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INTRODUCTION
General Statement

The northern part of the Absaroka volcanlic field of
northwestern Wyoming and southwestern Montana consists of a
thick serles of Eocene volcanic ejecta that have been deeply
incised during a long period of erosion. The source for most
of the volcanlc rocks has been attributed to many local vent
areas which in turn have been deeply buriled by subsequent
volcanic activity. No large volcanic cones remain to empha-
size the exact position of major intrusive centers. This
report presents the description of a large cone complex
more than 18 miles in dlameter, now dissected by erosion,
which was a major eruptive center for volcanic rocks that
cover an extensive area just north of Yellowstone National
Park. A major hiatus separates the Eocene volcanic rocks of
the northern Absaroka volcanic field from the Pliocene vol-
canic rocks that occur in the northern part of Yellowstone

Park.,
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FIGUFE 1.- Index map of southwestern Montana and

northwestern Wyoming, showing location of the
Independence area.



Location and Accessibility

The Independence area 1s Just northwest of the northeast
corner of Yellowstone National Park (Fig. 1). It lies in a
region, which has not been land surveyed, bounded by paral-
lels 45° 00' and 44° 20' north latitude and about six miles
on each side of the meridian 110° 15*' west longitude. The
area covers approximately 185 square miles.

The northern half can be reached by a dirt road that
leads up to the headwaters of the main Boulder River drainage
35 miles due south of McLeod post office. The southern half,
which lies in the Absaroka Primitive Area, can only be reach-
ed effectively by horse or on foot up the Slough Creek drain-
age through Yellowstone Park.

Porest Service traills follow all major valleys. Well
developed game tralls supplement the Forest Service trails
so that the heavily timbered portions of the low-lying areas

can be covered readily on foot.

[

Previous Geological Work

The general geology of the area was mentioned briefly
along with a geologic map of the Livingston one degree quad-
rangle in Folio No. 1 of the U., S. Geologlical Survey geologilc
aths series (Iddings and Weed, 1894). A small part of the
area covered by that report was studied in greater detail
by Emmons (1908). Lobonoff (1960) attempted to re-evaluate
part of Emmons' work. Brown (1957), Butler (1961) and

Courtis (oral communication) have mapped areas immediately



to the south, southeast and the northeast, respectively, of

the Independence area,
Present Work

The area was mapped duriung the saﬁmers of 1959, 1960,
1961 and a part of the summer of 1962. All of the geological
data were plotted on U. S. Department of Agriculture vertical
aerlal photos of 1:15,850 scale and later transferred to a
topographic base map with a scale of 1:31,680. A part of
each of the following 15 minute quadrangle sheets (1: 62,250)
was enlarged for use as a base: Cutoff Mountain, Mount Wal-
lace, Mount Gowan and Mount Douglas, all which are located in
Montana.

fhe laboratory phases consisted of detalled petrographlc
examination of 115 thin sections. The optlcal properties of
the plagioclase were determined by means of a four-axis
universal stage. Modal analyses were greatly faciljitated by
selective chemical staining of the orthoclase and plagloclase

-

feldspars.
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PHYSTIOGRAPHY

The principal physiographic divislons of the region
correspond to the major structural elements as shown in
FPigure 1. The perimeter of the Beartooth uplift, north and
south blocks of the Snowy Range, and the Absaroka Mountains
are well defined, but no previous map has adequately delin-
eated the area where these three units merge.

The Beartooth and Snowy Range blocks are characterized
by youthful dissection (Fig. 2) of the Precambrian summit
peneplain (Bevan, 1925), with canyons more than 4,000 feet
deep. The Absaroxa Range 1s more spectacularly developed
through the formation of an alpine topography with a relief
in excess of 3,500 feet. The maximum relief in the Indepen-
dence area is 4,200 feet. The lowest altitude is at 6,750
feet in the Slough Creek drainage near Silver Tip Ranch, and
the highest point is Monument Peak at an altitude of 10,988
feet above sea level. Nearly all of the high ridges through-
out the area average about 10,500 feet above sea level, and
most of the valleys are near 7,750 feetl above sea level,

A high, unbroken, southeast-northwest ridge that passes
diagonally across the area forms the southwest border of the
zone representing the onlap of volcanic rocks over the Pre-
cambrian surface. This ridge (Fig. 3) serves as a distinct
divide for the drainage system. Ihe headwaters of the Boulder
River are on the north side of this ridge and the northward
drainage empties into the Yellowstone River, sixty miles

away, near Big Timber, Mountana. Slough, Buffalo, and

6



FIGURE 2. View looki=ns north across the north block
of the Snowy Range. The Boulder River has cut
deeply into the Precambrian metamorphic rocks. The
northern edge of the Indevendence volcano avppears
as a high ridze in the right-hand portion of the

photograoh.

FIGURE 3. View of the major ridze that trends through
the Independence area., [Ihis high ridge forms a ma-
jor divide for the dralnaze system of the re«ion.
Photograph taken from the top of Moaument Peak look-

ing due south.
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Hellroaring Creeks are on the southwest side of the divide.
These creeks flow south and empty into the Yellowstone River
Just inside the northern boundary of Yellowstone Park. The
headwaters for the Mill Creek drainaée lie in the northwest
part of the Independence area; these streams flow west and
empty into the Yellowstone River in Yellowstone valley.

The evidence for rigorous alpine glaciation 1s remarkably
preserved in the U-shaped valleys and the many cirques that//ffﬁﬁc
appear on the north side of the major bisecting divide. -
Features of major valley floors are the broad. flat meadows
developed on thick alluvial fill. These wide grassy neadows
contrast sharply with the heavily timbered slopes that merge
into high, bare craggy ridges (Fig. 4).



FIGURE 4. View showing the alpine-type topography
formed from the erosion of the volcanic rocks of
the northern Absaroka volcanic field, View looking
southeast. Pillot and Index Peaks near Cooke City,
Montana appear in the left background.

FIGURE 5. View showing the summit peneplain of the
Beartooth Plateau in the youthful state of erosion.
Photograph taken from the top of Monument Peak
looking due east.



PRECAMBRIAN AND PALEOZOIC ROCKS

INTRODUCTION

The Beartooth Mountains consist of a wedge-shaped crustal
block of metamorphosed Precambrian sedimentary rocks. The
Beartooth block is structurally highest on the northern and
eastern edges where 1t is bounded by steep thrust faults.

The surface of the block slopes gently southwestward where
%t passes beneath a veneer of Paleozolc strata and a thick
volcanic cover. The zone in which the Paleozolc strata and
volcanic rocks lap onto the Precambrlian marks the northern-
most edge of the Absaroka volcanic field. For the most part
this zone of onlap is poorly exposed due to the dense over-

growth of vegetatlion.

Precambrian Rocks

Genergl Statement.- Precambrian metamorphlc rocks

throughout the entire Beartooth Mountains consist only of
pre-Beltian units, which include mainly granitic gneilsses,
migmatites with subordinate amounts of blotite-garnet schists,
hornblende gneisses and minor amphibolites. Although the
Precambrian rocks constitute the core of the Beartooth Moun-
talns they appear only 1n the northeastern part of the Inde-
pendence area where the Cenozolic volcanics lap onto the Pre-
cambrilan rocks. The metamorphic rocks are poorly exposed in
this zone. Immediately northeast of this zone the Precambrian

surface is consplcuously exposed as a high plateau which has

10
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been deeply dissected and is still in the youthful state of
erosion (Fig. 5).

The Beartooth Mountains have been subdivided into three
topographic elements by Iddings and Weed (1894): (1) Beartooth
Plateau, (2) north block of the Snowy Range and, (3) south
block of the Snowy Range. Wilson (1936) described the south
Snowy Range block (Fig. 1) as dipping gently to the northeast
and the north Snowy Range block dipping to the southwest.
Brown (1961, Pl1. I) corroborated the northeast dip of the
south Snowy Range block in north-central Yellowstone Park.

In the Independence area attitudes on erosional remnants of
early Paleozolc strata reveal a gentle dip to the southwest.
This disparity, on a part of the south Snowy Range block, can
be accounted for by postulating either local warping or‘
faulting (see Structural Geology).

During the field investigation for this report emphasis
was placed on the distribution of erosional remnants of early
Paleozoic strata and detalled mapping of Cenozolc volcanic
rocks; only limited study i.e., field observations, were made
on the Precambrian rocks in the Independence area. Butler
(personal communication) studied the Precambrian rocks Jjust
northeast of the Independence area and has supplied the de-

talls on their petrology.

Rock Types.- Granitic'gneiss 1s the major Precambrian
rock type. Other important units include blotlite-garnet
schist, massive blotlte amphibolite, hornblende gneiss,
amphibolites and blotite and hornblende migmatites. Butler
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(personal communication) states that there are several types
of dikes: regionally metamorphosed ortho-amphibolites, late
Precambrian diabase dikes that in most places trend about

N 30° W, and Tertiary andesite and dacite dikes. Foliation
in the granitic gneiss, in other gneisses, and in the schists
indicates a series of open folds whose axilal planes strike

N 10° W and plunge about 15 degrees south. Hornblende and
fold-axis lineations are parallel to the axes of major folds.
Most of the fold axes plunge to the north. Locally pegmatite
dikes are present and conform to the trend of the major folds.
Butler emphaslzes that the petrology and structure of the
Precambrian rocks 1s simllar to that described by Eckelman
and Poldervaart (1957) and Harris (1959) in the Quad Creek
area which 1s located in the eastern part of the Beartooth

Mountains.

Petrology.- Granitic gneilsses and biotite schists appear
to be the two dominant metamorphic rocks in the vicinity of
the Independence area. Six specimens of granitold gnelss,
.as described by Butler (personal communication), have a
compositional range of 30-40% quartz, 7-34% microcline,

2:18% biotite, 23-43% albite, and 0-10% muscovite. Composi-
tional range for seven biotite schist specimens is 2-11%
albite~oligoclase, 23-49% quartz, 30-48% bilotite. Accessory
minerals include garnet, apatite and rounded zircon. Accord-
ing to Heinrich (1956, p. 174) this composition of the schists
reflects the lower range of the amphibolite faciles. Quartz-

feldspar rocks could represent the original sedimentary rocks.
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Detailed work by Eckelman and Poldervaart (1957), Harris
(1959) and Butler (1959) indicates a sedimentary origin for
most of the Beartooth Precambrian rocks. The evidence
includes: (1) mappable compositional units that are laterally
_persistent, (2) remnants of sedimentary quartzites and iron
formation, (3) recognizable structures of sedimentary origin
i.e., gradations and bedding planes, and (4) rounded zircons
with length: breadth ratios similar to zircons in rocks of

known sedimentary origin. T

Correlation and Age.- Heinrich (oral communication) has
divided the Precambrian of southwestern Montana into six
ma jor stratigraphic units:

(6) Sedimentary rocks of the. Belt Series.

(5) Numerous widespread dlabase dikes that cut all
.of the preceding units.

(4) Post-Stillwater Intrusives (e.g., the Beartooth
Range granites).

(3) The Stillwater complex and associated unmeta-
morphosed ultrabasilc intrusives.

(2) Post=-Cherry Creek- Pre-Cherry group intrusives
(e. 8+y Dillon granlite gnelss and Pinto metadiorite
of the Little Belt Mountains) that are variably
metamorphosed.

(1) Cherry Creek - Pre-Cherry serles which counsist of
a complex assembiage of interfingering metasedi-
mentary and meta-igneous rocks.

The stratigraphlic relationships and relative ages of the
Cherry Creek and Pre-Cherry group are still an unsettled
problem in southwestern Montana. The maln distinction between
the two series seems to be that the Cherry Creek series 1is
mostly metasedimentary in origin and contains quartzite and
marble beds, whereas the Pre-Cherry has a large percentage

of presumed meta-igneous rocks and little or no quartzite
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and marble. Heinrich and Rabbitt (1960, p. 11) estimated
the minumum total thickness of the Cherry Creek in its type
area to be 30,000 feet, with some marble layers as much as
7,900 feet.

According to Butler (oral communication), pre-Beltain
rocks of the westernmost Beartooth uplift apparently are
mostly metasedimentary in origin and include quartzite and
some marble; therefore, they may be closer in composition to
Cherry Creek series than Pre-Cherry group. However, Butler
continues, it 1s not intended that the name Cherry Creek
series be applied to the Beartooth rocks nor is an equivalence
in age implied.

Rb-Sr and K-A ages of five samples from granitlic gnelsses
from the Beartooth Mountalus indicate an age of approximately
2,750 million years (Gast et al., 1958, p. 326). The strati-
graphlc position of the age-dated granlitic gnelsses wilth
respect to the mafic dike swarms, reglonal granitization,
folding, and mafic intrusilon have led to a tentatlve geologic
chronology in the Beartooth-Absaroka Mountalns as presented

in Table 1.
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‘'

Geologic chronology in the Beartooth-Absaroka

Mountains. Data modified after Poldervaart and Bentley,

(19589 jo 8)

GEOLOGIC EVENT DESCRIPTION AGE
Glaclation Extensive erosion followed by glaclal Pleistocene
) activity

Volcanism Wide spread intrusive and extrusive Eocene to

activity, thick accumlation of vol-  Pliocene

canic flows and ejecta

Laramide Uplift, thrusting, emplacement of Late
Revolution porphyry sills, stocks and dikes Cretaceous
Subsidence Deposition of Flathead sandstone and Mid-Cambrian
and younger sediments to late
Deposition Cretaceous
UNENOWN TIME INTERVAL » PENEPLANATION
Proterozoic Emplacement of basic dikes Absolute
uplift Uplift, formation of joint systems Age
Faulting, and cataclasis Unknown
_UNKNOWN __TIME _ INTERVAL
Metamorohism Emplacement of mafic dike swarms Stillwater(?)}
and Regional granitization, emplacement 2750* 150 MY

Granitization of pegmatites, regional metamorphism
o to grade of high amphibolite facies

Folding Open folds with NS fold-axes, plunge S

Emplacement of Abundant mafic intrusions which are
mafic and ultra- locally concentrated, found as ortho-

mafic rocks amphibolites and serpentinites

<7UNKNOWN B TIME ___A}NTERVéE_
Deposition of Mainly argillites and siltites, minor
Archean arenites and banded ironstones
Sediments Metamorphic equivalents preserved

throughout the Beartooth range
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Paleozolc Sedlimentary Rocks

General Statement.- Sedimentary rocks, ranging in age
from middle Cambrian ﬁo Ordovician appear as isolated ero-
sional remants in the north-central, central and south-
eastern part of.the Independence area. The middle Cembrian
rocks are locally exposed as windows under the volcanic
cover and are best observed in the valley walls of most of
'the tributary streams in the headwaters of the Boulder River.
The Ordovician rocks crop out only at the head of Bull Creek
and on the west side of Slough Creek, disappearing under the
volcanic cover to the southwest. Courtis (personal commun-
ication) reports excellent exposures of Devonlan and Mississ-
ippian rocks just northeast of Cutoff Mountain (Pl. I). Wo
complete sectiouns of Cambrlan and Ordoviclilan rocks are ex-
posed in the Independence area so that the total thickness
can only be estimated at about 850 feet. Early Cambrlan rocks
are not preseant in the area and, according to Lochman (1949,
p. 42), have not been recorded in the Wyoming-Montana shelf
province.

The middle Cambrian sequence lies unoonformably'on the
Precambrian metamorphlic rocks and couslists of a basal guart-
zlte followed by a series of shales and limestones. These
units have been divided into seven formations (Weed, 1899
Deiss, 19363 and, Dorf and Lochman, 1940). Due to the uneven
distribution of the erosional remnants and also the poor
exposures the seven formatlions are grouped into two unlts on

the map of Plate I. The four middle Cambrian formations
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comprise one unlt and the three upper Cambrian formations
make up the second (Table 2). Richard (1957), Fox (19%0),
Brown (1961) and Courtis (oral communication) have reported
‘well exposed units with extensive horizontal distribution in
the areas to the northwest, south and ecast of the Independence
area.

The evolution of the Cambrian stratigraphic nomenclature
in central and southern Montana and northwest Wyoming has
been complex. Deiss (1936), Dorf and Lochman (1940), and
Lochman (1950) have been the leading proponents in re-defiuning
and clarifying the present status of the Cambrian system.
Hansen (1953) has presented a comvlete review of Cambrian

stratigraphy in soutnwestern Moutana.

Cambrien System
flathead Formation

The type locality of the Flathead Formation is along
the northern side of Belt Creek valley in the Little Belt
Mountains, Montana (Deiss, 1936, pp. 1271-1272). At the
type locality, the Flathead consists of 10 feet of massive,
cross-bedded quartzite with quartz pebbles ranging up to
3/4 Laches ia diameter in the upper 5 feet. This 1s overlain
by 233 feet of brown to tan, limonite=-stained quartz arenite
with gﬁundant quartz-pebble conglomerate lenses.

In the Independence area the Flathead Formation ranges
from 0 to 133 feet thick. The formation is only partly ex-

posed in the viclinity of the headwaters of the Boulder River
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TABLE 2.~ Summary of the lower and middle Paleozolc strat-
lgraphy of the Independence area, Montana.

AGE FORMATION DESCRIPTION THICKNESS
Missiasippiﬁn Madison Massive to thin-bedded, light-
1 gray to tan limestone, highly 0-100!
fossiliferocus, some shales.
Devonian Jefrerson | Gray to brown limestone and
(Incl. Three-| dolomite, some fine-grained 2251
forks) | sandy beds.
Ordovician Bighorn Massive cliff-forming buff dol-
omite, weathers toa rough , pitted
surface. Thin bedded brecciated 1971

dolomite at top.

Grove Creek-! Interbedded gray limestone and

Snowy Range | dark gray shale with greenish 93!
& Formations limestone flat-pebble conglom-—
2, erate.
:g-n
Pilgrin Gray to tan partly, thin bedded 73!
mottled, oolitic limestone.
Cambrian
Meagher Thin bedded bluish-gray limestone
with some shale. £6!
Q
g Wolsey Soft, fissile, micaceous, olive
o green to blue-gray shale. 94!
Flathead Light-tan and white to buff
massive quartzite with local 0-1331

pebble conglomerates.
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and also in a‘thln lens on the west side of Horseshoe Moun-
taln.

The Flathead Formation is a pale reddish brown to grayish
orange quartzite. Subangular to subrounded quartz grains are
common in the lower part of the unit. Higher in the section
the quartzite 1s grayish orauge with red mottling due to
limonitic staining. On the west side of the Boulder River,
on the ridge between Elk and Copper Creeks, the Flathead
Formation pinches out on Precambrian '"highs". This was pre-
viously noted by Emmons (1908, p. 198), and Richards (1957,
P. 392) has reported this pinch-out in an area east of Liv-
ingston, Montana. This suggests a rather'extensive area
where knobs of Precambrian rocks protruded above the waters
during transgresslon of middle Cambrian seas.

Directly east across the valley from the area of onlap
the Flathead Formation has a thickness in excess of 100 feet.
This relationship 1s rather unusual in that the thickest
part of the Flathead lies about 880 feet higher, topographi-
cally, than the level at which the Flathead 1ls absent due to
pinch-out against Precambrian knobs. Thls discrepancy can be
explained by the effects of Laramide faulting (see Structural

Geology) .
Wolsey Formation

The type locallty of the Wolsey Formation is on South
Hill adjacent to Keegan Butte in the Little Belt Mountaians,
Montana. At South Hill, the Wolsey conslsts of 174 feet of
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brown to maroon to olive shale. The lower 166 feet has
common, thin limestone-pebble conglomerate and crystalline
1imestonelfﬁéérbeds. The upper 3 feet contains thin green-
gray, platey, micaceous limestone (Delss, 1936, p. 1276).

In the Independence area the Wolsey Formation is poorly
exposed 1n the Boulder River drainage on the ridge between
Elk and Copper Creeks. On the west side of the Boulder Rilver
distribution of float on a soil covered slope indicates that
about 94 feet of the Wolsey is present. Directly east, across
the Boulder River, only 10-15 feet 1s present. The soft,
fissile, micaceous, olive green to blue-gray shale 1is over-

lain conformably by the impure, thin-bedded limestones of the

Meagher Formation west of the Boulder River.
Meagher Formatlon

The type locality of the Meagher Formation is the same
as that of the Wolsey Formation. The type section counslsts
of 86 feet of gray, thin-bedded, impure, argillaceous lime-
stone with common shale partings. Additional dlagnositic
characteristics of the Meagher are lrregularly disseminated
clay nodules aud the ebsence of intraformational couglomer-
ates (Deiss, 1936, p. 1331).

The tan, thin-bedded, impure limestone of the lMeagher
Formation is ﬁoorly exposed above the Wolsey Formation of
the west side of the Boulder River. Exposures in the head-
waters of the North Fork of Bull Creek, central part of the

area, are obscured by talus and soil.
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Park Formatlon

The type locality of the Park Formation is along the
North side of Dry Wolf Creek valley, two miles west of
Lion Gulch, on the lower spur of Big Baldy Mountain 1a the
Little Belt Mountains, Montana (Deiss, 1936, p. 1280). At
the type locality, the Park Formation is 212 feet thick, and
consists of olive to buff brown, filssile shale with thin
interbeds of sandstones and lmpure limestone. |

At the headwaters of the North Fork of Bull Creek, a
vertical dlstance of 73 feet was measured from the base of
the overlying Pilgrim mottled limestone to the lower Meagher
Formation. Scattered float oa the soil covered slope indi-

cates the presence of the Park Formation.

