly well exposed about one-half
mile north of Hat Creek at the extreme west edge of the map (NW cor.
sec. 2, T. 8 N., R. 7 W.), at which locality a basaltic sill splits the
limestone. The beds are nearly vertical in a small area, influenced by
faulting just west of the boundary of the map.

On the west side of Little Blackfoot Creek, west of Nigger Mountain,

(SW % sec. 1, T. 8 N,, R, 7 W.) dark gray limestone underlies volcanic
rocks. While no gastropods were seen, the limestone is tentatively
correlated with the "gastropod bed" at the top of the upper Kootenai
formation. The limestone is sparcely mineralized at the locality

mentioned above.
Colorado Group ? (Middle Cretaceous ?)

Colorado shale overlies the "gastropod bed" of the Kootenai form-
ation without obvious unconformity. The shales are the youngest
Cretaceous sedimentary rocks in the district and are overlain uncon-

formably, by Upper Cretaceous volcanics. The formation is considered
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lowermost Upper Cretaceous (Perry 1953). About 200 feet of sandstone
and shale are found in the Elliston district.

Above the limestone bed at the top of the Kootenai formation there
are about 50 feet of gray shales to the base of the Fall River sandstone
which is a fine-grained, massive, quartzitic sandstone about 50 feet
thick. Above the Fall River sandstone, about 100 feet of gray shales
and silty shales are rarely exposed. About one-quarter mile north of
Hat Creek at the west edge of the volcanics, the Colorado shales crop
out, however, the contact with the overlying volcanics is not exposed.

On the west side of Little Blackfoot Creek opposite the Hopkins
mine, shales which are considered to be of Colorado age have been locally
altered to low-grade spotted hornfelses. The same formation, gxposed on
Slate Creek about one-half mile west of the Little Blackfoot Creek, is

not metamorphosed, and is a dark gray, somewhat fissile shale.
IGNEOUS ROCKS

Three distinct groups of igneous rocks are found in the district:
a pre-batholithic volcanic pile, the intrusive Boulder batholith, and
post-batholithic volcanics. All of the volcanic rocks, both pre-
batholithic and post-batholithic, are described before the batholithic
rocks. Within each main group of rocks, the petrographic types are

discussed approximately in their chronological order.
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PRE-BATHOLITHIC VOLCANIC ROCKS

Introductory Statement

The older volcanic rocks rest unconformably on Colorado and upper
Kootenai formations. They include flows, flow breccias, a variety of
pyroclastics and minor amounts of volcanic-derived sediments. The rocks
range in composition from basalt to latite but andesite is the most
abundant type.

Because the earlier volcanic rocks are poorly exposed throughout
the northern and western parts of the district, they are mapped as a
single unit. In most areas, the exposures are so poor that detailed
sections are unobtainable. However, along the Little Blackfoot Creek
in the southwestern part of the district, an incomplete but reasonably
well exposed section of volcanic rocks was sampled. (See Table L). An
excellent section was measured at Cliff Mountain, southwest of the
district. (See Table 5.) Thesetwo sections, coupled with the observ-:
ations made throughout the district, form the basis for the generalized
section of volcanic rocks given in Table 3. This is a composite section
of nearly 5000 feet of volcanic rocks, but at no locality is so com-

plete or thick a section known.
Basic Andesitic Breccias
Areal Distribution.

The breccia at the base of the volcanic section is well exposed

in the north central and western part of the district. On Nigger
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Table 3

Composite Section Upper Cretaceous Volcanics

Emery Basalt
(Uncertain pre-
batholithic age)

Porphyritic basalt flows 1,000 plus
commonly amygdaloidal

"oatmeal™ basalt and flow

breccias. Thin interlayered

andesitic tuff beds

Unconformity 7

Latite and
Andesite

(upper part latitic)

(lower part andesitic)

Basic Andesitic Breccias

Latite welded tuffs and flows O - 1,000
(?) with interlayered andesitic
tuffs and basalt flows in
upper part.

600-800
Andesitic pyroclastics
including welded tuffs, lapilli
tuffs and tuff-breccias.
Interlayered basalt and diorite
porphyry sills and volcanic-
derived sediments of andesitic
composition

Flow and pyroclastic breccias, ? - 1,500
massive basic andesite, possibly

partly intrusive. Basalt

porphyry sills interlayered.

3 ’Om-s,om
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Table L Little Blackfoot Creek Section

(secs. 12, 13, 14, T. 8 N., R. 7 W.) North Side of Creek

Emezx Basalt

9. Basalt flows, porphyritic basalt, pyroxene phenocrysts 500 +

Porphyritic basalt flow with "green" amygdaloidal zone
Amygdaloidal basalt

Andesite-Latite (Lower Part Only)

Irregular discontinuous
8. Andesitic tuff¢ banding in crystal 200 +
tuff.
7. Diorite porphyry--intrusive sill 50-200
6. Andesitic tuff breccia 200
5. Andesitic lapilli tuff, partly welded 200
L. Porphyritic basalt, pyroxene phenocrysts
(intrusive sill ?) 50
3. Andesite breccia 200
2. Hornblende andesite intrusive sill 200 +

Basic Andesitic Breccia

1., Basic andesitic breccias 1500 +
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Table 5 Cliff Mountain Section

(From Base of Cliff Mountain to Sugar Loaf Mountain)

Emery Basalt, Thickness
15, Emery basalts, porphyritic and amygdaloidal 800 +
14. Basalt flow breccia, dark gray 300-400

Latite and Andesite

Tuff, lapilli fragments 500 ?
Welded tuff

13, Latitic welded tuff
(one or two units ?)

{ Tuff breccia

12. Porphyritic basalt flow, plagioclase phenocrysts 100
11, Latite tuff breccia ?
10, Andesitic tuff breccia ?

9. Latite tuff Lower part strongly banded, 200-300

.{Fragmental tuff, wispy bands
(probably welded)( 2" -6" greenish and reddish tuff

8. Basalt flow (top unit at Cliff Mountain) 108

7. Andesitic tuff breccia 30

6. Basalt flow (?) 34
Polymictic breccia, coarse

5. Andesitic tuff breccia { pebbles; 31
Lapilli tuff

Welded lapilli tuff

L. Andesitic tuff, water lain. Carbonate matrix 38
some woody material at base 7

3., Red andesitic mud flow deposit (?), fragments 50 190
percent to 1 ft diameter, "avalanche" deposit ?
Lapilli tuff, small frag 60°
2. Andesitic tuff Massive tuff, few fragments,

(probably welded) \ miarolitic cavities 225! 310
Strongly banded tuff,
! welded 20"
Lglaasy base 2=3"1

Basic Andesitic Breccias

1. Andesite breccia 150+
2B00-3500 feet
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Mountain the breccia pile is possibly more than 1500 feet thick; on the
hills west of Little Blackfoot Creek, the breccia, which rests on
Colorado shale, is several hundred feet thick; and in the northeast part
of the district, there are breccias of undetermined thickness. The
breccias do not persist to the south, and distinctly thin out to the
west.

Two kinds of breccias have been recognized. One is a very thick,
oligomictic# breccia which is found on Nigger Mountain. It is partly a
massive basic andesite, partly a flow, partly conspicuously brecciated,
and possibly partly intrusive. The brecciation is best shown on
weathered slabs which show differential coloration of the fragments and
the matrix. On fresh surfaces, the breccia structure is commonly indis-
tinct. Along the west side of Njigger Mountain, the flow breccia (?)
unit is massive, fine grained, and resembles basalt, but petrographically
it is a basic andesite. The rock, in this area, is not conspicuously
brecciated.

The other unit, which clearly lies on Colorado shale in the area
west of Little Blackfoot Creek, but which does not clearly underlie the
basic andesites on Nigger Mountiiiﬁglthough it may), can be traced from

Hat Creek and the southwestern segment of Little Blackfoot Creek to

#01igomictic conglomerates (Petijohn 19,9) are one rock type conglomerates.
The term should serve a useful purpose in the description of volcanic
breccias. Polymictic conglomerates are conglomerates with several

varieties of rock types.
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Cliff Mountain, It is probably a pyroclastic breccia in which there
is a variety of types of fragments.

Figure 3 shows an outcrop of the breccia on the Hat Creek Road just
east of the gate about 4 mile west of Little Blackfoot Creek. Although
it is a polymictic breccia, all the fragments are similar in fundamental

mineralogy and porphyritic textures.

Petrographic Types.

In the massive dark andesite at the northwest base of Nigger Mount-
ain, plagioclase phenocrysts, 1 to 3 mm in length, comprise 30 to 50 per
cent of the rock. The phenocrysts are andesine, about Ab 55 An LS.

The plagioclase phenocrysts in some thin sections are quite fresh; in
others they are strongly altered to clinozoisite and sericite along
fractures within the crystals. The pyroxene crystals are almost com-
pletely altered to light green, slightly pleochroic uralite, with or
without chlorite. Some bluish-green to olive green hornblende was
noted at some localities, especially in the Big Dick area near the top
of Nigger Mountain. Small accessory magnetite and secondary dusty iron
oxide grains are abundant in the rock. Although a variety of textures
are found in the rock, the most common is a felted texture shown in
Figure L. The gourndmsss is strongly altered to clinozoisite, sericite,
chlorite and other very fine-grained alteration products.

The pyroclastic breccia is very similar in its fundamental petro-
graphic features to the flow breccia. Slightly altered andesine and

strongly altered pyroxene are the principal essential minerals. The
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Figure 3. Outcrop of basal andesitic pyroclastic breccia on
Hat Creek road, NW sec. 13, T. 8 N., R. 7 W.

Figure L. Photomicrograph showing microlitic to felted texture
and small fragments in groundmass of basal andesitic

breccia at Cliff Mountain. Crossed nicols. (28-65-1)
(Thin section number in brackets)



31

groundmass textures are more complex than in the flow breccia. In part,
the texture is felted to microlitic, as shown in Figure L. Devitrific-
ation textures, in which strongly sutured, poikilitic, microgranitic
feldspar grains occur, indicate that some of the groundmass was formerly

a glass.

Origin of Breccias.

The breccias have been very incompletely studied. Detailed mapping
would undoubtedly provide useful information which would lead to a
better understanding of the origin of each of the breccia units and
their interrelations. The impression is gained that the massive unit of
near-basalt composition is a thick body, mostly extrusive but possibly-
partly intrusive, which shattered and brecciated as a consequence of
minor movements within the main mass following partial soligizgcation.

The pyroclastic breccia may be an explosive breccia of the néSGS
g;ggnﬁgxype, or possibly a rubbly flow-breccia formed at the advancing
front of a flow. The petrographic similarities of the fragments, de-
spite the color differences noted on the outcrop, suggest the possibil-
ity of an auto-brecciated mechanism similar to that described by Curtis.
If lateral, textural and structural continuity canbe demonstrated be-
tween Little Blackfoot Creek and Cliff Mountain, the gggégmprdent

mechanism seems the most reasonable for the unit.

R ——
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Latitic and Andesitic Rocks

Lithologic Types and Distribution.

Andesitic and latitic volcanics overlie the basal, dark andesitic
breccias and comprise a series of welded and pyroclastic tuffs and
brecciags. Associated with these rocks are interlayered basaltic flows,
minor amounts of volcanic-derived sediments, and variable amounts of
intrusive sills.

Andesite is more abundant in the lower portion of the section,
and latite is generally more abundant in the upper part. Andesitic
rocks are more abundant in the western side of the district, whereas
latitic rocks are more abundant in the southern part. Latite is con-
spicuously absent in the Little Blackfoot Creek section, which is com-
piled from rocks exposed on the north side of the creek, whereas about
one mile south of Little Blackfoot Creek, latite is exposed. A local
topographic high at the time of the latite eruptions or erosion follow-
ing the eruption of the latite, may account for their absence north of

Little Blackfoot Creek.

Petrography of Units in Little Blackfoot Creek Section.

The andesitic rocks in the Little Blackfoot Creek section are
found on the mountain north of the creek, north of Laribee Gulch, and
on the ridge which extends west to the western border of the district.
Outcrops are few, however a reasonably complete section was obtained as

shown in Table L, p. 26. The three andesitic volcanic units described
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might be traceable stratigraphic units, and although the descriptions
are arranged in their stratigraphic sequence, the purpose is to de-
scribe the petrographic characters with only incidental consideration of
their stratigraphic importance. Only the petrographic characters of the
volcanic rocks are herein described. The numbers in the following head-
ings refer to the numbers in the table.

Andesitic Lapilli Tuff. (5) The first andesitic tuff unit above the

basal breccias is separated by at least 200 ft of intrusive sills.
The lapilli tuff is poorly exposed and is about 200 ft thick at the
locality measured in NE % sec. 14, T. 8 N., R, 7 W. A single represent-
ative hand specimen serves only to identify the petrographic type. It
is a dark purplish-brown tuff with small lithic fragments averaging % in
with some individuals to 2 in in diameter.

The groundmass is incompletely devitrified glass and contains
some fine-grained chalcedonic quartz in thin devitrified layers.
Figure 5 is a photomicrograph of the rock in plane polarized light
showing what appears to be squashed shards and a few plagioclase
crystals in a groundmass which was originally glass. The phenocrysts
are probably andesine altered to sericite and clay minerals. The
microscopic structures indicate that the unit maybe a welded tuff.
Welded tuffs of andesitic composition are discussed under a separate
heading in this section on the pre-batholithic volcanic rocks.

Andesitic Tuff Breccia (6). The next overlying andesitic unit, which

isabout 200 feet thick, is a mottled tuff breccia with inconspicuous

fragments. The rock is light gray with dark reddish flow layers. All
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the fragments are a single rock type and grade from sand size to
angular fragments several inches in diameter.

Plagioclase crystals of andesine composition are of twogenerations;
the distinctly early crystals, which are rarely more than 1 mm in
length, have automorphic forms, are internally fractured, and in some
instances are broken and resorbed; the smaller crystals of the younger
generation have imperfectly developed crystal forms and are conspic-
uously fresher. Although not abundant, there are a few phenocrysts
of potashfeldspar with 2V about 60°. Pyroxene phenocrysts were
formerly abundant, and comprised as much as 20 per cent of the rock.
However, they are almost completely altered to antigorite and a
carbonate mineral. Figure 6 shows altered pyroxenes in plane polarized
light, and concentrations of released iron oxide at the margin of the
altered grains. The groundmass textures are devitrified glass in
which some of the reddish layers are still glassy.

Andesitic Tuff (8). A diorite porphyry sill lies between the tuff

breccia and the overlying andesitic tuff (8). The upper tuff is
probably more than 100 ft thick and possibly as much as 200 ft thick.
The uncertainty is due to the fact that the top of the unit is not
exposed at one locality, and on the next hill to the west, the base is
not indicated because of a minor fault. The lower part of the unit,
which is strongly layered, grades upward into a massive rock with
smeary and irregular lenses and layers. The lower part is distinctly
welded., Compressed and flattened shards are conspicuous as shown in
Figure 7. Chlorite and a carbonate mineral occur in many clusters

which suggest that mafic minerals were formerly abundant.



Figure 5. Photomicrograph of andesitic tuff. Note somewha
squashed layers. Plane polariged light. »

Figure 6, Photomicrograph of altered pyroxene phenocryst. Note
distribution of opaque grains around the borders of
the altered grains. Polarized light. (39-115-3)
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Figure7 . Photomicrograph showing partly collapsed shards in glassy
matrix. Crossed nicols. (39-117-3)

Figure 8 . Photomicrograph showing crowded plagioclase phenocrysts in
nearly glassy groundmass. Note resorbtion of larger pheno-
chrysts and the clear, sharp margins of the smaller plagio-
clase phenocrysts. Also note orientation of inclusions in
larger phochrysts. Plane polarized light. (39-117-2)
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The upper part, which in the field, was thought to be continuous
with the lower part already described, is not, noticeably w elded and is,
at least in part, a crystal tuff in which plagioclase crystals comprise
about 30 per cent of the rock, and mafic relics a bout 5 perent. The
larger automorphic to hypautomorphic early plagioclase phenocrysts are
about 1 mm long, are strongly fractured, and are in part resorbed by
the groundmass as shown in Figure 8. Small plagioclase phenocrysts
(0.5 mm and less) are quite fresh and arealcic andesine. The larger
phenocrysts were probably well formed at the time of extrusion, whereas
the smaller crystals appear to have crystallized in situ. The mafic
minerals have been completely altered to chlorite, variety penninite.

A more detailed study of the field relations and a more complete
- gollection of samples will be necessary efore the relations of the
two parts of tﬁis unit are completely understood.

Amygdaloidal basalts lie unconformably on the andesitic welded

tuffs and are part of the Emery b asalts.
Petrography of Units in Cliff Mountain Section.

At Cliff Mountain, the andesitic yolcanics are very well exposed
on the east face of the mountain and were measured indetail. From the
top of the mountain west to Sugar Loaf Mountain, latite, with some inter-
bedded andesitic units, are quite well exposed, but they were not sampled
and measured in detail. Each of the andesitic and latitic units in this
section is described to indicate the petrographic types. The numbers

in the headings refer to the numbers in Table 55 Da 27,
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Andesitic Tuff (2). This andesitic tuff is 310 ft thick and rests

P

on a unit of basal breccia. At the base of the tuff, 2% ft of glass,

presumablywelded, is overlain by prominently layered massive rock which
appears rather homogeneous on close examination in the field. The
layered part grades upward into a zomne of blocky, massive tuff with
abundant small miarolitic cavities and indistinct wispy lenses.

The strongly layered part of the unit contains strongly flattened
shards as shown in Figure 9. Small plagioclase phenocrysts to 1 mm
are abundant in the rock, many are in part resorbed by the groundmass,
some are bent and broken. Both the plagioclase phenocrysts and small
plagioclase crystals in the nearby glassy groundmags, are altered to
gericite. A small amount of altered biotite and hornblende (?) is
represented by very fine grains and patches of chlorite with included
sphene and epidote. A few small lithic fragments are present.

The main body of the unit is about 165 feet thick and makes a
massive, bold, outcrop, the upper 100 ft of which is a cliff. The rock
breaks into large blocks suggestive of massive columns. Flat wispy
layers and flattish miarolitic cavitles are found throughout this part
of the unit. The uppermost part of the tuff, which is above the cliff
and isabout 60 ft thick, is a dark red andesitic lapilli tuff in which
there are sparsely distributed small rock fragments, one of which is
shown in Figure 10.

The upper part of the unit is not so conspicuously welded, however,
in thin section, small wisps of collapsed shards are clearly indicated.

