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commonly occur as discontinuous lenses, interpreted to be

channels; (5) locally contain stream-rounded petrified wood.

Stratigraphic Succession

A representative section of the Eocene volcanics (secs.
6, 7 and 18, T.8 S., R.7 E.) (Plate 1) along the ridge west of
Wwigwam Creek south to the boundary of the map area 1is

illustrated below.

TABLE I. REPRESENTATIVE SECTION A

Feet Description
280 Augite-hypersthene-hornbiende andesite flows
880 Crudely stratified epiclastic volcanic beds
1360 Hypersthene-augite andesite flows
60 Intercalated well bedded and crudely stratified

epiclastic volcanic beds
160 Hypersthene-augite andesite flows
e T E e - - - unconformity

Precambrian metamorphic rock

A representative section (secs. 14, 23 and 26, 7.8 S.,

R.6 E.) (Plate I) along the ridge west of Grizzly Creek sout

o~ - = - e et N
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to the boundary of the map area is illustrated in Table II.

TABLE II. REPRESENTATIVE SECTION B

VT2t

reet Description
Top Eroded
120 Augite-hornblende-hypersthene andesite flows
160 Crudely stratified epiclastic volcanic beds
80 Augite-hornblende-hypersthene andesite flows
160 Crudely stratified epiclastic volcanic beds
160 Intercalated augite-hypersthene-hornblende
andesite flows and epiclastic volcanic beds
320 Augite-hypersthene-hornblende andesite fiows
720 Crudely stratified epiclastic volcanic beds,

locally intercalated with well bedded epiclastic
volcanic beds and Tenses

40 Augite-hypersthene-hornblende sills

960 Crudely stratified epiclastic volcanic beds,
locally intercalated with well bedded
epiclastic volcanic beds and Tenses

Covered

-

A representative section (secs. 30 and 31, 7.8 S., R.6 E.,
sec. 6, T.9 S., R.6 E., secs. 25 and 26, T.8 S., R.5 E., sec.
1, T.9 S., R.5 E.) (Plate I) along the boundary between Park

and Gallatin Counties south from Tom Miner Creek to the
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yellowstone National Park boundary is illustrated in Table

TABLE III. REPRESENTATIVE SECTION C

ITI.

Feet Description
Eroded top
120 Augite-hornblende-hypersthene andesite flows
400 Intercalated crudely stratified and well bedded
epiclastic volcanic beds, well bedded zones
decrease in abundance upward
80 Augite-hypersthene andesite fliows
80 Intercalated crudely stratified and well bedded
epiclastic volcanic beds
80 Augite-hypersthene andesite flows
1840 Intercalated well bedded and crudely stratified

epiclastic volcanic beds, well bedded zones
decrease in abundance upward

Covered

Examination of Tables I,

that in a westward direction, the uppermost andesite flows

il and III and Plate I suggest

thicken (Plate I, sec. 26, 7.8 S., R.6 E.) (Table II) becoming

interbedded with epiclastic volcanic beds near Sheep Mountain

and pinch out (Plate I, sec. 36, 7.8 S., R.5 E.) west of Sheep

Mountain near the Gallatin-Yellowstone divide.

The middle epiclastic volcanic beds thin (Plate I, sec.
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13, T.8 S., R.6 E.) (Table II) westward toward Sheep Mountain
and become increasingly intercalated with thickening andesite
flows. These epiclastic beds thicken again west of Sheep
Mountain (Plate I, sec. 6, T.9 S., R.5 E.) (Table III) and
become increasingly well bedded toward the Gallatin-Yellowstone
divide.

The lower andesite flows, westward toward Horse Creek,
grade from a sequence of massive flows (Plate I, sec. 12,
T.8 S., R.6 E.) (Table 1) to a sequence of interbedded flows
and epiclastic volcanic beds (Plate I, sec. 14, 7.8 S., R.6 E.)
(Table II). The flows pinch out west of Horse Creek (Plate I,

sec. 15, 7.8 S., R.6 E.) (Table III).