Pillerim Formatlon

The type locality for the Pilgrim Formatlion is on the
north side of Dry Wolf Creek valley in the Little Belt
Mountains, Montana. There the Pilgrim consists of 315 feet
of thick- and thin-bedded light- end dark-gray, coarse-
grained, intraformational conglomerates. The flat pebbles
consist of gray, greea, and tan arglllaceous to lithographic
limestone (Delss, 1936, p. 1334).

Dorf and Lochman (1940, p. 555) suggested that lith-
ologic changes in Late Cambrian rocks between central and
southern Montana Jjustified recognition and definltion of
new units ian the southefn Montana area. They defined thre=z

new formations; The Maurice for the Pllgrim Formation and
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the Snowy Range and Grove Creek Formations for the Dry Creek
Formatioun. Browa (1961) applied these formational names de=-
scribing an area in north-central Yellowstoane Park. Hansen
(1953, p. 16) polﬁts out that the Maurice and Pilgrim Forma-
tions are easlly correlated owing to thelir stratigraphic
position, and therefore the Maurice is an unnecessary ternm.
To maintain conformity to the Cambrisn stratigraphic nomen-
clature in Moutana the term Pllgrim Formatlon 1is retaiuned.

In the Independence areas the Pilgrim Formation is a gray
and tan massive, locally thin bedded, mottled, and oolitic
liﬁestone. The formation 1is about éj feet thick and crops
out as a prominent cliff at the headwaters of the North Fork
of Bull Creek. Brown (1957, p. 46) observed that the Faurice
Formation attalns a thickness of 140 feet on Buffalo Plateau

which 1s 5 to 6 miles south of this area.

Grove Creek and Snowy Bapze Formationg

At the type locality oun the south slopes of Castle Rock
near the mouth of the East Fork of Mill Creek (Dorf and
Lochman, 1940, p. 545) the Snowy Range formation is 259 feet
thick. The unit consists of intercalated gray-green shales
and greenish, limestone-pebble conrnglomerates.

The Grove Creek Formation, which lies on top of the Snowy
Range Formation, was defined by Dorf and Lochman (1940, ov.
543-54L4) from exposures along the south wall of the valley
of the North Fork of Grove Creek, 5 miles southeast of Red

Lodge, Montana. At the type locality the formation is 47
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feet thick, and counsists of an upper unit of yéllow-green
shales interbedded with gray, platy limestones and gray-
green, limestone-pebble conglomerates.

In the Independence area a sectlion about 120 feet at the
head of the North Fork of Bull-Creék consisting of inter-
calated gray-green shale and greenish flat-pebble conglomerate
is partly exposed. One mlle to the east at the head of ﬁull
Creek about 80 feet of the same sectlion is exposed beneath
the overlying cliff of Bighorn dolomlte. No attempt has been
made to divide thls sectlon into two formatlons, and i1t has
been lumped together as the Grove Creek-Snowy Range Forﬁa-
tions, whilch appears to be common practice in southwestern

Montana.,
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Ordoviclian System

Bighorn Formatlon

The Bighorn Formation was defined by Darton (1904,
pp. 394-396) from prominent outcrops along the east slde of
the Bighorn Mountains, Wyoming. At the type locality the
Bighorn formation is 250-300 feet thick and conslsts of
three members: (1) a basal gray-buff, massive, siliceous,
impure limestone and sandstone, (2) a middle massive, fine-
grained, light colored limestone and (3) an upper thin-
bedded, limestone. .

In the Independence area the Bighorn Formation crops
out as a couspicuous cliff on the west side of Slough Creek
and extends as a prominent outcrop into Yellowstone Park.
Erosional remnants are partly exposed in the valley walls
under the volcanlec rocks at the headwaters of Bull Creek and
the North Fork of Bull Creek. The Bighorn 1is approximately
200 feet thick, and at the base is a thin, yellow-tan,
nodular, impure dolomite about 10 feet thick. A cliff-
forming member about 175 feet thick lles above the lower unit
and consists of gray to tan, massive, crystalline dolomitic
limestone which gives off a fetid odor upon fracturing. The
prominent cliff member is capped by about 20 feet of white
to buff, thin-bedded, partly brecciated dolomitic limestone.

The Bighorn Formation was originally mapped as the
Devonian Three Forks shale and Jefferson limestone 1n the

Livingston Follio No. 1 (Iddings and Weed, 1894). Subsequent
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study of fossll assemblages has led to the re-definition of
the age of this formetion as Ordovician (Miller, 1930, p. 212).
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- Devonian Systen

Jefferson Formatlon

The type locality of the Jefferson Formation is aloung the
sides of the Missouri River valley below Three Forks, Montana
(Peale, 1893). The formation is 640 feet thick in the type
area and consists of variably bedded, brown and black, crys-
talline limestone,

The Jefferson Formation crops out in a sequence of alter-
nating thin to medium=-bedded, impure limestones above the
prominent Bighorn Formation cliff Just northeast of Cutoff
Mountain (Courtis, personal communication). The formation 1is
about 250 feet thick and consists of brown to ten, finely
crystalline to crypto-crystalline, 1m§ure, thin to medium-
bedded limestone. The limestones of the Jefferson Formation-
are readlly distinguished from the underlying white to chsalky,
crystalline dolomite and dolomitic limestone of the upper

member of the Bighorn Formation.
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Mississippian System

Madison Formatlon

Peale (1893) applied the name "Madison limestone" to
the thick sequence of Mississipplan limestones in fhe Three
Forks, Montana quadrangle. The name “Madison” was taken from
the nearby Madison River or the Madison Range. Peale rec-
ognized three lithologic subdilvisions of the Madison Forma-
tion: (1) a basal, laminated limestone, (2) a middle variably
bedded limestone and (3) an upper massive jaspery limestone.

The Madison Formation is exposed only in isolated sparsely

fossiliferous outcrops Just northeast of Cutoff Mountain.



CENOZIC ROCKS

General Statement

The volcanic rocks of ﬁhe Yellowstone~-Absaroka region were
observed and recorded during the early reconnaissance surveys
(Hayden, 1872; Jones, 1875). Hague et al., (1899) established
a general six-fold classificatlon for the volcanic rocks on
the basls of apparently distinct petrographlc characteristics.

Cenozolc rocks in the Independence area counslst of a
series of volcanics assoclated with a major eruptive center
and include volcanic breccias and conglomerates, pyroclastic
brecclas, lava flows, tuffs =and several small intrusive bodles.
Glacial and post-glaclal deposits include tills, lacustrine

sediments, talus deposits, and valley alluvium.

D Vi J .~ Hague et
al., (1399, pp. 4-5) originally mapped the northern Absaroka
Mountalns on a reconnalssance basils and introduced o classi-
ficatlion of the Absaroksas volcanic rocks that has been used

consistently by other workers throughout the entire Absaroka
Mountains up to the present time, This six-fold classifica-
tion is:

late basalt sheets.
late basic brecclas.
late acid breccias,
early basalt sheets.
early basic brecclas.
early acld brecclas,

SN, I, S TN PN S
oW S oy
st Vgt st Vgt Nl Vgt

Contlnued usage of this classification, in a stratigraphic

sense, by later workers, has unfortunately led to the

28
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connotation of formational rank for these generalized terms.
A significant feature exlists in that this general term-
inology has been applied in areas, away from known vent
structures, to volcanic rocks that possess gross sedimentary
features. Around a major eruptive center this classification
becomes meaningless in that: (1) the basal volcanic rocks of
one particular eruptive center can not be accurately correl-
ated with the basal unlits associated with a nearby eruptive
center, (2) all the rocks of the "early acid breccias" are
not acid in composition, and (3) all of the rocks are not
brecclas. Thus, in the Independence area these time terms
can not be applied with any degree of certaiaty or validity.

Hague based his division of the "early acid breccias”
and the "early baslc breccias'" oun the general over-all color
of the outcrops, the general mineral composition, and the
presence of unconformities. He noted that the “Yearly acid
breccia" series are lighter 1n color than the "early basic
brecclas" and countain an amphibole as the priacipal mafic
mineral. The "early basic breccilas' are darker and show
a pyroxene-rich matrix,

During the course of his fileld work the writer found that
the color of the outcrops was too uareliable for differ—
entiating volcanic uaits. The deéree of fragmentation, rate
of weathering and auto-oxidation effects seemed to coatrol
the amount of apparent oxidatlion within a particular zone
of the same volcanic unit. Many unconformities were found

to exist within the cone-complex, so that the selection of
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a partlcular erosional surface to designate the end or the
beginning of a specific time period was not valid. The
general mineral composition of a particular breccila 1s also
unreliable. In many instances the mineralogy of a well-
indurated, reworked volcanic unit was impossible to deter-~
mine in the fleld. Some zones appeared to be rich in am-
phibéles (hence early acid breccia) whereas other portions of
the same layer were richer in pyroxenes (hence early bvasic
breccla).

The criteria used by the writer for defining mappable
units were based partly on éross lithoioglc and textural
features, but mainly on stratigraphlc positions of wvarious
volcanlc rocks with respect to a particular vent center.

The writer feels that the classification proposed by
Hague in describing the volcanic rocks of the northern
Absaroka volcenic field is no lounger tenable. There are too
many local variations assoclated with the major intrusive
centers which have undergone separste and unique cycles of
events. The remnaats of an extensive cone-complex demon-
strate clearly that volcanlc activity, deposition, and
erosion accompanled hy re-deposition varles chaotically and
is usually influenced by bthe nature of the topogravhy. Not
one mappable unit could be traced and correlated around
the periphery of the vent structure of the Independence
volcano. A general grouping of the volcanics has been
developed and each unit mapped is interpreted as a signifi-

cant event in the .complex history of thils intrusive center.



Genozole Stratisravhic Sequence.- The generallzed strat-~
igraphlic sequence of the Cenozoic rocks in the Independence

area 1s as follows:

(7) Group V Volcanles = trachybasalt flows,
minor felsic tuffs.
(6) Group IV Volcanics - deposition of re-

worked, earlier formed volcanics in the
form of conglomerates and sandstones.

(5) Group III Volcanics - accumulation of a

series of dacites, latites, and some
basalts, All volcanics from 2 single vent.

(4) Groun II Volcanics = hornblende-gquartz
latite flows.

(3) Group I Volcanles - accumulation of a
series of dacitic, latitic, and basaltic
volcanic rocks from several small vents.

(2) Monument conglomerate.

(1) Tuartz latite sills.

The generalized stratigravhic sequence of the Cenozoic

rocks is diagrammatically shown ia Figure 6.

v nic ne.~ To help
understand the stratigraphlc sequence of the volcanlc rocks
1t i1s necessary to describe the general features of the vol-
canle terrane in the Independence area.

Vigorous erosion has dissected the volcanic rocks into
a series of valleys and ridges having a2 relief in excess of
3,000 feet. Within the deeply incised valleys the nature of
the topography prior to the extrusion and accumulatlioun of the
volcanic rocks can be observed. In the vicinity of the head-
waters of the Boulder River the volcanlc rocks lle oﬁ a sur-

face of the Precambrian metamorphlc rocks which contain
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GENERAL VOLCANIC GROUPING
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I Ir Tr IV pvA
Leuco-latitic Series of Veriety of Well develoved Trachybasalt
. flow breccias, latitic melano-latitic volcanic flows with
lava flows, porphyry breccias, tuffs, conglomerates minor felsic
tuff-breccilas flows. pyroclastic brec- and sandstones. tuffs.
and tuffs. cias and epi-
clastic.

FIGURE 6.~ Diagrammatic cross section of the Independence area showing the
relative age grouping of the volcanic rocks.
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eroslonal wedges of lower Paleozolc sedimentary rocks. To
the northeast the volcanlcs lap onto the denuded Precambrian
rocks of the Beartooth Plateau, which rises to an elevation
of about 11,000 feet. The Precambrian surface has a regional
dip to the southwest of about 12 degrees with a corresponding
thickening of the volcanlies 1n the same directionm.

At the headwaters of the Buffalo Fork and Bull Creek
the volcanics lie in part on Ordovician and Cambrian sedl-
ments and also on Precambrian metamorphic rocks. Farther
south in the Slough Creek and Buffalo Creek drainage they lie
on a persistent but thin veneer of Cambrian and Ordovicilan
sedimentary rocks. To the west in the Hellroaring Creek area
the base of the volcanlic series 1s not exposed.

The total relief of the pre-volcanic surface is about”
2,500 feet. Southeast of the Independence area, Jjust east
of Yellowstone National Park, the effects of widespread
erosloun prior to the maln periods of volcanlsm were first
recognized by Hague (1899, p. 3). Lovering (1929, p. 39),
Rouse (1937, p. 1261), and Parsons (1958, p. 39) have re-
ported exposures in valley walls with a rellef in the pre-
volcanic surface between 1,000 and 1,500 feet. Near Elec-
tric Peak, in northwestern Yellowstone Park, Iddings (1899,
p. 89) reported 2 pre-volcanic surface of moderate relief
that was further complicated by Laramide faulting and folding.
Withlin the Independence area there 1s evidence of faulting
prior to the main volcanic actlivity, as meantioned previously.

Because of the 2,500 feet of relief, the onlap of
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volcanlics on the Precambrian surface, and the various litho-
loglies making up the pre-volcanic surface, the correlation of
varlous volcanic rocks 1ls, in part, arbitrary. The pyro-
clastic brecclas vary lithologlcally and texturally from
ridge to ridge near the dissected I:dependence volcano but
become rather uniform and grade into epiclastic volcanlc
brecclas to the south and southwest. The regional dip of
the Precambrian surface seems to have influenced the gensral
direction in which most of the volcanic debris was carried
and deposited. In the Hellroaring Creek srea the 3,000 feet
deep valleys have falled to expose any rock typmes other than
the crudely-bedded evpiclastic volcaalc brecclas.,

The volcanic plle south of the dilssected Independence
volcano increases in comnlexity up-section. The lower 2,000
feet consists of a serles of [low breccias, tuffe, tuff
brecclas and lava flows thet dip gently to the southwest.

The upper 700 feet is made up of & variety of volcaniec rocks
that form local units dipping at high angles away from the
general vicinity of the Independence volcano. The lower
volcanic units are pierced by the Independence volczaso (Figs.
72, 7b). « Onn the north side of the volcano the pyroclastics
cousist ornly of a thin unit of flow brecclas end a thick sec-
tion of lithic tuffs (Piz. 38).

Headward erosion by the Boulder River and the East Fork
of the Boulider River has removed the upper units adjacent to
the exvosed volcanlc veant. Iwo mlles south of Monument Peak,

at the head of the Boulder River, Sheepherder Peak (Fig. 9)



FIGURE 7a. View showing the intrusive breccias that
cut across the Group I Volcanics. These Intrusive
brecclas represent the southern part of the Inde-
pendence volcano and form Monument Peak. Photo-
graph taken from Boulder Pass looking northeast.
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FIGURE ?b, Detailled sketch of figure 7a showing the
varlous rock-types of the Group I Volcanics that
have been cut by the intrusive breccias which
belong to the Group III Volcanics.
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~ stands as a bold erosional remunant of the upper flanks of the
pre-existing done—complex. There a serles of agglomerates,
lava flows, and tuff lenses are haphazardly interbedded with
cut and fill channel deposits of tuff brecclas. Similar
complex structures and lithologles can be traced at higher
elevations, in a semi-circie, from the headwaters of Slough
Creek west and northwest to the vicinity of Bridge Lake in
the northwest part of the Independence area. Volcanlc ejecta
were undoubtedly deposited to the north and northeast on the
Precambrian surface but have been subsequently eroded away..
The preserved volcanlic structures as observed in the
higher parts of the ridges, from Monument Peak 8 miles due
south to Lookout Mountain, indicate that a composite cone

structure once existed with a radius of about 9 miles,



PIGURZ ©., View showl- -y th= corthern rsrt
I dependence volc=ao th.t culs ucrocs the 0
sellments, = .d the felzic lithic tuffs of the Groun
I Volcanicz. View is due c2<et lookl ~ ncross the
Boulder =2iver wvalley,

FIGURZ 9, View ~howln~ the north frce of Sheertrerder
Pealt ithic™ 1is <1 erosio Nl rerrac-t of the uwmer
fla s of the coie-complex that surrounds Independ-
ence volcano. Chaniel cul ad 111 structures
consist of Litnlic tuff breccias, nyroclastic
breccias a-4d local basalt flows.
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Quartz Latite Porphyry 3Sills

Near the headwaters of the Boulder River, from 3ridge
Creek to Sheep Creck (Pl. I), the middle Cambrian sediments
have been ivtruded by a serles of vorphyritic sills which
range from 9 to 287 feet in thickness. In most places the
sillls have beer latruded between the Flathead Formation and
the overlying Wolsey Formation. Where the Flathead Forma-
tion is missing; due to onlap, the sillls have been intruded
between the ?recambriaa rocks and the Wolsey Formstion, as on
the ridge between Copper and Sheep Creck. Directly across
the valley, to the east, the sills appear only on the west
and north side of Baboon Mountain. Limited exnosures reveal
that the Wolsey shales have been altered, slightly, by con-

tact metamorphism.

Degscriptloai~ Illegascopically the sills are light gray
and flune-grained wlth abundant phenocrysts of plagloclase
feldspar crystals up to 1/4 iach in di~meter. Some quartz
and hornblende arc present as phenocrysts also. At the coun-
tact, the sills are aphanitic and darker.

Microscoplc study reveals the rock to be a ~uartz latite
porphyry (Table 3). The grouandmass ls very fine-gralned,
but selective chemical staining (Bailley and Stevens, 1960)
indicates that potash feldspar 1ls vresent in amounts greater
than 25 per cent. The dominant phenocrysts are andesine that
show excellently developed normal zoning. MNost of the plaéio-

clase 1s fractured and sericiticized. Scattered quartz
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TABLE 3.- Modal analyses of various volcanic rocks
from the Independence area.

BR~2 BR-34 BF-26 BF-l4 IA-64 WM-4 WM-5 ML-1

wtz 842 12.5 1403 - tr. 1l2.7 14,6 tr.

Plagiocla'. 3606 33.5 L1.6 56-3 550’4 LP303 36.2 29.1

Biotite tr. tr. 301 - tr. 3.? 2.1 6.5
Hornblende 9.8 16.3 tre. - tro 18.6 16.5 2.3
wrox‘n. - - - 18-3 2603 - hd 702

Magnetite l.2 1.7 1.1 2.6 1.8 1.2 2-3 l.7

Groundmass 43.6 33.7 39.3 2247 16.8 21.1 38.4 5347

BR-2
Quartz latite norphyry sills from the Bridze Creek area.

BR-34
Latite norphyry flow from Group I Volcanics.

BF-26
Buffalo Fork laccolith.

BF-14
Trachybasalt from Iron Mountain.

IA-64
Basalt flow from Group I Volcanics.

Group II hornblende quartz latite porphyries.

Ml-1
Labradorite latite porphyre from Mill Creek plug.
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grains up to 1/8 inch in diameter are rounded and show
enbayments. The horunblende crystals are highly altered to
aggregates of chlorite, calcite, limonite and traces of

epldote. Magnetite and avatlte occur as common accessorles.

Age and Correlation.- Emmors (1908, p. 201) suggested,
on the basls of recounailssance work, that the porrhyritic
sills may represent the oldest Tertiary iatrusives in the
area. The following field evidence and vetrographic data
obtained in the course of this study support Emmons' origi~zl
observation.

On the east side of the Boulder River, at the btase of
Monument Peak, a gunelss-schist boulder coqglomeratic unit
crops out. This conglomerate is a stream deposit, fllling a
channel cut ianto the Precambrian surface, and 1s overlain by
2,500 feet of the Group I Volcanics. This stream channel
deposlt undoubtedly represents the oldest Cenozolc sedi-
meutary rock in the area. Fregments of porphyritic material
similar to that of the described sills appear 1n the coarse
matrix cementing the Precambrisn boulders. In the upper 30
feet of the conglomerate, which is about 90 feet thick,
fragments of metamorphosed Cambrian cediments were observed
both in hand specimen and in thin sectlon. This evideace
indicates that the Cambrian sediments were altered prior to
the accumulatioa of the pyroclastics of the Group I Volcanlcs.

A Paleocene (?) age for the sills may be indicated by
the relative position of the Cambrian sediments, with respect

to the intruded sills, on the east and west sides of the
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Boulder River. A vertical fault with a displacement of
about 880 feet, west wall down, 1s inferred (see Structural
Geology).

Similar porphyry intrusions, in close proximlty to the
Beartooth Mountains, have been dated as late Cretaceous or
early Tertlary. The Lodgepole intrusive (Rouse et al., 1937)
is sltuated at the headwater of Deer Creek between the drain-
gge systems of the Boulder and Stillwater rivers. The
ééneral form of the intrusive is that of a laccolith wlth
marginal sills that have been intruded into lower Paleozoic
strata. The anorthward dipping thrusts of the Beartooth
uplift (Laramide time) were found to cut the dacite porphyry
sills that had been intruded into the Cambrian shales.