Plagioclase phenocrysts, which comprise as mich as 20 per cent of the



Figure 9. Photomicrograph showing collapsed and compacted shards
in slightly welded part of andesitic tuff (Unit No. 2
Cliff Mountain section. Crossed nicols. (28-63-1-1)

Figure 10. Photomicrograph of lapilli tuff in massive part of
Unit No. 2, Cliff Mountain. Plane polarized light.
(28=63-1-3)
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rock, are fairly fresh but internally fractured, and show a greater
tendency to form albitic alteration at the rims along fractures than
in the phenocrysts lower in the unit. Biotite is strongly altered to
clusters of opaque grains, probably magnetite and sphene. Sphene is
actually quite abundant in the rock and is also found in clusters with
coarse epidote which may represent former mafic minerals other than
biotite.

Andesitic Tuff-Breccia (7). A thin tuff-breccia, only about 30 ft

thick, is fine lapilli tuff at the base and coarse polymictic breccia at
the top. The lower part of the unit is conspicuously layered and
contains a few small fragments. Some plagioclase crystals are fresh,
others are altered to clinozoisite; the mafic mineralsare completely
altered to chlorite, dusty iron oxide, and some sphene.

The middle part of the unit is a lapilli tuff with numerous lithic
fragments distinguishable in hand specimen and in thin section. Plagio-
clase phenocrysts are in part altered to clinozoisite, and in part
resorbed by the groundmass. However, no marked albitic rims were
obgerved, a feature which is characteristié in the upper part of the
unit. Plagioclase probably comprises 70 per cent of the rock, (exclusive
of the lithic fragments); and mafic minerals, now completely altered to
chlorite, (variety penninite), and sphene, compriseaout 10 per cent of
the rock. The rock is a lithic and crystal tuff, as shown in Figure 1l.

The breccia zone at the top, which is about 20 ft thick, is
characterized by an abundance of fragments varying in size from fine

grains to rather coarse cobbles. A wide variety of rock types ae



plagioclase crystals and lithic fragments.
Plane polarized light.

e oL
Figure 12, Photomicrograph of welded crystal tuff of latitic
composition. Plane polarized light.
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represented in the fragments. In thin section, the groundmass is seen
to be much more highly altered than the groundmass in the middle and
lower parts of the unit. The plagioclase phenocrysts are in part
resorbed by the groundmass and altered to albite and clinozoisite along
fractures in the crystals. Several distinctly different sizes of
plagioclase crystals are present, grading from 0.1 mm downward to
minute, altered microlites in the groundmass. The mafic minerals are
in large part altered to chlorite, but a few re%igg\gf augite are
preserved.

Latite Tuff (9). The first unit west of the ridge on Cliff Mountain

is a dark red latite with grayish green layers. In the one thin
gection from the unit, the groundmass is dominantly glass which is
partly devitrified. It is probably a welded tuff as suggested in
Figure 12. There are two generatiéns of plagioclase phenocrysts; the
early crystals are in part resorbed and altered, whereas the younger
plagioclase crystals are sharp and clear. A small amount of potash
feldspar is also present. Many small lithic fragments are in the rock;
some possibly pumice fragments are conspicuously flattened. There are
several varieties of volcanic fragments.

Andesitic Breccia (10). The next overlying unit is a porphyritic

andesite breccia which weathers to a chalky gray color. Flagioclase,

both in phenocrysts and microlites in the groundmass, is partly fresh,
and partly altered to sericite and albite, particularly along internal
fractures in the phenocrysts. Biotite is strongly altered to chlorite

and sphene, The groundmass is partly very fine grained, partly glass.
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Latite Tuffs and Breccias (11) and (13). The upper units in the

latitic part of the section are poorly exposed and incompletely repre-
sented by the specimens and field notes. The lower part of 11 (assuming
that it is all one unit) is a fine-grained tuff with thick layers 2 to

6 in wide, which were described as "flow layers". In one part of a thin
section, plagioclase phenocrysts are well oriented, as if by flowage,
whereas in another part, the rock appears to be a tuff with numerous
glass shards.

In the upper part of the unit, the rock is a breccia, the matrix
of which has a brownish-colored glass. Figure 13 is a photomicrograph
which shows a lapillus in a crowded crystal tuff matrix. Potash feld-
spar and biotite are present, the latter is partly altered to a white
mica and released iron oxide.

Unit 13 is probably about 500 ft thick, if it is a single unit.
The lower part is a latite welded tuff which has a dominantly glassy
groundmass, in part devitrified, and contains conspicuous compaction
lenses characteristic of welded tuff and shown in Figure 1lL. Andesine
and a few potash feldspar phenocrysts are fresh and comprise possibly
10 percent of the rock. A very small amount of quartz was also identi-
fied. A few small lithic fragments were noted in thin section.

The top of the unit is a latitic lapilli tuff breccia. It may
represent a pyroclastic breccia or a poorly welded, coarse, fragmental
ignembrite. A weathered boulder is illustrated in Figure 15, In thin
section the tuffaceous groundmass contains altered biotite, hornblende

and strongly altered feldspars. Plagioclase is altered to clinozoisite
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Figure 13.

Photomicrograph of lapillus fragment in crowded
crystal tuff matrix. Note compacted layers in
lower right hand corner of photograph and
irregular shards (?) in lower center. Crossed
nicols. (28=67-3)



Figure 15. Lapilli tuff from upper part of latitic welded tuff,
Cliff Mountain,
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and sericite; biotite is altered to pemmenite and iron oxides; and

hornblende is quite fresh, pleochroic from llight green to olive brown.

Other Latite Localities

On the southwest side of Treasure Mountain, several hundred feet
of latite is exposed, likewise on the south side of Little Blackfoot
Creek (in sec. 13, T. 8 N., R. 7 W,) latite is thick. On the east side
of Ontario Creek (in SE % sec. 13, T. 8 N., R. 7 W.), and on the south-
west side of Bison Mountain, the latites are welded tuffs in which the
groundmass was formerly mostly glass, but now is partly devitrified
into micro-sutural, micro-poikilitic grains. The larger of two gener-
ations of plagioclase phenocrysts are partly resorbed. The younger,
smaller plagioclase phenocrysts are quite fresh. The composition of
all the plagioclase is anﬂesine, and all the phenocrysts taken together
comprise about 10 per cent of the rock. Potash feldspar phenocrysts,
fewer in number than plagioclase, are partly altered to clay minerals.
Biotite is strongly pleochroic x = light tan, y = 2 = reddish brown,
2V = 0°, The accessory minerals include magnetite, apatite and very

minor amounts of zircon.
Welded Tuffs of Andesite Composition

Most, if not all, of the published descriptions of welded tuffs
are for rocks of rhyolitic or quartz latitic composition. (See biblio-
graphy for section on rhyolite in the following part on post-

batholithic volcanice.) At least two of the andesitic unite (numbers 2
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and 5 in the Cliff Mountain section, see Table 5, p. 27, and probably
numbers 2 and 8 in Little Blackfoot Creek section, see Table L, p. 26)
are welded tuffs. The uppermost latite in the Cliff Mountain section
(No. 13) and the latite exposed on the east side of Ontario Creek (SE %
sec. 12, T. 8 N., R. 7 W.) are welded tuffs.

The composition of the volcanic units is based on the mineralogy
only, and is not supported by chemical analyses. The andesitic volcan-
ic units contain andesine and hornblende without recognizable potash
feldspar and quartz. The latites have potash feldspar and biotite in
addition to andesine and horﬁblende, but no essential quartz.

Thewslded features are suggested on many isolated outcrops by
thin wispy lenses. Figure 14, p. LS5 is a photograph of a reddish
latitic boulder which is virtually identical in appearance to a welded
tuff specimen collected in the Iron Springs district, Utah, from one
of the welded tuff units mapped and described by Mackin and Nelson (1950).

The andesitic tuff unit No. 2 in the Cliff Mountain Section
(Table 5, p. 27) has a succession of features characteristic of welded
tuffs, starting with a thin welded glass at the base of the unit and
progressing upward through a dense, welded, microlitic, wispy-layered
gone, to an incompletely welded massive columnarly jointed tuff at
the top.

The microscopic features of the welded andesitic and latitic tuffs
are similar to illustrations published by Mansfield and Ross (1935) and
Gilbert (1939) for rhyolitic welded tuffs in Idaho and eastern California.

The collapsed shard structures are the clearest microscopic indication
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of compaction. The lenses and layers of welded shards are not so well
illustrated in the andesiticwlded tuffs because of devitrification
textures which are so commonly encountered in the andesitic tuffs and
which tend to obliterate the diagnostic glassy structures.

One pdssible criterion which suggests, (but does not necessarily
prove) compaction structures vs. flow structures in glass, was recog-
nized in a latitic welded tuff. In the dense, strongly welded part,
flowage structures are a conspicuous feature. If the structures were
produced by laminar flow, a consistent direction-sense should be ex-
pected between any pair of vectors representative of differential
movement. Consequently small drag folds, and congestion of flow bands
at the c orners of crystals frozen while in the process of being
rotated, should have the same direction-sense.

On the other hand, flowage produced by compaction and squeezing
of glass around an obstacle, such as a crystal or rock fragment, should
produce different direction-senses for differential movement on each
side of the obstacle. In a densely compacted, mostly glassy latite,
different direction-senses were observed over the thin section, and
within a single field of observation about 2 mm in diameter. Figure 16
is a photomicrograph which shows two plagioclase phenocrysts arrested
in rotation in strongly-banded glass. The figure does not definitely
indicate the type of flowage, it merely indicates a criterion for
determination of the direction-sense of the flow layers. Both pheno-
crysts are being acted upon by a couple. The upper vector faces

left, and the lower faces right.
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Figure 17 shows two phenocrysts, the upper appears to have pushed
the middle crystal into the flow layers. Note the many small drag
folds and concentrations of layers on either side of the middle crystal.
(The cloudy bright part of the picture is a devitrified patch. Note
that the flow layers are merely interrupted by the patch indicating a
static devitrification of the glass.) The orientation of the drag
folds is not clear enough to positively indicate compaction. In one
section, oppositely oriented direction-senses were observed across a
layer of glass less than O.1 mm wide. Such folds could not have been
produced by laminar flow. Differential compaction stresses could
produce these structures.

If this is not the first, then it is one of the few accounts of
welded tuffs of andesitic composition., No obvious reason is seen why
the mechanics of extrusion of a tuff of rhyolite composition, which
becomes welded and which forms a widespread stratigraphic layer, would
not be applicable, under favorable conditions, to a tuff of andesitic
composition., Bibliographic references to textures and structures of
welded tuffs and the mechanics of their possible emplacment are dis-

cussed under the younger volcanics.
Chemical Analyses of Andesite and Latite.

Chemical analyses of andesites and latites which may be represent-
ative of volcanic rocks found in the Elliston district are given in
Tables 6 and 7. Table 6 lists chemical analyses of three andesites from
the region of the Boulder batholith but not close to the Elliston dis-

trict. Analysis No. 1 is the composition of an andesite from the upper



Figure 16. Photomicrograph showing compaction structures in
latitic welded tuff. Note relative direction sense

of movement. Plane polarized light. (31-115-2-2)

Figure 17. Photomicrograph of compaction structures in latitic
welded tuff. Note small drag folds which indicate
direction sense of relative movement. Flane polarized

light. (31-115-2-2)
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part of the Elkhorn Mountain volcanic pile. The second analysis is
representative of an andesite porphyry near Butte. The third analysis
is representative of an andesite from the Radersburg mining district
and which has been subjected to hydrothermal alteration.

Table 7 contains a chemical analysis of latite from Thunderbolt
Creek, which is a few miles south of the Elliston district. It is
probably representative of the composition of one of the latitic units
in the volcanic section of the district.

The chemical composition of the andesites is similar to quartz
monzonite of the batholith. The normative analyses show virtually
jdentical orthoclase; the andesites have about 6 to 8 per cent less
quartz, and comparably more plagioclase. The Elkhorn Mountain andesite

is in the same subrange as five quartz monzonite analyses from the Butte

district. (Washington 1917)
X Emery Basalt

Porphyritic and amygdaloidal basalt flows at the top of the older
volcanics have been described from the Zosell (Emery) mining district.
(Robertson 1951). The name Emery basalt was informally suggested by
Dr. Klepper (personal communication). Although basaltic flows dominate
the section, a few thin, dark reddish brown, andesitic tuffs are inter-
layered with the basalt flows in the Zosell district.

In the Flliston district, basalt flows and sills which are
virtually identical to basalt flows in the Emery basalts are inter-
layered in the andesitic and latitic volcanic sequence and comprise

possibly 1000 ft of flows above the andesite-latite units.
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Table 6

Chemical Analyses of Andesites

i 2 3

$i0, 59,6l 62 .53 60.78
Al504 16.6L 19.01 18.10
Fep0, 2.33 1.96 3.15
FeO L.35 1.Lh 97
MgO 2,10 1.29 2.0L
Ca0 L.59 ST L.61
Nay0 3eall 3.45 2.81
Kp0 L.16 3.30 eniTs
Hy0 69 A5 - 2.62
HpO- | Al .21 .68
T10, 1.08 65 o2k
P,0g L9 <17 62
MnO tr, 03 39
S 0L

50, .16
CO2 none

BaO .10 .13 .18
Sr0 .05 0L
Li,0 tr. tr,

Total 99.68 99.83 100.10
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Normative Analyses

1 2 3
Quartz 11.16 17.0L 11.64
Orthoclase 25.02 19.L46 16,12
Albite 27.77 29.3L 26.20
Anorthite 18.07 25,02 26.97
Diopside 092 3.56
Hypersthene 919 ; 3.20 5.26
Magnetite 3.25 3,02 6.03
Ilmenite 2.13 1.06 187
Apatite 1.34 31 (o)
References

1., Andesite, Elkhorn Mountains, Elkhorn, Montana.
Weed 1901, p. 525 and Washington 1917, p. 361.

2. Andesite porphyry, Butte, Montana.
Weed 1900, p. 119.

3. Andesite, altered (hydrothermally) Keating Mine,
Radersburg, Montana.
Washington 1917, p. 837. (one of three very similar
analyses)
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Table 7

Chemical Analyses of Latites

S10o 6L LS
A1,04 17.69
Fi,0, 1:.33
FeO 1.93
MgO 57
Ca0 3.73
Na,0 3.85
K,0 3.68
Ho0+ .80
HyO- .59
40, .69
P20 .16
MnO .05
S Kol
€O, .29
Ba0 .19
Total 100,04

Latite, Thunderbolt Creek, Helena Mining Region, U.S.G.S.

Bull. 527, p. 26, 1913.
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The basaité are poorly exposed and are found exclusively in the
western part of the district, over an area of several square miles,
mostly north of Little Blackfoot Creek. Several types of basalts are
recognized including porphyritic basalt with pyroxene phenocrysts,
porphyritic basalt with pyroxene and plagioclase phenocrysts, and
"oatmeal" basalt which contains flat tabular plagioclase phenocrysts.

The flows are commonly amygdaloidal. One unit is strongly brecciated.
Porphyritic Basalt with Pyroxene FPhenocrysts.

Several flows consist of dark greenish gray basalt with nearly
black pyroxene phenocrysts of augite and diopsidic augite. Some of the
flows contain minor amounts of very small olivine crystals which are in
part altered to fibrous ambhibole, or antigorite, but which yield very
little iron oxide in the alteration process. Indistinct, small lath-
shaped plagioclase phenocrysts are commonly aggregated into glomero-
phyric clusters in a microdiabasic groundmass. Magnetite, and small
amounts of apatite, are the important accessory minerals. Anal&ses 1
and 5, Table 5, are representative analyses of rocks of this type. A

typical model analysis is:

Labradorite (Ab 4O An 60) 31.5%
Pyroxene T8
Olivine 9.2
Magnetite | k.5

Groundmass L7.0
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Amygdaloidal zones are commonly found at the top of these flows
as well as in porphyritic basalts with both pyroxene and plagioclase
phenocrysts. In the amygdaloidal parts of the flows, the groundmass
is noticeably finer, and the essential minerals are strongly‘altered

deuterically.
Porphyritic Basalt with Pyroxene and Plagioclase Phenocrysts

These basalts are mineralogically similar to the basalts above.
The rocks weather to dark brown on the outcrop, but on the fresh sur-
faces they are dark greenish gray, aphanitic, and contain abundant
phenocrysts which range from about 2 to L mm, and may comprise as much
as 25 per cent of the rock. Labradorite laths occur in individual
crystals and in glomerophyric clusters, and are more abundant than
augite and clinoenstatite. Clinoenstatite is recognized in thin
sections and is conspicuous because it is so commonly altered to
fibrous amphibole and chloritg. The optical properties determined are:
positive optic sign, 2V =z 59° + 2°, birefringence relatively low,
maximum extinction angle 2/ ¢ about 22°, Magnetite and apatite are

the common accessory minerals. Small amygdules composed of calcedonic

quartz and a carbonate mineral were noted in some thin sections.
A typical model analysis of the rock from NW cor. sec. 9, T. 7 N.,

R. 8 W, is given in the following table:

Labradorite Ab 33 An 67 16.8%
Augite 3.7
Clinoenstatite 6%3

Groundmass 73.2
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Analysis 3 Table 5 is representative of the basalt found in the
Zosell mining district.

"Oatmeal" Basalt. A distinctive porphyritic basalt was found in the

basalt sequence just west of the Elliston district. The rock has a
dark gray groundmass in which well-oriented plagioclase phenocrysts,
to 10 mm long, are observed. The crystals are distinctlyt abular and
‘are about the size of rolled oatmeal.

The plagioclase phenocrysts comprise 10 to 20 per cent of the rock,
have the composition of labradorite, about Ab L2 An 58, and are altered
along internal fractures to a more albitic composition, as shown in
Figure 18. Plagioclase is likewise‘abundant in the felted groundmass,
the individual crystals averaging about .2 mm in length. Pyroxene
phenocrysts to 1 + mm are rare, and inconspicuous, and in thin section
are observed to be partly altered to uralite. In the groundmass,
pyroxene is strongly altered to secondary amphibole which is pleochroic
from bluish green to pale greenish tan. Small opaque iron oxide grains
are present but they a re not abundant. Sphene, partly altered to
leucoxene, is quite abundant, comprising 2 to 3 percent of the rock.
Sericite and carbonate occur in the groundmass.

The rock is lithologically wery similar to a basalt flow observed
in the upper part of the Upper Cretaceous volcanics found in the South

Boulder Creek section southeast of Whitehall.

Amygdaloidal Basalt. Amygdaloidal zones at the top of basalt flows are

abundant. Amygdules range in shape and size from small spherical shapes

of sand size, to almond-shaped amygdules up to an inch in length, to
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Figure 18. Photomicrograph of plagioclase phenocryst (side view) |
in "Oatmeal" basalt. The mottled appearance is due
to alteration to more albitic composition. The
albitic material is white and obscures albite twimming.
Note orientation of inclusions. Crossed nicols.
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irregular knobby amygdules the size of a small potato. Although rudely
eliptical shapes are common, many are very irregular in form. The
amount of amygdaloidal material varies from a small per cent in
porphyritic rocks, to as much as one-half of the rock. Amounts of 10
to 20 per cent a re common at the top of porphyritic flows.