Eocene Intrusions

Andesites

Seven andesite dikes, with recorded thicknesses of two to
twelve feet and six andesite sills, ranging from 40 to 80 feet
in thickness, occur east of Horse Creek and southwest of
Wigwam Creek. Four additional silis, 20 to 40 feet thick, are
‘mapped between Sunlight and Horse Creeks.

The dikes and sills are dark grey and contain phenocrysts

of plagioclase, augite, hornblende and hypersthene.

Dacites

A north-south elongated dacitic stock, approximately two
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square miles in area, comprises Sheep Mountain and the north-
west end of Sawtooth Mountain (secs. 16, 21, 28, 29, 32 and 33,
7.8 S., P.6 E.) (Plate VII, Figure I). A small northwest-
elongated dacitic plug, approximately 0.125 square mile in
exposure, is located about one mile east of Horse Creek
(secs. 11, 12, 13 and 14, 7.8 S., R.6 E.) and a dacite sill at
least 80 feet thick caps a ridge approximately 0.75 miles
southwest of Sheep Mountain (secs. 5, 31 and 32, 7.8 S.,

R.6 E.).
The dacites are light to dark grey or reddish grey and

contain phenocrysts of plagioclase, biotite and hornblende.
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PLATE VII

Figure 1. View looking south toward Sheep Mountain, a
dacite intrusion.
A. Sheep Mountain stock, a dacite intrusion.
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Plio-Pleistocene
Egjded Tuff

Welded tuff erosional remnants occur: (1) east of Sheep
Mountain (sec. 17, T.8 S., R.7 E.) at an altitude of about 7200
feet; (2) west of Horse Creek (sec. 3, T.8 S., R.6 E.) at about
6300 feet; (3) east of Wigwam Creek (secs. 6, 7, 7.8 S., R.7 E.)
at about 7600 feet (Plate I).

The deposit east of Sheep Creek consists of about 60 feet
of welded tuff, resting on a "paleo-soil" (Plate VIII, Figure
1). The lithologic sequence is as follows (Refer to Plate

VIII, Figure 2):

TABLE IV. WELDED TUFF SEQUENCE

Feet Description
Eroded top
26'0" Pink friable partially welded tuff
23'6" Black densely welded tuff with 1ithophysal

cavities and spherulites.

6'11" Black glassy densely welded tuff

2'o" Brown partially welded tuff
o'3" Volcanic ash
---------------- unconformity (?)
covered
"paleo soil"
---------------- unconformity

epiclastic volcanic bed
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PLATE VIII

Figure 1 View of Tom Miner Basin looking east. Crudely
stratified epiclastic volcanic bed in left
foreground.

A Exposure of welded tuff remnant south of Tom Miner
Creek and east of Sheep Creek.
B. Exposure of welded tuff north of Tom Miner Creek.

A D
8
B
mu /
Figure 2 Lithologie sequence of welded tuff remnant (sec.

17, R.6 E., T.8 S.) located east of Sheep Creek.

A Pink partially welded tuff.

B. Black densely welded tuff with lithophysal cavities
and spheruli tes.

C. Black glassy densely welded tuff.

D. Brown partially welded tuff.

E.  Ash.

F. "Paleo soil".
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The remnant located west of Horse Creek, at ieast four
to five feet thick, is a pink or grey, friable, partialily
welded tuff.

The welded tuff remnant east of Wigwam Creek, about 80
feet thick in exposure, occurs as a highly altered, dark
brown crystaliine rock, with thin wavy stringers that resert

flow banding.
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Quaternary

Surficial Deposits

Alluvial, glacial and landslide material cover oider
rocks of the map area.

The surficial deposits of Tom Miner Basin are mainly
glacial drift with minor amounts of alluvium.

Quaternary deposits along the Yellowstone River consist
of glacial debris, recent Tandslide material (Good, 1964)

and alluvium.



