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ABSTRACT
Smith, Kevin J., M.S., Spring, 1980 Geology

Petrology and Origin of Precambrian Metamorphic Rocks in the Eastern
Ruby Mountains, Southwestern Montana (84 pp.)

Director: David ATtQ%>-‘

Precambrian schists and gneisses are exposed in much of the Ruby
Mountains of southwestern Montana. The major rock types include
abundant quartz-feldspar gneiss, hornblende gneiss, amphibolite,
quartzitic gneiss, and marble. Minor rock types important in the study
area include anthophyllite gneiss, hornblende-pyroxene-plagioclase
gneiss, quartz-hypersthene-garnet granulite, iron-formation, and
hornblende-hypersthene granulite. These rocks form a concordant
series folded into a broad, open antiform-synform pair in the study
area.

The marble, quartzitic gneiss, and iron-formation in the area clearly
originated as sedimentary units. The hornblende gneiss assemblage was
also found to be dominantly sedimentary in origin. Evidence for this
includes its association with marble and quartzitic gneiss, the latter
intimately mixed within it, the presence of meta-conglomerates, and the
abundance of quartz making the composition distinctly different from
normal igneous rocks. A petrographic estimate of composition for one
amphibolite showed it to most resemble a dolomitic shale. It is
possible that some amphibolites in the area are metamorphosed dikes
and sills. The uniform granitic composition and lack of structures
in the quartz-feldspar gneiss suggest an igneous origin for this unit.

Metamorphism in the area exceeded the sillimanite-orthoclase zone of
the amphibolite facies as indicated by the presence of sillimanite,
perthite, and calcic plagioclase Angp. The presence of the assemblage
quartz-hypersthene-garnet, and textures indicating the reaction
anthophyllite = enstatite + quartz show that conditions ran locally
into the orthopyroxene zone of the granulite facies. These probably
represent areas locally undersaturated in water.

The area went through two phases of regional deformation. The first
event, roughly contemporaneous with the highest metamorphic grades,
produced similar-style, tight isoclinal folds and the regional foliation.
Subsequent to that, the area was folded into a Targe, concentric, open
antiform-synform pair trending northeasterly and plunging at moderate
to steep angles. Small super-imposed folds of undetermined age re-
lationship to the second event also exist.
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CHAPTER 1
INTRODUCTION

Pre-beltian rocks underlie much of the Ruby Range of southwestern
Montana. They include hornblende gneisses, amphibolites, mica schists,
quartzites, marbles and quartz-feldspar gneisses. Marbles and quart-
zites clearly represent metasediments. Bielak (1978) has shown that
hornblende gneisses and amphibolites in the region are separable
into distinct metasedimentary and metaigneous units respectively. The
Dillon Gneiss unit has so far resisted the clear designation as
metaigneous or metasedimentary. Although it was originally mapped
as a "granite gneiss" by Heinrich (1953), recent investigations have
called that interpretation into question. Garihan (1973 and 1974),
and Garihan and Williams (1976) have postulated a mudstone or shale
rich in illite and quartz as a possible sedimentary parent. In each
case though, lack of hard evidence prevents any final conclusion. The
resolution of this problem is important before a resonable pre-
metamorphic history can be postulated.

The purpose of this study was to map a portion of the contact
between the Dillon Gneiss and overlying metasedimentary units. By
determining through. field relationships and petroaraphic analysis the

original nature of the Dillon Gneiss, I could go on to suggest a
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premetamorphic depositional environment that resulted in the present
rock assemblage. Another purpose of this study was to determine the
metamorphic and déformatiuna? history of the area. The study area
was chosen for its lack of retrograde effects and interesting _
structure. MWell developed retrograde effects would tend to mask pro-
grade mineralogy and equilibrium textures essential to determining

the highest temperature and pressure conditions reached.

Location

The Ruby Range lies east of Dillon along the Beaverhead-Madison
County Tine in southwestern Montana (Fig. 1). The Hinch Creek map
area covers about 18 square kilometers on the eastern edge of the range.
The Ruby River and the range front bound the area on the east.
Vertical faults bringing the basement against Paleozoic sedimentary
rocks bound the area on the west. The area includes portions of the

Alder, Laurin Canyon, Metzel Ranch, and Ruby Dam 7 1/2-minute quad-

rangles.