The amygdules are vesicle fillings of chalcedonic quartz and/or
a carbonate mineral, along with minor amounts of hematite, chlorite
and epidote, Where chalcedonic quartz is the dominant mineral in
strongly amygdaloidal rocks, the amygdaloidal horizon comprises a
resistant zone which holds dip slopes.

Analysis 2 Table 5 isrepresentative of the chemical composition
of an amygdaloidal basalt for the Zosell district.

Distinctive mineral coatings in some amygdaloidal flows might
serve as stratigraphic markers. In the lower half of the basalt
sequence in the Elliston district, a dark bluish-green mineral coating
of amygdules was noted at several localities. Similar mineralogical
features have been observed in vesicles in lavas of the Columbia
plateau. Distinctive blue or green coatings are characteristic of
separate lava flows. (Mackin, personal communication.)

Analysis 2 Table 5 isrepresentative of the chemical composition

of an amygdaloidal basalt for the Zosell district.
Cliff Mountain Basalts.

At Cliff Mountain, there are two basaltic flows in the upper part

of the section, the lower of thetwo (unit No. 6, Table 5) has a dense
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aphanitic base and top, but the middle part is fine grained and contains
small, gray, calcic plagioclase phenocrysts in a dark greenish-gray
groundmass., Labradorite phenocrysts are up to 2 mm in length, are
internally fractured, strongly resorbed, and partly altered to
clinozoisite and clay minerals. Smaller plagioclase crystals up to

0.5 mm long comprise dout 25 per cent of the rock. The mafic minerals
are completely altered to chlorite, some of which exhibit complex
spherulitic clusters.

The basalt at the top of the mountain (unit No. 7, Table 5) is
a flow 108 ft thick, thecarust of which solidified, but the mpbile
lower part continued to move as lava under the crust. The formerly
fluid part has a very uneven upper surface marked by intrusive pro-
jections into the top of the unit. The rock weathers to dark reddish
gray in which light g ray feldspar phenocrysts and dark greenish
clusters of mafic minerals occur.

The dense upper aust of the flow is indistinctly microlitic and
contains small labradorite phenocrysts to 0.1 mm. The mafic minerals
are altered to chlorite and opaque iron oxide. The base of the unit
has an almost glassy groundmass containing plagioclase microlites and
small phenocrysts of andesine and mafic minerals which are strongly
altered to sericite and chlorite respectively.

Basalt Breccia. At Sugar Loaf Mountain, west of Cliff Mountain,

(Cliff Mountain section No. 1L, Table 5) there is a conspicuous basalt
flow breccia at the base of the Emery basalt section which is not

recognized in the Elliston district. The unit is quite thick, probably
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300 to LOO ft, as the entire knob of Sugar Loaf Mountain is made up of
the breccia. Part of the breccia is composed of a mass of angular
fragments, part has merely a crackled appearance. The fine-grained
brecciated matrix weathers conspicuously on the outcrop, but on fresh
surfaces, the brecciated character is indistinct. The rock weathers
to a dull brownish-gray color on the outcrop, but on freshexposures is
a dark bluish gray. The groundmass if very fine grained and practically
devoid of visible phenocrysts.

In thin section, the rock shows small reasonably fresh crystals
of labradorite, augite and pigeonite, aswell as another mafic mineral
which is strongly altered. A small amount of altered amphibole is
also present, which has been partly changed to chlorite. FPlagioclase
makes up from 60 to 70 per cent of the rock, however, the largest
individual crystals are less than 0.5 mm in length. Magnetite, apatite,

and a trace of quartz comprise the accessory minerals.
Chemical Composition of Basalts.

Although there a re no chemical analyses of basalts f rom the
Elliston district, there are several analyses of basaltic rocks from
the near-by Zosell district. Analyses 1, 2, 3, and 5 in Table 8 are
representative of specific basaltic types found in the western part
of the Elliston district. Afialysis L is representative of an andesite
"near basalt composition" according to Weed (1901, p. 529). According

to the Johannsen system, it would be classified basalt.
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Volcanic-Derived Sediments

Sediments of volcanic derivation comprise only a small part of
the volcanic pile in this district. On the east side of Mike Renig
Gulch, about 5 mi south of MacDonsld Pass, hornfelsed sedimentary tuffs
of sand and fine gravel size crop out at one locality.

In the Cliff Mountain section, two sedimentary units were measured.
One is a water-laid tuff of andesitic composition (Unit No. L, Table 5).
The rock is a fine-grained, greenish-gray tuff which weathers to
irregular subconchoidal masses. The unit is variable in thickness over
the outcrop area on the face of the cliff, Along the measured section
it is 38 ft thick. ©Small limey concretions were observed near the base,
and some dark, flinty material was noted which maybte silicified wood.

In thin section, the rock is seen to be a fine-grained lithic tuff
with a large amount of carbonate in the grou..dmass. Small andesine
crystals, dout 1 mm long, and strongly altered sericite, comprise
10 per went or more of the rock,

The other unit (No. 3, Table 5) is of uncertain origin. It is a
mottled, dull, reddish-purple and greenish breccia, dout 190 ft thick.
Large cobbles appear tote somewhat rounded and are concentrated in
crude beds. In the first set of field notes, the phrase "possible
sediment” appears. In company with Dr. Klepper in the field at a later
date, many rounded boulders, up to 1 ft in diameter, were noted im-

bedded in a tuff matrix. The unit may represent debris from an avalanche.
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Age and Correlation of Older Volcanics

The breccias at the base of the volcanic pile lie on Colorado
shale and older Lower Cretaceous Rocks in the western part of the
Elliston district. About 10 mi west, the basalts rest directly on
Upper Cretaceous sediments more than 1500 ft above the base of the
Colorado.

The basal breccias, the andesites and the latites of the volcanic
pile, were intruded by quartz monzonite of the Boulder batholith. At
no locality have batholithic rocksbeen observed to be intrusive into
the basalts. Because there is no obvious unconformity or structural
discontinﬁity between the andesitic-latitic series and the basalts, and
because basalt flows are interlayered in the middle part of the volcanic
section, the basalts have been considered part of the pre-batholithic
volcanics into which the quartz monzonite was intruded.

On the lastday of work in the 1955 field season, Dr. Klepper
found several granitic xenoliths in one of the basalt flows a bout 1 mi
west of the Elliston district. Some of the boulders resemble alaskitic
rocks of the batholith. Figure 19 shows the texture of one of the
boulders which is very similar to the texture of some alaskite in the
Elliston district. (See section on aplite-alaskite.) Another boulder
found in basalt at the same locality is a breccia which is similar
petrographically to a rheomorphic breccia from Cornucopia, Oregon
(Goodspeed 1953)., The texture is shown in Figure 20. No counterpart

of this rock is known in the region.
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Figure 19. Photomicrograph showing texture of leucocratic granitic
inclusion in basalt. Note small fracture filled with
quartz. Crossed nicols.

Figure 20. Photomicrograph showing cataclastic texture in inclusion
in basalt. The hazy line at the right marks the boundary
between a red colored breccia fragment and the dark
cataclastic groundmass. Crossed nicols.
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Two or three granitic boulders were removed from the basalt in
an attempt to collect enough rock for a zircon age determination. An
age of 50 million years was determined by the U. S. Geological Survey
(Klepper, personal communication). This determination may be in error
by as much as 100 per cent, because zircon is broken down in contact
gones and in rocks subjected to metamorphism. The limits of error
bracket the Mesozoic and early Tertiary granitic rocks of the Boulder,
Philipsburg and Idaho batholiths (see Table 15). The granitic boulders
are thus not derived from the pre-Beltian metamorphic rocks. The age
of the metamorphic breccia xenolith is unknown. It may have been
picked up in thé pre-Beltian basement rocks. .

If the granitic boulders were incorporated into the basalt flow
as it moved across a boulder-strewn surface of batholithic rocks, a
post-batholithic age for the basalt would, of course, be indicated.
Although this explanation for the granitic boulders is one of the
possibilities which must be considered, it does not solve the problem
of the metamorphic boulder which, so far as is known, has no possible
counterpart in the rocks exposed in the region.

If the granitic boulders were picked up en route to the surface,
the age of the boulders is indeterminate relative to the age of the
exposed batholithic rocks.

The discovery of these boulders has case some doubt regarding the

age of the basalts. However, the interlayering of similar basalts
in pre-batholithic andesitic and latitic volcanics, the absence of any

obvious structural discontinuity between the latitic and basaltic parts
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Table 8

Chemical Analyses of Basalts

(1) (2) (3) (L) (5)
S102 L7.h 50.0 53.0 54 .50 5L .61
1504 13.8 1h.1 k.7 1791 15.23
Fep03 5.1 3.k L.0 8.55 3.51
FeO 543 L7 L.8 nd. L.80
MgO 73 L.o L7 331 L.69
Ca0 10.7 6.9 8.2 9.37 7.1
Naz0 2.8 2.6 2.3 2.3k 1.L6
Ko0 1.k 2.3 1.L 1.62 2.70
HpO+ .96 2.L7
Loss 2.8 8.9 5.3
Hy0- 1l .32
T10, R .58 .62 .9l .86
Py0g 031 .35
MnO tr. .09
Co, ; 1.46
s 63 none
€O,
Bal) .06 .11
Sr0 .05 Ol
Li0 tr.

Totals 97 .6 97.5 99,0 100.80 100,11
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Table 8

Chemical Analyses of Basalts

Pyroxene basalt, Helena Gulch, Zosell Distrjct. Montana Bur.

Mines and Geology Mem. 3L, p. 7, 1953.

Amygdaloidal basalt. Footwall Bonanza lode, Montana Bur. Mines

and Geology Mem. 3L, p. 7, 1953.

Basalt porphyry, pyroxene and plagioclase phenocrysts, near Emery
Mine, Zosell district. Montana Bur. Mines and Geology Mem. 3L,

p. T, 1953.

Hornblende andesite porphyry altered from augite andesite approaching
basalt, Elkhorn district, U. S. Geological Survey AR 22 II, p. 529,
1901. ‘
Andesite porphyry, Daylight Mine, Zosell District. U. S. Geological

Survey Bull. 168, p. 119, 1900.
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of the volcanic section, and the petrographic similarities of the
"oatmeal" basalt in the Elliston district to pre-batholithic "oatmeal"
basalt in the Whitehall area, are c onsidered evidence favoring pre-
batholithic age of the basalts in the Elliston district.

The basalts may be related to the granogabbro sills which mark
the initial stage in the emplacement of the batholith. On the other
hand, the possibility exists that they may be, at least in part, post-
batholithic in age. Detalled mapping of the basalts in the area, and
particularly in adjoining areas, will be necessary before theage of

the basalts canle settled.
Upper Cretaceous Volcanics in Adjoining Regions.

Upper Cretaceous volcanic rocks are found at a number of localities
in the region of the Boulder batholith and along the front of the Roeky
Mountains in western Montana. They include the Livingston, Three Forks,
Whitehall, Elkhorn Mountain, Radersburg-Winston and Wolf Creek areas.

In the Livingston area, about 125 mi east of Butte, the Livingston
formation was first described by Weed (1893). The volcanics and
volcanic~derived sediments which comprise the formation are in the lower
Montana group in the upper part of the Eagle formation(Vhay 1939).
Augite andesite, hornblende andesite, dacite and basalt comprise the
principal rock types found in the formation (Parsons 1942).

In the Three Forks area, andesitic volcanics whichrest on the
Colorado shales were mentioned by Berry (1942). I have seen and mapped

volcanics in the area and have observed that they are d ominantly
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andesitic in composition and comprise tuffs, lapilli tuffs, breccias,
agglomerates and sediments of volcanic origin.

While cnducting a class in geologic mapping in the South Boulder
Creek section southeast of Whitehall, more than 2,000 ft of volcanics
were mapped. They rest on Colorado shales and were strongly folded
and thrust faulted prior to the emplacement of the batholith. The
rocks in the section are andesite tuffs, basalt flows, volcanic sed-
iments, agglomerates, and particularly distinctive "oatmeal" basalt
near the top of the section. It has the same petrographic characters
as the "oatmeal" basalt in the Elliston district. Some of the basalts
are amygdaloidal and have features whichare very similar to the Emery
basalts found in the Elliston district.

On the northeast side of the Boulder batholith in the Radersburg-
Winston districts, volcanic sediments overlie upper Colorado group
formations. Volcanic-derived sediments, known as the Slim Sam form-
ation, (Klepper and Freeman 1951), are overlain by the Elkhorn volcanics
(Klepper 1951). The Slim Sam formation consists of out 900 ft of
sedimentary tuffs, lapilli tuffs, volcanic sandstones and mudstones.
The lower part of the f ormation contains thinly-bedded sandstone in
which quartz is dominant over feldspar. The sediments grade upward
into massive sndstones inwhich quartz comprises less than five per
cent of the rock. Thin, black, argillite interbeds are common through-

out the section. The upper part of the formation grades into tuffs and

volcanics of the Elkhorn Mountain volcanics, which comprise a series of
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massive crystal tuffs, tuff breccias, and welded tuffs 2,000 ft or
more thick,
In the southern Elkhorn Mountains, Klepper (1951) measured a

section of Upper Cretaceous volcahics which is summarized in Table 9.

Table 9
Elkhorn Mountains Volcanics
Andesite flows, dark, amygdaloidal, some red jasper 630 feet
in amygdules, amygdaloidal basalt
interbedded

Andesite and latite (?) breccia, tuff-breccia
lapilli tuff, tuff 1255 "

Andesiteand latite (?) flows with interbedded

tuff breccias, lapilli tuff, and breccias.
Coarse pyroclastic flows near base. 1035 "

2920 feet
The overall similarity of the Elkhorn Mountain section and the Elliston
section is striking. Apparently the Elliston volcanics are somewhat
more basic, but in other particulars, namely the presence of coarse
pyroclastic flows at the base, andesitic and latitic tuffs in the middle,
and andesitic flows with some amygdaloidal basalts at the top, the two
sections are similar. The Elkhorn Mountain volcanics are older than
the early intrusives related to the Boulder batholith found in that
area,

In the Wolf Creek area south of Great Falls, the Adel Mountains
volcanics rest unconformably on the Two Medicine formation of Upper
Cretaceous age at about 2700 ft above the base of the Colorado (Lyons
194L, p. Lh9). Of special interest is the recognition of glassy welded

tuffs of possible latitic composition (Barksdale 1951, p. LLO).
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Conclusions. The andesitic and latitic volcanics in the Elliston

district overlie lower Upper Cretaceous sediments and are older than

the intrusion of thé batholith, Because of their petrographic similar-
ities to other Upper Cretaceous volcanic rocks, the Elliston prebatholithic
volcanics are considered Upper Cretaceous in age. They appear tobe more

or less equivalent to the Upper Cretaceous Elkhorn Mountain volcanics,

the Livingston volcanics, the volcanics in the Whitehall area, and to

the Adel Mountain volcanics. The basalts at the top of the volcanics

are likewise c onsidered to be Upper Cretaceous because:

l. There is no obvious unconformity or obvious structural dis-
continuity recognized at the base of the basalts;

2. Basalt flows of about the same composition are found inter-
layered in the andesitic and latitic units;

3. The uppermost basalts in the Elliston and Elkhorn districts
are very similar petrographically and chemically and if
correlative in age the Emery basalts must be pre-batholithicj

s If the "oatmeal" basalt in the Elliston district is correlated
with the "oatmeal" basalt in the Whitehall area, then the

Emery basalts are pre-batholithic in age.
YOUNGER VOLCANIC ROCKS

Rhyolite
Rhyolite ignimbrites and possibly flows are found; (1) in the
southern and southwestern part of the district over an area of about

8 sq mi; (2) in isolated memnants on the Continental Divide; (3) in
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somewhat larger remnants in the western part of the area; and (L)
abundantly distributed over the adjoining area to the west. Within the
district, two types of rhyolite have been recognized. The older is
completely devitrified and contains minor amounts of altered biotite,
whereas the upper unit is distinctly a welded tuff which contains
virtually no biotite or magnetite, and is found over a wide area not
only within the district, but in tthe region south and west of the

district,
Older Rhyolite.

The older rhyolite crops out in thevalley on the west side of
Bison Mountain. The areal e xtent is not known. The rhyolite is com-
pletely devitrified and includes small phenocrysts of sanidine, oligo-
clase, quartz and minor amounts of mafic minerals which have been
altered to chlorite and epidote. The groundmass is devitrified to
micro-spherulitic and complex micropoikilitic grains of feldspar and

quartz as shown in Figure 21.

Younger Rhyolite.

The younger rhyolite is the more widespread unit, and it is
clearly a welded tuff. Mineralogically it is a quartz latite with
sanidine, quartz and oligoclase phenocrysts. Biotite and magnetite are
conspicuously absent. The base of the rhyolite is commonly obsidian
vitrophyre which grades sharply upward into a dense tuff which shows

strong layering due to compaction of welded shards. Miarolitic cavities
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graph of plagioclase phenocryst in devitrified

v

icro

Figure 21. Photom

rhyolite. The microgranular layer is a flow-like layer.
Crossed nicols.

Figure 22. Photomicrograph of partly resorbed sanidine phenocryst in
obsidian vitrophyre. Note cracking at margin of grain.
Similar curved cracks noted slso in quartz. Crossed nicols.
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abound in the less conspicuouslywelded upper part of the rhyolite.
Small, white cristobalite crystals were identified in miarolitic
cavities at a locality 1 mi west of Elliston,

About 0.5 mi west of Elliston, there is obsidian vitrophyre at
the base of the rhyolite. Streaks of dark reddish obsidian are in
the black glass. Clear, glassy, yellowish sanidine phenocrysts are
abundant but are partly corroded and all have adistinctive internal
fracture pattern shown in Figure 22,

Just a few rods south of the southern boundary of the district
in N\W % sec. 34, T. 8 N., R. 6 W., an obsidianwas found which is
somewhat vitrophyric and contains scattered, resorbed sanidine pheno-
crysts. The glass is microperlitic, as shown in Figure 23. The indic-
ations of intense welding are more distince in the photograph than was
suspected from an examination of the thin section. Mansfield and Ross
(1935) report a thin, completelywelded, perlitic obsidian at the base of
a welded rhyolite in Idaho. Elsewhere the basal obsidian shows signs
of welding and subsequent fracturing as shown in Figure 2. The rhyolite
above the glassy base is a high-gradewslded tuff with densely compacted
and squeezed shards, which gives way to a dense, somewhat miarolitic,
but strongly banded rock above. A thin, light gray, sandy tuff was
noted in NE % sec. 32. It mayrepresent a non-welded upper part of a
welded rhyolite unit, or comprise a thin pyroclastic tuff between two
rhyolites,

The textures in the rhyolite are very similar t o textures
illustrated by Mansfield and Ross (1935) to representwslding and

compaction of glass shards in a welded tuff,



Figure 23. Photomicrograph of perlitic fractures in glass.
Compacted structures inconspicuous, nevertheless
clearly visible. Crossed nicols.