ITI. PETROGRAPHIC DESCRIPTIONS

Precambrian Metamorphic Rocks

Gneiss

The gneisses contain quartz (35-50%), plagioclase (20-
55%), biotite (5-30%), epidote (0-1%), muscovité, including
sericite, (0-1%), and traces of garnet, microc]ine; chlorite
and opaques, ‘

Quartz, biotite and plagioclase are abundant in all the
gneisses examined. Southward toward the Precambrian-volcanic
contact the percentage of plagioclase increases, and the
percentage of biotite decreases. Thin sections indicate no
consistent change in quartz and the minor minerals through
the area.

Quartz occurs as (1) anhedral masses and (2) anhedral
to subhedral masses of interlocking grains up to 4.0 mm. in
maximum dimension. The quartz masses are elongated parallel
to the foliation. Grains are fresh, exhibit wavy extinction
-and some have recrystallized margins.

Plagioclase occurs as subhedral lath shaped crystals,
up to 4 mm. long, having irregular boundaries and inclusions
of quartz and biotite. Composition determined by the
"Michel-Levy Method" is An69, labradorite. Most crystals

are fresh but some are pitted. Aibite, carlsbad and
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pericline twinning are common.

Subhedral biotite, up to 2 mm. long, is commonly bent, and
elongated parallel to the foliation. Most crystals have fresh
interior but are commonly rimmed by anhedral magnetite and
locally altered to chlorite and muscovite.

Anhedral epidote crystals are fresh, slightly pleochroic
in shades of pink, up to 6 mm. in maximum dimension and occur
in aggregates. Extinction is parallel in elongated sections.

Garnets are anhedral, up to 1.75 mm. in maximum dimen-
sion, pale pink in thin section and commonly altered to
sericite on their margins.

Microcline occurs as subhedral crystals exhibiting

- "gridiron structure" and wavy extinction.

Schist

The schists are composed of quartz (33-50%), hornbiende
(27-55%), plagioclase (0-32%), biotite (0-7%), magnetite (1%)
and epidote (0-1%).

In the slides examined, biotite and plagioclase are
locally absent and plagioclase may be present as porphyro-
btasts. All mineral grains in the schist are parallel to
the foliation.

Quartz is locally cataclastic, recrystallized and contains

many unidentifiable crystallites. Individual grains are
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anhedral to subhedral, and up to 0.5 mm. in maximum dimension.
Wavy extinction and graphic intergrowths are evident.

Pale green subhedral to anhedral contorted laths of
hornbiende up to 1.0 mm. long are present. Some grains are
seam-twinned and others rim biotite. Anhedral magnetite rims
some grains and is included in others.

Plagioclase appears as subhedral Taths up to 0.5 mm.
long and is commonly albite, carlsbad and pericline twinned.
Some grains are zoned.

Biotite is present as deformed subhedral flakes up to
0.75 mm. long.

Epidote occurs as anhedral grains up to 0.1 mm. in

maximum dimension.

Schistose Quartzite

The green schistose quartzite contains quartz (97-98%)
and muscovite, including sericite (2-3%). Both muscovite
and quartz are elongated parallel to the foliation.

Most quartz grains are 1.5 mm. long, have wavy extinction
and an interlocking texture. Individual grains form sub-

paraliel bands.

Granulite

Based on one thin section, the granulite is composed of
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plagioclase (45%), augite (45%), graphic intergrowths (5%),
magnetite and hematite (2%), hornblende (1%), biotite (1%)
and traces of microcline.
Plagioclase, commonly zoned, bent, corroded and
fractured, occurs as subhedral laths up to 3.0 mm. long.
Anhedral to subhedral augite, up to 2 mm. in maximum
dimension and subhedral books of bictite, up to 1.25 mm.
long, are altered to hornblende along their margins.
Microcline and graphic intergrowth are random in intensity

and magnetite and hematite occur as alteration products of

augite.

Si]]s

The sills exhibit diabasic texture and consist of plagio-
clase (40-50%), augite (40-50%) interstitial graphic inter-
growths (0-1%), hypersthene (0-1%) and hornblende (iess than
1%).