Similar dislocated sills were observed near Nye and Red

Lodge, Montana.
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Sedimentary Rocks

Mopument Consglomerate.- The oldest Cenozoic sedimentary
rock in the Independence area consists of a gneiss-schist
boulder conglomerate that crops out on the east and west side
of the Boulder River valley Just below Monument Peak. The
lower part of thls stream channel deposit 1s obscured by
valley alluviium. Partial expésures of the Precambrian sur-
face, in nearby areas of the valley, indicate that this con-
glomeféte 1s about 90 feet thick. The deposlit appears to
fill a chanmnel cut into the Precambrian metamorphic rocks.

The lower part of the Monument conglomerate consists of
well rounded boulders, up to six feet in diameter, and
cobbles of schists and gneisses set in a graywacke-like
matrix. The matrix is made up essentially of subangular
lithic fregments and 1s poorly cemented with a friable, clay-
like material. The lithic fragments range from Precambrian
metamorphics to Cambrlan sediments and minor amounts of
quartz latite porpﬁyry fragments from the sills of Paleocene
(?) age.

The size of boulders decreases upward with a correspond-
ing increase in the relative amount of volcanic and altered
limestone pebbles. Twenty feet from the top of the conglom-
eratic unit the conglomerate grades into a series of arkosilc
sandstones and micaceous shale lenses. Although the contact
1s not observable, the conglomerate 1s overlaln by a serles
of volcanic rocks more than 2,500 feet thick. These volcanic

rocks are the oldest pyroclastic material in the area,
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Similar coarse lower Cenozolc conglomerates have been
reported in the middle Rocky Mountalins regilon close to the
margins of uplifted Laramide ranges. Hague et al., (1899)
has described the Pinyon conglomerate ﬁear Jackson Hole,
Wyoming and regarded 1t as Paleocene in age. In a more re-
cent work, Love (1956a, p. 84) assigned an early Eocene age
on the basls of the presence of a dlagnostic specles of
terrestrial mollusks. Peale (1896, p. 3) considered the
Sphinx conglomerate in the Madlson Range to be early Tertiary.
Lowell et al., (1953, p. 236) named the Beaverhead Formation
which 1s a conglomerate that overlles with an angular uncon-
formlty the upper Cretaceous Aspen Formation. Structural and
stratigraphic data indlicates the latest Cretaceous or Paleo-
cene age. On the east slde of the Bighorn Mountains, Paleo-
zolc and Cretaceous rocks are thrust over Paleocene-Eocene
conglomerates (Sharp, 1948, p. 15). Wise (1958, p. 26)
noted that a coarse conglomerate composed of granlitic material
overlies the Mesa Verde group on the eastern edge of the
Beartooth Mountains. Brown (1961, p. 1177) suggested correla-
ting the Hellroaring Formation of north-centrael Yellowstone
Park with the Crandall conglomerate, named by Pierce (1957,

p. 609), in the Clark Fork-Crandall Creek area on the basis
of lithologic simllarities. Both unlits are thought to be
latest Paleocene or Eocene in age.

All of these coarse clastic deposits occur near the
margins of uplifted areas and are considered early Cenozolc
margins of uplifted areas and are considered early Cenozolc

(Paleocene-early Eocene) in age. The Monument conglomerate
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undoubtedly is related to the early Laramide uplift anq re-
presents a stream channel deposit of coarse material that
was belng traasported away from the rejuvenated hizhlands.
The writer suggests a Paleocene-carly Eocene age for the
Monument congiomerate on the basls of stratigraphlc position
and gross lithologic features.

Pierce (1957, p. 612) and Brown (1961, p. 1176) noted
that the Crandsll conglomerate and the Hellroaring Formatlion
showed deformational features in the form of Jjoints and
crushed pebbles as the result of later stresses. DBoth of the
writers emphaslzed the fact that no volcanic material wvas
observed in the conglomerates. The iMonumeat couglomerate
contalns abundant porvhyritic material but no volcanic
brecclas. Joluting and crushed pebbles are abseant. The
quartz latite porphyry fragments seem to iundlcate an early
phase of intrusive activity accompanied the Laramide uplift
which iz in agreement with other areas in the Beartooth
Mountains (Rouse et al., 1937).

The Monument conglomerate probably represented a small
stream channel deposit 1a the headwaters of a major drainage
system. This unit is vold of any distinct bedding features
such as those noted by Pilerce (1957, p. 612) in the Crandall
conglomerate which has a wildth of at least 1,500 feet. The
outecrop pattern of the Monument conglomerate and the knowm
outc?ops of Paleocene (?) altered limestones, in the Indej
pendence area, indicates that the stream probably flowed in

a southeasterly dlrection. In the Bull Creek drainege large
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Precambrian boulders are present in the stream bed which can
only be accounted for by the erosion of the Monument conglonm~
erate in the immedlate vicinity. The lack of any rocks,
younger than Cambrian, (volcanics excluded) within the con-
glomerate suggests that the source area ﬁas almost completely
denuded of a sedimentary cover prior to or during the Laramide

uplift.
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Yolcanic Terminology
3 .~ lMore than 75 per cent of the

Cenozoic rocks ia the Independence area cousist of volecanic
fragmental materlial., These volcanics grade from pyroclastic
brececlas undisturbed since initial deposition to those that
have been re-worked and re-deposited and possess sedimentary
features. The remalning Cenozoic igneous rocks occur as

Intrusive bodies; these include: a laccolith, several dikes

and sills, small plug-like bodles, and a major volcanic vent.

Clessification of the Pyroclastic iflocks.- The term-
inology used in this discussion on the pyroclastic rocks
is that outlined by Wentworth and Williams (1932, »n. 45-31).
The existence of a dissected cone-complex, with its corres-
ponding vent, affords an excelleat opportunity to defize
further the volcanic rocks on the basis of: (1) proximity
to source area, (2) depositional euvironment, and (3) cause
of brecclation. By oreflxing the termiiology presented by
Wentworth and Williams (1932) with the appropriate adjective
in respect to source, mode of origin etc., the classification
is further extended in both a genetic and descriptive sense.
Anmbiguities 11 usage of certain terms have been avoided by
following Fisher (1960, pp. 973-982); Adright and Bowes (1363,

pp. 79-86) review of the classification of volcanic breccias.
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Group I Volcanles

General Stotement.- The Group I Volcanics are so
grouped ou the basis of stratigraohic vosition, successlion,
and gross lithologic features. MNost of the volecaalcs coansist
of a verlety of latitles, dacites with ninor amounts of
basalts a1d all are anparently relsted to the earliest period

of volcanism in the Independence area.

Distribution.~- Volcanlc rocks that can be designated
as the oldest units make up the ridge dlrectly south of
Monument and Haysteck Peaks (Pl. I). These rocks overlie
the Monument conglomerate and form an apparent well-lsyered
series about 2,500 feet thick. These volcanic rocks consist
of a series of latltic tuffs, tuff breccias and vpyroclastic
flow brecclias that are intercalated with basaltlic and an-
desitic lava flows. Simllar rocks occur directly ecross the
valley to the west and form the low-lying ridges between the
tributery valleys west of the Boulder River. Farther north,
between Covper 2ul Bridge Creeks, these volcanlics are not
well-layered and do not ccontaln aay lava flows, but still
appear related in time due to their stratigraphic positiom.

In the eastern part of the Indeneadeace area the Pre-
cambrian surface is about 1,500 feet higher than the Precam-
brian surface aear the head of the Boulder River. A thin
capping of pyroclastic flow brecclas is partly preserved as
erosional remnants end may he related in time to the vol-

canics in the vicinity of the Boulder River. This sane
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pattern was observed on the hiszher elevations of Horseshoe
Mountain, which 1s farther to the southeast in the Slough
Creek Drainage.

Parts of the Group I volcanics were originally grouped
and mapped as the "early acild breccia" by Iddings and Weed
following the terminology used in Yellowstone Park by
Hague (in, Iddings and Weed, 1894, p. 4). These light
colored rocks, 1in part, extend under a series of darker
pyroclastics of the Group III Volcanics (Fig. 10) to the
south and to-the west under the long divide that separates
the drainage system of the region. The volcanic rocks at
the bottom of the section at the head of the Boulder River
are distinctly lighter iun color, but northward, the lower
Group I Volcanics possess the same brownlsh hue as the over-
lying Group III Volcanics. Fleld observations of fragmeatal
rocks, supported by later vetrographic data, indicate a
rather striking relationship betwee1 the mode of origin of
the rocks and their corresponding color. Volcaanlc rocks
such as the flow brecclas and pyroclastic flow breccias,
whilch possess aa igneous matrix, are lighter colored thaa
those rocks that contain a fragmental groundmass i.e., tuff
brecclas and volcanic sandstones. Due to the induration of
some of the tuff brecclas it was practically impossible to
determine the true nature of the groundmass 1n the fleld.
Many tuff breccias of the Group I Volcanlcs appear identical
to the tuff brecclas of the Group III Volcanics in hand

samples. It is probable that the greater permeability of
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FIGURE 10, View showing the trausitional zone
between the apparently lighter-color Group I
Volcanics and the overlying volcanic rocks of
the Group III Volcanics. Photograph taken
from the top of the northwestern edge of the
Independence volcano looking southwest across
the Boulder River valley.
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the fragmental rocké has led to greater ground water acti-

vity and leaching of the mafic minerals.

Description.- The oldest unit of the Group I Volcanics
1s best observed on both sides of the Boulder River immedl-
ately above the Monument conglomerate (Pl. I). Although the
contact is not exposed local talus debris indicates that a
thin lens of light gray tuffaceous material separates the
overlying pyroclastic flow breccla from the Monument conglom-
erate. Above the flow breccla, on the east side of the
Boulder Biver only, distinct units of tuff brecclas, felsic
tuffs and latitlc and basaltic flow are interlayered with
pyroclastic flow breccias. This entire unit, about 2,500
feet thick, represents the best preserved section of the
Group I Volcanics in the Independence area. Elsewhere in
the area, west of the Boulder River, the Group I Volcanlcs

do not exceed a thickness of 1,200 feet.

Byroclastic Flow Brecclag.~ The basal unit of the Group

I Volcanics consists of a pyroclastic flow brecéla that
crops out as a massive, dull gray to buff and uniform-
appearing igneous rock. Where fractured the included frag-
ments within the volcanic rock become readlly apparent.
Subangular to subrounded volcanic fragments from less than
1/4 of an inch up to 2 inches in dlameter are common.
Locally, consplcuous blocks of volcanic rocks are present.
A few Precambrian and Cambrian rock fragments can be ob-
served. All of these fragments are set in a light gray

aphanitic groundmass.
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Thin sectlion study reveals that the matrix is holocrys-
talline and microporphyritic with slender laths of andesine
(An31_36) in a trachytold texture. Some ghost relicts of
hornblende phenocrysts are observable in the form of
magnetite-lined outlines with the interiors filled with
calcite. A few excellent basal section outlines attest to
the former existence of an amphibole. The plagloclase shows
only slight sericitization along fractures. The cryptocrys-
talline groundmass contalns an essential amount of potash
feldspar as indicated by selectlve chemical staining. This
unit can therefore be considered as having a latitic compo-
sition.

The upper part of this breccila appears to grade into a
fine tuff in places; in other places the breccla appears
slightly decomposed which may be suggestive of proximity to
an ald erosional surface. The total thickness of about 300
feet 1s observable only in the vicinity of the Boulder
River. The rest of the section above the lower breccila unit
1s a crudely layered pile of tuff-breccias, latitic and
basaltic lava flows with variable amounts of well-bedded
tuff lenses. The centire sequence is relatively light colored,
and the thin lava flows are somewhat obscured by the massive-

ness of the tuff breccias.

Iava Flowgs.~ The lava flows are intercalated with the
tuff brecclas, lithic tuffs and minor amounts of volcanle
sandstones and appear as typlcal andesites and basalts.

These flows average about eight feet thick and dip gently
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to the southwest. The flows occur throughout a vertical
section of 700 feet. Fourteen andesitic units were noted
whereas only three basalt flows were recognized.

Two rocks that appeared to be typical andesites in the
field, revealed distinctly different mineraloglcal features
as the result of detailed petrographic work. Megascopically
the oldest flow (sample BR~34) 1s a dark gray, fine-grained
porphyry. Plagioclase phenocrysts, up to 4 mm in length
occur with hornblende needles in a dark gray aphanitic
groundmass. In thin section essential amounts of andesine
(An35_4o) are present along with oxyhornblende crystals up
to 2 mm in length. About 10~15 per cent of subhedral quartz
is scattered throughout the section. Apatite, magnetite and
biotite are present in accessory amounts. Some apatite occurs
as distinct inclusions in a few of the clear crystals of
plaglioclase and horﬁblende. These minerals lie in a pilo-
taxitic groundmass of microlithic andesine (?) and inter-
stitlial microfelsite dusted with magnetite. The plagilo-
clase exhlbits strong normal zoning and shows slight seri;
citization along fractures. The oxyhorunblende is commonly
rimmed with magnetite. Stalning of a rock slab indicates
that potash feldspar 1s present in essentlal amounts in the
groundmass. This rock 1s therefore a hornblende quartz
latite porphyry.

Another flow (sample AI-34A) is an aphanitic dull gray
"andesitic" rock that forms a distinct unit about 130 feet
above the hornblende quartz latite porphyry. A lithlc tuff-
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breccla unit separates the two flows, but no contacts are
observable. In thin section this rock is ldentified as an
auglte latite. It is holocrystalline and allotriomorphic.
Andesine (An31_37) makes up to 60-70 per cent of the rock
and about 15 per cent of subhedral crystals of auglite are
scattered throughout the section. Some quartz 1s present.
Tiny granules of magnetite are persistent throughout the
groundmass. The feldspars are only slightly sericitized,
whereas the clino-pyroxene shows varying degrees of altera-
tion. Some auglte crystals are perfectly clear whereas
others are fractured and bordered with secondary magnetite
and chlorite. In some places the crystals have been com-
pletely altered to a mass of chlorite, magnetite and calcite.
The possibility of two different pyroxenes could not be
demonstrated optically. Minor amountsﬂof interstitial ma-
terial are too scattered and minute to determine optically,
but staining indicates the presence of essential potash feld-
spar. |

The oldest basalts in the area occur in the Group I
Volcanics in the form of three distinct flows from 3 to 8
feet thick. They are separated by a series of pyroclastic
brecclas and show some veslicular structures near the tops of
the flows. The upper and lower contacts are obscured by
talus and soll cover. A sample from the middle flow was
selected for study. In hand specimen the rock 1s dense and
black; small crystals of pyroxene are observable. In thin

sections the rock is holocrystalline with a trachytic
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texture. The feldspar laths range from submicroscopic size
up to 2 mm in length and range in composition from medium to
baslic labradorite. Clino-pryoxene occurs as phenocrysts and
also as intergrowths with magnetite in the groundmass.

Traces of guartz and hypersthene were detected. The feldspar
laths show little zoning or alteration. An estimate gives
the following percentages: plagioclase, 60; augite, 25;
ﬁagnetite, 123 with trace amounts of quartz and hypersthene.
Minor amounts of potash feldspar are preseut as indicated by
stalning.

The remaining upper flows are simila{ to the described
augite latite. The rocks vary in color, in shades of gray,
and in texture; some are porphyritic whereas others appear
very deunse. Three specimens were sawed and stalned. Thelr
strong reaction to selective chemical staining iundicates
conslderable potash feldspar is present and thus they are
classifled as a variety of latites and augite latite por-

phyries. No true andesites were found.

Lithic Tuff Brecclas.~- Above the lava flows, the rest of
the Group I Volcanics cousist of a variety of light-colored

pyroclastic breccilas that have been lumped together as

lithic tuff-breccias. This unit countains minor amounts of
lapllll tuffs and flow breccilas. The lithic tuff-breccias
are overlain by a series of well-layered tuffs containing
fossil wood and leaf fragments. Th;s entire section, iaclud- .
ing the tuffs, 1s restricted to phe high ridge immedliately

ad Jacent to the south side of Monument Peak.
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Fleld observations indicate that all of the volcanic
fragments range from ash dimensioun to blocks more than four
feet across. The matrix of the 1lithic tuff brecclas is
largely indurated, and in some places 1t weathers out readily.
Megascoplcally the fraggents appear to range .from rhyolites,
andesites to basalts. Detailed observations revealed that
most of the fragments are latltic. For the most part the
fragments are porphyritic. Most fragments are horublende or
auglte latites, but some are daclitic contalning quartz
phenocrysts. Microscopic studlies of the fragments show a
‘great variety of groundmass types l.e., glassy, microcrys-
talline and fine-grained. Many of the textures are pilo-
taxitic and trachytic.

The crudely-layered plle of lithlc tuff brecclas is
cousidered to be the result of a relatively long explosive
phase of volcanlsm that broke through and incorporated parts

of the older rocks of the Group I Volcanics.

Felsic Tuffs.- Well-developed tuff layers crop out on
the ridge about a half of a mile due south of lMonument Peak
Just above the 1lithic tuff brecciés. One well exposed unit
1s 36 feet thick. Fossil leaves and wood fragments are
abundant. A thin unit of tuff-brecclias above this tuff leus
contalns a great amount of fossill wood fragments and even
logs up to 12 feet long and 2 feet in diameter. These wood
fragments are completely sillicified.

Only megascoplic iuvestlgations were made of the tuffs.

All of the tuffs appear simllar in composition but vary
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somewhat in texture. In outcrop tﬁe tuffs appear either as
thin units of friable silty léyers of as massive, well-
indurated sand-size materials. All of the tuffs weathgr to
a buff color, but on fresh surfaces they are light gray.

In hand speciméns 3-4 mm feldspar and quartz with some
blotite can be observed. The tuffs are stained Eo various
hues of yellow by the selective chemical staining techniques
indicating that potash feldspar ls present. They are con-
sildered to be a variety of latitic crystal-lithic tuffs.

A simllar section of tuffs, but 286 feet thick, occurs
on the northwest spur of Baboon Mountain. Most of the tuffs
appear to represent ash fall deposits. In the middle part of
the section the tuffs are finely laminated and reveal well-
developed graded bedding. Bedding features and slump struc-
tures suggest that these tuffs were probably deposited in
relatively quiet waters. Fossil logs and even stumps 3 feet .
in diameter occur throughout the water deposited tuffs. All
of the fossll wood fragments have been completely replaced
by fine-grained quartz. The fossil flora and reworked tuffs
probably represents a stage of quiescence during the period
of volcanism. Higher up in the section the tuffs appear
simllar to those described on the south side of Mounument

Peak.

correlation.~- The ridges from Copper Creek to Bridge
Creek (Pl. I) consist of a series of darker lithic tuffs
and tuff breccias. The lower part of the tuff breccias con-

tains more Precambrian boulders than the pyroclastic flow
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breccias above the Monument conglomerate. These breccias
have a maximum thickness of about 1,200 feet and rest on an
erosional surface consisting of Precambrian metamorphic and
middle Cambrian sedimentary rocks. Up=-sectlion the fragments
vary in size randpm}y, and there are local concentrations of
scoriaceous materials. The average mineral composition of
the breccla fragments 1is similar to that described at the
head of the Boulder River. No lava flows were observed in
any of the sectlons ian the Group I Volcanics away and beyond
the Boulder River area.

The tuff breccias that lie on the erosional surface of
Precambrian rocks, east of the East Fork of the Boulder
River and also on Horseshoe Mountaln, at elevations greater
than 9,500 feet, show similar lithologic and fragmental
features to those west of the Boulder River in the vicinity
of Copper, Elk, and Bridge Creeks. o true thickness can
be estimated since they are eroslonal remnants. The patchy
outcrops range in thickness from 0 to 150 feet. These
tuff breccias are considered to be equivalents of those units
in the vicinity of the Boulder River, because of their
stratigraphlc position and lithologic similarities. A
significant feature of these brecclas 1s the greater precent-
age of angular Precambrlan and Cambrian rock fragments.

Thils 1s probably due to the fact that erosion has exposed,
over a relatively wide area, a unit representing the first
products of volcanic accumulation on a pre-volcanic surface,

Sawed slabs of various Group I Volcanics reacted to
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selective chemical stalning whlch indicates the presence of
potash feldspar in varliable but essential amounts. These
rocks are therefore latitic, unlike the andesites elsewhere
in the Absaroka Mountains.

The Group I Volcanics may be simllar in time to the
"early acid breccias", noted elsewhere in the Absaroka Moun-
tains and the Yellowstone Park area, in that they both rep-

resent the flrst products of volcanlc activity.

Apderson Creek lava Flows.- On the west side of Slough
Creek, above Silver Tip Ranch, a group of basaltic lava flows,
65 feet thick, lies on top of the Bighorn Formation. These
basalts are overlain by a succession of trachy-rhyolitic
flows more than 600 feet thick. The uppermost part of the
felsic flows appears to have been eroded prior to the accum-
ulatlion of the transitional rocks of the Group IITI Volcanics.
These flows are some of the oldest, in the map area, but are
not continuous into the Independence area.

The source of the lava flows is completely masked by the
younger volcanic rocks. A brief reconnaissance study of
the area, on the west side of Slough Creek, Just south of
the Yellowstone Park boundary, revealed a chaotlc assemblage
of scoriaceous basalts and felsic tuff lenses cut by dikes.

A probable vent area has been buried by the epiclastic vol-

canic breccias of the Group III Volcanics.