Figure 2L. Photomicrograph of welded and microbrecciated glass
at base of welded rhyolite tuff. Plane polarized light.
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Previous Work on Welded Tuffs of Rhyolitic Composition.

Thewlded nature of some rhyolite tuffs was early recognized by
Iddings (1899) and, according to Mansfield and Ross (1935), even earlier
by W. Von Fritch and W. Reiss in 1868 in their descriptions of rhyolites
from the Canary Islands. A great many observations have been made
which have accumulated to<iamonstra£e the probable welded character for
many rhyolites. Some of the examples of acidic volcanics which are
clearlywlded tuffsare dascribed by Grange (193k, 1937) and Marshall
(1932, 1925) in New Zealand; Green (1915, 1919), Marr (1916), Mitchell
(1929, 193L), Oliver 195L), and Hartley (1942) in England; Richards
and Bryan (193L) in Queensland; Fenner (1948) and Jenkes and Goldich
(195L) in Peru; and Iddings (1899), Mansfield and Ross (1935), Gilbert
(1938), Williams (19L2), Mackin and Nelson (1950), Moore (193kL),
Barksdale (1951), Staples (1950), and Wilkinson (1950) in the United
States.

The recognition of the great lateral extent of some welded tuffs
and their uniform thickness (where the lower contact is nearly flat)
is a more recent observation. J. H. Mackin, H. W. Wheeler and Paul
Williams have successfully traced individual rhyolites over broad
areas in the Oreat Basin. Their stratigraphic significance is becoming
more apparent. (Personal communications.)

Any rhyolite, latite, andesite (or even basalt ?) which exhibits
stratigraphic continuity over a wide area, which is reasonably uniform
in thickness, and which exhibits mineralogical and textural identities

over a wide area, is suspect of an ignimbrite or welded tuff. Actually,
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the first field work done by the writer in the pre-Cambrian igneous
rocks in Missouri involved the tracing of rhyolites which are uniform
in thickness over a considerable area. They are almost certainly
welded tuffs.

The natural phenomenon which produces the welded tuffs which are
spread over many hundreds and even thousands of square miles, calls
for a remarkable mechanism which permits the extrusion of vast quant-
ities of materials in a medium which has the fluidity of water, or
something even more fluid. Blasts of gas-solid phase matter at high
temperature, producing hot, high-density clouds, have been observed, on
a relatively small scale, in the spectacular erruptions on the Island
of Martinique, and described by Hsogoiz (190L) and Perret (1935). 4
similar mode of origin was postulated by Fenner (1937) for the tuffs
at the Valley of 10,000 Smokes., From purely metallurgical reasoning,
Reynolds (1955) applied the concept of fluidization to the mechanism
of the ignimbrites. The idea has a high degree of reasonableness,
however, the origin of the conditions which gives rise to the ignimbrites

is unsolved,
Chemical Composition,

No chemical analyses are available for rhyolite in the Elliston
district, however, an analysis is available from the adjacent Rimini
district. Two additional analyses from the Butte d istrict are

included in Table 10,
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Table 10

Chemical Analyses of Rhyolite-Quartz Latite

il 2 3

510, 75.30 7h.3L 67.55
A1,04 11.95 12.97 15.68
F8203 207 o715 .98
FeO .Sk 1.02
MgO .05 .86 bt
Ca0 .62 85 2.51
Nay0 3.09 2.L49 L.15
K50 L.96 L.72 2,86
H, 0+ 61 s [ 2.76
Hy0- .36 1.03 .38
T10, .17 .18 3L
P,0¢ tr 07 A2
MnO tr tr tr
So3 b .03

Cl tr .05
BaO tr 07 011
Sr0 tr tr .03
Organic U5

L120 tr

Zr0, ey S o

Total 100.17 100,06 99.63
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Table 10 cont.
Chemical Analyses of Rhyolite and Quartz Latite

Rhyolite, Rimini Mining District, U. S. Geological Survey
Bull. 168, p. 119, 1900

Rhyolite, Butte, Montana, U. S. Geological Survey Prof-
essional Paper 7L, p. Lk, 1912.

Rhyolite-Dacite obsidian, Big Butte, Butte, Montana,

U. S. Geological Survey Professional Paper Tk, p. LS5, 1912,
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Age of the Rhyolites.

The rhyolites which crop out in the district are clearly younger
than the granitic rocks because they rest unconformably on batholithic
rocks. Some rhyolite just west of the district has been involved in
faulting, but for the most part, the youngest rhyolites obscure the
lineament trends in the southern part of the district, and overlie
a strong north-south fault zone. West of Elliston a body of rhyolite
gives the impression that it flowed down a valley in relatively modern
(pre-glacial) time.

In the Butte district, rhyolite is clearly intrusive into and
extrusive upon the quartz monzonite at Big Butte. Weed (1912) con-
sidered that Big Butte is a remnant of a vent as there are extrusive
flows south of the butte, and many dikes appear to swarm out to the
south from the center of the butte. The rhyolite has been encountered
in the mine workings underground and is clearly post-mineralization.
Most of these so-called rhyolites a re, however, dacites. (Sales 191L).

In the Rimini district, individual flows and mgsses of extrusive
rhyolite flows arereported by Ruppel (personal commnication) including
the body of rhyolite at Red Mountain described briefly by Knopf
(1913, p. 39).

Knopf (1913, p. U1l) considered the rhyolite at Mullan Pass to be
possibly upper Miocene or younger in age. Pardee and Schrader (1933,
p. 21) consider the rhyolite near Avon (West of Elliston) to be pre-
Oligocene on the basis of Tertiary '"lake beds" which contain Oligocene

vertebrate remains. (Douglas 1902.)
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The youngest rhyolite in the Elliston district, which is obviously
awelded tuff, is found in isolated patches over an area of nearly
100 sq mi. To this may be added the apparently identical rhyolite found
just west of Elliston, and those found 10 mi farther west near Avon.
Pogsibly the rhyolites f ound to the south, northwest of Butte, and the
similar rhyolites observed 80 mi southwest of Butteat Pipe Organ Lodge
are all related.

Several of the hand specimens of the younger rhyolite from the
Elliston district were examined by Dr. Harry Wheeler, Mr. Paul Williams
and Mr, Dwight Schmidt. Wheeler (personal commnication) considered
the younger rhyolite tobe strikingly similar to the Rattlesnake
rhyolites of Pliocene age found in Idsho which are described by Wilkinson
(1950), Williams (personal communication) considered that they could be
Pliocene welded tuff units, based on mineralogical and lithological
characters of the units he has worked with in Nevada and Idaho, where
the Miocene volcanics are more intensely welded and have less biotite
than the Oligo-Miocene welded tuffs which contain biotite. Schmidt
(personal communication likewise ldentified the Elliston rhyolite as
resembling upper rhyolite series, probably Miocene, in south central
Idsho, The agreement of these individuals in "correlating" hand
specimens collected in Montana with specimens of known age in Idaho and
Nevada, seems quite remarkable t o me. Individual samples collected by
Williams from near Curry, Névada, were indistinguishable f rom samples
in the Elliston district. This wastrue for two distinctly differently

textured rocks, neither of whichwas an obsidian vitrophyre. In thin
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section, rhyolites from the two areas were, in individual instances,
virtually identical.

Although lithologic and petrographic correlation are admittedly
hypothetical, nevertheless, as welded tuffs do have broad regional
stratigraphic continuity, the possibility should be considered that the
uppermost rhyolite unit in the Elliston district may be Fliocene in
age and may not have been derived locally from the area of the Boulder
batholith.

Thus within the area of the Boulder batholith there may be more
than one age of rhyolite. Some are clearly related to the batholith,
at least geographically and presumably petrogenetically. (See section
on chemical petrology.) Among these are the rhyolite and dacite
bodies found at Butte, near Boulder, and in the Corbin-Wickes district.
Possibly the older rhyolite in the Elliston district is of local deriv-
ation, and possibly the younger rhyoliteaswell. However, the possibil-

ity exists that the younger rhyolite is Pliocene in age.
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INTRUSIVE ROCKS

Introductory Statement

The intrusive rocks comprise a wide variety of types grading from
gfanOgabbro to quartz monzonite to aplite-alaskite in a succession
of stages in the emplacement of and crystallization of the Boulder
batholith., Thin sills are found in the sedimentary and volcanic rocks,
and a few dikes cut all rocks in the region except rhyolite. The rocks
in sills and dikes are basalt, rhyolite (just west of district), diorite
and quartz monzonite-porphyry*. The intrusive rocks are described in
chronological order.,

The batholith crops out in the eastern and southern part of the
district over an area of a bout 20 sq mi, but within this area two
intrusive stages are found. A granodiorite, herein called the Bison
Mountain granodiorite, and normal or main-stage quariz monzonite, with
its related aplite and alaskite, are exposed. Two earlier intrusive
stages of the batholith, namely granogabbro and basic granodiorite, are

not found within the district, but are found in adjoining areas.

#Notes: "Porphyry" is used for the name of a rock, such as quartz
monzonite-porphyry, in the same sanse that Johannsen used the term.

He says: "Granite-porphyries must not be confused with porphyritic
granites. The latter are definitely granites with a porphyritic tex-
ture, but the average grain is medium-sized and not aphanitic. Granite-
porphyries have groundmasses which are granular under the microscope,
but t o the unaided eye are ratherdense; and the phenocrysts stand out
quite prominently, even though they may not be, in every case, very
abundant. Usually, these phenoerysts are feldspar, quartz, and the
dark minerals; and of these, the latter may not reappear in the second
generation in the groundmass. . . The phenocrysts are usually rather
automorphic, sometimes corroded. The groundmass is nearly xenomorphic-
granular, usually medium-grained, but in some cases almost, but not quite,
eryptocrystalline." (Johannsen 1949, p. 29L).
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A thick granogabbro sill is found west of the district in an area that
is not scheduled to be mapped in the near future. Bedause it is the
only granogabbro known in the northwestern region of the batholith, a
short description of the rock is included.

The first part of this section on intrusive rocks deals with the
descriptive petrography of the rocks grouped into theirbroad petrologic
types. The mineralogy of quartz monzonite is discussed in detail,
particularly the alkali feldspars because of their significance in
late stage magmatic processes leading to mineralization. The textural
types are described from typical localities. The next part deals with
the petrogenesis of quartz monzonite and related aplite-alaskite in
the magmatic, late magmatic or deuteric and hydrothermal stages of

magmatic crystallization.
Granogabbro

Although gabbro is not exposed within the district, a LOO-ft sill,
intrusive into Upper Cretaceous bedsaout 1500 ft above the base of the
Colorado formation, is exposed on licover Creek about 12 mi west of
Elliston. (Pardee 1917, p. 212). Similar rocks crop out in the north-
eastern part of the batholith (Pardee and Schrader 1933, p. 18) and
in the Elkhorn region on the east side of the batholith (Weed 1901, p. L26)

The rock weathers to a brownish feldspar and altered mafic mineral

grush (Johannsen 1916) and rarely may fresh rock be observed on outcrops.

In a highway cut on U. S. 10N about 1L mi west of Elliston, fresh rock
is medium grained, dark greenish gray, and contain gray plagioclase

crystals and greenish black pyroxenes. The rock has an altered
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appearance due to late deuteric action. Small leucocratic stringers,
consisting chiefly of alkali feldspar, occur iﬁ fractures in the rock.

In thin section, the minerals identified are: sodic labradorite
(Ab LL An 56) which occurs in automorphic to hypautomorphic crystals
1 to 3 mm long, some of which are strongly fractured internally; augite,
which is partly altered to uralite and very fine-grained iron oxide;
olivine which is very minor in amount and almost completely altered;
and accessory biotite, potash f eldspar, quartz, magnetite, and apatite.
The biotite is strongly pleochroic, x = tan, y = 2 = dark reddish brown,
2V = 0. Potash feldspar comprises possibly 10 per cent of the rock, is
optically negative, and has a small optic angle, 2V about 30° to L0°.
The potash feldspar crystallized in part between plagioclase crystals,
and is in part formed by replacement of the early plagioclase as shown
in Figure 25. The mineral is tentatively identified as anorthoclase.
(See section on mineralogy under quartz monzonite.) In virtually all
places where potash feldspar is in replacement contact with plagioclase,
there is a narrow albitic feldspar rim between potash feldspar and
plagioclase.

The texture of the rock is hypautomorphic diabasic in which plagio-
clase comprises about 50 per eent, pyroxene (and uralite) 25 per ent,
potash feldspar 10 per cent, biotite S per cent, quartz 5 percent, and
magnetite 5 percent. Figure 26 illustrates the diabasic texture. The

rock is a granogabbro (237 Johannsenst).

#Note: The Johannsen classification is used for igneous rocks except
that quartz monzonite is used instead of adamellite.



86

|

o > 45 7

Figure 25. Photomicrograph of potash feldspar (anorthoclase ?)
which has partly replaced plagioclase in granogabbro.
Crossed nicols.

Figure 26. Photomicrograph of diabasic texture in granogabbro.
Crossed nicols.
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Bison Mountain Granodiorite

Granodiorite crops out on Bison Mountain and adjoining areas in
the southwestern part of the district, as shown on the g eologic map.

It is a distinctive granitic type characterized by: (1) a grayish-green
color; (2) epidote coatings and iron oxide staining on joints; and (3)
a greater proportion of plagioclase than found in normal quartz monzonite.

The granodiorite is not found in contact withmin stage quartz
monzonite, consequently its relative age to the quartz monzonite is
not known. Because it is a granodiorite and because granodiorite
usually preceeds quartz monzonite in the emplacement of the batholith
(Klepper, personal communication), the Bison Mountain granodiorite is
considered tobe older than quartz monzonite, however it may well be
very closely related to the main stage of quartz monzonite.

There are three main textural facies within the granodiorite body .
The normal granodiorite is a fine medium-grained, greenish-gray rock.
In the coarser-grained facies, the rock has a distinct pinkish color,
due to well-developed potashfeldspar. Fine-grained diorite porphyry
is formed at the north end of the intrusive where it lenses out into
a sill-like body.

In its coarse-grained facies, the granodiorite is light pinkish
gray, in which plagioclase and potash feldspars are both distinguishable,
the latter usually in smaller, and less conspicuous, grains except
where porphyroblasts formed. Relatively large potash feldspar crystals
which form in situ after the rock is mostly crystallized are mlled

porphyroblasts to distinguish from phenocrysts which crystallized from
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silicate magma. The feldspar crystals range from 1 to 3 mm, rarely
larger. Hornblende is the common mafic mineral, and it occurs in
elongated crystals which have very ragged borders. Irregular grains
of biotite and quartz are rarely distinguishable in the hand specimen,
From near the south end of B3ison Mountain at a massive outcrop
of the coarsest-grained granodiorite, the modal analysis of the rock

is abouﬁ as follows:

Plagioclase L5% (Ab 55 An L5)
Potash feldspar 30
Quartz 10
Pyroxene and uralite 10
Biotite 5
Magnetite and sphene 5

Granodiorite (227 Johannsen)

Andesine occurs in crystals up to 5 mm in length, some of which are
zoned, internally fractured and altered to clinozoisite and sericite
along the fractures. On the other hand, some of the plagioclase is
remarkably fresh and unaltered, even where the grains are strongly
fractured. Augite is in part fresh, but most commonly it is almost
completely altered to uralite (actinolitic hornblende) with minor
amounts of biotite and iron oxide. Potash feldspar and quartz are
largely confined to the xenomorphic groundmass composed of grains
ranging from very small to 0.5 mm in diameter. Many incipient porphyro-
blastic growths are found in the rock and a few well -developed porphyro-
blasts to 3 mm are scattered throughout the rock. Biotite in the rock
ig different from biotite of the normal quartz monzonite in that its
pleochrism is x = very light tan, y = 2 = light brownish orange. The

optic angle, 2V=0°, is the same as in biotite in quartz monzonite.



89

In the fine medium-grained granodiorite, which is the common rock
in the intrusive, plagioclasé inarystals 1 to 3 mm long is the most
abundant mineral, and pyroxene altered to secondary hornblende and
sphene-leucoxene (as shown in Figure 27) is the next in amount. Biotite
is minor and is commonly strongly altered to chlorite and partly replaced
by epidote and sphene-leucoxene. Quartz and potash feldspar occur
only in the groundmass. Fresh rock from the dump of the Monarch Mine
shows a flood of late quartz as shown in Figure 28. The quartz content
of the rock is about 20 per cent, about twice the normal amount. The
quartz may come from the vein (not considered likely) or may be related
to the marginal zone of the intrusive. Magnetite, apatite and very
minor amounts of zircon are the accessory minerals.

Much finer-grained rock crop out in the northern part of the
intrusive where it appears to lens out to a thin sill (see section BB' on
geologic map). At the north end of Bison Mountain, and particularly
at those exposures north of Ontario Creek, the rock is fine-grained
diorite porphyry in which plagioclase and dark green mafic minerals
are the distinguishable minerals. The groundmass is composed of
microgranular quartz, potash feldspar and minor amounts of fine-grained
plagioclase and biotite. Plagioclase comprises LO to 50 per cent of
the rock, and is calcic andesine. The large crystels found in an early
generation, are 1 to 3 mm long and were probably more or less auto-
morphic, but because they are in part replaced and resorbed, the
crystals are irregular in outline. The crystals are likewise generally

fractured internally and are altered to more albitic composition along
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Figure 27. Photomicrograph of hornblende crystal with relic of

pyroxene. Dark patches are leucoxene. Note grano-
phyric texture in groundmass. Flane polarized light.

N

Figure 28. Photomicrograph of texture in Bison Mountain grano-
diorite showing flood of late quartz. Crossed nicols.
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the fractures and at the margin of the crystals. Figure 29 shows a
plagioclase phenocryst with albitic alteration along a diagonal crack,
and albitic rims. Plagioclase in other parts of a section is altered to
clinozoisite and sericite in the manner previously described. Biotite,
where present, is pleochroic, but most commonly it is recrystallized

to a fine-grained felted mass of crystals which have lower birefringence
than biotite and greater refringence than ordinary chlorite. Figure 29
also shows typical fine-grained xenomorphic groundmass in which potash
feldspar occurs in: (1) small xenomorphic grains with quartz; (2) very
irregular poikoblastic grains, which are incipient porphyroblasts; and
(3) reasonably well-developed potash feldspar porphyroblasts. (For a
discussion of potash feldspar porphyroblastic growths in groundmass,

see potash feldspars in the section dealing with the mineralogy of
quartz monzonite) .

The groundmass of the fine-grained granodiorite porphyry is
composed of potash feldspar and quartz in microgranular, xenomorphic
and micrographic textures. The residual magmatic solutions replaced
egrly plagioclase phenocrysts and have converted some of the plagioclase
to myrmekitic intergrowths of feldspar and quartz. Insome instances,
plagioclase is completely replaced by plumose, micrographic intergrowths
of quartz and potash feldspar.