Anhedral augite, up to 1.25 mm. in diameter, is seam-
twinned and JTocally uralized to hornblende.

Subhedral Taths of plagiocliase, up to 1.5 mm. long, have
~a composition of A"sg’ labradorite (Michel-Levy Method).

Magnetite rims and is included in hypersthene and
augite.

Metamorphism of the sills is suggested by: (1) plagio-
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clase grains‘with recrystallized edges; (2) fractured crystals;
(3) local cataclastic structures; (4) alteration of augite to
green amphibole.

Hand-specimens of pegmatite consist of coarse grained

quartz, feldspar and some muscovite and biotite.

Eocene Lava Flows

Hypersthene-Augite Andesites

These andesites contajn plagioclase (15-55%), augite
(1-6%), hypersthene (1-2%), basaltic hornblende (0-2%),
secondary silica and calcite (0-1%) and ground mass (35-83%).

Phenocrysts of hypersthene are commonly more abundant
than augite.

The plagioclase occurs as unoriented anhedral to
euhedral laths up to 2 mm. long. Larger crystals are agenerally
zoned, pitted and have corroded margins. Smaller crystals are
commonly fresh and albite, carlsbad and pericline twinned.
Composition of the phenocrysts determined by the "Michel-Levy
Method" is An54, labradorite. ~
. Anhedral to subhedral augite, up to 1.5 mm. in maximum
dimension, is locally seam-twinned and rarely a]téred.

Hypersthene is pleochroic, in shades of 1ight green to

pink, euhedral to anhedral and up to 0.5 mm. in maximum

dimension.
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Basaltic hornblende occurs as subhedral elongated crystals
up to 1.25 mm. long and is r{mmed by magnetite and hematite.
The ground mass consists of microlites of hypersthene,

augite, plagioclase, anhedral magnetite and crystallites.

Augite-Hornblende-Hypersthene Andesites

Augite and hornblende are the most abundant phenocrysts
in these andesites. In the uppermost andesite flows of the
map area, hornblende phenocrysts are nearly as abundant as
augite.

These andesites contain plagioclase (15-55%), augite
(1-6%), hypersthene (1-3%), basaltic hornblende (0-2%),
hornblende (1-2%), and ground mass (35-85%).

Plagioclase laths, up to 4 mm. long are commoniy albite,
carlsbad and pericline twinned. Larger crystals are commonly
zoned, pitted and have corroded boundaries. Smaller crystais
are generally fresh. Composition of phenocrysts determined
by the "Michel-Levy Method" is Ans]-An53, labradorite.

Augite phenocrysts are commonly fresh, anhedral to sub-
.hedral and up to 1.25 mm. in maximum dimension. Seam-twinned
phenocrysts are common.

Hornblende phenocrysts are fresh to highly altered,
elongate, subhedral to euhedral and up to 1.25 mm. long.

Most crystals are pleochroic in shades of green, some are
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seam-twinned;

Hypersthene appears as subhedral to anhedral crystals of
prismatic habit, up to 1.25 mm. long.

The ground mass consists of microlites of plagioclase,

augite, hornblende, anhedral magnetite and crystallites.

Eocene Crudely Stratified Epiclastic Volcanic Beds

Most clasts in the crudely stratified epiclastic volcanic
beds have petrographic descriptions similar to the andesite
flows and dacite intrusions of the map area. Dacite clasts are
rare. Precambrian clasts are very rare. HNcne were observed
in thin section.

The matrix contains crystals of augite, hypersthene,
plagioclase, basaltic hornblende, magnetite, sparse hornblande
and small andesite and dacite particles. Locally, the matrix

is cemented by silica and calcite.

Eocene Well Bedded Epiclastic Volcanic Beds

The well bedded epiclastic volcanic beds are composed of

crystals of augite, hypersthene, plagioclase, basaltic horn-

blende, magnetite, sparse hornblende and andesite and dacite

fragments. The plagioclase is commonly saussuritized.