Orlgin.~ The Group I Volcanlcs probably originated from

a series of relatively small vents and fissures (PlL. I),



59

along a northwest trending line, that reflects a ruptured zone
in the underlying Precambrian basement complex. Even though
the Independence volcano cuts across the Group I Volcanics,

it is probable that a much smaller vent existed during this
time which contributed most of the volcanic ejecta. Two
plug-like bodies, in the Sheep Creek and Buffalo Fork drain-
age, that are covered by the Group III Volcanics may have been
of local importance. The oldest volcanics are thickest at

the head of the Boulder River and form the only section that
contalns a series of lava flows. Northwest and southeast

the volcanics are essentially all fragmental with a notice-
able decrease in size of the clastics. The Group I Volcanics
west of the Boulder River show crude bedding features that
dip away from the general vicinlty of the Independence area.
A general summary of the Group I Volcanlcs is presented in

Table LF .
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TABLE 4 ,- General summary of the Group I Volcanics'

canlc rocks, some sedimentary
and a few Precanmbrian meta-
morphic rocks.

Apvrox.
Rock Type Composition Thickness
Variety of Yatrix of tuffs and lapilli tuffs
tuffs and consist primarily of about 50-60% 236! [ 10-12
volecanic lath-like plagioclase (medium !
sandstones andesine) with clay and accessory
quartz, pyroxene, hornblende, !
biotite and opaques. '
N —— - - {
Volcanic Brown, buff to gray medium to l
Sandstones coarse~-grained sandstone con- 150! | 5=10"
sisting of crystal and lithic .
volcanic fragments. \
Lithic Light-gray to buff tuffaceous
Tuff matrix (erystal-lithic) enclo-
Breccias s8lng angular to subrounded vol-
canic fragments consisting of 1200 55-65
light~gray dacltes, dark gray-
green latltes and black basalts.
Minor vitrophyres. Fragments make
up 50-60% of rock. Size range from
1/4" to 3', average about 4-6".
Latite Eleven separate flows of augite '
Flows latite oorphyries, and dark,
dense aphyric latites. One flow 90! 5
conslsis of a light-colored horn-
blende quartz latite vorphyry. l
Basalt Three separate flows which con- .
Flows 8ist of potash-bearing basalts. 24 : 1
Pyroclastic Light gray to green, dense lat- :
Flow itic matrix enclosing innumer- ;
Breccilas able fragments of various vol- 450 | 25=30
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Group LI Volcanlcs

Ristribution.~ A widespread latite porphyry flow covers
much of the northeast part of the Independence area. This
sheet flowed out onto an irregular surface consisting of
Precambrian metamorphic rocks, isolated erosional remnants of
Cambrian sediments and patches of pyroclastic flow breccias
that belong to the Group I Volcaaics. This flow is best
observed on the high rldggs extending from Horseshoe Moun-
tain, northwestward for 7 1/2 miles, to the plateau that 1is
due east of the Independence volcano (PlL. I). The flow aiso
occurs on the heavily timbered ridge 3 1/2 miles due west of
Horseshoe Mountain. Here the flow lies on the Cambrian
Pllgrim Formation and is partly covered by the Group III
Volcanics. This flow is preserved as erosional remunants over
an area of more than 20 square miles.

The rocks making up the flow vary texturally throughout
the area, and thls i1s strongly suggestive of a serlies of
flows. The thickness of this unlt reaches a maximum of 700
feet in the vicinity of Horseshoe Mountain. Angular xeno-
liths, about 4 to 6 inches across, of Precambrian and Cam-
brian rocks are common in the basal part of the flow. Some
of the limestone xenoliths show recryr.clllzation and the
formation of pockets of tabular hematite at the contact be-

tween the flow material and the carbonate fragments.

Degcriptlon.- Megascoplically these latites are porphy-
ritic with large, white plagloclase crystals set in a gray
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to gray-green aphanitic groundmass. Hornblende crystals and
a few blotite flakes are common in some of the specimens.
Samples collected near the base of the porphyry reveal well
developed flow structures.

Microscopic studies of thin sections indicate that the
rock is a hornblende-quartz latite porphyry (Table 3). An-
desine (An31_42) crystals, with an average of 3-4 mm across,
make up most of the phenocrysts. One large labradorite lath
(An52), 6 mm long, was observed in a sample collected from
the ridge Jjust north of Wounded Man Creek. Some rocks con-
tain abundant dark brown to green hornblende phenocrysts up
to 3 mm long. In some rocks blotite flakes up to 1 mm are
present. The groundmass conslsts of microlites of more sodic
feldspar with some granophyre. Apatite 1s present 1ln acces-
sory amounts and magnetite occurs both as small anhedrons
and tiny particles dusted throughout the matrix. The matrix
1s micro- to cryptocrystalline and for the most part 1is
equigranular. Sawed slabs of the rocks show very prominent
potash feldspar upon staining.

The latite porphyries from Horseshoe Mountain show the
greatest amount of alteration. The plagloclase is mostly
sericiticized, and the hornblende 1ls almost completely re-
placed by an aggregate of chlorite, limonite, magnetite and

calcite.

origin.- The latite porphyry flows thicken toward Horse-
shoe Mountain and also show a greater degree of hydrothermal

alteration. The Horsechoe Mountaln area may represent a
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relatively small eruptive center. The texture of the rocks
varlies considerably in the upper part of the ridge that forms
the walls of Horseshoe Bgsin. Elsewhere, away from Horse-
ghoe Mountaln, the rocks do not vary in color or texture or
show any hydrothermal effects,

Fleld evidence demonstrates that the flows are younger
than the Group I Volcanics and older than the Group III
Volcanics. The porphyritic flows are restricted to the
east-central edge of the Independence area (Pl. I). The
Group I Volcanlics were formed and in the process of being
eroded when the flows issued from a fissure-llke zZone near
the vicinity of Horseshoe Mountain. Due to thelr strati-~
graphlc position and occurrence, these latitic flows are
considered an important extrusive phase in the volcanlc

history of the area.
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Group III Volcanics

Geperal Statement.- The Group III Volcanics are signifi-
cant in that they reflect the gradual build-up of the major
cone-complex that surrounded the Independence volcano. Crude
bedding features within the volcanic rocks of thls group
show a gradual increase in dip up-section. The projection
of lines, with these dips, indicates that the top of the
cone-complex was about 4,000 to 5,000 feet higher, than the

present topography, during Group III Volcanic time.

p——

Ristribution.- The Group III Volcanlics constitute about
75 per cent of all the pyroclastic rocks in the Independence
area. They are observable on the high ridges throughout the
entire area with the exception of the eastern edge which is
covered 1in part by Group II Volcanics.

The headwaters of Buffalo Fork and Bull Creek have cut
the Group III Volcanics exposing the most confused arrange-
ment of fragment rock in the area. In the West Fork of the
Hellroaring Creek dralilnage, the Group III Volcanics consist
of more than 3,000 feet of crudely-bedded epiclastics that
have been transported more than eight miles from the source
area. To the northwest well-bedded volcanics are present
without any major cut and fill structures like those present at
the head of the Boulder River. To the south, in the vicinity
of Round Head Butte, the volcanics appear to grade from the
typlcal pyroclastic materials into the more conspicuous

water-deposited eplclastics. The high peaks from Round Head
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Butte northwest to Iron Mountain, and farther north to Grow
Mountain, are capped by basalt flows of the Group V Vol-

canlcs,

Description.- The rocks of the Group III Volcanics are
laborious to describe due to the multiple origins of the many
fragmental varleties and also the lens-like character of the
units. The group has a minimum thickness of 3,000 feet and
has been intruded by dikes, small plugs and sill-like bodles,

having a restricted compositional range.

latitic=Lithic Tuff-Breccia.- Light-colored latitic-

lithic tuff-brecclas crop out very conspicuously at the head
of the North Fork of Bull Creek (Pl. I). This unit lies
unconfofﬁably on the Bighorn Formation and partly on Group
II Volcanics. This tuff-brecclia is overlain by another
breccia unit that is similar in character but is dark brown
(PFig. 11). The tuff-breccia unit is about 350 feet thick
and 1s restricted to the lmmediate area of the Bull Creek
and Buffalo Creek drainages. This brecclila contrasts so
sharply with the overlying darker brecclas, that when viewed
from a distance, the Bull Creek baslin stands out as a promi-
nent light-colored band. From a dlséance thlis outcrop ap-
pears to typify the original concept of an "early acild brec-
cia" unit overlain by an "early baslic breccia" unit.

Closer observation of the outcrop reveals the diverse
lithology of the breccia. Subangular to subrounded fragments

from sand size to boulders and blocks three feet across are
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FIGURE 11, View showing the pronounced unconformity
between the lower latitlic tuff-brecclas and the
overlying unit of volcanic mud flows. View looking
northeast. Beds dip toward the viewer at about 16°
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present., The various sized fragments appear in about equal
proportions., Most of the fragments appear to vary in compo-
sition from rhyolites to basalts, but minor amounts of lime-
stone and granitic gneiss fragments are also present; all are
set in a fine-grained, whitish-gray groundmass. In places
large blocks of pyroclastic flow breccilas similar to those of
the Group I Volcanics in the Boulder Rliver area can be ob-
served. The tuff-breccia 1s firm and in most cases fractures
through matrix and fragments alilke.

When viewed from a distance the well-developed bedding
can be easlly observed. The nature of these layers could
not be studied due to the cliff-like outecrop of the tuff-
brecclas. The breccia layers conform to the dip of the un-
derlying Bighorn Formation which dips 9-16° Sw.

Under the microscope, the matrix of the breccla appears
remnarkedly free from any alteration. Clear, sharp, angular
fragments of plagloclase (andesine-labradorite), hornblende,
augite, some hypersthene, quartz and glass are set in dust
size materlal presumably of the same composlition. Minor
amounts of magnetlite are scattered throughout the section.
Fresh, fragmental smber-colored hornblende grains occur in
about 3:2 ratio over fresh auglte.

The small lithic fragments cons}st of dacites, quartz
latites, latites, auglte vitrophyres, basalts and possibly
some andesltes. The matr}x and most of the fragments stain
noticeably and on the basls of the potash feldspar present
the unit is called a latitic-1lithic tuff-breccia.
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Due to the extreme fragmental nature of the diverse
lithologlc breccla, thls rock probably represents the ac-
cunulation of explosive materials from a nearby vent. The
restricted occurrence of the unit may be due to the filling
of a topographlc depression; or, the tuff-breccila may have
covered a broader area and then was eroded prior to the ac~
cumulation of younger volcanlcs. The brecclas possess an
overall dip away from the Independence volcano which is con-

gsidered to have been the source.

Yolcanle Brecclas.~ Immediately above the latitic-lithic
tuff-breccilas lies a thick sequence of crudely-layered dark
brown brecclilas. The size of~the fragments varles consider=-
ably, witﬁ a higher proportion of basaltic and scoriaceous
materials present than in the lower unit. This thilck unit
of volcanlc breccias 1s considered to represent several sep-
arate lahars for the following reasons: (1) they are un-
stratified, (2) poorly sorted, (3) have a great percentage
of subengular fragments, (4) appear to represent a valley
flll,'and (5) consist of material derived from Group I and
III Volcanics. This laharic unit forms the high ridge be-
tween the North Fork of Bull Creek and the East Fork of the
Buffalo Fork Creek (Fig. 12). When viewed from a distance
the lahars seem to possess some bedding features, but upon
close observation'there is no apparent bedding present in
the magsive outcrops. These lahars porbably represent vol-
canlc debris that has been partlally reworked and mobilized

over a relatively short distance. Sorting is poorly developed,
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FIGURE 12, View showing the dark-colored ridge made
up of a series of volcanic mud flows that are close-
1y related in time. These flows dip away from the
general vicinity of the Independence volcano at
about 14°., View looking northeast across the East
Fork of the Buffalo Fork Creek.
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but portions .of the unit show contortions indicative of
plastic flow.

| The laharic unit 1s about 1,100 feet thick and is inter-
layered with pyroclastic brecclas and tuff lenses near the

top of the sectlon. Fossil wood fragments have weathered

out of various parts of the unit. There are similar mud

flows on the high ridge at the head of the tributary valleys
of the Boulder Rlver. Although these deposits are local, they
constitute about 30-40 per cent of the total quantity of
volcanic rocks in the Independence area.

In hand specimen the matrix of the mud flows consilst of
volcanic sandstone. The colors are various shades of brown.
that glve the entire outcrop a rather dark appearance when
viewed from a distance., All of the sand-sized fragments are
of volcanic origin. The matrix fractures readily and breaks
around the fragments revealing their subrounded- to subangular
character,

In thin sectlons the crystal and lithic fragments of
sand-size are highly angular (Fig. 13). The angular feldspar
crystals are fresh whereas nearly all of the mafic minerals
have been completely altered. A few remnants of pyroxene
appear 1n the midst of some of the aggregates of magnetite,
hematite, chlorite and carbonate. Most of the alteration
apparently resulted from circulating ground waters; mechanical
attrition is practically negligible.

Much of the pyroclastic material in the Independence area

undoubtedly has been dispersed as mud flows. Rouse (1937,
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FIGURE 13. Photomicrograph of the matrix from the
volcanic mud flows of the Group III Volcanics
showlng the angular character of the lithic and
crystal fragments. The finer-gralned matrix
forms a flow pattern between the larger volcan-
ic fragments. Plain light. 3X
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p. 1281) pointed out the importance of mud flows as a mode of
emplacement of volcanic breceias in the southern Absaroka
Mountains. According to Dorf (1953, p. 1413) humid, sub-
tropical conditions existed in the Yellowstone Park area
during late Eocene time. The rellef of the prevolcanic
surface, coupled with periods of erosion during the volcanic
cycle, maintalned slopes on which flowage could take place.
The condltions for the development of mud flows in this vol-

canlc terrane were very favorable.

Agglomerates and Agelutinates.- Agglomerates occur in

significant amounts in the area southwest of Monument Peak
but are lacking in the areas to the west and northwest.

They appear mostly oh the high ridges and are excellently
exposed on the north face of a cliff Jjust wést of Buffalo
Pass. The agglomerates differ from the pyroclastic breccias
in having a greater percentage of rounded fragments. The
agglomerates differ from the volcanic conglomerates in the
absence of well-developed bedding and in having distinctly
subordinate tuffaceous matrix.

Collapse of vent walls and subsequent churning activity
in the vent are consldered to be the cause of the rounding
of the various volcanic fragments. Many of the rounded frag-
ments are.up to 3 feet across and some are as much as 6 feet
in diameter. The average size is about 8 to 12 inches in
diameter. The six foot boulders indicate that they were de-
posited close to the source of origin. Just east of Sheep-

herder Peak (Fig. 14) the agglomerates are lnterlayered with
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a serles of lava flows and pyroclastic brecclas possessing
dips that range from 20 to 25 degrees t§ the south.

Agglutinates have been recognized in only three out-
crops, but their distribution around the Independence vol-
cano lndicates that they may have been present in significant
amounts prior to erosion. These volcanics are important in
that they represent a distinct explosive phase 1.e., lava
fountaining, during the volcanic eplsode. They appear at
different stratigraphic levels within the volcanic breccias.
At the head of the North Fork of Bull Creek they lie on the
volcanlc mud flows and dip to the southeast at more than 30
degrees. Near Sheepherder Peak the agglutinates are inter-
bedded with a serlies of tuff breccias and lava flows that are
highly vesicular. This outcrop (Fig. 15) shows the compli-
cated structures and varled rock-types that arise from the
initial deposition of volcanlc debrlis from a nearby vent.

The term agglutinate aptly describes the rounded, bread-
crust structure of these pyroclastics that are held together
like a mass of clinkers. They are brick-red, highly vesicular
and range from cinders to boulders and blocks 2 feet across.
Al though no typlical bombs were observed, most of the rounded
debris reveals an outer vesicular crust and an interior that
becomes progressively denser. 3Some of the former gas cavities
are filled with secondary minerals such as calclite, aquartz
and in some places an unldentifled zeollte. This unit varies
in thickness. The agglutinate at the head of the North Fork
of Bull Creek 1s about 275 feet thick, but elsewhere it does

not exceed 30 feet.
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FIGURE 14. View showing an interlayerel series of
basalt flows, pyroclastic breccias and distinct
layers of agglomerates which dip away from the
Independence volcano. Photograph talea just east
of Sheepherder Peak. Beds dip to the southwest.

FIGURE 15. View showling a chaotic assemblage of lithic
tuff-breccias, pyroclastic breccias, agglomerates
and zones of agglutinates. Photograph taken at the
head of South Fork of Sheep Creek looking northwest.



75

Compositionally, the agglutinates appear to range from
andesltes to basalts. Although mgst of the clinker-like
fragments are brick-red on the surface, when fractured they
reveal a dark gray to black aphanitic groundmass. The red

coloring 1s probably due to autc-oxldation.

atitic-Lapilli Tuffs.- Local unlts of lapllli tuffs

crop out as conspicuous white lenses near the top of the
ridges Just north of Iron Mountain. These tuffs are no more
than 30 feet thick and are patchy in thelr distribution.

Six distinct units were recognized and correlated with each
other on the baslis of thelr stratigraphic posltion and
megascoplc character. The lapllli tuffs are well layered
(Fig. 16) and contain abundant dark, angular volcanic frag-
ments that average 1/2 to 1 inch diameter. Some fragments
as much as 2 feet in diameter are present.

In a sample from a tuff lens at the head of the South
Fork of Sheep Creek the dark gray to black fragments contrast
sharply wilth the light-colored matrix. The rock is well
indurated, but the weathered surface has a pebbly appearance.
The layering dips about 25-30° SW, away from the Independence
volcano.

Thin section studles show that the matrix is rich in
crystal and vltric\fragments. Elongate laths and angular
fragments of andesine (An34-41) make up about 40 to 50 per
cent of the section. About 5 to 10 per cent of smaller
anhedral hypersthene grains are present. Stringers and sha;ds

of clear, honey~brown partially devitrified glass are
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FIGURE 16. View showing a section of latitic lapllll
tuffs that is preserved on a ridge Jjust north of
Iron Mountain. These-well-layered tuffs dlp away
from the Independence volcano at about 25-30 de-
grees to the southwest. View looking west.

P
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disseminated throughout the section. The larger fragments
of plagloclase and glass are set in a pumiceous groundmass
" that 1s sprinkled with magnetite dust and a few blotite
flakes. The plagloclase is fresh and shows some normal zon-
ing. Some of the hypersthene shows slight alteration in the
form of marginal magnetite and chlorite. Selective staining
of the matrix indicates that potash feldspar 1s present in
amnounts large enough for the rock to be called a latitic tuff.
In outcrop, the descent of large volcanic fragments has
created lmpact structures which demonstrates that the tuffs
were formed by the accumulation of alrborne materials. 1In
thin section, the flow-llike structure formed by the string-
ers of glass suggest that the ejecta were hot when deposited.
Continued deposition on an inclined slope alded by the weight
of the overlying material probably induced flowage on a small
scale., This unit may also represent, in part, an ash-flow
aeposlt which could account for the flow-like character of

the stringers and shards of glass.

Eplclastic Volcanlc Breccla.- This term is used, as
suggested by Fisher (1960, p. 978), to include all types of

volcanic fragmental rocks (lahars, volcanic conglomerates,
and volcanic sandstones) which have been transported by
eplgene geomorphic agents or by gravity transfer. The epi-
clastic volcanic brecclas are best displayed in the Hell-
roaring Creek’area and also in the vicinity of the Cutoff
Mountain (Fig. 17). These deposits appear as massive mud-

flows or water-lald volcanic brecclas and are usually inter-
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FIGURE 17. View showing Cutoff Mountain which is
located in the southeast corner of the Indepen-
dence area. This mountain consists of over 2,500
feet of epiclastic volcanic brecclas of the Group
III Volcanics. View looking due east.
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bedded with volcanlc sandstones. They are monotonous, ex-
tensive deposits that occur mostly on the outer flanks of

the Independence volcanc. For the most part they are crudely-
bedded and form thick units. In the Hellroaring Creek area
the streams have cut down through more than 3,000 feet of

the epiclastlics wlthout exposing any other type of volcanic
Trocks.

Nearly all types of volcanic fragments occur in the
epiclastic breccilas. Some zones show well-rounded, various-
sized fragments (Fig. 18) whereas others have pyroclastic
characteristics. 1In some places distinct lenses of cross-
bedded volcanic sandstones lie Just a short distance above
the very coarse conglomeratic units.

The epilclastics are cousidered to be flank=-alluvial de-
posits that have fillled in the low-lying areas to the west,
south, and southeast of the Independence volcano. These
eﬁiclastics form thick volcanlc breccla plateaus that are
prevalent, in the Absaroka volcanic field, away from major
source areas (Parsouns, 1958, p. 40). The most prominent
outcrop of the epilclastics occurs at Cutoff Mountain in the
southeast corner of the Independence area (Pl. I). Similar
deposits can be observed in the Buffalo Fork Creek drainage
in the general vicinity of Iron Mountain (Fig. 19).

Similar eplclastic deposits occur in the northeast cor-
ner of Yellowstone Natlional Park. The northeast entrance to
Yellowstone Park lies in the deep, broad glaclated valley of
Soda Butte Creek carved out of the epiclastics. The highway

’
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FIGURE .3. View showing a section of well=-indurated
eplclastic volcanic brecclas. Two separate flows
are shown that are similar in composition but dif-
ferent in texture. Photograph taken just east of
the Buffalo Fork laccolith below Round Head Butte.