Near the upper contact of the granodiorite porphyry north of
Ontario Creek, where the body is a relatively thin sill, the groundmass
which comprises about 60 per cent of the rock, is particularly fine

grained, and undoubtedly represents a chilled facies at the margin.
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Figure 29. Photomicrograph of plagioclase phenocryst with
alteration to more albitic composition at margin
of the crystal and along fracture through the
crystal. Note incipient stages of porphyroblastic
potash feldspar growths in the groundmass and the
well formed porphyroblastic grain at the right
side of the photograph. The groundmass is
aplitic. Crossed nicols.
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Plagioclase crystals 1 to 2 mm long make up about 30 per cent of the
rock, but they are strongly altered to sericite, particularly along

the internal fractures. The sericite stained yellow with sodium cobalti-
nitrite solution indicating the presence of potash. (Gabriel and Cox
1929, p. 290). The mafic minerals, which occur in irregular clusters

of crystals 0.5 to 1 mm in diameter, are altered to uralite and chlorite
in which dusty opagque iron oxide has been released. The groundmass

is microaplitic, xenomorphic, and is very similar to the groundmass in

the chilled marginal facies of normal quartz monzonite.
Quartz Monzonite

Quartz monzonite is the common rock which makes up the main in-
trusive stage of the Boulder batholith., Quartz monzonite, with related
bodies of aplite-alaskite, crops out over an area of about 16 sq mi in
the eastern part of the district, as shown on the geologic map.

The quartz monzonitic rocks have been subdivided into a wide
range of textural facies by the U. S. Geological Survey field parties
mapping the batholith. (Becraft 1955). For purposes of this report,
three broad textural facies, coarse, medium and fine grained, are
described. The coarse grained are specially defined for mapping in the
batholith to include those rocks which have an average grain size of
2 mm or greater, because rocks which are coarse grained in the standard
sense, (L to 5 mm average grain size) are very rare.

Although a wide variety of textures are exhibited by the quartsz

monzonitic rocks, and although there are minor mineralogical differences
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between the various rock species, there are features which are dis-
tinctly common to all the rocks of the main stage of the batholithic
intrusion. (1) The essential minerals are t he same and crystallize in
the same sequence; (2) the composition of the minerals is apparently
the same, based on optical dataj (3) the late stage crystallization
features and deuteric phenomena are mineralogically the same although
there are minor textural differences within the main textural f acies;
and (L) the accessory mineral suite is the same in all the different
textural and mineralogical faciag.

The mineralogy of the rock;’is described in detail because a
better understanding of.endomorphic phenomena, particularly the
succession of late crystal growths of potash feldspars is essential
to a comprehension of the genesis of the rocks. The reader who is
not primarily concerned with the origin of aplite-alaskite or hydro-
thermal veins is urged to skip over to the heading "textures" where
the different types of quartz monzonite are described.

Crystallization of minerals in quartz monzonites may be con-
sidered to have taken place in three stages which merge from one into
another.

Magmatic stage--crystallisation of olivine (rare), pyroxene,
hornblende, biotite and andesine.

Late Magmatic or Deuteric stage--crystallization of xenomorphic
potash feldspar and quartez in groundmass of igneous rock
(Late magmatic) and porphyroblastic potash feldspar growths,
potash feldspar and quartz metasomatism (deuteric).

Hydrothermal stage--the latest crystallization in parts of quarts
monzonite is sericite whichreplaces feldspar. This feldspar-
destruction stage is most conspicuously developed along the
wall of the hydrothermal veins, but it is not uncommon in
rocks at the top of the batholith unrelated to veins.
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The petrogenesis of quartz monzonite, related aplite-alaskite
and vein formation are discussed under a separate heading at the end

of this section,
Mineralogy.

Olivine. Olivine is rarely found in quartz monzonite, although
relics of olivine are not rare in chilled marginal facies. At one
locality, in the Pauper area at the base of a sill-like body at the
western margin of the batholith (See Structure section AA'), fresh
olivine grains were identified and are illustrated in Figure 30. The
distinguishing optical properties of olivine are: higher relief than
augite or pigeonite, 2V - 80° *, optically negative. The mineral is
altered along fractures to antigorite. Magnetite is not conspicuous
in the fractures, but coarse grains of magnetite are intimately
associated with the intensely altered olivine crystals shown in

Figure 31,

Pyroxene. The common pyroxene is augite in which 2V is about SOO

to 60°, It occurs in small amounts in many thin sections and is uaually
found in the cores of hornblende erystals, although in fine-grained
chilled marginal facies, augite occurs in clear, automorphic to hypauto-
morphic crystals. Only in the lower part of the sill-like body in the
Pauper area were tw pyroxenes noted. Pigeonite, in which the optiec
angle 2V ranges from nearly zero to out 200, was found in automorphic

grains included in augite crystals, and inclusions in plagioclase.
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Figure 30. Photomicrograph of olivine in basic quartz monzonite at
base of sill-like body in Pauper area. Note alteration
to antigorite along fractures. Plane polarized light.

» - i '

Figure 31. Photomicrograph of reliclolivine in altered pyroxene.
Magnetite and antigorite in round mass which has the
shape and size of olivine grain. Plane polarized light.
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Hornblende., The common amphibole is described in the literature (Weed
1912) as hornblende. It is colored, pleochroic, x = very pale green,

y = light green, z = light bluish green. Rarely does it have darker
olive green colors which are more characteristic of normalihornblende.
The extinction angles measured range from 17o to 200, and the mineral
is optically negative. The minefal appears to bélan actinolitic
hornblende because of its light color. Crystals are commonly 1 to

S mm in length, but often they are shredded and strongly altered to
chlorite, or less commonly to a nearly white chlorite-like mineral
which has moderately low birefringence (.008 :), is colorless, and has
a felted texture similar to that found in some chlorites. The margins
of the crystals are commonly very irregular, a feature which is clearly
evident when the mineral is examined with a hand lens. Figure 32 shows
a typical hornblende crystal, not strongly altered, whereas Figure 33
illustrates an altered hornblende which has gone to chlorite, sphene-

leucoxene, epidote and opaque iron oxide grains.

Biotite. Biotite, although occuring in a wide variety of grain sizes
from very fine in the groundmass of fine-grained rocks, to crystals

2 mm across in the coarse-grained rocks, has virtually identical
optical properties in all of the rocks. [t occurs in hypautomorphic
grains which, in hand specimen, appear bright and fresh. Figure 3L
shows nearly automorphic biotite and irregular xenomorphic hornblende.
In thin section it is commonly.fine grained and ragged in outline where

it is in intimate association with hornblende. The mineral is practically
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Figure 32. Photomicrograph of hornblende (dark gray) in quartaz
monzonite. Note irregular margins of grains. Plane
polarized light.

Figure 33. Photomicrograph of hornblende altered to chlorite,
opaque iron oxide, leucoxene (blotchy dark gray) and
epidote (high relief). Groundmass strongly altered
deuterically. Note granophyric textures. Plane
polarized light,



Figure 3L. Photomicrograph of nearly automorphic biotite (dark
gray rectangular grains) and ragged hornblende in
quartz monzonite. Plane polarized light.

Figure 35. Photomicrograph of biotite (dark gray) altered to musco-
vite (gray) with released magnetite (black). Note potash
feldspar (white) replacement of muscovite and biotite
(left) and quartz replacement (right). Plane polarized

light.
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uniaxial 2V is nearl& zero, pleochroism is about the same throughout,
X = tan or very light tan, y = 2 - dark brown or dark reddish brown.
Biotite and hornblende commonly occur in clusters of mafic
minerals in the rock, commonly with minor amounts of coarse magnetite
grains and irregular to wedge-shaped crystals of sphene. Alteration
to chlorite; Qarietyvpenninite, is typical. The pennenite shows a
somewhat lighter énbmalous Berlin blue color than usual, and is
commonly noted to have a slight lavender color which is quite dis-
tinctive., Alteration to coarse white mica (muscovite ?), is rare, but
in those cases, magnetite is clearly liberated from the biotite as
shown in Figure 35. Elsewhere, magnetite may occur in dusty specks

throughout strongly deuterically altered biotite.

Plagioclase. Plagioclase occurs in automorphic to hypautomorphic
crystals up to 5 mm long. They are clearly the first e ssential mineral
to crystallize in significant amounts. The composition varies from
labradorite (Ab LO An 60) in the more calcic facies of the batholith
(granogabbro) to about Ab 50 An 50 in many of the marginal facies to
caleic andesine (Ab 60-50 An L0-50) in the normal quartz monzonites.
It is sometimes difficult, however, to determine the composition of
plagioclasé accurately because it is zoned, usually with more calcic
cores., In sections which exhibit Albite twinning, zoning is not
conspicuous, the alblte twinning is sharp and clear. Sections
normal to 010 and 001 have stout rectangular to nearly square shapes

which show pericline twinning and, in some cases, are clearly zoned.



101

Sections in which 010 is nearly parallel to the microscope stage,

strong zoning is conspicuous and albite twinning is not observed.

Optic axis figures are commonly obtainable from these sections. The
normal calcic andesine about Ab 55 An L5 composition, have optic angles
2V varies from about 70° to 75°, which is somewhat smaller than 2V values
given in the standard texts (Winchell 1933, Rogers and Kerr, 19L2,
Wahlstrom ). Krump and Katner (1953, p. 31) illustrate the range

of optic angles 2V in plagioclase of this compositional range in a

quartz monzonite from 72° to 880.

Albite twinning is the most common twin however, very often both
Carlsbad and Pericline twins are observed. 'Figure 36 shows typical
plagioclase crystals. In one, albite and pericline twinning is distinct;
in the other the mineral is clearly zoned, and the inner part of the
crystal is crowded with inclusions whereas the outer part of the crystal
is fresh and practically devoid of inclusions.

At the Pauper area, near the base of the marginal sill, (which
is the most basis quartz monzonite recognized), augite, pigeonite,
biotite, magnetite, and apatite inclusions were identified in the core
of a plagioclase phenocryst as shown in Figure 37. Normally the mafic
inclusions are altered to chlorite or actinolitic hornblende. See
Figures 38 and 39.

Fracturing is common in the plagioclase crystals. A distinctive
internal cracking is seen in many of the large crystals, as shown in
Figure 33. Some crystals are broken and healed, as if the crystals

were already well developed when the magma was intruded into position.
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Figure 36. Photomicrograph of plagioclase phenocrysts in microgranitic
groundmass in quartz mongonite. Note albite and pericline
twinning in crystal at right, and zoned crystal with inclu-
sions in core. Crossed nicols.

o

Figure 37. Photomicrograph of central core of plagioclase phenocryst.
The inclusions are: clear rounded pigeonite and augite, clear
elongated apatite, biotite (dark gray) and opaque octahedra
of magnetite. Plane polarigzed light.



Figure 38. Photomicrograph of plagioclase phenocryst with well marked
central core. The inclusions are altered (compare with

figure 37). Note replacement by potash feldspar at lower
margin of photograph. Crossed nicols.

Figure 39. Photomicrograph of same plagioclase phenocryst as in Figure
38. Plane polarized light.



104

The internal fractures in plagioclase crystals provided avenues
for late magmatic solutions which, no longer in equillibrium with the
early-formed plagioclase crystals, produced more albitic feldspar
(albite-aligoclase) along the fractures andat the margin of the crystals
as shown in Figure LO. A similar alteration zone is always present at
the advancing front of replacing potash feldspar crystals as shown in
Figure L1. Usually the albitic rims are not twinned, however in one
instance where potash feldspar replacement of plagioclase occurs adjac-
ent to an incipient vein-like structure, the albitic rim is conspicuous-
ly twinned. Kohler (1948) and Laves (1950) suggest that twinned albitic
plagioclase is higher temperature than the untwinned albitic alteration
product. If there is any thermal significance to the twinned albitic
rim, then much of the deuteric stage is normally somewhat below the
high-low temperature boundary, but in a few instances may form at the
higher temperature stage.

Alteration to clinozoisite is also distinctly a deuteric phenomenon
(Gilson 1939). Albitic zones, some potash feldspar patches, and fleck
sericite* are all found in plagioclase at this stage. Partial replace-
ment by potash feldspar and quartz, and replacement to myrmekitic
growths of plagioclase and quartz of graphic intergrowths of potash
feldspar and quartz are common. In the hydrothermal stage, strong
sericitic alteration takes place. Intense sericitization in localized

"gpots" in quartz monzonite are usually associated with pyrite crystals

#ote: fleck sericite is distinguished from all-over sericite alteration.
It is distinguished by the sparcely scattered sericite commonly noted in
plagioclase at the deuteric stage.
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Figure UO. Photomicrograph of plagioclase phenocryst strongly altered
deuterically. Note albitic rims, and patches of albite
throughout phenocryst. The groundmass is microgramlar
with plagioclase, potash feldspar and quartz. Crossed nicols.
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Figure L1. Photomicrograph of plagioclase crystal with albitic rim.
Note incompletely organized potash feldspar (gray)crystal
in center of photograph. Crossed nicols.

\*
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which may be sulfidized magnetite grains. Plagioclase is altered to

sericite and biotite to chlorite.

Potash feldspars. The mineralogy of the potash feldspars is an especial-

ly interesting problem. Although quite a bit of time has been spent

on the problem, much more time will be required to solve the complex
mineralogical assemblage. The early rock-forming minerals appear to
follow the norﬁal line of crystallization found in igneous rocks
generally (Bowen 1938). The potash feldspar and quartz crystalliza-
tion, on the other hand, does not represent a simple sequencial crystal-
lization from magma. Actually, a variety of minerals and textures

occur at this late-stage crystallization period, and these varieties

of textures appear to be largely responsible for the textural variation

recognized in hand specimens.

(Orthoclase) . Orthoclase is the common potash feldspar. It occurs ing
(1) small xenomorphic crystals in the groundmess; (2) in intergrowths
with quartz in complex micropegmatitic and micrographic textures; and
(3) in a wide range of granoblastic and porphyroblastic growth stages,
most conspicuously developed in the coarse-grained rocks, where

potash feldspars attain a cross section of S mm and more, as shown in
Figure L2, and rarely in much larger crystals. (At a small quarry
southwest of Boulder, large potash feldspar porphroblasts 25 mm long
display fine crystai forms. Rarely, however, do the large porphro-
Elastic crystals form in the Boulder batholith and no large crystals

have been found in the rocks of the Elliston district.)
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Figure L2. Photomicrograph of large potash feldspar porphyroblast.
Note albitic rim on plagioclase against advancing front of
potash feldspar. Note also granophyric replacement of
plagioclase. Crossed nicols.

Figure L3. Photomicrograph of small porphyroblastic potash feldspar
crystal. Note the abundance of inclusions. Crossed nicols.
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Orthoclase is commonly perthitic, usually in irregular patches
and lenses which suggest a replacement origin, however, the writer
hesitates to call them replacement perthites because of the complex
history of perthitic orthoclase. (See separate heading "microperthite.")
Although only a few measurements have been made with the Universal
Stage, (however a great many interference figures have been examined
by routiné;petrographic methods) 2V for the common orthoclase appears
tobe about 60°, Orthoclase stains yellow when treated with a sodium
cobaltinitrite solution. (Gabriel, et. al. 19?9; Chayes 19523
Rosenblum 1955.)

In many of the quartz monzonites, potash feldspar crystallizes
in part in interstices between early-formed crystals, but under favor-
able conditions, tends to aggregate and form large xenomorphic to
hypautomorphic grains of orthoclase. The succession of steps in the
formation of the large crysials is similar, if not identical, to potash
feldspar porphyroblastic growth in some metamorphic rocks.

The first step in the formation of a porphyroblast is the devel-
opment of amoeba-like projections on a xenomorphic grain of orthoclase
in the groundmass, as shown in groundmass in Figure 29. After this,
optical continuity is established over an area of several xenomorphic
orthoclase grains which poik;gblastieally enclose quartz grains, as
shown in Figure 43. A strongly poikigglaatic feldspar then appears
after which some of the included quartz in the center of the new crystal

is displaced. This is spoken of in metamorphic terms as "clearing" of

the crystal, two stages of which are shown in Figure LL. At the margin
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Figure Ll. Photomicrograph of potash feldspar porphyroblast.

Note that the center of the crystal is well cleared
but the rim is strongly poikioblastic. Crossed nicols.

Figure L45. Photomicrograph of poikioblastic texture in anorthoclase-
like potash feldspar porphyroblast. Crossed nicols,
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of some of the new larger feldspar crystals, there is a concentration
of quartz. Plagioclase and biotite may be poikioblastically enclosed,
however these too may be eliminated by replacement . Figure LS is a
strongly poikioblastic porphyroblast. Finally a porphyroblast forms
which usually has quite irregular boundaries. Although the core of the
porphyroblast may be clear, commonly the margins are poikzglastic.
(Microoline). Microcline occurs in minor amounts in the coarser-
grained rocks and shows characteristic grid twinning. Few of the
medium- and coarse-grained rocks do not have potash feldspars which
exhibit microcline-like twinning. In some instances, grains of potash
feldspar with pronounced grid twinning have large optic angles and are
definitely microcline. The optical angle was measured on the Universal
Stage, 2V = 80° + 2° for one such crystal.

Grid twinning, somewhat less distinct than "typical" microcline,
is a very common phenomenon in some of the potash feldspars. It is
probable that most of the minerals which exhibit grid twinning are not
actually microcline at all. The great majority of the grains which
exhibit multiple grid twinning, partiuclarly those cases where the
twinning is rather indistinctly developed in discontinuous patches,
do not have large optic angles. The mineral is not completely uniform
and not necessarily one single mineral, but constitutes a variety of

potash-bearing minerals herein called anorthoclase.

(Anorthoclase). Anorthoclase is chemically a potash-rich albite. The

minerals which have been tentatively assigned to the anorthoclase
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group comprise a series of r eplacement minerals in plagioclase which
have a small to medium optic angle and an index of refraction greater
than orthoclase and less than bals#m. Indistinct grid twinning, com-
monly in irregular patches, is a characteristic feature.

There is considerable confusion in the literature a bout the
optical properties of anorthoclase and doubt has been cast on the
validity of the species. (Laves 1952, p. 568). Because of the lack
of agreement in the literature and because of the importance of the
mineral or minerals herein called anorthoclase in the mineralogy of
the late-stage crystallization of quartz monzonite, the subject of
anorthoclase is considered in detail.