Cementation by silica and calcite is. common.
Y
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Eocene Intrusions

Andesite Dikes

In the S]ides examined, the dikes had petrographic
characteristics similar to the augite-hornblende-hypersthene

andesite flows of the map area.

Andesite Sills

Sills associated with augite-hypersthene or augite-
hornblende~-hypersthene andesite flows have similar petro-

graphic descriptions.

Dacite Intrusions

~The similarity in composition among the dacite bodies
in the map area suggests they are connected at depth.

The dacite contains plagioclase (5-6%), hornblende
(less than 1-4%), biotite (less than 1-2%) and ground mass
(89-95%).

The plagioclase occurs as subhedral to anhedral uncriented
crystals up to 3.25 mm. long. The larger phenocrysts are
.commonly anhedral, zoned, pitted, and corrodgd arognd the
‘margins. Smaller crystals are fresh; some are albite and
vcarlsbad twinned. The composition, determined by the "Michel-
Levy Method", is An4] to An42, andesine.

Hornblende appears as poorly terminated elongate crystals
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up to 3.0 mm. long. The hornblende is commonly seam-twinned
and rimmed by anhedral magnetite.

Biotite occurs as tabular and prismatic crystais up to
2.0 mm. in maximum dimension. Crystals are commonly fresh;

some contain inclusions of magnetite.

Plio-Pleistocene Welded Tuff

Characteristics Common to the Welded Tuff Remnants

Phenocrysts of quartz, plagioclase, orthoclase and augite
comprise 1 to 2 percent of.the welded tuffs. Biotite pheno-.
crysts are sparse.

Fragments of andesitic and dacitic composition are
locally abundant.

Vapor-phase minerals occur in pore spaces. Devitrifi-
cation minerals occur in glass.

Vapor-phase minerals are coarser than devitrification
minerals but both are too small to be identified by microscope.
Smith (1960) finds devitrification minerals are chiefly
cristobolite and feldspar and vapor-phase minerals, in
- rhyolite ash flows, are predominantly alkalic feldspar,

tridymite and cristobolite.
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Welded Tuff Remnant East of Sheep Creek
Zones Described from Bottom to Top

Brown Partially Welded Zone

Shards bent around crystals and barely collapsed pumice
fragments suggest compression. Welding is not intense but
undeformed shards are rare.

Hematitic staining, resulting in a dull brown color,
suggests oxidation.

No devitrification or vapor-phase minerals are exhibited.

Black Glassy Densely Welded Zone

Dense welding is illustrated by flattened severely
deformed shards and flattened pumice fragments that have nearly
lost all structure.

Thin sections did not display devitrification or vapor-
phase minerals.

Black Densely Welded Zone with Lithophysal Cfavities and
Spherulites

Dense welding is illustrated by severely flattened and
deformed shards and pumice fragments. Shard structure is
destroyed near lithophysal cavities and locally by devitrifi-
cation minerals which cut across shard structure. Devitrifi-
cation minerals, too small to be identified, are coarser in
pumice fragments than shards. Devitrification forms radial

aggregates of minerals in spherulites and iocally axiolitic
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structure in shards.

Pink Partially Welded Zone

Shard structure is almost completely destroyed by
devitrification and vapor-phase minerals. Devitrification
minerals, too small to be indentified, are coarse in pumice
fragments and spherulites and finer in shards. Vapor-
phase minerals, although unidentifiable, are coarser than
devitrification minerals. |

Welding is not as intense as in densely weided zones

but more intense than in the brown partially welded zone.

Welded Tuff Remnant West of Horse Creek

The rock exposed petrographically resembles the pink

partially welded zone of the remnant east of Sheep Creek.

Welded Tuff Remnant East of Wiagwam Creek

Shard structure is almost completely destroyed by
devitrification. MWhere observable, shards are deformed and
flattened. Welding is present but not intense.

Inclusions of andesitic (plagioclase, augi;e, hypersthene
phenocrysts) and dacitic (plagioclase, hornblende phenocrysts)

clasts up to six inches in diameter, are present.

Refractive Index of Glasses

The refractive index of the ash at the base of the welded