FIGURE 19, View showing a section of well-indurated
lahars and volcanic conglomerates of the Group III
Volcanics. View looking west across Buffalo Fork
Creek.
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that winds through these canyons affords an excellent view
of the lmmense quantity of re-worked and re-deposited volcanic

debris,.
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TABLE 5.- General summary Pf the Group III Volcanics.
MAXIMUM
ROCK TYPE COMPOSITION THICKNESS
Bpiclastles Undifferentiated series of 3,000
volcanic conglomerates, sand-
stone, mudflows and pyroclastic
breccias.
Lapilli Thin lenses of well bedded tuffs Lo-601
Tuffs containing pebble size volcanilc
fragments. Fragments about equal
proportion to matrix, which con-
sists of crystal vitric fragments.
Agglomerates, Rounded fragmental rocks, tuff-
Agglutinates acdous matrix subordinate, some 0-200"
"welded spatier”, clinkery, with
prominent bread crust structures.
Volcanic Mud flows representing partial 1,100!
Breccias revorking of voleanic debris
near source area. All types and
slzes of volcanic fragments
present. Poor sorting.
Pyroclastic Angular fragmental rocks, tuff-
Breccias aceous mairix subordinate. Forms 350!
lens-like deposits. All frag-
ments of volcanlec origin. Size
range from less than an inch to
blocke wore than 6' across.
Lithic Local units of fragmental rocks in
tuff-dreccias which the matrix predominates. 250!

Matrix consists of angular crystal
lithic fragmente and appears fresh.
Rich in pyroxene with some amphi-
boles. Plagioclase consists of
medium andesine .
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Group IV Volcanlcs

General Statement.- The Group IV Volcanlics are so
grouped in that they consist of mappable units of volcanic
conglomerates and sandstones. They are unlike the poorly
developed volcanlc conglomerates and sandstones of the Group
III Volcanics that were lumped together under the general
term of epiclastics. The Group IV Volcanics reflect a period
of extensive aggradation around the flanks of the Independence
volcano. They represent a transitional zone from most of
the Group III Volcanics to the basalt flows of the Group V
Volcanics.

The volcanic conglomerates and sandstones of the Group
IV Volcanics differ from the epiclastics of the Group III
Volcanics in that they have: (1) better developed sorting,
(2) well-developed vertical grading, and (3) possess a
greater percentage of rounded fragments. They occur primarily

as aggradational fills in the Group III Volcanlics.

Ristribution.- The volcanic conglomerates occur prin-
cipally in the Buffalo Fork drainage; whereas the volcanlc
sandstones crop out at the head of Sheep, Copper and Elk
Creeks and on the ridge north of Bridge Creek. At the head
of Sheep and Copper Creeks the volcanic sandstones form the
high, sharp ridges. Here the sandstones lie on lithic tuff-
brecclias of Group III Volcanics. In the Bridge Creek area
the volcanlic sandstones appear as channel fills in the

epiclastic breccilas of the Group III Volcanics and are
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covered by the basalt flows of Group V Volcanics.

Yolcanic Conglomerates.- The volcanic conglomerates are

best exposed in the Buffalo Fork area where they form a prom-
inent ridge more than 900 feet high (Fig. 20). From a dis-
tance these layered volcanic conglomerates stand out in sharp
contrast with the pyroclastic breccias nearby. The conglom=- .
erates dip about 9 degrees to the southwest away from the
Independence volcano. This unit contains thin lenses of
volcanic sandstone, some which show well developed cross-
bedding. The conglomerate does not have wide lateral extent
and appears to represent a valley fill.

The volcanic conglomerate consists of sub-~rounded to
rounded pebbles, cobbles and boulders of all of volcanlc
origin. Most of all the rock types that were previously
described can be observed in thls conglomeratic unit.

Rounded pebbles of granltic gneilsses are rarely present. The
fine-gralned matrix is a mixture of subangular to subrounded

crystal and lithic fragments.

Yolcanic Sandstones.- Lenticular volcanic sandstones
crop out at the head of Sheep and Copper Creeks in the form
of nearly vertical cliffs. Nearly all of these sandstones ap-
pear the same texturally, but vary in color and mineral compo-
sition. Some of the sandstones carry greater quantities of
rounded pebble-size fragments than others. Locally, cobbles
and boulders are scattered ﬁhroughout the sandstone lenses.

Some lenses are light gray in color, whereas others are shades
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FIGURE 20. View showling a ridge that is made up of a
thick section of volcanic conglomerates of the Group
IV Volcanics. The crude bedding is caused by the
presence of thin layers of volcanic sandstones.

View looking west across Buffalo Fork Creek.
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of darker brown. In thin sections the darker sandstones

show greater amounts of mafic minerals and limonite staining.
Color varlations within some sandstone lenses probably reflect
the condltions of deposition or the compositional differences
of the original vélcanic rocks that were being eroded, re-
worked and flnally re-deposited.

In the Brldge Creek area, the volcanic sandstones do not
possess the distinct channel-fill pattern as do those at the
heads of Sheep and Copper Creeks. Textures and compositional
features are similar. One lens about 200 feet thick, Just
north of Bridge Creek, has a wide distribution and may be a
cross section of a broad alluvial fan-type deposit.

The volcanic conglomerates occur topographically lower
than the lenses of volcanic sandstones. The conglomerates
may represent rapid filling of a pre-existing valley. Eroslon
and deposition probably reduced the overall gradient around
the flanks of the volcano prior to the deposition of the
sandstone lenses. The leveling of the flanks by erosion and
deposition, as characterized by the Group IV Volcanics, could
then account for the nearly flat surface that existed prior

to the outpouring of the basalts of the Group V Volcanics.
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Group V Volcanlcs

General Statement.- The Group V Volcanlcs reflect a new
period of volcanism in which great quantitles of relatively
non-explosive extrusive materials poured out on the surface.
This unilt consists of lava flows with some basaltic pyro-
clastics and felsic tuffs. They are preserved only iun the
southern, western and northwestern parts of the area and
occur as cappings on many of the high ridges. Their dis-
tribution indicates that they were widespread and formed
a relatively thlck cover over the older volcanic rock. Local

felsic tuff lenses occur within the basalt flows.

Distribution.- The basalt flows and pyroclastics of
the Group V Volcanlcs are best exposed at Iron Mountain in
the west central part of the Independence area. The basaltic
rocks weather to a very dark brown which gives this mountaln
its rusty appearance. The ridge farther south, that encircles
Hummingbird Basin, also consists of these flows. They also
cap Round Head Butte to the east and a sharp ridge near Look-
out Mountain to the southeast. To the northwest Elk and
Bridge Lakes are bottomed by the basal units of these basalt
flows. The Group V Volcanics appear to the thickest to the
northwest in the vicinity of Pyramid Mountain which is Jjust
outside the map area, and here the unit has a minimum thick-
ness of about 1,200 feet. The Group V Volcanlcs are consi-
dered to be time equivalents of the "early basalt sheets"”
that occur in the vicinity of Yellowstone Park (Hague et al.,
1894, p. 4).
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Rescription.~ The outcrop at Iron Mountain is typical
of basalt flows elsewhere in the area and will be used for a
general description.

A sharp unconformity marks the division between the older
volcanics and the basal units of the Group V Volcanics (Fig.
21). The basal unit consists of a series of basaltic pyro-
clastics, wlth abundant scoriaceous fragments, and in inter-
layered with thin, highly vesicular basalt flows. Parts of
the pyroclastics are crudely bedded whereas other parts possess
a definite agglutinatic appearance. Higher in the section
basalt flows are more prevalent, with only subordinate thin
layers of basaltic pyroclastics. The total thickness of the
unit, as preserved on Iron Mountain, is about 850 feet, with
the more distinct basalt flows occuring in the upper 200 feet.
Abundant quartz amgydules, 2 inches across, are commonly ex-

posed on the weathered surfaces.

Irachybasalts.~ The trachybasalts of the Group V Vol-
canics are more porphyritic than the basalts of the Group I
Volcanics in possessing larger phenocrysts of plagloclase
and pyroxene. In one specimen from the peak of Iron Mountain
phenocrysts of 1abrodor1te~(An51_55), up to 3 mm in length,
are present in amounts of 50-60 per cent. Anhedral phenocrysts
of augite attain a length of 2 mm and make up about 15-20 per
cent of the rock. Some smaller phenocrysts of hypersthene
are present in minor amounts. These phenocrysts are set in

a hyalopllitic matrix of the same minerals with some magnetite

and brown glass (Fig. 22). The rock is unaltered. The rock
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FIGURE 21.- View showing the unconformity between the
basalt flows and pyroclastics of the Group V Volca=nics
and the lower Group III Volcaalcs. View looking
southwest from a point jJjust west of Buffalo Pass.

FIGURE 22.~- Photomicrograph of a trachybasalt from
Iron Mountaln showing hyalopillitic texture, Labra-
dorite crystals in lower half of picture are heavily
charged with glass and microlites. The clear rims
of the labradorite are slightly less calcic than the
interiors of the crystals. Polars not crossed. 25X
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reacts to staining which indicates the presence of potash
feldspar; hence, the term trachybasalt seems to be Jjustified.
For the most part the pyroclastic debris contains more
glass than do the flows. One scorlaceous sample contains
as much as 30 per cent of black, magnetite-charged glass.
Plagloclase makes up 50 per cent and much of this is glass-
charged, zoned labradorite up to 3 mm in length; and the
rest occurs as clear microlites. The remaining minerals are
subhedral augite crystals, less than 0.5 mm long, and a few
.grains of hypersthene and magnetite. Compared with the
Group I basalts, the Group V basalts are richer in glass and
carry a greater percentagg of pyroxene and plagiloclase pheno-
crysts. A few basaltic tuff lenses occur within the pyro-

clastics.,

Felsic Vitric Tuffs.- An unusual tuff lens within the
trachybasalt flows 1s best exposed on a ridge just southeast

~ of Iron Mountain. This lens averages about 16 feet in thick-
ness. The tuff is light gray to white and weathers to a '
light pink color. The tuff is well bedded, with considerable
particle variation from layer to layer. Parts of the tuff
are §ery fine-grained‘and friable., Some zones are coarser
gralned, more indurated, and appear very gritty with black
grains of volcanlic glass.

In thin section the minerals'consist of about 33 per cent

of fragmented andesine (An42_48) and more than 60 per cent of

l glass shards. Some small crystals of apatite is also present.

Tiny clusters of magnetite and a white opague substance make
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up the rest of the thin sectlon. The plagloclase crystals
are clear, weakly zoned and fresh., Practically all of the
glass occurs as subrounded shards. Some of the shards are
collapsed and possess features suggestive of welding, but
these are not common. Most of the glasses are brown, yellow
and orange; whereas, some of the glasses are colorless but
are crowded with tiny partlcles'that act as plgments. Some
glass fragments show well developed flow structures (Fig. 23).
Nearly all the glass is devitrified and shows weak bire-
fringence. The index of refraction of the clear glass falls
within the range 1.51-1.53 which is representatlive of vol-
canlc glass of intermedlate composition. The rock is con-

sidered to be a felslc vitrlic tuff.
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FIGURE 23. Photomicrograph of felsic vitric tuff that
occurs interlayered witlr the basalts of the Group V
Volcanics. The tuff counsists of angular fragments

of andesine (A), glass (S) with some showing flow
structures, and minor amounts of pyroxene (P),

Plain light, 25X
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Intrusive Bocks

Buffalo Fork lLaccolith.- The Buffalo Fork Laccolilth
occurs in the Buffalo Fork drainage 3 miles south of Boulder

Pass and forms three low lying ridges that are partly cover-
ed by younger volcanics. This once cgntinuous body was 2 1/2
miles long and 3/4 mile wide, but has been split by the
Buffalo Fork Creek and its eastern tributary into three
separate units. A remnant of altered Cambrian limestone
rests on the mass on the east side of Buffalo Fork Creek.
This block of altered limestone has a higher topographic
position than an equivalent Cambrian limestone about 2 miles
to the southeast and strongly suggests a laccolithic struc-
ture for this intrusive mass. The height from the stream
bed to the base of the altered limestone indicates a minimum
thickness of 830 feet. The intrusive mass 1s not observable
In the lower parts of adjacent valleys to the east and west.

Group III Volcanics cover the laccolith in part (Fig. 24).
The absence of any deformational features in the pyroclastics
and the lack of xenoliths in the borders of the laccolith
points to a pre-=Group III Volcanics age for this intrusive
mass. The laccolith 1s probably related in time to the
Group I Volcanics in the Boulder River area.

The flanks of the laccolith are covered with thin angular
slabs which show few effects of weathering. In hand speéimen
the rock is a\ﬁgnse, white to gray porphyry with a sub-
conchoidal fracﬁﬁre. A few white anhedral plagloclase feld-

spar crystals up to 2 mm long are present. A few specks of
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FIGURE 24, View showing the light-colored rocks of
the Buffalo Fork laccolith that are covered, in
part, by the dark epiclastic volcanic breccias of
the Group III Volcanics. Photograph taken from
the vicinity of Iron Mountain looking southeast.
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blotite are scattered throughout the rock.

Thin section study shows the rock po be a quartz latite
porphyry. It is holocrystalline and porphyritic with distinct
anhedral andeslne (An32_36) crystaels in a microcrystalline
matrix. Minor amounts of bilotite in flakes up to 0.5 mm are
present. The goundmass is equligranular. Quartz and ortho-
clase are present in essential amounts. Small needles of
apatite and hornblende are accessorles and very small specks
of magnetite are sprinkled throughout the section. The an-
desine phenocrysts show strong, normal zoning and are frag-
mental in part. Some feldspars are clear and gléssy and only
a few show slight sericitization. A few of the bilotite flakes
are altered to chlorite, and some of the hornblende is rimmed
with magnetite. Parts of the rock stalns to a brilliant
yellow, and in section, interstitlal patches of material that
reacted to the staining process proved, optically, to be
orthoclase. The modal analyses of the rock 1is presented in
Table 3 (sample BF-26).

Farther south in the Bull Creek drainage, similar light-
colored rocks are poorly exposed in the heavily timbered
valleys and on the ridges (Pl. I). These outcrops form a
linear pattern and may be an extension of the laccolith in

the Buffalo Fork Creek dralnage.

Sheep Creek and Buffalo Pass Plugs.- Two cylindrical

bodies, partly exposed in the Group I Volcanics, crop out
northwest of the Buffalo Fork Laccolith. The rocks of these

plugs are so badly weathered and shattered that a fresh sample



96

could not be obtalned. Megascopically they appear to repre-
sent a latitlc or andesltlc porphyry.

These plug=-like bodies fall along a northwest line or
zone punctuated with intrusive bodies (Pl. I). The plugs
are consldered to belong to the Group I Volcanics, and may
have been a feeder for some of the younger volcanic rocks.
The only definlte evidence of intruslon was observed near
the plug Just north of the Buffalo Fork laccolith. A small
irregular dike, originating from the plug, cuts the Group I

Volcanics. Elsewhere contact relatlionships are obscured.

Mill Creek Plug.~ The Mill Creek plug crops out in a
circular pattern at the headwaters of Mi1ll Creek, in the

extreme northwest part of the Independence area (Pl. I). The
more resistant rocks of the plug have caused the stream to
split into two tributaries which encircle the plug. The
contact between the plug and the Group I Volcanlcs is obscured
by soil and bushes. Several dikes radiate from the plug.

The dikes cut the lower Group I Volcanlcs and also the Group
III Volcanics on the high ridges that surround the plug, but
they do not cut the basalt flows of the Group V Volcanics.

In hand specimen the rocks of the plug appear as a dark
andeslitic porphyry. Large anhedral feldspar phenocrysts
stand out agalnst the dark aphanitic groundmass. The dikes
radiating from the plug appear as flner gralned equivalents
of the plug rock.

In thin section the rock 1s identiflied as a labradorite

latite porphyry. Large, partially resorbed, labradorite
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(An59_61) crystals, up to 7 mm in length, are the dominant
phenocrysts. Smaller crystals of subhedral pyroxene, mostly
auglte with some hypesthene, occur in essential amounts in
the matrix. The matrix consists of about equal amounts of
orthoclase and a more sodic plagloclase (Anjé-hb)' Ten to
fifteen per cent magnetite 1s present. Quartz and apatite
are present in accessory amounts. The texture of the matrix
1s hypldiomorphic—-granular and is holocrystalline.

The large labradorite crystals show marked resorbed edges
(Fig. 25) and are partly rimmed with a less calclc plaglo-
clase. The interlor of the labradorite is very clear whereas
the matrix feldspars are clouded with alteration material.
The pyroxenes show varying degrees of alteration. The ;arger
crystals possess reaction rims that are crowded with magnetite.
The entire thin section is highly altered with secondary ma-
terlal conslsting of biotite, chlorite, magnetite, limonite,
calcite, and minor amounts of kaollinite and serlcite.

The seemingly anomalous occurrence of very calclic plagio-
clase phenocrysts, within a relatively acid matrix, may be
due to a mingling of magmas at depth prior to intrusion.
Larsen et al., (1938, p. 429) have reported unusual feldspar
phenocryst and matrix assoclations from some of the volcanic
rocks of the San Juan region in Colorado and suggested the
mingling of magmas.

The Mill Creek plug probably arose in the form of a

parasitic one on the flank of the major Independence volcano.

Dikes.~ Nearly all of the dikes in the area crop along a
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FIGURE 25, Photomicrograph of the labradorite latite
porphyry from the Mill Creek plug. Large crystals
of labradorite (Anzg.gq) lie in a fine-grained matrix
consisting of a motré sodic plagioclase (An 6= 1) and
essential potash feldspar. Polars not crogseg.BX
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zone that trends northwest from the central part of the area
to 1ts northwestern corner (Pl. I). This line conforms to
the same trend formed by the larger intrusive bodies. The
allgnment of the intrusive bodles probably reflects a major
fault zone in the buried Precambrian rocks (see Structural
Geology). With the exception of the Mill Creek plug and its
conspicuous radlal dike pattern, no radial pattern was found
near the Independence volcano:

The attitude of the dikes varies, but for the most part
they are nearly vertical. These dikes cut across all of the
rocks in the Independence area, but most of them have been
intruded into volcanic rocks. The longest dike crops out on
the high ridge east of Sheepherder Peak and is more than 3,500
feet long. Most dikes crop out for short distances only and
are not consplcuous. The width of the dikes ranges from 2
feet to 16 feet and averages 3 to § feet.

The dikes appear to be a variety of andesites and basalts.
Most of the dikes contailn phenocrysts of pyroxene with some
dlkes being more porphyritic than others. Only basaltic dikes
cut the Group V Volcanics. This feature coupled with the
predominant occurrence of andesitic dlkes exposed on the
lower ridges strongly suggests two distinct periods of intru-
sion. The andesitic dikes cut the Group I and Group III Vol-
canics whereas the basaltic dikes seem to cut all of the vol-
canic rocks in the area.

The dikes appear to have been intruded from below. In

the Sunlight area of Wyoming, Parsons (1939, p. 23) found that
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radial dikes around a volcanic vent were injected horizontally
from the volcénic neck, into the volcanic rocks, without
cutting the underlying Paleozolc strata. In the Independence
area, the northwest zone of intrusive bodies, seem to support

the theory of vertical intrusilon for all of the dikes.
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The Independence Volcano Intrusive Complex

General Statement.- The Independence volcano, named

after a prominent peak Just south of Basin Creek, 1s be-
lieved to have been the source for most of the volcanic ejecta
in the map area. The dissected volcanic vent, roughly 3
square miles in extent, consists of coarse-grained rocks

that grade from an older syenogabbro into a younger monzonite
and granodiorite. The coarse-grained rocks of the core weath-
er more rapldly than the fine-grained border zone which re-
mains as a high ridge surrounding all but the eastern edge

of the vent (Fig. 26).

The small body of intrusive rocks was originally mapped
by Iddings in 1890. He suggested it as a problem for further
study to W. H. Emmons. In 1908 Emmons presented a short
paper on the petrography of the "Haystack Stock"™ in which he
recognized 7 rock types and supported his petrographic ob-
servations with 6 chemical analyses. Emmons interpreted this
zoned 1gneous body as originating by differentiation of a |
parent magma at depth and subsequent intrusion into the
"early acld brecclas" as a composite stock.

On the basis of detalled petrographic data and cross-
cutting relationships, the writer considers this igneous
body as a former volcanic vent, occupled in the late stage

by the compound stock-like body.
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FIGURE 26. View showing the outer rim of intrusive
breccia which forms a circular wall around the
coarser-grained rocks of the Independence volcano.
View looking southeast.
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The field evidence for this hypothesis follows:

1. The central location of the coarse-grained
rocks with respect to the layered volcanics
that dip away from the structure. :

2. Proximity of undisturbed deposits of ag-
glomerates, agglutinates and ash-flow tuffs.

3. The distribution and semi-radial pattern of
the epiclastic volcanlic brecclas away from
the vent area.

4, The diverse lithologles noted in the in-
trusive breccias that surround the core.

5. The absence of any other major intrusive
body in the area that may have been a vent.

6. The over-all mineralogical similarity of
the potash=-rich volcanlic rocks that sur-

round the volcano with the potash-rich
coarse-gralned rocks of the core.

Rock Ivpes and Intruslve Sequence.- Detailed investi-

gations on the western 3,000 foot slope of Monument Peak,
and also on the cliff north of Basin Creek, revealed cross-
cutting relationships indicating the folloﬁing sequence of .
intrusive events:

5. Granitic dikes. v

L, Granodiorite.