The term anorthoclase was first proposed by Rosenbush (1855).
"Anorthoklas" whose definition, translated by Laves, is as follows:
"The most important property of those soda-plagioclase feldspars that
will be called the ‘anorthoclase series' is the cleavage angle P:M
that 'appears' not to deviate from a right angle, yet which must do
so, This series differs from the plagioclase which has obvious‘
oblique cleavage." (Laves 1952, p. 368, from Rosenbush 1885). The
composition range was placed between Or 33 Ab 67 and Or 18 Ab 82,
with a small but variable anorthite content. Perthitic structures, so
common in microcline are not observed in anorthoclase. (Rosenbush
1904, p. 326). Laves reported that Brogger (1890, pp. 539, 563, 1897,

pp. 12-1l) objected to the term anorthoclase and preferred soda- '

microcline (Nathron-mikroklin) because he assumed a close relation-

ship to microcline, a relation which has been found to be incorrect
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according to the researches of Laves (1952, p. 589). A third usage,
that of Oftedahl (19L8, pp. 56=58), considers the inhomogenity of a
cryptoperthitig nature of anorthoclase as an important characteristic.
Certain symmetry relations were, however, ignored by Oftedahl (Laves
1952, p. 569), as well as by Alling (1926, p. 600) who considers that
anorthoclase may or may not be homogeneous, and may or may not be
triclinic. The range of composition of anorthoclase is Or/SO Ab,,é--
Or 20 Ab 80 according to Alling (19§%, p. 600).

The lack of general agreement about anorthoclase in the modern
texts is discussed at some length by Laves who states: "No other
mineral of importance appears to play such an ambiguous role in miner-
alogical and petrographic literature as 'anorthoclase'. ‘Numerous
attempts have been made to define and characterize this mineral, and
virtually every publication and textbook considers.it in a different
way. . . Most recent textbooks describe anorthoclase as a sodium-rich
variety of microcline,.(for example, see Kraus, Hunt, and Ramsdell,
1951). Winchell, with this point of view, proposed a microcline-
anorthoclase-analbite series. In his original paper on the subject
(1925) he used the anorthoclases of Forstner (188Li) to complete the
optical data for his series. He neglected, however, many of Forstner's
other observations on the same mineral. For example, Forstner determined ,
among other things, values of 'a' on analyzed specimens, three of the
valuesbeing 91° 01', 91° L2, and 92° 3'. He described the triclinic-
microclinic inversion and thus showed clearly the variability of the

crystallographic data. In Winchell's book (1951) however, anorthoclase
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is described on page 311 as having a = 91° 19', giving the impression
of a well-defined value for a fixed mineral." (Laves 1952, pp. 567-8).

The recent researches of Laves on the alkali feldspars indicate
that the analbite end of the sanadine-barbierite series is stable at
high temperature, but the triclinic form (analbite) may contain a
considerably greater amount of Orat lower temperatures. Instead of
using the term anorthoclase, the mineral is designated K-analbite.
Figure L9 is particularly revealing because it shows that on coiling
below about 700° C, the stable high temperature minerals become
perthitic around 600° C, andat lower temperatures for the anperthites.
The K-analbites are considered to be disordered, relative to Al/Si,
whereas the perthites and albite are ordered forms. (Laves 1952, pp. 556,
561).

All of Laves{ observations are based on experimental work with
melts and investigations of various mineralogical changes that take
place when a natural-occuring mineral is heated from low to high
temperatures. In the investigation of the quartz monzonites and re-
lated alaskites, the anorthoclase is not considered the product of
crystallization éf a complex disordered mineral from a hot silicate
solution, rather it was formed, in large part, by replacement of
plagioclase feldspar by the introduction of potash and the elimination
of lime, possibly at relatively low temperatures . (See Winchell's
phase diagram in Figure L6.) Since the optical properties which have
been determined, namely 2V, the beta index, and the properties which
have been observed, namely the fine microcline twinning, fit Winchell's

data for anorthoclase, (Winchell 1933, p. 367), the term anorthoclase
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is employed. The term K-analbite of Laves possibly should be restricted
to those minerals which crystallize from hot sillicate melts or solut-
ions. In this regard, the original diagram of Winchell (1925) Figure L6,
is of especial interest. At high temperature, the sanidine-barbierite
series comprises a complete series of solid solution minerals designated
as "monoclinic anorthoclase". On cooling, adularia and albite are end
members, with perthites in between. At some uncertain but definitely
indicated lower temperature, microcline, microcline perthite, anortho-
clase and analbite form. Thus Winchell's anorthoclase, formed at
relatively low temperature, (and probably ordered), more nearly fits

the crystallization history of the so-called anorthoclase found in the
Boulder batholith than Laves' K-analbite which is considered to be
formed from a melt at relatively high temperature and in a disordered
state.

Anorthoclase is a common mineral in alaskite and deuteric stage
crystallization of quartz monzonite, although always much less abundant
than orthoclase. It is most conspicuous in the medium-and coarse-
grained rocks where deuteric phenomena are most pronounced. Wherever
potash feldspars are found replacing plagioclase, anorthoclase may be
expected, and it in turn is replaced by orthoclase. Normally the
amount of potash feldspar which crystallizes in quartz monzonite is
somewhat less than, to about equal to, plagioclase, Where the replace-
ment processes are operative which yield potash feldspars in greater
than normal amount by the elimination of plagioclase, rocks of granitic
and alaskitic composition are formed. In the marginal (or incompletely
replaced) zones of alaskitic bodies, anorthoclase is, in some cases,

abundant.
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The common sequence in the replacement of plagioclase to ortho-

clase appears to take place in the following steps:

(1)

(2)

(3)

Plagioclase is attacked and altered to albitic composition in a

narrow zone between the plagioclase and the invading potash

~ feldspar. (See Figures LO and L1).

The invading newly-forming potash-bearing mineral may develop a
conspicuous grid twinning, (shown in Figure 50), which aids in
distinguishing anorthoclase from normal orthoclase, or where grid
twinning is absent, some other intermediate potash-bearing feld-
spar may form, as shown in Figure 51, The birefringence of the
anorthoclase-like potash-bearing minerals is somewhat less than
orthoclase. Figure 52 shows anorthoclase replacing plagioclase.
In some instances, there are several different potash-bearing
feldspars formed, each exhibiting optical continuity and dis-
playing complex replacement textures, as shown in Figure 53.

The end product is normally orthoclase which is commonly perthitic.

The early anorthoclase may replace the plagioclase crystals incom=

pletely as shown in Figure 5L, or, in some rather striking instances,

may take on the form of the plagioclase phenocryst but have the optical

properties of anorthoclase, shown in Figure 55.

The optic angle 2V was determined on the Universal Stage to be

5,,° + 2°, (from 5 thin sections). The mineral is optically negative,

nb = 1.529 + .001 (one hand-picked grain). The mineral responds

variably in sodium cobaltinitrite solution, some grains do not stain,

others are partly stained. The composition of the anorthoclase 1is

estimated to be about Or 25 Ab 75 (Winchell 1951) (See Figure L6).
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Figure 50. Photomicrograph of anorthoc

microcline-like twimning) partly replaced by orthoclase-
microperthite. Note relics of anorthoclase in orthoclase.

(Scale should be 0,5 mm) Crossed nicols.

Figure 51. Photomicrograph of plagioclase crystal partly replaced by
anorthoclase. Albitic rim is white in upper grain, black in
lower grain. Note quartz replacement of anorthoclase.

Crossed nicols.
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Figure 52. Photomicrograph of anorthoclase with relics of plagioclase.
The larger relics have optical contimity of albite twins

which indicates that the replacement was completely static.
(Scale should be 0.5 mm) Crossed nicols.

Figure 53. Photomicrograph of anorthoclase-like mineral (speckled)
partly replaced by other potash feldspar. Note relic
inclusion of plagioclase in potash feldspar at left.
(Seale should be 0.5 mm) Crossed nicols.
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Figure SL. Photomicrograph of plagioclase phenocryst (gray, with
albite twins) partly replaced by potash feldspar
(1ighter gray). Note quartz replacement of plagioclase.

Crossed nicols.

Figure 55. Photomicrograph of anorthoclase which replaced plagio-
clase crystal and shape of original crystal retained.
Quartz occupies position similar to the zone noted
in plagioclase (see Figure 38) (Scale should be 0.5mm)
Crossed nicols.
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(Microperthite). Orthoclase microperthite occurs in many of the

quartz monzonites, but it is conspicuously most abundant in the
alaskite bodies in which the potash feldspar content is large. In
most cases, fine-grained orthoclase in the groundmass of quartz moﬁzon-
jtes is not perthitic and in a great many instances, orthoclase in
larger, porphyroblastic crystals, is only slightly perthitic. Ortho-
clase which forms by replacement of plagioclase (commonly with anortho-
clase as an intermediate step) is commonly perthitic. The blebs of
albitic plagioclase composition occur as small irregular lenses, strings
and ragged patches in the potash feldspars. The non-uniform distri-
bution of the blebs and the irregular shapes of the blebs make an
exsolution origin improbable. (Anderson 1928)(Alling 1921).

Replacement textures, described by Anderson (1938)(Alling 1921),
Faersler and Tremblay (1946) appear to be similar to the perthites
in the granitic rocks, but the lack of evidence of soda metasomatism
in the late magmatic or deuteric stage leads me to question a simple
replacement origin whereby late albitic solutions replace earlier-
formed orihoclase.

Observations have been made which seem to suggest that a somewhat
different mode of origin for the perthites from either of the classic
concepts, vis. exsolution and replacement is required. Commonly,
orthoclase, which forms by replacement of plagioclase, and especially
in those cases where anorthoclase is an intermediate step, is perthitic.
Gates (1953, p. 65) noted the association of anorthoclase and perthite,
andreports the following: "no unquestioned orthoclase has been reported
in modern literature. The existence of anorthoclase and its signific-

ance has been in doubt since it was first described. It is concluded
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here that anorthoclase may occur as such as single crystals but rarely
does. In this study it has been seen only as remnants and usually small
remnants, in crystals which are largely perthitic." Gates (1953, p. 65)
implies that the anorthoclase was formed by alteration of the albitic
blebs after the perthite had formed. In this investigation, some
evidence points to anorthoclase as an intermediate stage in the origin
of orthoclase microperthite, and thus patches of anorthoclase in perthite
are regarded as relics, and so the textures of the patches indicate.

Some, if not all, of the microperthite appears to have formed in
the following manner: (1) In thereplacement of plagioclase feldspar,
anorthoclase is commonly the first step in the formation of the potash
feldspars. Lime is expelled and potash introduced to produce a mineral
which is a potash-bearing albite. (2) As additional potash is added,
potash feldspars are formed (orthoclase or rarely microcline) which are
strongly perthitic. The soda in the anorthoclase was very incompletely
eliminated and instead is'thought tobe organized into blebs in conven-
ient positions in the crystal lattice. In some of the minerals, partic-
ularly in the incompletely formed alaskites, relics of anorthoclase are
commonly preserved in strongly perthitic potashfeldspars. Figure 56
shows coarse microperthite in alaskite,

The abundance of reorganization perthite in the alaskites fits
the genesis outlined because alaskite is the product of potash meta-
somatism of early-formed, possibly incompletely»cfystallized, quartz
monzonite. The recrystallization of a considerable amount of plagio-
clase would yield a large amount of soda which is, at least partly,

accounted for in the perthitic feldspars. The lime is apparently lost



Figure 56. Photomicrégraph of coarse microperthite and quartz
in alaskite at Ontario mine. (Scale should be 0.5 mm)
Crossed nicols,

Figure 57. Photomicrograph of replacement granophyre in potash
feldspar. (Scale should be 0.5 mm) Crossed nicols.
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to the system except for the small amount accounted for in tourmaline.
The potash feldspars in the normal quartz monzonite, on the other hand,
involve a reorganization of potash feldspar in the groundmass with only
incidental replacement of plagioclase, consequently the potash feldspars
inthe quartz monzonites are distinctly less perthitic.

Just how such a reorganization could take place is not known.
Recently Chayes (1952) and earlier Phemister (1926) pointed out the
stress environment and the formation of perthite. Possibly slight
gtresses in the well-crystallized quartz monzonite may have favored
the formation of reorganization perthites. Makinnen (1913, p. 35)
notea a close relation between microcline grid twinning and perthite
and considered that the control was one of stress. In view of the
findings in this investigation, I would like to know if the microcline
grid twinning observed by Makinnen is actually in microcline. In-
sufficient optical data was presented to answer the question. If the
‘mineral is anorthoclase, with microcline-like grid twinning, the origin
of the perthite mayte similar to that herein described.

This concept of the formation of perthite is in contrast to
published accounts and is at the opposite pole of opinion from Tuttle
(1952) who recently attempted to show that late plagioclase in granite
is the ultimate of unmixing from disordered potash feldspars which, at
elevated temperatures contained appreciable amounts of soda. Unmixing
is supposed to have taken place with first the formation of albitic
blebs; then very coarse blebs; and ultimately potash feldspar, without

appreciable amounts of soda (and without unmixed albite) and
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plagioclase, (albite-oligoclase). If the formation of the reorganizat-
ion perthites is reasonably accurate, then the potash feldspars may
have formed at such a low temperature (below 500° C) that very little
soda could be accomodated in the lattice and no exsolution could have
taken place. Some unpublished analyses of potash feldspars f rom the
Boulder batholith support the hypothesis that the soda content is not
as great as might have been expected if the perthites were exsolution

perthites. (Informal discussion with Klepper, analyses not available.)

Quartz. Quartz occurs in xenomorphic grains in the groundmass of all
quartz monzonites. It is commonly intergrown with potash feldspar, and
less commonly with plagioclase, in granophyric intergrowth. Figure 57
shows some of the intricate granophyric intergrowths which are found

in replacement aplites and in deuterically altered groundmass of the
Bison Mountain granodiorite. Figures L2, S1 and 5L show more typical
granophyric patches in quartz monzonite.

Some very interesting work by DeVore (1956, 1955) shows that the
tendency in all of the acidic rocks is to yield an end product of near
eutectic composition of feldspar and quartz, whether by crystallization
of a magma, or by metasomatic reorganization to granitic composition
by granitization. If the minerals are not influenced by external
forces, the boundary between the minerals becomes extremely intricate,
such as those found in the granophyric textures.

It has been the observation in this investigation that static,
late potash metasomatism favors the growth of granophyric textures,

where any evidence of movement or deformation tends to destroy the
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intergrowths. In replacement aplites, micrographic intergrowths are
the rule, whereas in the through-going aplites, granophyric textures
are not found. In one very small replacement aplite, granophyric
textures are found at the end of the thin section, and are absent in
the vein-like part of the aplite not % ig\away. In the groundmass of
the Bison Mountain granodiorite, an abundance of granophyric textures
are found, likewise they are common at thé boundaries of small replace-
ment pegmatites, and at the advancing front of the potash feldspar
segregation pods which form in the deuteric stage.

Quartz is commonly the youngest essential mineral to crystallize.
At the margins of the batholith, quartz is often present in greater
than normal amounts, and is represented by a flood of late quartz which

replaces all earlier-formed minerals, particularly in the groundmass.

Accessory Minerals. Sphene is a common accessory in the quartz monzon-

ites, and is usually found in association with mafic minerals. The
mineral commonly occurs in fairly coarse grains and clusters of grains
and in some cases has the distinctive wedge shape commonly attributed
to sphene. It is often formed as a by-product of biotite and pyroxene
destruction. |

Apatite is found in clear crystals, commonly in close association
with magnetite and mafic miner;ls. The crystals are fairly stout and
rarely do they attain a length as great as .1 mm.

Magnetite is very common throughout the rocks except where pyrite
is found, in which case magnetite may be sulfidized to pyrite. In

the alteration of biotite, magnetite is commonly released. In some
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cases, it occurs as "dusty" iron oxide grains which remain in the
altered mineral, in other cases some migration and organization into
irregular grains outside the original host mineral is demonstrated.
Zircon is a rare mineral in the quartz monzonite. It occurs in
biotite, characteristically with a dark brown pleochroic halo. In many
sections, a search of the biotite revealed but one or two grains of
zircon over an entire thin section. In some alaskites, however, zircon
is relatively abundant. This sulte of accessory minerals is common to
quartz monzonites found at other localities. (Dapples 1940.)
Tourmaline is not as uniformly distributed in the quartz monzonites
as the other accessory minerals. (See mineralogy of deuteric stage
for details on tourmaline.) Some allanite (?) is indicated. It
shouldbe stressed that no systematic attempt has been undertaken in

this investigation to exhaust the accessory mineral suite.
Textures.

Quartz monzonite is separated into coarse-¥, medium-, and fine-
grained textures, the fine-grained facies are normally quartz monzonite-
porphyry, the coarse-grained rocks are commonly somewhat porphyroblastic.
In this section some detailed petrographic data are repeated, because
some readers may have skipped the detailed systematic mineralogy and

they may want the detailed petrography of the different rocks described.

#Note: Coarse-grained facies of the Boulder batholith are distinguished
by 2 mm + average grain size instead of the customary Ly mm. This

usage follows the practice of the U. S. Geological Survey field party
which is mapping much of the Boulder batholith.
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Coarse-Grained Quartz Monzonite. The coarse-grained quartz monzonites

have an average grain size 2 mm or somewhat greater. Two sub-types are
recognized on the basis of the presence or absence of a conspicuously
fine-grained groundmass. In one, large crystals comprise 75 per cent
or more of the rock, the remainder is a fine-grained groundmass. These
rocks are characteristically gray to dark gray, mottled with pinkish
gray and speckled with patches of black mafic grains. The fine-grained
groundmass is dark grayish and contributes to make the rocks darker

in color than the second type. Figure 58 shows coarse feldspar
crystals with much finer-grained groundmass.

The other sub-texture is no more coarse grained, but the groundmass
is less distinct, and medium grained. These rocks are commonly lighter
in color, distinctly mottled pinkish and gr;y, representing the feld-
spars and quartz, and speckled with clusters of black mafic minerals.
Biotite is commonly in larger crystals than in the other sub-texture and
is more conspicuous in the hand specimen. Pqtash feldspar porphyroblasts
are commonly larger and pinker in these rocks. Typical coarse-grained
texture is shown in Figure 59.

The coarsest-grained rocks in the district are in the Jerrico
Mountain region, especially on the south side (sec. 2 T. 8 N., R. 6 W.)
and in the area east of the Julia Mine (SWg T. 8 N., R. 6 W.). Likewise
east of the Sure Thing Mine quartz monzonite is quite coarse grained
(sw % sec. 14 T. 8 N., R, 6 W.). All these localities are over a mile
from any exposed contact of the batholith, however, they all may have
been within 1000 £t or so of the roof. (See geologic cross sections

on geologic map.,)



Figure 58. Photomicrograph of coarse-grained quartez monzonite with
minor amount of fine-grained groundmass. Gray grains
in groundmass stained with sodium cobaltinitrite.
(Scale should be 0.5 mm) Plane polarized light.