Physiography

The area has been uplifted to elevations approaching 2135 meters
by differential movement on range-bounding vertical faults, Activity
on the faults dates from the Eocene or Oligocene until the present
time (Garihan, 1973). Gently rolling upland surfaces cut by deep
drainages characterize the area. Sage and grass cover most of the

surface but groups of juniper and pine are scattered about, especially
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Figure 1.

Schematic index map of the Ruby Mountains showing the Pre-
Cherry Creek (PCC), Dillon Gneiss (DG), Cherry Creek (CC)
units and overlaying paleozoic segments (PS) with the
Northwest-trending faults. The heavy outline indicates the
study area.
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on north facing slopes. Greasewood chokes the upper portions of many
gullies. Major drainages include Hinch Creek, Dry Hollow, and Beatch
Canyon. They all flow northeastward normal to the range front. Hinch
Creek-has an elevation of 1615 meters at its exit from the rance aiving

a total relief in the area of 520 meters.

Previous Studies

Earliest descriptions of the region were made by Havden (1872)
who noted excellent exposures of banded gneiss, hornblende aneiss,
and veins of feldspar and quartz. Peale (1896) described the rocks
along Cherry Creek in the Gravelly Mountains. Equivalents of the
Cherry Creek Group form much of the basement along the northwest flank
of the Ruby Range.

Winchell studied the Crystal Graphite deposits near Dillon in 1911.
In 1914 he published a general survey of the important mining districts
of the Dillon one degree quadrangle. Klepper (1951) described the
southern Ruby Range in a general reconnaissance of southwestern Montana.
The first detailed studies of the Ruby Mountains were made by Heinrich
(1948, 1949a, 1949b, 1950, 1960, and 1963).

Recent studies in the range include the following: Tysdal (1970)
mapped the Paleozoic section in the northern Ruby Rance; Okuma (1971)
studied the petrology and structural geology in relation to talc
deposits in the southern Ruby Range; Garihan (1973, 1974, 1976a, and
1976b) studied the structure, petrology, and talc deposits of the

central Ruby Range; Dahl (1978) determined metamorphic conditions using
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electron microprobe geothermometry and geobarometry; Desmarais (1978)
studied the origin of the ultramafic bodies: Bielak (1978) examined
the origin of amphibolites. Wooden (1973), Giletti (1966), and James
and Hedge (1980) have obtained radiometric dates of rocks from the
Ruby Range.

Included in the area of this study is some mapping done by James
and Wier (1960) of the Kelly iron deposit, and Berg (1976) of the
portion between Hinch Creek and the Ruby Reservoir. A1l previous

mapping in the present area was reviewed in the field for this study.
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CHAPTER II
METAMORPHIC ROCKS

General Statement

The Ruby Range is a block of basement rock uplifted since Eocene
or Oligocene time. The range core contains crystalline schists and
gneisses unconformably overlain at the northern end by Paleozoic
sediments (Fig. 1). The crystalline comnlex consists of broad belts
of different rock types that parallel the northeast trend of the rance.
From northwest to southeast they are grouped into three units: 1) the
“Cherry Creek" Group, 2) the "Dillon Granite Gneiss", and 3) the
"Pre-Cherry Creek" rocks (Heinrich, 1960). The regional foliation
strikes northeast parallel to the units and dips northwest placina the
Cherry Creek Group highest structurally. The uppermost part of the
Cherry Creek is not exposed in the Ruby Range (Garihan, 1973).

Cherry Creek. The Cherry Creek group occupies the northwest
side of the range and contains several different rock types. Peale
first described it near Ennis, Montana in 1896. It crops out regionally
in the Gravelly, Madison, Tobacco Root, Greenhorn, and Ruby Ranges.
The presence of marble distinguishes it from other similar units. The

various rock types of the Cherry Creek Group include:
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1) marble

2) calc-silicate schist

3) quartz?ter

4) hornblende gneiss and amphibolite
5) quartzofeldspathic gneiss

6) sillimanite schist

7) biotite schist and gneiss

8) chlorite schist

9) iron formation

Dillon Gneiss. The Dillon Gneiss commonly contains elongate
stringers of quartz, perthitic microcline, and plagioclase imparting
a conspicuous banding to the rock. It forms a sheet-like mass of
quartz-feldspar and biotite-quartz-feldspar gneiss separating the Cherry
Creek from the Pre-Cherry Creek units. Heinrich (1960) originally
named it the "Dillon Granite Gneiss". Garihan and Williams (1976)
have proposed renaming it the "Dillon Gneiss" because the icneous nature

of the unit is not firmly established.