3. Monzonite.

2. Syenogabbro.

1. Latitic intrusive breccia.

The oldest intrusive rocks of the volcano consisﬁ of
latitic intrusive breccias which constitute Monument and
Haystack Peaks (Fig. 27). For the most part the intrusive
brecclas appear to grade into the syenogabbro. Just below
Monument Peak, and to the west, stringers of the syenogabbro
cut across the intrusive breccia for short disﬁances. North-

ward, toward the central part of the core, the syenogabbro
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FIGURE 27. View showlng the north face of Monument
Peak which is made up of intrusive breccilas. This
vertical cliff rises more than 1,400 feet above the
general level of the immediate area and forms part

of the ridge that encircles most of the coarse-
grained rocks of core.
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grades into the monzonite. On the west slde of the core the
monzonltes cut the intrusive breccia. North of Basin Creek
the granodliorites interfinger with the monzonites forming
subtle gradation zones. Practically all the rocks of the core
are cut by thin granite dikes. A small zone within the
‘granodiorites reflects the final phase of igneous activity

in the form hydrothermal alteration and sulfide mineraliza-
tion.

The rocks north of Basin Creek appear to be separate from
and later than the rocks in the southern part of the core.
Although the rocks belong to the same general time period,
this may reflect the migration of the conduit in the forma-
tion of the volcanic vent. The asymmetrical shape of the
coarse=-gralned body seems to substantiate this observation.
The reverse L-shape of the vent structure (Pl. I) could be
the result of the intersection of two rift zones that were
wldened by volcanic activity. The intrusions probably fol-
lowed two zones; one with a general east-west trend and the

second with a northwest-southeast trend.

Petrographv.- Twenty-eight modal analyses made from
various rocks of the coarse-grained core are presented in
Table 6. Modal analyses were supplemented by selective
chemical staining of the potash feldspar in each thin sectiom
(Balley and Stevens, 1960). The writer followed Chayes (1956)
method for making the modal analyses. About 850 counts per
thin section were made. The anorthite content of the plagio-

clase feldspars was determined by following Slemmons's (1962)
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TABLE 6.~ Modal analyses in volume per cent of the
rocks from the core of the Independence

volcano.
Q,Q QO 1l
o ® (4
o & T & S S
& ST T
r ¢ & g o & «:9<§ 20
2
TA-20 | 48,1 [12.4 | 4.5 | 16.2 | 8Be5 tre | —- 8.2 | syenogabbro
HS=51 | 51e5 [17¢3 | 25 | 184 | 4.7 1.9 - 2.1 | syenogabbro
IA-09 | 51¢5 | 2367 | === | 205 | === 2.2 - 2«3 | syenogabbro
IA-11 | 5867 (1549 | —~= | 2449 | 2.1 3e6 - le5 | syenogabbro
HS=54 | 5243 [ 2263 | tre | 2247 | tr. 1.1 - 1.7 | syenogadbdbro
IMC=B | 5245 11-3'03 6e2 20.8 b-j Lok — tr. monzonite
H8-59 | 4945 | 231 | tr. 176 | tre 2.7 - 4.9 | monzonite
AI-88 | 51.8 1847 | 147 | 10.8 | tr. Lel 4.3 7.9 | monzonite
HS-89 60.5 1708 206 1.6 12.%4 103 tre. 1.9 monzonite
Hs-90 46.9 32-1 705 9.2 tre lo? —en 1-9 monzonite
IA-22 | 4542 [ 2643 | 2.6 | 11l.4 | tr. 6.5 - 5¢6 | monzonite
HS-61 39.2 3406 11.6 809 1.5 0.9 — 302 monzonite
HS-88 | 575 | L4s65 | tre | 1166 | 843 1.9 |tr. tr. | monzonite
SH-14 | 48.2 | 2448 | tre | 19.4 | tre 3el - 3¢6 | Lonzonite
AI=19  35.5 | 21.6 | 4.2 3.9 | 9¢3 2.5 |22.1| 1.6 | monzonite
H8=-8L4 | 48.3 | 33.1 |10.3 | == 10.6 |07 [tr. | tr. | monzonite
HS-80  58.2 | 17.6 | 2.9 362 [ 645 2.9 |tr. 9.7 | monzonite
HS-98: 59¢2 | 16.1 | 263 | 13.4 { 4.6 tre -- 2.3 | monzonite
HS=67 61.6 | 117 |11.8 tre | 649 lel tre ! 2.2 | monzonite
H8-10 | 5865 | 179 | 1lel | 14e3 ! 24 2.8 |-~ 2.8 | monzonite
BS-35| 5847 | 19.9 | tre 1543 | 2.5 2.2 |- tre | monzonite
58-36 52.5 214'05 208] 14.1 [3.6 tre — i tre monzonite
HS=25| 34el| 39+5 [17.7 | 41 ! 3e5 tre |trs = tr. |granodiorite
H8-29 | 42,1 | 25.2 |22.1 6e2 E Loy tr. tr. tre granodiorite
53-30 Mo? 32.6 12.3 tr. 1.3 tr. - 7el granodiorite
HS8-04 45.5 2445 175 tr. 603 tre — 309 granodiorite
HS-02 L"Ll'oj 3001 1505 2.1 203 109. tre 249 granodiorite
38-55 59.8 11.7 1107 16.1 tre. 1.3 - tr. latite

lAlteration products include: sericite, chlorite, carbonate, and
in places an unidentifiable turdbid aggregats.
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procedure for measuring the optical and crystallographic

directions in twinned plagloclase with a four-axis universal

- stage. The optically determined anorthite content of 6

plagloclase feldspars, from 6 different porphyries, was
cross~checked by fusion methods (Gradwell, 1958). The glass
beads were matched with mixed oills. The index of refraction
of the oils was then measured on the Abbe refractometer.

The results are shown in Table 7. According to Slemmons
(1962, p. 18) the normal accuracy for percentage of anorthite
is + 3 per cent anorthite for a single twin measﬁrement. it
was found that simple fusion methods fell within 2 per cent
of the optical methods. Measurements on various fragments

of the same glass bead were duplicated within + 0.001.

Rock names were determined by utilizing the modal classi-
fication suggest by Johannsen (1939, p. 141-161). The rocks
were divided, and so grouped, by the ratio of plagiloclase
to the potash feldspar and by the anorthite content of the
plagioclase. The plot of the modes and the resultant fields

of similar rock-~-types are shown in Figure 28,

La&LﬁLg_In&znglxg_ﬁxgggl&.- The oldest rock of the Inde-
pendence volcano consists of intrusive breccias that cut
across the Group I Volcanics. This type of breccia 1s best
observed on the south side of Monument Peak and has a semi-
arcuate trend for more than 400 yards on the high ridge
(Fig. 29). From a distance the intrusive brecclas offer a
sharp color contrast with the light-colored intruded vol-

canics. A traverse from the valley floor to the top of the
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Specimen
No.

WM-1s
S-1
BR- 34

HSB~15
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Comparison of the anorthite percentage deter-
mined by means of the index of refraction of fused plagio-
clase feldspar fragments with that estimated from optical
data determined by means of a four-axis universal stage.

an %
U~-stage
35-38
P
33-40

Lo
34-38

31

index
of
fused
fragment
1.519
1.518
1.519
1.523

1.520

1.517

An %

by
fusion

_.36
35
36
L1
37
33

An % curves

by
Foster
(1955)

37

36

37

L2

38

3

An % curves
by
Schairer

(1956)

39
37
39
Ll
Lo

37
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POTASSIUM FELDSPAR

& Rocks that contain .
quartz in amounts
greater than 10%.

A Granite dikes 5

Granodiorite 4

Monzonite 3

1/3
Syenogabbro 2

:Lome intrusive Breccia

/ / y) l l | \ \ \
ALBITE Ango ANORTHITE

FIGURE 28.- Modal plot, and resulting fields, of the
various rocks from the core of the Independence vol-
cano. Arabic numbers refer to intrusive sequence.
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FIGURE 29. View showing the south side of Monument
Peak which represents the southern part of the
Independence volcano. This peak rises to an eleva-
tion of 10,988 feet above sea level and is made up
of a latitlc intrusive breccla that cuts across the
Group I Volcanics.
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ridge did not reveal a sharp contact between the intrusive
breccias and the Group I Volcanlics. Similar brecclas occur .
elsewhere around the perlphery of the volcano. .On the east
side of the volcano the intrusive rocks have been removed by
glaclatlion, and soll cover obscures the contact relationships
with the Precambrian metamorphic rocks.

The intrusive breccia is notably heterolithologic, with
angular fragments ranging in size from less than one-=fourth
inch to more than 2 feet across. The average size is 2 to
3 inches. The fragments which are incorporated in a dark
gray latitic groundmass meke up as much as 60-70 per cent of
some specimens. The weathered surface reveals the fragmental
character of the rock more readily than a freshly fractured
surface. Fragments from the entire Group I Volcanics plus
Precambrian and Cambrian rocks can be recognized within a
small area of a single outcrop. Many of the larger frag-
ments are tabular in outline and are oriented, for the most
part, in nearly vertical positions. This feature indicates
that the intrusive brecclilas possess flow structures. The
large percentage of accldental fragments, plus the flow
. structures, demonstrates that the fragmental materlal was
completely incorporated, mobilized and carried upward more
than 3,000 feet. In 2all probability some of the intrusive
brecclas pﬁured dut on the surface as part of the extrusive
cycle of the volcano.

The ratio of fragments to igneous matrix diminishes in

the intrusive breccias toward the core of the volcano so that
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the breccias appear to grade into fine-grained igneous rocks.
Thin sectlon studies indicate that the rock is a latite.

The mode of the rock is shown in Table 6 (sample HS-55).

The holocrystalline rock is hypidiomorphic-granular. Most
of the plagioclase (An39_48), up to 0.5 mm long, shows re-
sorbed edges and ls set in a finer-grained matrix of a more
sodic plagloclase and small subhedral crystals of augite.
Late formed potash feldspar and quartz are interstitial.
Magnetite 1s scattered throughout the thin section. The rock
is almost fresh with Jjust a trace of alteratioﬂ products
present. These include minor amounts of blotite, chlorite

and some sericite.

Syenogabbro.- The syenogabbro is restricted to the
southern part of the core of the volcano in the vicinity of
Mud and Blue Lakes (Fig. 30), except that stringers of the
syenogabbro intrude the intrusive breccias on the western
slope of Monument Mountain. The syenogabbro makes up less
than one-fifth, by volume, of the rocks within the interior
of the core. The dark, medlium-grained rocks weather quite
readily into an arkozic residue. The rock varies somewhat
in color dependent on the percentage of mafic minerals pre-
sent. Plagioclase, pyroxene and traces of biotite can easily
be seen in the hand specimen.

Thin section studies of the syenogabbro are similar to
those described by Emmons (1908, p. 213) except for the
olivine he mentioned. Examination of five thin sections

falled to reveal the presence of olivine or any aggregates
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FIGURE 30. View showing the effects of differential
erosion between the resistant intrusive breccias
that make up Haystack Peak and the easily eroded
syenogabbro that constitutes the low hill in the
middle foreground. Blue Lake lies between these
two local landforms. View looking south.

FIGURE 31, Photomicrograph of a syenogabbro from
the low hill noted in Fig. 30. Dark areas be=-
tween labradorite represent stained orthoclase.
Augite shows excellent herringbone structure
consisting of exsolved magnetite. Polars not
crossed. 25X
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of altered materials suggestive of 1lts former presence.
This discrepancy appears to be due to the gradational char-
acter of the syenogabbro and the nature of the sampling.
The rocks are allotriomorphlc-granular. Pyroxene,
magnetite and orthoclase occur interstitially to larger
crystals of labradorite (Angp-41). The modal analyses of 5

samples appear in Table 6. Two pyroxeunes are present, with

"titaniferous augite occurring at about 5:2 ratio over hyper-

sthene. The unusual essential amounts of untwinned ortho-
clase are interstitial to both the plagloclase and pyroxene.
In some thin sectlions accessory quartz appears as elther
micrographic intergrowths with orthoclase or as lsolated
blebs filling tiny angular interstices. Common accessories
include blotite,'magnetlte and smg;l needles of apatlte.
Biotite and magnetite occur elther as primary minerals or as
secondary minerals after pyroxene. The pyroxenes show varlous
degrees of alteration. Some auglte occurs as clear crystals
contalning exsolved magnetite which has formed well-defined
herringbone structures (Fig. 31); in some places hypersthene
contains sub-microscopic materials which in turn form ex-

cellent schiller structures.

Monzonite.- The monzonites are the most abundant rocks
and are well-exposed in the central, western and northwestern
part of the core. Exposures indicate they constitute about
three-fourths of the core by volume.

The texture and color of the monzonites vary depending on

location and the amount of mafic minerals present. These
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rocks grade into the intrusive breccias and syenogabbros,
within the core, but cut across these rocks on the western
slope of the volcano. The monzonites are difficult to rec-
ognize in the fleld because they resemblée the granodiorites
in places and also look like typical syenogabbros elsewhere.

Microscopically the monzonites are allotriomorphic-
granular, Most of the rocks are medium-gralned. Andesine
(An33_49) and orthoclase are the only essential minerals
present in all rocks (Table 6). Pyroxene and quartz vary
from accessory to essential amounts. Common accessories
include magnetite, apatite, biotite and rare epidote and
sphene. As noted in the syenogabbros, all the minerals in
the monzonltes occur interstitially to the plagloclase
feldspars.

Pyroxene is a common accessory with both augite and
hypersthene present. Auglte is the most common and
occurs as stubby, prismatic crystals or as anhedra in ag-
gregates with blotite and magnetite. Some of the pyroxene
1s uralitized to a greenish-brown amphibole. The plagioclase
commonly occurs as elongate laths. Normal zonlng predomin-
ates. As a rule the larger plagloclase 1s marked by resorbed
edges. The smaller plagioclase laths are more sodic than the
larger laths. Optical measurements revealed that the plagio-
clase varied as much as 15 per cent in An-content.

Fine-gralned magnetite along cleavages 1n augite, slight
sericitizatlion of the plagloclase and chlorite in biotite
suggest that the minerals were probably hydrothermally altered.
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Granodiorite.- The granodiorite crops out north of
Basin Creek as a dome-like mass (Fig. 32). This rock makes
up less than one-third of the total volume of the rocks
within the core. Just north of Basin Creek, where the road
crosses the stream, stringers of granodiorite cut monzonite.
No chillled margins were observed, even though the lighter-
color granodiorite penetrates the darker and finer-grained
monzonites. Elsewhere, in the north-central part of the core,
the granodiorite interfingers with light-colored monzonlites
to form a zone of gradation. An extensive talus slope ob-
scures the contact relationships of the granodiorite with
the monzonites to the north.

In hand specimen the coarse granodiorité has a grénitic
appearance., Plagloclase, blotite and pyroxene are easily
detected. The finer-grained varliety appears darker and
possesses a speckied appearance due to tiny flakes of biotite.
Emmons (1908, p. 206) reported hornblende in essential
amounts in the sample he collected, but the writer could not
locate an outcrop in the granodliorite body in which it ap-
peared to be present.

Under the microscope the coarse granodiorite exhibits an
allotriomorphic-granular texture. The finer-grained varieties
are essentially hypildiomorphic-granular. Plagloclase
(An24_39), quartz and orthoclase are the essentlal minerals.
Accessories include augite, biotite, magnetite, zircon,
pyrite, apatite and some rare sphene. The orthoclase occurs
elther as interstitial material or aé a polkilitic host to

plagioclase.
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FIGURE 32, View showing the northeast part of the
Independence volcanc. The high, circular ridge
consists of latitic Antrusive breccias that grade
into an inner zone of monzonite. The grano-
diorite crops out in the central part of the cir-

cular structure,
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The granodliorite shows varying degrees of hydrothermal
alteration. Most of the plagioclase is slightly sericiti-
cized. Some pyroxenes are present as small fragments sur-
rounded by a turbld aggregate of chlorite, carbonate, limonite
and possibly an amphlbole. Most blotite is rimmed with
chlorite. Hypersthene 1s present in trace amounts and has
altered simllarly to auglte. Some areas are so crowded with
alteration products that 1t is impossible to determine what

the original mafic mineral may have been.

Granitlec Bikes.=- Small granitic dlkes represent the
youngest rock-type within the volcano. They range in width
from small stringers of 1/4 inch to those that are 6 inches
across. They do not conform to any well-defined trend and
are not persistent in length. These dlkes can be observed
throughout the entire core of the volcano. In some places
the dikes make sharp contacts with the host rock; whereas,
in other places they appear gradational. Although numerous,
the granitic dikes make up less than 1 per cent of the total
volume of rocks within the core.

The granitic dikes vary in texture from place to place.
They grade from aplitlc varieties to those that appear as
small pegmatites. For the most part they are granitic.

The dikes are mineralogically simple. Thin sectlion study

of one sample showed that potash feldspar and quartz make up
more than 96 per cent of the rock. Trace amounts of horn-
blende, biotite and magnetlte make up the rest of the section.
No plagloclase was detected in the sectlon investigated by
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the wrifer. Emmons (1908, p. 225) reported about 5 per cent

of andesine in the granite dike he described.

Mode of Fmplacemeut.~ The composite body consists of

five intruded rock types that are closely related in time
and composition. There is a striking relationship between
the asymmetrical shape of the structure and the intrusive
sequence. The oldest rocks of the volcano are restricted to
the southern part of the core and form a linear body with an
east-west trend. The modal compositional difference between
the intrusive breccias and the syenogabbro is in the amount
of quartz present and the anorthite content of the plaglo-
clase. As the intrusive cycle continued the magma slowly
changed in composition by differentlation from a syenogabbro
to a monzonite. The conduit for the monzonitic magma migrated
to the north and formed a linear body with a northwest-
southeast trend. The granodiorite body was intruded soon
after the monzonites and conforms to the same general north-
west-southwest orientation. Tension cracks, formed by cool-
ing, afforded channelways for the later granitic dlkes that
appear throughout the core.

The forceful intrusion, and boring action of the magmé,
undoubtedly followed linherited fault zones ing the Precambrian
metamorphic rocks. It is also probable that the older and
partially congealed magma offered some resistance to the
younger and more fluld magma thereby causing the northward

migration of the conduit.
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The coarse=-gralned rocks appear to represent the dif-
ferentiation products of a secondary magma that was intruded
in three closely related pulses (see Origin of the Indepen-

dence volcano).
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QUATERNARY SEDIMENIS

General Statement.- If the general volcanlc stratigraphy
in the middle and southern Absaroka Mountains (Hague, 1899;

Rouse, 1937; Parsons, 1958; Boyd, 19613 and Brown, 1961) can
be applled to the entire range then a thick sequence of
pyroclastics has ©peen eroded in the northern part of the
Absaroka Mountalns as compared to the southern part. How-
ever, no volcanic rocks younger than the basalt flows of the
Group V Volcanics have been recognized in the Independence
area. The Quaternary deposits consist of glacial till,
landslide debris, fluvial and lacustrine sediments and valley

alluviun.

Glacial Till.- Glaclilal Till is restricted to the southern
part of the Independence area in the Buffalo, Hellroaring
and Slough Creek areas. The tills occur priuncipally as
medial moraines at the confluence of the larger tributary
valleys with the main streams. VWithin some of these moralnes
small ponds have formed, thus indicating that they are not
river gravels. Most of the till counsists of pebbles, cobbles
and boulders of volcanlic materials with a clay-like matrix.
In the Slough Creek drainage a considerable.amount of granitic
gnelss and schist fragments derived from the head waters of

Slough Creek 1s present.

Landsllide Debrls.~ Landslide debrls 1is restricted to a
few of the tributary valleys and can be recognized readily

on aerial photographs. The slide or slump areas are free
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from erratics as compared with the morainal material on the

surrounding valley floor.

Lacustrine Sediments.~ Lacustrine sediments occur only
in the Slough Creek valley Jjust below Silver Tip Ranch.
Howard (1937, p. 92-124) has described itn.-detall the glacial
history of the Lamar and Yellowstone River Valleys. Two
distinct terraces are preserved, jJjust below Silver Tip Ranch,
whlich may reflect the damming of Slough Creek by the Lamar

Valley glacier and the subsequent formation of a marginal

* lake.

Valley Alluvium.- Each major valley contains (Fig. 33)

alluvium which is the result of natural barriers, acting as
dams in the streams, in the form of Precambrian ridges or
spurs. The glaclally over~deepened part of the valleys was
the site of temporary lakes untll the barriers were subse-
quently eroded. The valley fills are quite extensive in the

southern part of the Independence area. Frenchy's Meadows,

in Slough Creek is more than a half mile wide and 3 miles long.
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FIGURE 33. View showing a typical alluvium~-filled
valley caused by local base leveling. View
looking south and down stream across Buffalo Fork

Creek. Mount Washburn Range of Yellowstone Park is
in background.



ORIGIN OF THE INDEPENDENCE VOLCANO

Summary of the Volcanlc Cycle

The Laramide revolution was followed by a relatively
long period of erosion as demonstrated by the formation of
the Monument conglomerate. Middle Eocene volcanism was
ushered in by an explosive phase as indicated by the tuffs
overlying the Monument conglomerate. Dacitic and lqtitic
pyroclastic flow breccilas then accumulated, followed by a
series of basalts and dense, aphyric flows of auglite latites.
Activity continued with the build up of more than 2,300 feet
of fairly acid volcanic rocké. The materlials for the Group
I Volcanics appear to have originated from many'small vents
that paralleled a major fault zone in the underlying Precam-
brian rocks. The exposed intruslve bodies of the Group I
Volcanics consist essentially of dacitic and latitic por-
phyries.