Figure.59. Photomicrograph of coarse-grained quartz monionito with
» no fine-grained groundmass. (Scale should be 0.5 mm)
Crossed nicols,
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South of Jericho Mountain, the coarse-grained rocks have a con-
spicuous groundmass. The rocks are dark, mottled gray and brownish
gray with scattered mafic grains. Porphyroblastic potash feldspars
are buff colored and up to 10 mm long, however most are 3 to 5 mm.
Gray plagioclase crystals are not conspicuously automorphic. Horn-
blende, in ragged clusters 3 to L mm across, and bright biotite flakes,
0.5 to 2 mm in diameter, comprise the mafic minerals. A trace of
pyrite is locally noted.

In thin section, plagioclase crystals are large and formerly
were automorphic, however many are partly replaced by potash feld-
spars and now have irregular borders. Potash feldspar occurs in irregular
but well-organized porphyroblastic grains, some of large size, and it is
sparcely perthitic. Quartz is found interstitially between feldspars,
some grains to 0,5 mm, many poikilitically enclose groundmass grains
of finer-grained feldspar. Hornblende, which is mostly actinolitic
and contains a few relics of pyroxene, occurs in grains 1 to 2 mm but
the margins of the grains are very ragged, in part replaced by biotite
and younger feldspar.

The groundmass consists of xenomorphic potash feldspar and
quartz and.small amounts of hypautomorphic crystals of plagioclase

and biotite, Figure 58 shows the texture of the rock.
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The approximate modal analysis is as follows:

Coarse Crystals Large Crystals Groundmass Total
Andesine 35 5 Lo
Potash feldspar 10 20 30
Quartaz 10 5 15
Hornblende 10 10
Biotite Magnetite 5 5
65 35 100

At a locality closer to the Continental Divide, and presumably
nearer the top of the batholith, a late flooding of quartz is conspic-
wous in the groundmass. Hornblende in the rock is strongly altered to
chlorite., The groundmass consists of clear xenomorphic grains of
quartz and potash feldspar. Porphyroblastic potash feldspar crystals
are conspicuous andreplace some plagioclase. Near the Sally Placer
(center sec. 2 T. 8 N., R, 6 W.) the rock is coarse grained, with
quite laege potash feldspar porphyroblast (for the Elliston district)

5 mm and larger. Aplite stringers and xenoliths are more abundant
in this area than in most areas within the confines of the Elliston
district.

About 1% mi east of the Julia Mine (SEf sec. L, T. 8 N., R. 6 W.)
coarse-grained quartz ﬁonzonite has a medium-grained groundmass. The
color of the rock, although gray, has a distinctly pinkish cast and
contains clusters of black mafic minerals. Potash feldspar occurs in
grains 1 to 3 mm with larger porphyroblastic crystals 6 mm long, Some
plagioclase crystals are as much as 6 mm, and clearly zoned. The

groundmass is medium grained and not conspicuous.
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In thin section, orthoclase microperthite and anorthoclase
comprise the potash feldspars. Andesine crystals are hypautomorphic,
modified from good crystal outlines by replacement of potash feldspars.
Biotite occurs in hypautomorphic crystals to 2 mm and hornblende in
larger crystals, rarely 5 mm, which are very irregular in outliﬁe.
Relics of pyroxene are found in some hornblende crystals. About 20
per cent of the rock is medium grained groundmass, illustrated in
Figure 59. An approximate modal analysis is:

Andesine L5 per cent

Potash Feldspar 30

Quartz 15
Hornblende 5
Biotite and

magnetite 5

East of the Sure Thing Mine (SW% sec. 1L, T. 8 N., R. 6 W.) the
granitic rock is leucocratic and resembles granite. It is light
pinkish gray with sparcely scattered clusters of mafic minerals. The
average grain size of the feldspars is 2 to 5 mm with some ground-
mass crystals 0.5 to 1 mm. Biotite occurs inlright flakes 1 to 3 mm
whereas hornblende, although present in large crystals, is very ragged

in outline. An approximate modal analysis shows:

Andesine 4O per cent
Potash feldspar 25
Quartz 15

Hornblende-biotite-
magnetite 10



132

Medium-Grained Quartz Monzonite. Medium-grained granitic rocks are the

most abundant in the Elliston district. The relative dark or light
color of the rock, which forms the basis for the subdivision of the

medium-grained t extures made by the U. S. Geological Survey f ield party

(Becraft 1955) is not so much due to differences in mafic mineral
content as the fineneses of grain in the groundmass.

The groundmass textures vary in mineralogy and in shapes of the
constituent minerals. In some rocks, the groundmass minerals show a
moderately wide range in size and are interlocked in typical igneous
textures as shown in Figures Ll and L43. Plagioclase and biotite occur
with potash feldspar and quartz. In other rocks, the groundmass is8
composed primarilly of potash feldspar and quartz withminor amounts of
biotite and plagioclase, in more or less equal granular xenomorphic
grains which resemble the texture of aplite. This type of groundmass
is described in the text of thisreport as glitic groundmass and is
jllustrated in Figure 60. Actually Figure 60 is from a fine-grained
rock but, as will presently be shown, the distinction between medium
and fine grain is based primarilly on the amount of fine-grained
groundmass relative to the coarser-grained minerals. Likewise, the
finer the grains in the groundmass, the darker the rock. Most of the
rocks are petrographically quartz monzonite porphyry in which the
grounémass varies from 25 to 65 per cent of the rock.

In addition to the texture, thereare mineral differences involv-
ing the relative proportions of biotite and hornblende. Hornblende

is never absent, but in some rocks it shares prominence with fresh,
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Figure 60. Photomicrograph of plagioclase phenocryst in aplitic
groundmass of quartg monzonite porphyry at the
Pauper adit. (Scale should be 0.5 mm) Crossed nicols.
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lusterous flakes of biotite. In other rocks, biotite is not recog-
nized in hand specimen but is found in small hypautomorphic grains
scattered throughout the fine-grained groundmass.

In hand goecimen, the medium-grained rocks are gray to greenish

gray with patches of black mafic minerals. Some have a mattled appear-

ance and indicate that potash feldspar is present in grains of dis-
tinguishable size. Many of the rocks were classified in the field as
diorite or diorite-porphyry because no potash feldspars or quartz was
recognized in hand specimen.

Probably typical of medium-grained quartz monzonite, is rock found
along Telegraph Creek Road in center sec. 12 T. 8 N., R, 6 W, Plagio-
clase is slightly zoned and of calcic andesine composition. Automorphic
grains to 3 mm, normally 1 to 2 mm, have been modified by attack of the
late-forming minerals, principally potash-bearing feldspars and quarte.
Anorthoclase and orthoclase are both present. ‘In this rock, there is a
greater percentage of hornblende than biotite, which in turn is more
abundant than augite. The amphibole is light greenish, pleochroic,
actinolitic hornblende.’ Hypautomorphic biotite is strongly pleochroic,
dark red brown to tan.

Northeast of the Pauper workings, the medium-grained quartz mon-
zonite has inequigranular groundmass of about 20 per cent. Andesine
phenocrysts are zoned and range from 1 to 3 mm. Orthoclase occurs in
scattered porphyroblastic grains, rarely to 2 mm. Quartz is confined
to the groundmass. Hornblende is actinolitic and ragged in outline,
whereas biotite is hypautomorphic but found only in small grains in

the groundmass. The approximate modal analysis is:
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Phenocrysts Groundmass total
Andesine 30 1 an
Orthoclase 20 8 28
Quarta 10 5 15
Hornblende (with augite) 15 15
Biotite & Magnetite 5 5

Some of the coarser medium-grained rocks are found north of Jericho
Mountain along the Continental Divide. Plagioclase crystals to 2 mm
and greater comprise aout 35 per cent of the rock. Potash feldspars
show a very wide range in grain sizea. Some granoblastic grains are
rather erratically distributed throughout the rock. Some of the
porphyroblasts show optical continuity around several adjoining grains
in the groundmass as shown in Figure L3. Biotite is pleochroic, dark
reddish brown to tan. Magnetite is found with biotite and actinolitic
hornblende, which is pale green in thin section. The groundmass is fine
grained 0,1 to 1 mm comprising 10 to 20 per cent of the rock.

On the east side of Jericho Mountain the quartz monzonite %s
slightly porphyroblastic with large pink potash feldspar crystals to
5 nm in the groundmass which has an average grain size of about 1 mm.
Some of the potash feldspar porphyroblasts have granophyric rims, and
granophyre makes up possibly 20 per cent of the rock. The additional
groundmass is composed of fine xenomorphic grains of potash feldspar
and quartz which comprises another 20 percent of the rock. A number
of dark xenoliths are present in the rock. The rock weathers to

massive, rounded, joint-controlled boulders as shown in Figure 61.
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Northeast of Nigger Mountain along the contact with the volcanics,
the percentage of groundmass in the medium-grained quartz monzonite is
great. It is more than 50 per cent in gome cases. Plagioclase crystals
are 1 to 2 mm and in the groundmass some porphyroblastic potash feldspar
crystals obtain a diameter of about 0.5 mm, A late flood of quartz is
conspicuous--a common feature immediately below some contacts.

Downhill from the Ontario Mine in the south central part sec. 22
T. 8 N., R. 6 W., medium-grained quartz monzonite is strongly altered
deuterically. Plagioclase has gone to clinozoisite and sericite, and
mafic minerals altered to chlorite, variety pennenite, with released
dusty iron oxide grains.

East of the Lilly Mine on the Continental Divide, early plagioclase
crystals are particularly abundant, potash feldspar is represented by
reorganized grains in the groundmass and in late granophyric intergrowths.
The plagioclase composition is about Ab 55 An L5. Biotite is present as
hypau tomorphic grains, and a small amount of automorphic pyroxene occurs
in the rocks. Some of the pyroxene is quite fresh, some is altered to
uralite. Relics of olivine are noted. Orthoclase microperthite and
granophyre are conspicuous constituents. Anorthoclase is abundant, but
does not enter into the granophyric intergrowths. The late quartz is
slightly biaxial, 2V is a few degrees.

In the extreme northeast corner of the district, on the Continental
Divide, the quartz monzonite contains about 30 per cent phenocrysts of
calcic andesine up to 3 mm in length. The groundmass comprises 30 per
cent or more of the rock of which a small percentage is very fine-

grained granophyre. The plagioclase grains in the groundmass are
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strongly sericitized, whereas the large phenocrysts are not affected

or very slightly altered. Hornblende is more abundant than biotite.
Some of the larger orthoclase crystals are not obviously porphyroblast-
ic, however, the very erratic size range of the crystals and the pre-
sence of only a few large crystals suggest that they are porphyroblasts
and not phenocrysts.

Along the Continental Divide, at a locality which is probably
close to the pontact, the quartz monzonite shows a flood of late quarts
which replaced minerals in the groundmass andto some extent the early-
formed plagioclase phenocrysts. The rock contains about 20 per cent
quartz. Biotite is minor in amount; hornblende is conspicuous in
elongated hypautomorphic grains, No zircon was noted in the rock

whatsoever,

Fine-grained quartz monzonite. (Quartz monzonite porphyry.) The fine-

grained rocks are virtually always found at or very near the margin or
roof of the batholith, however some medium-grained rocks are found at
the contacts. Figure 62 shows an outcrop of fine-grained quartz mon-
zonite porphyry less than 10 ft below the roof of the batholith. The
fine-grained rocks are characteristically composed of 50 per cent or
more fine-grained groundmass in which automorphic plagioclase pheno-
crysts, and minor émOunts of mafic phenocrysts (commonly ragged horn-
blende, and in some cases, automorphic pyroxene) are found., Biotite,
potash feldspar and quartz are normally confined to the xenomorphic
groundmass. Some porphyroblastic potash feldspar crystals are found,
but rarely are they large enough to be easily jdentified in hand

specimen.
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In the deuterically altered fine-grained quartz monzonite
porphyries, plagioclase phenocrysts are differentially sericitized,
one grain may be relatively strongly attacked, whereas another crystal
only a millimeter away may be completely fresh or only slightly altered.
Alteration to clinozoisite is common, along with albitic alteration, in
patches and along fractures. In these rocks, the mafic minerals are
variably altered to chlorite; normally released opaque iron oxide
remains as small grains in the area of the original mineral. Apparently
the engergy of the deuteric solutions was not competent to release the
iron from its host minerals and organize it into larger grains. Epidote
and leucoxene are usually found among the alteration products of the
mafic minerals.

In the Pauper-Julia contact area, the fine-grained rocks show a
considerable amount of xenomorphic aplitic groundmass and a large
amount of micrographic intergrowths. Figure 60 shows a plagioclase
phenocryst in aplitic groundmass. Potash feldspar porphyroblastic
growths are rare, plagioclase occurs in phenocrysts 1 to 3 mm. In
some rocks, fresh augite is present, and in some, relics of olivine
are found in clusters of altered mafic grains.

In the fine-grained rocks north of Jericho Mountain, most of the
essential minerals crystallized in the groundmass including plagioclase
and biotite, as well as quartz and potash f eldspar. The groundmass
comprises as much as 75 per cent of the rocks in which case they are
dark greenish gray in color. Flagioclase phenocrysts, 1 to 2 mm,
and ragged hornblende phenocrysts are found in a groundmass composed

of grains from 0.1 to 0.5 mm, Only rarely are potash feldspar grains
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organized into small porphyroblastic growths, however at one locality,
optical continuity of potash feldspar in the groundmass was recognized
in poikioblastic grains in areas 1 to 2 mm across. In some of the rocks,
the biotite is sprinkled in small, well-formed crystal grains throughout

the groundmass. Some alteration to chlorite is common.
Aplite and Alaskite

Aplite is found in minor amounts in the district, and alaskite
in two bodies, one in the Ontario Mine area in the southeast part of
the district, and the other in the Telegraph Mine area 3 mi northeast

of the Ontario Mine. The combined outcrop area is less than 1 sq mi.
Definition.

Aplite is derived from the Greek word for "simple" and according
to Johannsen (1949, p. 91) was first used by Retz. Von Leonard is
reported to have used the term for fine-grained granites which are with-
out mica, and composed only of feldspar and quartz. (Johannsen 1949,
p. 91.) Rosenbusch (1907, p. 579) used the term in a somewhat broader
gense. Brdgger (1898, p. 212) considered them diaschistites (dikes or
vorder facies) with very little dark constituents (J hannsen 1949, p. 92).
Vogt (1931, p. 51) noted that the most siliceous dikes, where the silica
content is 75.3 per cent or better, whow distinct saccaroidal textures,
indicating simultaneous crystallization of quartz and feldspar, but
dikes with less silica, 73 to Tb per cent, exhibit a slight tendency

for formation of phenocrysts in saccharoidal groundmass.



11

Alaskite was named by Spurr (1900) for "holocrystalline granular
plutonic rocks characterized by essential alkali-feldspars and quartz,
and little or no dark component. . . In the description of the original
alaskite from Alaska, the feldspar was given as "mostly orthoclase, but
some albite . . . verging towards anorthoclase.'" (Spurr 1900, p. 229-30)

(Johannsen 1949, p. 106).
Structural Control of Aplite-Alaskite.

In the Boulder batholith, Weed (1912) and Billingsley (1916)
consider that aplite-alaskite is generally found near the roof of the
batholith, and Billingsley and Gpimes (1918) specifically point to
what they consider to be a close genetic relationship between hydro-
thermal veins and aplite.

Detailed mapping in the northern part of the Boulder batholith
by Klepper and his colleagues on the U, S, Geological Survey failed
to demonstrate a close spacial relationship between aplite and the
roof, or aplite and ores, although locally, aplite and alaskite are
found in relatively large bodies under flat parts of the roof of the
batholith, and some aplite dikes have the same structural trend as the
veins and may occur along one or the other walls of a hydrothermal
vein. (Klepper and Robertson 1956.)

Most aplite and alaskite occurs in a broad north-northeast trend-
ing zone that is parallel to the east margin of the batholith, but which
is several miles removed from the east border. Mpst of the mineralized

veins are found west of the malnbslt of aplite-alaskite.
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Klepper (Klepper and Robertson manuscript draft pp. 3 and L, 1956)
states that "most of the aplites are sheets; dikes, and irregular=
shaped bodies of devious and variable trend, probably occupying frac-
tures that formed as a result of local stresses during crystallization.
In contrast, most of the veins occupy strong, steeply dipping east-
west fractures, some of which are several miles long. These fractures
belong to a regional set that is unrelated to the cooling history of
the batholith and was impressed on patholithic and wall rocks alike
after the exposed part of the patholith, including the bulk of the
aplite, had congolidated. « e Nevertheless, a number of observations
strongly suggest that the late magmatic stage graded into the hydrother-
mal stage almost always as imperceptibly as the early magmatic stage
graded into the late magmatic stage."

Only locally in parts of the batholith is there a distinct tend-
ency for aplite-alaskite to be concentrated at the roof, particularly the
flat top of the batholith. At two localities in the Flliston district,
alaskite is found at the roof of the batholith, Similar relations were
observed by Weed (1901) in the Elkhorn district on the east side of
the batholith and by Klepper (personal communication) in the northeast
part of the batholith.

The occurrence of aplite at the margin of granitic intrusives,
especially under flat roofs, has been noted by numerous investigators.
Daly (1933) compiled information on the subject. He specifically cited
aplite apophyses of the monzoni granite (Huber 1901) and illustrates
concentrations of aplite at the roof at Nickel Plate Mountain in

British Columbia (Camsell 1901, P. 101). Richey (1937, P. 675)
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describes a considerable mass of aplite at the contact under flat
contacts in the Mourne granite in northern Ireland, and Walker and
Mathias (1946) report that the aplite appears to have intruded along
the contact of the intrusive granite near Cape Town., In his discussion
of the aplites in the Front Range in Colorado, Lovering states: "The
aplitic rocks occur chiefly in dikes, but near the west border of the
batholith they comprise moderately e xtensive irregular bodies. The
aplite grades %o fine-grained granite and alaskite." (Lovering 1935,
p. 11). This relationship noted by Lovering is considered tobe similar
to the situation of alaskite found near the Ontario Mine in the Elliston
district., In addition, Wright (1915) and Nockolds (1940) describe
concentrations of aplite at the margin of the intrusive granitic bodies
in Alaska and northern England, respectively. |

The relations of aplites and alaskite bodies to other primary
structures has not been demonstrated in the Elliston district, or in
the batholith as a whole. The aplite dikes which have the same trend

as the hydrothermal veins are considered to be tectonically controlled.

Types of Aplite and Alaskite. In the Elliston district, magmatic aplite

bodies are few; however, alaskite and rocks of aplite composition
(altered volcanic rocks) occur at the top of the batholith and are
locally abundant. Several types of aplite and alaskite are recognized.
1. Intrusive dikes in quartz monzonite, rarely in volcanic
rocks. Most are 1 to 2 in, but they range from % in to

several feet in width.
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2. Small, irregular dikelets. The aplitic material is derived
in part from the walls, and in pary by replacement of the
wall rocks of small fractures.
3. Small pods of aplite in quartz monzonite % in to several
feet across., Aplite formed by segregations of late mag-
ratic aplitic solutions and/or by metasomatism.
L. Alaskite and aplite replacement bodies of quartz monzonite
at the roof of the batholith. These bodies may be 50 to
100 ft thick and occupy an area of % sq mi or more.
5. Contact metamorphism in volcanic rocks to microaplite compo-
gition. This type is described under contact metamorphism.
1. Intrusive lite dikes are common in the batholith, but rarely
are they large enough to be shown on geologic maps. They are commonly
1l in to a few in in width, rarely are they as much a 1 ft across.
Figure 63 shows a typical intrusive dike.