Pre-Cherry Creek. The Pre-Cherry Creek rocks crop out along the
southeast side of the range. Heinrich (1960) used the name to dis-
tinguish these from the marble bearing Cherry Creek unit to the north-
west. The various rocks are mostly gneissic, coarse grained, migmatitic,

and discontinuous along strike. The main rock types include:
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1) quartz-feldspar gneiss

2) biotite-garnet-quartz-feldspar gneiss
3) biotite-garnet aneiss

4) hornblende-quartz-feldspar gneiss

5) hornblende agneiss and amphibolite

Field Description and Petrography

The field work for this study took place during parts of the
summers of 1978, and 1979. Petrographic study of thin-sections was
made from representative samples. Rock slabs and chips were etched
in hydrofluoric acid and stained with sodium cobaltanitrite as an aid
in distinguishing and estimating feldspar percentages. Marbles were
stained with Alizarine Red S to distinguish calcite from dolomite
(Friedman, 1959). Anorthite content was determined with the bisectrix
method in combination with extinction angles on cleavage fragments
immersed in oils.

Marble. Marbles in the Hinch Creek area form resistant marker
beds. They form rounded outcrops easily recognized by their charac-
teristic tan- to grey-weathered surface commonly covered by orange lichen.

Mappable units range from 4 to over 500 meters thick. The width
of beds varies along strike. Unrecognized folding or plastic flowage
causes much of the thickness variations and makes it impossible to
measure true thickness. In the southeast corner of section 32, beds
of marble as thin as 0.5 meters interbed with hornblende gneiss and

quartz-feldspar gneiss.
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The layering in much of the marble ranges from 5 centimeters to
over a meter in thickness. Differential weathering along the parting
surfaces defines most of the layering, especially in pure marbles. In
quartz bearing varieties, beds and stringers of quartz up to 20 meters
thick also define the layering. Bedding everywhere parallels the
foliation. Compositional differences, the presence of concordant
quartzite beds, and interlayering with quartz-feldspar gneiss and horn-
blende aneiss on a small scale indicate that the compositional layering
represents original sedimentary bedding. In some massive marbles the
quartz lenses and beds 2-20 millimeters thick aré isoclinally folded
and broken (Fig. 2). The marble flowed plastically during deformation
while the more competent quartz beds folded and broke. Bedding in the
marble generally persists along strike, but on the noses of some folds
it stretches and pinches out into lenses best observed in the Hinch
Creek valley about 2 kilometers from the range front.

Coarse grained dolomitic marble predominates in the area with arain
sizes ranging from .1 to 5 millimeters. Compositions include pure
dolomite marble and quartz-bearing calcite marble containing up to
15% quartz. Quartz grains show strain shadows and some subgrain develop-
ment. Some contain rounded inclusions of calcite and/or microcline.
Accessory minerals include muscovite, microcline, and hematite. Calc-
silicate marbles cohtain calcite, dolomite, diopside, serpentine,

phlogopite, graphite, and garnet (Fig. 3).
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Figure 2. Folded and broken lenses of quartz within fine-grained
structurless marble. The head of the hammer is
approximately 10 cm long.



http://www.go2pdf.com

Figure 3.

Figure 4.

Figure 6.

Figure 7.

Calc-silicate marble showing diopside, relict
grossular garnet altering to chlorite,
phlogopite mica, graphite and dolomite.

S0.6mm

Randomly oriented grains of tremolite.

1. 0mm

Large ameboidal grains of quartz embaying smaller
grains of microcline.

1. 0mm

Ameboidal quartz grains embaying microcline and
hornblende.

0.6mm
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