A distinct break in the volcanic activity took place and
was followed by a shift in the eruptive centers which led to
the extrusion of a series of porphyritic flows that covered
much of the area to the northeast. Sporadic volcanic activity
was separated by relatively long periods of erosion. Thick
sections of water-deposited tuffs and sandstones were formed
that contain many fossil wood and leaf fragments of probable
late-middle Eocene age.

A renewed and more vigorous perlod of volcanism occurred
which was centered around a single vent structure. The

Independence volcano 1s considered to have been the major
124
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source of the Group III, IV, and V Volcanics. Continued
activity led to the formation of a major cone-complex
consisting of a chaotic assemblage of fragmental volcanic
rocks. Violent explosions took place which led to the
accumulation of thick sections of lithic tuff-breccias com=-
posed of older’volcanic breccias, of the Group I Volcanics,
along with scoriaceous, porphyritic potash-bearing basalts

and large amounts of latites. Most of the Group III Volcanics
are rich in augite and hypersthene and a considerable amount
of potash feldspar is present. About the same time, a minor
parasitic outburst took place on the flank of the major
volcano in the form of the Mill Creek plug. Large labradorite
phenocrysts incorporated within a latitic groundmass strongly
suggest a mingling of magmas prior to the extrusion of lavas
and pyroclastics from the Mill Creek plug.

Erosion and deposition took place almost simultaneously
during the build-up of the cone-complex. Thick deposits of
volcanic conglomerates and sandstones reflect aggradation
with subsequent fllling of valleys and channels on the flanks
of the volcano.

A quiet phase of volcanism then took place with the
extrusion of a thick serlies of basalt flows. The basalts
flowed out on relatively even surfaces with no extensive
channels being present. The basalts are characterized by
the great paucity of olivine and the relatively high percent-
age of auglte and hypersthene along with accessory amounts of

potash feldspar. Short periods of explosive activity took
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place”forming lenses of hyperstheﬁe?rich felslic vitric tuffs
~ between ﬁhe basalt flows.
Reconstruction of the probable size of the volcano sug-
gests that a great quantity of material was probably removedlr

thereby obliterating any later events of volcanism that may

have occurred.
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Differentiation of the Intrusive Rocks

The feldspathic rocks, from the core of the Independence
volcano, possess petrographic similarities and are closely
related in time and space. These relations suggest a common
source. Tnhe distribution and intrusive sequence indicate that
the magma was differentiated at a lower level prior to in-
trusion. Most of the rocks are monzonltic; the rest consist
of syenogabbros and granodlorites.

Petrographic studles show that there is not a sharp
mineraloglic break between the various types. Plagloclase
and potash feldspar are present in all rocks and the plagio-
clase-potash feldspar ratio decreases from the mafic to felsic
rocks. The anorthite content of the plagioclase decreases
gradually from & high of Angq 1n the éyenogabbro to a low of
Anss in the granodiorite. Quartz 1ls an accessory mlneral in
some of the basic rocks and becomes essential in the grano-
dlorites. Pyroxenes persist throughout the series. Auglte
and hypersthene are essential in the syenogabbros, accessory
in the monzonites. In the granodiorites pyroxenes are either
accessory or present in trace amounts.

Essential primary amphibole is consplcuously absent, even
through some blotite 1s present in all the rocks. This may
reflect an original relatively dry magma at depth. The for-
matlon of primary biotite as a late forming mineral may have
been due to the concentration of microscoplc amounts of water
during the course of crystallization.

Emmons (1903, p. 219) presented 6 chemical analyses and



128

norms from the rocks of the "Haystack Stock". Even though
the exsrct location of Llhe samples collected by Emmons can

not be accurately determined on his suall-scaled geologlc
map, a comparison of the modal analyses (Tablesé6 , 3) ian-
dicates similar percentages for similar rock-types. An
exception occurs in the percentage of potash feldspar between
the two modes. The potash feldspar content is consistently
higher in the modes of thils report and can be zttributed to
selective chemical staining technlques which aided rapiil
visual identification. The writer, therefore, considers that
Emmons' chemlcal data can be utilized for a tentative dis-
cussion on the differentlation of the coarse-grained rocks
from the core of the Independence volcano, but that his min-
eraloglcal data requires some revision.

Thorton and Tuttle (1960) have presented a discussion on
the systenm 8102-NaA181Ou~KA18104, petrogeny's residua system,
with respect to more recent results of studies on related
systems. These writers have demonstrated that Bowen's theory
(1937) pertaining to petrogeny's residua system is the goal
toward which all magmatic liquids move as the result of
fractional crystallization. In most instances, the rock
forming minerals, quartz, orthoclase, albite, nephelene,
leucite and kalsilite are the final products of fractional
crystallization. Thorton and Tuttle have proposed a method by
which the proportion of constituents in petrogeny's residua
system can be used as a measure of the "basicity" of the
rock. The sum of the normative sialic minerals (quartz,

albite, orthoclase, etc.,) reflects how far the system has
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TABLE 8.- Rock types and modal analyses of the
"Haystack Stock"” as presented by Emmons (1908).
A B C D B F G
Quarte 22.9 21.8 12.2 6.8 3.7 - 2U4.5
Orthoclase 17.8 11.7 9.7 15.4 13.2 49 U47.2
Albite 307 30.1 31l.2 27.5 26.5 19.2 17.8
Anorthite 10e3 15.1 2068 19.7 18.9 2647 2.6
Hornblende 97 - - - - - -
Pyroxene - 11.2 13.5 19.5 28.8 30.9 3.3
Biotite Be2 LB 647 46 31 L5 -
Olivine & - - - 0e5 003 6.8 -
Serpentine
Magnetite & 4.1 . 4¢9  L4¢9 5.2  L4.8 5.8 3.9
ilmenite
Apatite 0e3  Oul 1ol 0eB  0e7  1le2 -

Rock names

A.
Be
C.
D.
E.
F.
G.

as apnlied by Emmons (1908)

Granodiorite

Granodiorite porphyry
Quartz-bearing diorite
Quartz-bearing orthoclase-gabbdbro
Orthoclase gabbdbro

Olivine gadbbro

Granite dikes
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differentiated toward its goal. The resulting sum of the
normative minerals is termed the differentiation index (D.I.).
Thorton and Tuttle have presented the D.I.. for 5000 superior
analyses of lgneous rocks from Washington's Tables. These
data, as shown on a histogram and various oxide-D.I. dlagrams,
have been contoured and show significant trends toward
petrogeny's residua system. The writers point out that when
the oxide-D.I. diagrams are used 1t 1s possible to tell at

a glance whether a rock series is normsal, abnormael, under-
saturated, oversaturated, etc., and in what respect it differs
from the average for 5000 analyses in Washington's Tables.

The writer re-evaluated Emmon's chemical and normative
data (Table 9) in terms of the differentiation index and
plotted the results as shown in Figures 34, 35 The oxide-
D.I. diegrams reflect the trend of normative minerals and
gsupport the trend shown by the modal plot (Fig. 29) in which
the mafic constituents can not be shown. A strong argument
for a classical example of fractional crystallization 1is
indicated.

The silica-D.I. diagram (Fig.34 ) indicates that the
rock sequence began with an undersaturated syenogsbbro and
differentiated into a saturated monzonite and finally into
an oversaturated granodiorite. This sequence appears normal
in that the silica content was progressively enriched during
fractional crystallization by the corresponding decrease of
all other major oxides. The silica content of the final
product (granite dikes) falls near the maximum field for the
5000 analyses in Washington's Tables. The alumina distribution
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TABLE 9.- Normative minerals as presented by Emmons (1908),
along with the differentiation index.

A B C ') E F G
Quartz 19.50 19.20 10.83 L.68 1.56 0.0 24,50
Orthoclase 2005? 15-01 11-68 16068 16412 5.56 47.26
Albite 32.49 33.01 34.02 28.30 28.82 20.84 | 17.82

Anorthite | 12.51 | 19,18 | 23.07 | 2L:l41l | 20429 | 30.86 | 2.78
Hypersthene | 4.80 5¢82 Le?1 | 11.87 | 13.88 | 12.00 2.65

Diopside 3402 2,08 8.64 732 11.22 4. 34 0.68
Magnetite 3002 | 37L | 487 | 5.3% | 4418 | 5.38 | 3.9%
Ilmenite 1.22 0.,91 1.67 1.98 1.98 1.98 -
Hematite 0.80 - - - - - -
Apatite 0-34 0034 1.01 1.01 1.01 l.01 -
Water le4l 0466 0.63 1.27 0.97 1453 -
Olivine - - - - - 672 -

Differentiation index determined by summing the
sialic normative minerals guartz, orthoclase and

albite. .

Varieties D.I. Rock Name
G 89455 Granite dikes
A 72456 Granodiorite
B 67.22 Granodiorite
C 55.07 Monzonite
D L9 .56 Monzonite
E 46.50 Syenogabbro
P

26.00 Syenogabbro

The differentiation index for the major igneous rocks
of Daly's (1914) averages. (After Thorton and Tuttle 1960)

D.1I.
Alkall granite 93
Granite 80
Granodiorite 67
Diorite 48
Gabbro 30

Olivine gabbro 27
Peridotite 6
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FIGURE 34.~ Oxide vs. differentiation index of
the rocks from the core of the Independence
volcano for the oxldes: silica, alumina and
ferric oxlde. Contoured area represents fields
of concentration based on 5000 analyses from
Washington's Tables (Thorton and Tuttle, 1960).
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FIGURE 35.- Oxide vs. differentiation index of

the rocks from the core of the Independence
volcano for the oxides: lime, magneslia, ferrous
oxide, potash and soda- Contoured area represents
fields of concentration based on 5000 analyses from
Washington's Tables (Thorton and Tuttle, 1960).
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is normal and varles antithetically with the silica distri-
bution where the rock becomes oversaturated. Ferric oxide
concentration 1s normal and reflects a straight-line trend,
parallel to the abclissa, which indicates the Fe203 was re-
moved at a constant rate from the magma during fractional
crystallization.

The basic oxides, lime, magneslia and ferrous oxide, show
a normal trend from higher concentrations (Fig. 35) in the
syenogabbro to diminishing amounts in the granodlorite and
granlte dikes. The alkall distribution follows a normal
trend with soda and potash varying antithetically as the
end product is reached. This is to be expected with an in-
crease of potash feldspar, which may contaln some soda, and
a decrease of the sodic plagloclase. The final potash con-
centration of the granite dikes falls above the maximum field
whereas the soda content falls sllightly below the maximum
field which may indicate the degree of differentiation.

Chemlical evidence strongly supports the view that the
rock sequence was derived by fractlonal crystallization of
a single magma. Table 10 (columns 1f, 2e, 3d, etc.) lists
the composition of 7 materials, which when subtracted from
a hypothetlcal syenogabbroic magma in appropriate amounts,
produce norms similar to the norms of the rocks chemically
analyzed. The compositions of the materials, to be removed,
were determined graphically by using the addition and sub-
traction diagram (Bowen, 1928, p. 76). This method does
not offer empirical evidence to solve this type of problem,

but noteworthy trends support petrogréphic data.
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TABLE 10.~ Composition of materials, which, when removed from an
assumed syenogabbroic magma, produce rocks later in
the series.
Weight Syenogabbro Monzonite Granodiorite 1
per cent| 1f 2e 3d he 5b 6a 7
$10- 44,3 47.8 S4.1 . 58.0 61.0 64.0 7043
Al203 1645 13.2 16.1 17.4 17.0 15.1 13.7
19203 3.6 - 3-3 3.7 2.4 Ot 2.7
FeO 8.4 13.3 L.7 3.8 2.6 3.8 1.8
Mg0 9.2 8.5 5.1 L,7 2.7 2.7 0.7
Cal 1108 1206 605 8-7 5.7 3.9 007
NazO 2.1 3.6 302 4.0 L"o? 4,0 2.1
K20 - - 301 l-? - 2.3 709
Norms
f F e E d D c c b B a A 7
1
L q - - | 1.5 1.7 b6 6.7 103 22.8 19.2 | 18.4 19.5| 24.5
- or - 5¢5 - 1642 18.9 15.8 10.1 1l.5 - 15.1 | 13.5 20.5] 47.2
Ab 1843 20.4 | 30.1 28.2 26.8 28.3 33.4  33.1 3.4 33.1 | 33.4 2.5 17.8
An 3503 30.8 | 17.2 20.2 20.1 21.4 2h.6  23.1 23.4  19.2 | 16,4 12.5 2.7
Mt Le9 5.3 - 4.2 4.9 543 5.1 4.8 3.1 367 3.7 3.1 3.9
Di 20.6 1lu.4 14,2 11.2 9.6 73 14.2 R.6 2.8 2.1 2.1 3.1 0.7
Hy - 12.0 - 13.8 13.9 11l.6 £a5 4,7 7.5 5.8 9.8 L.8 2.6
01 1605 6.7 ].607 - - - - - - - - -

Capital letters (A, B, C, D, E,
Lower case letters (a, b, ¢, 4,
lChemical composition of granite

1
P,) refer to norms presented by Emmons (1908).
e, f,) refer to norms calculated for this report.
dike as presented by Emmons (1908)

GET
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The proportion of mafic normative minerals to the salic
normative minerals decreases correspondingly from the syeno-
gabbro to the granodiorite. Olivine appears only in the
norms of the syenogabbro, whereas normative hypersthene is
present in the silica saturated monzonites and granodiorites.
The molecular compositions of the feldspars vary accordingly
and parallel the trend shown by the differentiation index
(Table 9), and also the decrease in the anorthite content of
the plaglioclase (Fig. 29).

In general, it was found that by subtracting the materials
of a granodiorite (Table 10, 6a) from the syenogabbro (2e)
the final product was a monzonite (3d). Similarly, when the
materials of the granite dikes (7) were subtracted from the
monzonites (4c) the final product was a granodiorite (6a),
The norm of the calculated granodiorite (Norm a) is very
similar to the norm of the granodiorite that Emmons pre-
sented from a chemical analysis (Norm A). A hypothetical
magma was determined graphically from which the monzonitic
material (Table 10, 3d) was removed; the resulting material
(1f) produced norm values (f) almost identical to the norm
(F) that Emmons presented from a chemical analysis of a
syenogabbro from the core of the Independence volcano.

Petrographic and chemical data indicate that fractional
crystallization was brought about, within the core of the
Independence volcano, by the removal of the basic oxide-rich
minerals. Therefore, by removing the early formed pyroxene

and calclc plagioclase in corresponding amounts, the
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composition of the magma could change successively from a
éyenogabbro to a granodiorite. The granitic dikes would
then represent the final products of differentiation which
indicates that fractionation migrated towardi petrogeny's
.residua system. .
A graphical comparison between the hypothetical norms
calculated for this report and the norms presente. by

Emmons from chemical analyses is shown in Figure 36.
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lRefer to Table 10.

FIGURE 36.~ Comparison of theoretical norums with the
norms determined by Emmons from chemical analyses.
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Thermal State Comparison of the Plagioclase

General Statement.- Investigations on the plagloclase

feldspars, over the past several years, have clearly demon=-
strated that plagloclase formed at high temperatures differs
optically from that formed at lower temperatures. A tran-
sitional series also exist between the optlcally dlffeient
feldspars. Muilr (1955, p. 545) points out that nearly all
published data on natural high-temperature plagloclase are'
confined to volcanic rocks anq all published information
on plutonic or metamorphic roékslndicates a low-temperature
state for the plagloclase. A review of the literature in-
dicates that no systematic investigation on the areal dis-
tribution of plagloclase from a small plutonic intrusion
appears to have been undertaken.

The distinction between high-and low-temperature plagio-
.clase is brought about by an order disorder transformation
(Reynolds, 1952; Bradley, 1953; Muir, 1955; and Megaw, 1959).
This order-disorder relationship is based upon the Al-3Si
positions within the plagioclase. In the low-temperature
structure ordering exists with Al-51 occupyilng geometrically
different lattice positions. The high-temperature structures
are characterized by Al-S1 being statistlcally arranged over
one set of lattice positions. Deer et al., (1963, p. 94-165)
suggest that the exact cause for order-disorder relation-
ships, other than in laboratory experiment, is an open
question. Some of the variables involved include temperature,

rate of cooling, composition, PHZO’ and even the presence of
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_water. The manner in which these variables influence the
rlagloclase is not fully known.

The terminology used in describing high-low, volcanic-
plutonic, and ordered-disordered transformation has become
confused in that the temperature and degree of disordering
of synthetic or heat-treated natural plagioclase may be
greater than those of natural plagloclase.

The writer follows Slemmons' (1962, p. 3) suggestion
in the usage of the following terms:

for those that possess well-
ordered structures and referred to in the litera-
ture as "low-temperature" plagloclase.
for the typical plagloclase
of extrusive and shallow intrusive igneous
rocks showing disordered structures.
clase includes plagloclase that

has properties approximately midway between those
of plutonic and volcanic plagloclases.

Qccurrence and Distributlon.- The distribution and age
relations of the coarse-grained rocks from the core of the
Independence volcano become exceedingly significant when
the structural state of the plagloclase feldspars 1is con-
sidered. Optical determinations on the plagioclase show that
the feldspars reflect 3 different structural states (Table 11).
The intrusive breccias near the borders of the core all
contain volcanic plagloclase. This is to be expected in that
the border zone represents true hypabyssal features. Most
of the plagloclase toward the center of the core reveals
plutonic features. Notable exceptions occur in the grada-

tional zones between the syenogabbro and the monzonites and
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‘TABLE 11.- Optical data of the plagioclase from the
coarse-grained rocks from the core of the Indepen-
dence volcano.

. 1 2 | Angles X~Y-2 to 3 - A

Sample |[Compoesition Twin & Thermal” An%
No. | Mol. $An |2V, | Law ——;éﬂﬂ = State Hange
IA-20 61 78 2 59¢5 | 35.5| 75.0 P 57/61
HS-51 55 79 | 1 | 59.5 | 4l.5| 6beo| P 55/59
IA-09 53 81 1 41.0 | 58.5| 63.0 P 52/56
IA-11 52 76 7 80.0 | 625 | 29.0 P 52/57
HS-54 51 82 1 Lhe5 | 57.0] 62.0 P 48/55
IMC-B 38 86 | 4 |87.5 |20.0]70.0| T 33/42
HS-59 38 91 2 34.0 | 57.5| 78.0 P 36/47
AI-88 y2 86 1 42.0 | 5340 | 7045 P 39/48
HS-89 41 80 | 3 |86.0 | 6B.0|22.0| P 39/46
HS-90 39 102 1 55.5 | 42.5 | 68.5 v 34/41
IA-22 48 88 2 7.0 | 46.5 | 77.0 v 46/ 52
HS-61 38 84 | 6 |82.0 | 22.0|70.5| P 33/41
HS-88 Ly 86 1 5540 | 4751 63.0 T 32/43
SH-41 47 90 1 L2.0 | 59.5| 675 V Ll /U9
AI-19 39 8L | 6 |81.0 | 22.0(62.5| P 39/41
HS-84 46 82 2 43.0 | 49.5 | 80e0 P 38/48
HS=-80 39 104 7 8640 | 6540 | 24e5 v 37/41
HS-98 41 80 2 36e5 | 57.0 | 80.0 T 35/44
HS-67 38 84 2 3245 | 5840 | Ble5 P 34/ 46
HS-35 27 91 L 7560 | 23¢5 | 710 T 22/31
H8-25 26 105 3 87.0 | 74.0 | 16.0 v 21/33
HS=-29 22 108 1 69.0 | 24e0 | 7845 v 21/29
HS=130 37 92 6 8040 | 25.0 | 72.0 \ 32/39
HS-04 37 78 1 | 55.5 | 38.0 | 7845 P 31/39
HS-02 2l 91 2 25.0 | 67+0 | 79.0 P 22/31
HS-55 L5 82 | 5 | 38.0 | 5545 |76.0| T 39/48

&Tagmants in which arcs of the X-Y-Z directions close with the
smallest area on the arc of the composition plane.

szin Laws: 1-Carlsbad; 2-albite-Carlebad; 3-albite; U4~Manedbach-Ala;

5-Baveno; 6-pericline; 7-acline.

3Thermal States: P-plutonic; V-volcanic; T-transitional.

*An% Range as determined by the measurement of the optical properties
on a minimum of 4 plagioclase fragments.
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also between the monzonites and the granodiorites. The rocks
from these zones contain transitional and volcanic plagio-
clases with the latter predominating.

The rock~types and structural states of the plagloclase
are plotted on a map view of the dissected core of the
Independence volcano (Fig. 37!'. Inferred boundaries of the
various rock-types are drawn on the basis of petrographic
data and field relatlons. The distribution of the volcanic
plagioclase within the transitional zones 1s noteworthy in
that these zones may represent "contacts" during multiple
intrusion. The host rock was probably still hot and mobile
when a new pulse of magma came in. Poor exposures prevented
any observations of possible orientation effects in these
gradation zones.