In the Elliston district, only a few intrusive dikes are recognized.
Very fine-grained aplite dikes occur along one wall of the Sure Thing
and Moonlight veins. Several aplite dikes are found in the Lilly-Sure
Thing area generally. At the Pauper, several intrusive dikes were
found, likewise dikes in quariz monzonite are found in outcrops along
the Continental Divide south of Bullion Park.,

The dikes normally have sharp borders and show a wide range in

textures, even across dikes only 1 in or so wide., Pegmatitic pods
and mlarolitic cavities lined with coarser-grained quartz and potash
feldspars, with or without pyrite and tourmaline, are common features.

The textures are complex grading from microgranitic to microsutural to
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Figure 63. Intrusive aplite dike in quartz monzonite.
Dike exposed in highway cut south of Basin,
Montana and not actually in the Elliston
district.
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granophyric. Figure 6L is the texture exhibited in a narrow intrusive
dikelet. Figure 65 shows a saccharoidal texture in aplite.

2. OSmall irregular dikelets are not common but are found in the
district. In individual cases, very small stringers a few inches long
and not over % in wide demonstrate the local derivation of the aplitic
materials. The quartz monzonite porphyry contains plagioclase pheno-
crysts with abundant aplitic groundmass, whereas the dikelet contains
only a few plagioclase crystals in aplite. There is no distinct margin
distinguishable microscopically. As the fracture formed, the aplitic
groundmass migrated into the opening, probably before the groundmass
of the wall rocks had more than started to crystallize, and rafted
early-formed plagioclase crystals into the dikelet.

In another small stringer only 1/8 in wide from the top of the
batholith south of the Julia Mine, one end of the thin section shows
replacement granophyre in the dikelet, and at the other end, the tex-
ture is microgranular, saccharoidal.

Figure 66 is a photograph of an irregular aplitic stringer which
shows local replacement textures and evidence of local derivation of

~aplitic materials from the walls. Just such a zone of fractures, formed
at the most favorable time in the crystallizing quartz monzonite, might
well serve as collecting channels for intrusive aplite dikes.

3. Small pods of aplite, many of which are irregular, range from
% in to several feet in diameter. They are most abundant near the top
of the batholith, although aplitic patches are found throughout the
quartz monzonites, principally in the medium- and coarse-grained facies.

Some small pods consist of intricate granophyric patches, others
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Figure 6l . Photamicrograph of texture of aplite in intrusive
aplite dike near Julia mine. (Scale should be 0.1

mm) Crossed nicols.

Figure 65. Photomicrograph of saccharoidal texture of intrusive
aplite. Crossed nicols.



Figure 66. Outcrop of quartz monzonite showing thin aplitic stringer.
Note that the stringer frays out and is lost at the left end,
and is a sharp, through-going aplite diklet at the right side
of the photo. Outcrop in highway cut south of Basin, Montana.

Figure 67. Pod of replacement aplite in quartz monzonite. This outerop
i8 in the old townsite at the Julia mine.
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contain quartz and potash f eldspars in intricate replacement textures.
In thin section the original mafic minerals in the rock are eliminated
inthe replacement to aplite. _Relics of mafic minerals are indicated by
patches of white mica or chlorite, with traces of leucoxene. Figure 67
shows one of the large replacement pods of aplite in quartz monzonite.
Small "horses" of unreplaced quarta monzonite are found throughout the
body. Some aplite pods have rather sharp borders.

L. Replacement aplite and alaskite bodies occur in the quarts
monzonite at the top of the batholith at two localities within the
Flliston district as shown on the geologic mape At the Ontario Mine,
aplite is associated with large bodies of alaskite, both of which show
relics of the minerals found in the original quartz monzonite, and at
one locality, strongly deuterically altered quartz monzonite is found
in relic dikes within aplitized volcanic rocks.

The replacement textures are distinctive, particularly in alteration
of plagioclase. In some instances, relics of the original plagioclase
are preserved in the cores of potash feldspar as shown in Figures 50
and 523 in other instances the plagioclase 1s altered to a more sodic
plagioclase; in other instances the plagioclase is replaced by anortho-
clase which has a distinctive mottled microclinic grid twinning; and in
gtill other instances plagioclase i8 altered to patches of gericite.

In some cases, the mafic minerals are eliminated, with only patches
of sericite or muscovite preserved.

Tourmaline is present in aplite and alaskite in small radiating

clusters in small vugs and intergrown with feldspar and quartz.
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Mineralogy. The mineralogy of aplite and alaskite is quite simple.
Quartz and potash feldspars and subordinate plagloclase are the essential
minerals. Tourmaline is abundant in some aplite; in lesser amounts are
sericite, epidote, sphene, apatite, zircon, chlorite and actinolitic
amphiboles. Magnetite, pyrite and traces of molybdenite are the ore

minerals found in aplite.

(Potash feldspars). Although potash f eldspars are the most abundant
minerals, their mineralogy is not simple. There is strong indication
that much of the microclinic~-apearing minerals may be anorthoclase.
Many of the larger potash f eldspar crystals which are porphyroblasts

are strongly perthitic. (See mineralogy section under Quartz Monzonite.)

(Tourmaline). Tourmaline is abundant in some aplites and alaskites,
both in replacement and intrusive types. In the rocks of the Boulder
batholith, tourmaline is black in hand specimen, pleochroic from olive
green to dark blue green in thin section. Tourmaline is a common
mineral in many aplites and slaskites found throughout the world. The
1iterature has not been e xhausted, yet from an incomplete survey, 13
localities have tourmaline in aplite.

Polgeiter (1950) described the occurrence of tourmaline in an
aplite in South Africa. He states that it "concentrates in layers in
the fine aplite to give the rock a banded appearance". The quotation
adequately describes some aplite found near the‘Ontario Mine in the
Elliston district. "Rosettes of tourmaline 3 mm in diameter are present
on fracture surfaces, but none are intergrown with the minerals of the

rock." (Loughlin and Koshmann 19,2) describes relations of some of the
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tourmaline occurrences in Colorado, but it is equally applicable to the
occurrences of some aplite and alaskite in the Elliston district.

Brammall (1942) reports three per cent tourmaline in aplogranite in

the Dartmoor series; and Walker (19L6) reports two per cent tourmaline

in aplite and granite near Cape Town. Many of the aplites of the

Boulder batholith appear to have comparable quantities of tourmaline.
Worth (1920) reports tourmaline along joint faces in aplite of the
Dartmoor similar to numerous occurrences of joint coatings found in

the northern part of the Boulder batholith. Willborn (1933) reports
tourmaline in spherulitic patches to 20 mm in non-porphyritic aplite

in the Federated Malay States which are probably very similar to

patches found in the quartz monzonite generally. Nolan (1935),

Butler (1913), Parkinson (1907), Osman (1937), Gardner and Reynolds (1931),
Serivenor (191l) and Williamson (1935) have noted the presence of tourmal-
ine in aplite. Undoubtedly there are many other localities where tourmal-
ine is found in aplite, however, the search for such information 1is
rendered difficult hecause aplite, although mentioned in geological

reports, is rarely mentioned in the indexes.

(Sulfides). Sulfides in aplites are not commonly noted. In the northern
part of the Boulder batholith, pyrite occurs in aplite and alaskite,
and is relatively common. Some molybdenite is also present.
Park (1943) reports pyrite and epidote clusters in aplite in the
Metaline district in Washington. Chalcopyrite and molybdenite in
aplite are reported from the San Francisco mining district of Utah.
"Both sulphides appear to be original constituents of the rock",

according to Butler (1913, p. 62).
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Alaskite Occurrences.

Alaskite is found in two localities in the Elliston district,
one at the roof of the batholith at the Ontario Mine (N % sec. 22,
and part of NW % sec. 23, T. 8 N., R. 6 W.); and in a similar position
(in NE % sec. 11, T. 8 N., R. 6 W.) just southeast of the Telegraph
Mine. In thewll rock of a vein north of Jericho Mountain on the
Continental Divide just south of the center of the section in sec. 36,
T. 9 N., R. 6 W, a leucocratic granodiorite was observed.

The two main bodies of alaskite in the Elliston district are
petrographically kalialaskite (115 Johanssen) or Alaskite (116

Johannsen) based on the mineralogical composition.

Ontario Mine Area. At the Ontario Mine, the largest body of alaskite

ig more than 1 mi long, andas much as % mi wide and possibly as much

as 100 ft thick., It is complexly grained leucocratic rock which has a
wide range in‘gexmures from aplite to pegmatite. Tourmaline is commonly
found: (1) in pods and small clusters, (2) in disseminated grains, and
(3) in quartz-tourmaline vein-like structures in the alaskite. Some

of the best exposures of alaskite are in the open cuts of the Ontario
vein and in outcrops just south of the vein. In general, the exposures
of alaskite are poor. As no alaskite is found on the dump of the
Ontario tunnel, situated about 200 ft below the vein outcrop, and as

no quartz monzonite crops out above the portal of the tunnel, the
alaskite appears to be a lens or layer of leucocratic rock above the

quartz monzonite and below the roof.
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In thin section, the rock is seen to be composed of xenomorphic
grains of potash feldspars and quartz, with minor amounts of albite-
oligoclase and relics of mafic minerals. Orthoclase microperthite has
an optic angle 2V = 60° + 2°, a X : 9° in 010, Conspicuous irregular
albite blebs are oriented parallel to 100 cleavage. The perthites
are thought tobte reorganization perthites. (See mineralogy under Quarta
Monzonite.)

Another potash feldspar contains conspicuous grid winning of
microcline and has a large optic angle. Inthewall rocks of the
Ontario Mine, the microcline-like mineral has a positive optic sign,
2V approx. 85°, The mineral may be isomicrocline (Winchell 1951,

p. 36L, Luczizki 1905, p. 347).

Anorthoclase contains indistinct patches of fine grid twinning,
has a mottled appearance, and is found characteristically replacing
plagioclase feldspar. The optic angle is distinctly smaller than t he
orthoclase perthite, about 50° or less. Both orthoclase microperthite
and microcline replace anorthoclase, and these are likewise replaced
by late quartz. In most instances, enorthoclase is an intermediate
step in the replacement of plagioclase by orthoclase, however, in
most of the alaskite very little plagioclase remains, and virtually
all anorthoclase occurs in minor amounts inrelics in orthoclase. In
a few instances, surprisingly large grains, which have the size and
shape of plagioclase phenocrysts found in quartz monzonites generally,

have the composition of anorthoclase.
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In other plagioclase relics, quartz-feldspar granophyric inter-
growths replace and take the shape of large plagioclase grains., Some
myrmekite is present, usually associated with late quartz replacement
of plagioclase. The different ways in which plagioclase is replaced
by potash f eldspars is described and illustrated in the section on
potash feldspars under mineralogy of quartz monzonite. An additional
complex series of potash feldspars, four species, are shown in
Figure 68.

At the eastern end of the alaskite body on the south slopes of
a small knob on the Continental Divide (cen. NW % sec. 23, T. 8 N.,

R. 6 W.), altered dikes of quartz monzonite are intrusive into vol-
canic rocks. The granitic rocks in the dikes have been partly changed
to alaskite. In thin section, the texture of the quartz monzonite 1s
preserved, but the mineralogy approaches an alaskite and is considered
to represent an intermediate step in the development of alaskite by
replacement of the quartz monzonite. Quartz, potash feldspar and minor
amounts of biotite comprise the typical groundmass assemblage, however,
micrographic intergrowths abound. Large plagioclase crystals are in
part replaced by anorthoclase, a particularly striking example is
shown in Figures 51, SL and 55. Note that different parts of the
relic grains have optical continuity indicating that it was all part

of a single plagioclase crystal in Figure 52.

Telegraph Mountain Area. Southeast of the Telegraph Mine, alaskite

crops out in the walls of awin and in a localized area below the
roof rocks of the batholith. The outcrops in the area are sparse so

that the areal extent of the body is not known in detail. Orthoclase
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Figure 68. Photomicrograph of plagioclase (left, very dark)
partly replaced by anorthoclase (central, medium gray) .
Note untwinned, lighter rim of albitic composition
at margin of plagioclase and sericite alteration in
plagioclase at lower left. Three other potash
feldspar ¢ rystals are shown, each with a somewhat
different texture. Grain at upper right is perthitic,
probably orthoclase. (Scale should be 0.5 mm) Crossed
nicols.
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microperthite, anorthoclase and potash feldspar and quartz micro-
graphic intergrowths comprise 90 per cent of the rocke. Minor amounts
of albite (Ab 90 An 10), relics of biotite altered to shreds of
chlorite with included dusty opaque grainsg, sphene-leucoxene and zircon
comprised the accessory minerals.

North of Jericho Mountain, a Jeucocratic granitic rock occurs
along the gouth wall of an east-west vein. The rock is a leucograno=
diorite (127) in which plagioclase is the dominant feldspar and mafic
minerals comprise less than 5 per eent of the rocke. Plagioclase, which
has the shape and texture of normal quartz monzonite plagioclase, has
a distinctive broken-up appearance, and it is strongly altered to
oligoclase. Orthoclase microperthite, a non-perthitic potash feldspar
and anorthoclase are all found in the rock. Quartz is a conspicuous
and late mineral, filling between g rains, and replacing some feldspar.
Biotite in well-formed hyﬁautomorphic grains 1is clear, pleochroic in
red-brown to tan, and only slightly altered to chlorite and minor
amounts of magnetite. Magnetite and pbiotite do not comprise more than
a few per cent of the rock. The nearest outcrops are normal quartz
monzonite, whereas the southwall of the vein is Jeucogranodiorite. The
position of the vein may be fortuituous with repsect to the rock type,
or it may representcieuteric alteration along a zone which was later

fractured to produce the vein zone.
Magmatic Phenomena Leading to Metalization

In each of the main rock types described, there iz & sameness

in the crystallization histories. In granogabbro, granodiorite'and
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quartz monzonites, there is an orderly sequence of crystallization of
the early magmatic minerals. The sequence of formation and mode of
origin of the late magmatic minerals, mainly potash feldspars and
quartz, exhibit a wide range of features, however, in a given struct-
ural environment, the sequence of formation and the modes of origin
are the same.

In granogabbro, late magmatic or deuteric potash feldspar growths
and leucocratic alkali feldspar stringers are conspilcuous, although
minor, features. Basic granodiorite (not described in this report
because it is not found in the district) shows even more conspicuous
late magmatic features including some aplitic and pegmatitic stringers
and leucocratic vein-like bodies. In the Bison Mountain granodiorite,
strong alteration of the rock by deuteric processes has been mentioned.
In quartz monzonite, however, late magmatic phenomena are abundant,
leading to the formation of large bodies of aplite and alaskite.

§till further, late magmatic or hydrothermal phenomena are responsgible
for the ore minerals in the veins and the wall-rock alteration along
the veins.

In this section, the crystallization sequence leading to the
formation of aplite-alaskite and to the formation of the hydrothermal
veins are discussed relative to the late crystallization history of
quartz monzonite. Magmatic crystallization and differentiation is
discussed, followed Dby the deuteric stage and deuteric differentiation
of aplite-alaskite. The steps leading to vein formation, which
necessarily adds another dimension to the mineral formation sequence,

namely fracturing, are traced from the deuteric into the hydrothermal
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stage. The detailed discussion of the mineralogy and structure of the

mineral deposits are described under the heading, "Mineral Deposits."
Magmatic Differentiation

Marked chemical and mineralogical differentiation is not con-
.gpicuous in quartz monzonite, with the exception of the formation of
aplite-alaskite in the late magmatic or deuteric crystallization stage.
The different types of quartz monzonites in the main part of the
Boulder batholith are, in large part, due to differences in textural
facies, and secondarily to minor differences in the proportions of
the essential minerals.

Only at one locality within the Elliston district, and so far as
is known, in the batholith at large, are marked variations in the minera l-
agical assemblage observed in a vertical section within the granitic
rocks. This is in the vicinity of the Pauper prospect (cen, S i sec. 8,
T, 8 N., R. 6 W,) in a thin sliver 'of granitic rocks which I think
represents a sill-like lens of the rargin of the batholith. The mineral-
ogical variations do not appear to be related to separate intrusives,
but formed as a consequence of fractional crystallization within the
200 to 250 ft thick body of quartz monzonite magma. The rock types
vary from olivine-bearing granogabbro porphyry to fine medium-grained
quartz monzonite. The overlying volcanic rocks were altered to rocks
of aplitic composition by the intrusive, a distinctive type of contact
metamorphism in the region. The mineralogiceal and textural variations

in the rocks at this locality are described in some detail.
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At the Pauper area, four specimens were collected in a more or
less vertical section of about 200 ft. The lowest is from the dump of
a small prospect, the poral of which is in a dark, hornfelsic volcanic
rock, however dark gray, olivine-bearing granogabbro porphyry (basic
quartz monzonite) was encountered in the tunnel. Large, obviously early,
labradorite crystals (Ab LO An 60) 1 to 3 mm long and pyroxene orystals,
with some olivine, in aggregates 2 mm in diameter comprise the essential
early minerals. The plagioclase crystals exhibit a distinctive internal
cracking which is common of the plagioclases of the rocks of the Boulder
batholith generally, as well as in gabbro and early volcanic rocks. The
plagioclase crystals commonly contain conspicuous "gores" which contain
a variety of fine mineral grains including augite, pigeonite, biotite,
apatite and magnetite. The outer part of the crystals are clear and free
of inclusions, as shown in Figure 36. Augite has a moderately large optic
angle, whereas pigeonite has a small angle, 2V about 20° to 30°.

Clusters of pyroxene grains in which augite is the most abundant
mineral, but smaller, rounded grains of pigeonite are present with a few
crystals of olivine, are shown in Figure 69. Augite is quite fresh and
contains ﬂumerous small inclusions. The mineral alters to secondary horn-
blende which is pleochroic, bluish olive green to light bluish green.
Pigeonite is found in smaller, equidimensional crystals, usually included
in, or distinctly older than, augite, although less in amount than augite.
Small opaque laths, possibly hematite, are oriented in pigeonite.

Olivine in small, equidimensional crystals, does not show distinet
cleavage, but does have conspicuous curved fractures. Some of the olivine
is strongly altered, other grains are remarkably fresh with alteration to

antigorite only along fractures. No opaque mineral alteration was noted.
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£ quartz monzonite

(32-98-2)

olivine and magnetite in cluster

in basal part o

porphyry sill at the Pauper area.
polarized light.

of