The fact that the plagloclase reveals various structural
states seems to indicate changes in the physical system of
the magma 1l.e., temperature, pressure, as it was being in-
truded. The volcanlc plagloclase occurring in the border
zone of the core may be due to rapid cooling of the intruding
magma. The occurrence of the plutonic plagioclase undoubtedly
reflects local static conditions (slow cooling) which led to
complete ordering in the feldspars. The volcanlc and tran-
sitional plagioclase are found where there 1s a compositional
change in the rock-types. A later and more acld magma in-
dicates a corresponding decrease in temperature of the system.
The pauclity of primary and secondary hydrous minerals suggests

that the initial magma was relatively dry when intruded.
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FIGURE"3}/ .- Sketch map of the dissected core of the
Independence volcano showing the distribution of rock
types, the structural state of the plagioclase, anorthite
content of the plagioclase,and the color index of the rocks.
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Due to the limited studx of this problem, no empirlical cause
can be given for the structural anomalies in the plagloclase
that occur in the gradational zones between the various
rock-types. ‘

The writer compared the volcanic and plutonic plagloclase
from the core of the volcano with the volcanic plagioclase
from various hypabyssal rocks throughout the Independence
area, These data are presented in Table 12, This informa-
tion, along with the optical data from Table 11 was plotted
against composition on the thermal state diagram (Fig. 38)
of J. R. Smith (1958, Fig. 2). Visual inspection of the
various plots shows a signiflcant grouping of the volcanic
plagioclase, from the hypabyssal rocks and the core of the
volcano, around the high-temperature curve. A similar dis-
tribution of the plutonic plagioclase, from the core of the
volcano, i1s shown around the low-temperature curve. Phair
et al., (1962, p. 489) concluded, on the basis of detailed
X-ray and chemical data, that this type of diagram, using
optical data, 1s valld in indicating the thermal-state of
plagloclase. They also suggest, from thelr regional study on
the distribution of plagioclase, that the rate of cooling
might be the principal factor affecting the structural state
of the plagioclase. The plagioclase from the Independence
volcano appears to have been affected by more than the rate
of cooling. This problem in the Independence area warrants

further investigation.
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TABLE 12.- Optical data of the volcanlc plagloclase from

various hypabyssal rocks throughout the Independence
area. -

Sample Comvosition Angles X-Y-Z to
No. Mol. % An 2v, Twin Law Twin Axis
X Y Z
HSR-5 3L | 105 1 62+5 33.0| 7.0
BR-34 L 84 2 25.5 5“8 | 78e5
33 9L 1 81.0 350 | 6640
ER~2 L1 106 L 81.0 32.0| 59.0
31 102 5 £9.0 24,0 67.0
L3 - 3 8540 62.5| 2340
4o lo4 2 34.0 60.0| 7940
BF-13 51 81 1 L's.0 63.0] 62.0
55 86 3 7440 59.0| 34.0
LS=2. 33 9L 6 87e0 22.5| 6745
37 - 3 8605 68.0 22.5
Bul-7 34 96 1 60.0 38.0] 700
39 108 3 8540 63.0| 26.0
L6 103 | 1 49,0 53.0| 6540
SH-U45 L5 96 | 2 41.0 5240 7660
ML-1 61 78 1 375 £7¢5| 6545
WML 34 96 1 57.0 37.5| 74.0
WM-5 33 102 5 83.0 19.0( 7640
BF-14 Ll 86 1 51.0 2.0] 63.0
TS-1 41 106 3 85.0 68.0{ 22.5

Pwin Laws: l-Carlsbad; 2-albite-Carlsb-d; 3-albite; 4-Manebach-Ala;
5-Baveno; 6-pericline
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A yolcanic plagioclase from
hypabyssal rocks.

® Volcanic and transitional
plagioclase from the core
140 of Independence Volcano.

O Ppilutonic plagiociase from the
core of Independence Voilcano.
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FIGURE 38.- Comparison of the thermal-state of
the plagioclase with anorthite content,
Temperature curves from Smith (1958, Fig. 2).
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Relationship of the Extrusive and Intrusive Rocks

Each of the major volcanic rock types of the Independence
volcano area 1s represented by a coarser plutonic equivalent
in the core complex: dacltes-granodiorites, latites-monzounites,
and trachybasalts-syenogabbros.

Owing to the fragmental character of the volcanic breccias
and the erosive cycle that accompanied‘volcanism, a mineral-
oglcal correlation can not be made of'épegific layers ¢f vol-
canlc brecclas with a particular coarse-grained intrusive
body with respect to time. The volcanic breccias do reflect
a general change in composition from a hornblende latite
(pyroclastic flow breccias of Group I Volcanics) through a
series of augite latites (Group III Volcanics) to the potash-
bearing basalts (Group V Volcanlcs). The compositional
change noted in the rocks of the Independence volcano, with
respect to the intrusilve cycle, 1s the reverse for that noted
in the pyroclastic breccilas. This seeming contradiction can
be resolved by assuming that the former volcanic vent was
occupled, in the final stages of volcanism, by a composite
stock=-like body; therefore, any evidence of former intrusive
events could have been obliterated. 1In general, the average
composition of the various pyroclastic rocks is similar to
that of the latitlic intrusive breccias that surround the core

of the Independence volcano.
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Reconstruction of the Independence Volcano and its Age

The Independence volcano is signficant in that it repre-
sents a cone-complex in which the sequence of volcanic activ-
1ty can be reliably established. This volcano supplied great
quantities of volcanic debris that filled the low-lying areas
to the south and southwest. Most of the ejecta that make up
the cone-complex consist of pyroclastic brecclas whereas the
materials away from the volcano have been reworked and de-
posited by geomorphic agencles.

. The assumed initial dips of the pyroclastics on the high
ridges adjacent to the volcano afford a means by which the
original size ofufhe structure can be estimated. Some of
the pyroclastic units still lie near their angle of repose,
which may imply that the point of origin was undoubtedly
characterized by steeper slopes. A reconstruction through
the critical horizons 1ndicates that the volcano was at least
4,000 feet higher than the present remnants of the coarse=-
grained interior. This would indicate that a volcano attalned
an estimated maximum elevation of about 16,000 feet above sea
level with respect to the present topography (Fig. 39; P1. II).

The high elevation and steep slopes would be more than
sufficient to account for the wilde distribution of the epi-
clastic material that dip away from the source area. The
meny ravines on the flanks of this projected volcano would
then account for the restricted character of several deposits.
A conservative estimate, from the projected section, indicates
that more than 50 per cent of the original structure has been

removed,
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FIGURE 39.- View showinug the probable topo-
graphlc expression of the Indepeundence vol-
cano during late Eocene time. View looking
northwest from Daisy Pass, near Cooke City,
Montana.,
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Age of the Volcanlc Rocks.~ The lower part of the

Group I Volcanics 1s probably of the same age as the "early
acld brecclias" that occur in other parts of the Absaroka-
Yellowstone Park region.

In the Bighorn Basin (Van Houten, 1952) the "early acid
breccla" is equivalent to part of the Tatman Formation,
the uppermost Willwood Formation and the lower part of the
Pitchfork Formation. In the Wind River Basin, dactic pyro-
clastic materlal of late early Eocene age 1s in the Wind River
Formation (Hay, 1956, p. 1886) and the lower part of the
Aycross Formation. Brown (1961, p. 1176) suggests that the
Aycross Formation appears to be equivalent to the "early
acld brecclas" of Yellowstone Park.

Although the volcanics of the Independence area can not
be specifically correlated with other areas,in the Absaroka-
Yellowstone Park region, the suggested age relation of the

volcanic rocks in-the Independence area is presented in Flgure

ho.



Tatman Fm.

Willwoo d Fm.

PALEOCENE

pene"

100
oo
gort ¥ 90\°°°‘

::[::J?;L_Tlg;;,,“—é'

T T 1]

Crandall Conglomerate

SaREE

BIG HORN NORTHERN INDEPENDENCE
BASIN YELLOWSTONE AREA
Van Houten, 1952 PARK Brown,Ii96i
T | 1 1 1 | I
A — |
PLIOCENE —_Ear; anyon B_osam—— '
T T ] |
MIOCENE
_ ’WMET‘
OLIGOCENE <~ __ River
 Late Basic  Breccia _ __ I"Eqriy " Basail_ Sheefs . - vacon.cs |
——~ _Early Basalt Sheets — — — — _1—/_&[: __. —_—
B8 R R R Early Bassic Breccia —24124_ Group IL' Volcanics |
Early Basic Breccia :_—.l:I _—I:} Group TIL Voicanics
- _____| Cresent Hill Bosait o —
EOCENE Pitchfork Fm I 'E- -[__ —:-_—_]—_ I T L_. N %Gr_ﬂlpﬂbk_ﬂnlﬁ;‘_
. Z_j Early Acid Breccia

Group I Volcanics

— —_—— e . —_— —— — ——

Monument  Conglomerate

Fl_ 1 0 1_1]

Porphyry Sills

I I O O A

FIGURE 40,-

Cenozolo oREERlEEoT,

cgg§g erll

rom own,

stonelgg¥}ona1 Park region,

051



151

Relationship of the Indepeundence Volcano
to Regional Igneous Activity

d_Cons ty.- The northern Absaroka
Mountains have been designated by Larsen (1940) as the
Absaroka sub-province of potash-rich, soda-rich, lime-poor
rocks. Nearly all of the rocks from the Independence ares
‘contain significant amounts of potash feldspar but are not
soda-rich or lime=-poor and the serles 1s best deslignated as
subalkalic. Tnherefore, this may indicate that the Independ-
ence area represents a local sub-province within the larger
Absaroka sub-province.

The origin of the potash-rich rocks of central Montana
is still an open question. Larsen (1940) attributes the
origin of the potassic rocks, of the whole central Montans
region, to magmatic differentiation of a parental olivine
bagsalt and modified by partial assimilation of granitic
rocks at depth. Turner et al., (1960, b. 148) point out,
with minor exception, that Larsen's interpretation is well
founded based on known chemical and petrographic data. All
the provinces in central Montana are consildered to be re-
lated to simllar primary magmas. Differentiation at depth
had led to the removal of celclic plagloclase and hyperstheune
wilth a corresponding increase in the alkalinity of the magma.
Periodic tapping of the magma reservolr, at varlous stages
of development, 1s then consldered to have formed the re-
spective secondary magmaes in the varlous central Montana

provinces. The bulk composition of the magma that produced
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the rocks in the Independence area was probably mounzonltic.
The overall trend in the compositlion change, as noted in the
various rocks, indicates a normal line of descent from trachy-
basalts to latites and finally dacites with the bulk of the
rocks falling in the latitic range. The process of differ-
entlation by fractional crystallization and crystal separation
of a monzonitic magma could produce the rocks observed in the
area. The daciltes and trachybasalts would then be normal
acla and basic differentiates.

The writer suggests the following hypothesis to explain
the occurrence of various lgneous rocks in the Independence
area:

(1) The magma that produced the volcanic rocks was
derived from a differentlating megma having a
monzonitic composition.

(2) The early intrusions of leuco-quartz latites
(Buffalo Fork laccolith) represent the felsic
magma that accumulated at the top of the magma
chamber, As volcanlsm continued fractions of
increasing mafic-mineral content appeared in
which the plagloclase also became more calcic,
The felslc magma slowly changed to a melano-
latite. Thils suggests that with time succes-
sively lower levels in the chamber were being
tapped.

(3) Extrusion of the latites of the Group III Vol-
canics suggests the tapplng of an undiffer-
entiated portion of the monzonitlc magma.

(4) The trachybasalts, under this hypothesis, then
reflect the eruption of the baslc differentlates

of the monzonitic magma after the bulk of the
monzonltic material had been removed.

Qther Vents Ab M

The distribution of known intrusive centers 1n the

Absaroka Mountains is shown in Figure 41, These intrusive
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FIGURE 41,- Sketch map of the Absaroka Mountains
showing known areas of Tertiary intrusive rocks.
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centers line up in a broad northwest trend which parallels
the general trend of the middle Rocky Mountains. The Inde-
pendence volcano appears to be the only large well-exposed
cone-complex with a centrally located coarse-grained core.
The other intruslve centers consist essentially of small
stocks, volcanic plugs, laccoliths, sills and dikes. Inifial
dips in the volcanic rocks around these centers are very
local and relatively gentle. According to Rouse (1937, p.
1273) volcanic necks and cones do not stand out as conspicuous
topographic features throughout the Absaroka Mountains. Most
of the intrusive centers have been covered by later ejecta

so that only detailed fileld work established the exact
locations (Parsons, oral communication).

BEven though the intrusive centers line up in a north-
west trend, thié broad zone may actually represent two major
rift patterns in the basement complex. The locations of the
Intrusive centers may represent the continuation of two
regional Laramide structural elements that have been subse-
quently buried by middle Eocene volcanic rocks. The northern-
most trend parallels the Cooke City zZone, within the interior
of the Beartooth uplift, and may line up with the pre-Laramide
Bighorn synclinel axis. The northwest trend that passes
through the southern Apsarokas lies farther to the south-
west., The trend is coinclildental with the anticlinal axis

of the Owl Creek Mountains (Wilson, oral communication).



General Statement.- The structural geology of the Bear-
tooth-Absaroka Mountain area is related to the setting of
the middle Rocky Mountain province. Most of the general
information for the summary of the regional geology is taken
from the Tectonic Map of the United States (1962) and Eard-
ley (1962).

Besglonal Structure.- The Beartooth-Absaroka area 1is
located in the middle Rocky Mountain province (Fenneman,
1930) of southwestern Montana and northwestern iyoming.
Several major northwest trending ranges (Beartooth, Bighorn,
Absaroka, Wind River) (Fig. 42) are separated by broad oval
topographic and structural depressions (Bighorn, Wind River,
Green River and Powder River basins). These northwest-
trending ranges are transected, to the south, by east-west
elements such as the Owl Creek and Sweetwater uplifts.

The Absaroka Mountains were formed by the dissection of
a volcanlic plateau whereas the rest of the middle Rockies
consist of flexures bordered in part by normal and reverse
faults. The middle Rocky Mountains are divided into two
broad types: (1) the ranges to the east are characterized by
flexures and wedge uplifts under a Paleozolc and Mesozolc
sedimentar& cover from 5,000 to 15,000 feet thick and, (2)
the western part consists of a zone of strongly folded low-
angle thrusts 1ln a sedimentary sequence that is 20,000 to
40,000 feet thick. The Precambrian basement rocks, in the

155
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western part, are rarely exposed (King, 1959; Eardley, 1962;
Blackstone, 1956).

The northwestern part of the middle Rockies has been
transected along the Montana llineament in southern Montana
and northern Wyoming. The lineaments consist of the Nye-
Bowler zone, Lake Basin fault zone and the more northern
Cat Creek zone. These zones trend west-northwest. The Lake
Basin fault zone terminates near Billings, Montana.

The main period of deformation in the middle Rockies
took place during late Cretaceous and Paleocene time. 1In
northern Yellowstone Park (Brown, 1961, p. 1187) folding and
faulting terminated prior to the first oytpouring of the vol-
canic rocks that subsequently led to the formation of the
Absaroka volcanic field. During Eocene, Oligocene and Mio-
cene time (Van Houten, 1952) epeirogenic uplift of the Bear-
tooth region took place. According to que (1961) normal
faulting of the Yellowstone tuffs, within the park, is sug-
grstive of gentle arching which continued through Pliocene
time. The recent Hebgen Lake earthquake seems to imply fur-
ther regional uplift of the area and Basin-Range type fault-

ing (Fischer, oral communication).

Structure of the Beartooth Mountalns.- The local struc-
ture within the Independence area is intimately related to
the broader aspects of the Beartooth Mountain uplift.

Foose et al., (1961, p. 1143-1172) have presented a detailed
summary of the geologlc structures surrounding the Beartooth

uplift. The vertically-uplifted Beartooth block 1s bounded
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by a series of high angle thrust planes and vertical faults
(Fig. 43). Northeast-southwest horizontal compressive forces
are consldered to have initiated the uplifting and the re-
sultant thrusting. The thrust planes and vertical faults

are well developed and preserved in the Paleozolc and Meso-
zolc sedimentary rocks exposed around the perimeter of the
Beartooth Mountains.

The Precambrian surface is higher topographically and
structurally along the northeast and northwest. parts of the
Beartooth block and dips toward the southwest as the result
of thrusting to the northeast. Near Gardiner, Montana (4il-
son, 1936) the Precambrian surface dips toward the northeast
as the result of thrusting toward the southwest. The south-
east part of the Beartooth block is buried beneath a thick
cover of volcanic rocks.

In generél, the Precambrian surface around the edge of
the Beartooth block dips -toward the central part of the block.
This feature has been designated the Cooke City zone (Foose
et al., 1961, p. 1149). The Cooke City zone originates as
a high angle normal fault on the southeast edge of the ex-
posed block with a displacement of more than 3,000 feet.
This fault disappears to tﬁe northwest, in the vicinity of
Cooke City, and passes into a broad fault-zonewithin the in-
terlor of the uplifted block. Some workers have suggested
that the Cooke City zone may have been a continuation of the
Bighorn syncline prior to the Laramide revolution.

Previous workers (Rouse, 1937; Parsons, 1958) have
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emphasized the northwest-trending zone of 1lntrusives 1n the
middle and southern Absaroka Mountains. This northwest trend
merges into the so-called Cooke City zone. Several small
intrusive bodies have been.mapped, by the writer, that fall
in a line along this zone. This undoubtedly reflects a
weakened, and possibly faulted, zone which controlled the
emplacement of subsequent plugs, volcanlc vents and dikes of

Eocene age.

Local Structure

Practically all the evidence of tectonic events, in the
Independence area, 1s masked by the cover of volcanic rocks.
However, two and possibly three distinct eplsodes of tectonic
activity can be recognized.

Granitlc gneilsses and schists, exposed on the northeast
slde of the area, reflect Precambrian metamorphism. Lara-
mide events are indicated by the Monument conglomerate which
marks a period of vigorous uplift and subsequeat erosion.

A fault in the present slte of the maln Boulder River, in the
north central part of the area, 1s related to thls perlod.
Another fault occurs in the central part of the Independence
area in the vicinity of Round Head Butte and Lookout Mountain.

Middle Eocene (?) deformation is indicated by the Silver
Tip fault Dblock which 1s located in the southeast part of
the area near Cutoff Mountain. Except for slumping, no dis-
ruption or dislocation of any volcanic rocks has been recog-

nized in the Independence area.
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Boulder River Fault.- A strike line across the Boulder

River valley from Treasure bench to the ridge between Elk
and Bridge Creeks (Pl. I) reveals a stratigraphlc discrepancy
within the Cambrian sediments, that can only be resolved by
postulating a fault. On the east side of the valley the
Flathead Formation is 133 feet thick; whereas, on the west
side of the valley the Flathead Formation has a maximum
thickness of 12 feet and pinches out on a Precambrian high.
The area where the Flathead Formation pinches out is 880
feet lower, topographically, than where the Flathead Forma-
tion is 133 feet thick. It appears logical to assume that,
under the origlinal conditions of deposition, the area of
pinch out must have been higher, topographically, than where
the thicker part of the Flathead Formation was formed.

This fault is probably local in extent and by no means
lmplies that the entire Boulder River 1s fault controlled.
Detailed evidence of faulting in the valley floor is lacking
due to the effects of glaciation and also the heavy growth
of vegetation. Just below War Eagle Mountaln there are
several shear zones in the weathered Precambrian metamorphic
rocks that are parallel to the valley. Near the confluence
of Sheep (reek with the Boulder River a shear zone in the
Precambrian rocks has been mineralized to a limited degree.
The shear zone unear War Eagle Mountaln and the shear zone
that has been mineralized form a trend that parallels the
Boulder River valley for a distance of about 4 miles.

The absence of any evidence of faults in the pyroclastic



162

debris indicates that the faulting must have taken place
prior to the accumulation of the Group I Volcanics. The
fault is undoubtedly related to the Laramide deformation and
1s of probable Paleocene (?) age. Due to the volcanic cover ‘
the exact leagth of the fault can not be determined, but the
inferred fault has a minimum length of 4 miles. The Boulder
River fault appears to be a north-south, nearly vertical
fault with a displacement, west wall down, of at least 880
feet. The dislocation of the Precambrian surfaceAalong in-
herited shear zones during Paleocene (?) time is diagrammati-
cally shown in Pigure 44.

A significant feature of this fault is that 1f the Bear-
tooth uplift 1s consldered to be a tripartite structure
conslsting of the Beartooth Plateau, and the north and south
blocks of the Snowy Range, then the Boulder River fault could
represent a known part of the southwestern border of the

Beartooth Plateau.

R d F. .= Just north and south of Round
Head Butte, in the lower reaches of the valleys, two faults,
that may be related, are partlally exposed under the volcanic
cover. In the East PFork of Buffalo Creek drainage the Big-
horn and upper Cambrian Formations are disrupted by a high
angle normal fault that dips to the west. The Bighorn dolo-
mite 1s downthrown on thg west slde against the upper Cam-
brian Grove Creek-3nowy Range Formations. The displacement
1s about 90 feet. The volcanics that cover this fault have

not been displaced.
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South of Round Head Butte, on the low divide that separ-
ates the two tributaries of Slough and Buffalo Creeks, a
. patch of'mlddle Cambrlian sediments crops out on a small ex-
posure of the Precambrian surface. The elevation of this
divide 1is 9,250 feet. Directly east, the entire sectlon down
to 7,730 feet consists of undisturbed volcanic rocks. This
indicates a relief in the Precambrian surface of more than
1,500 feet. The short horizontal distance, less than 3,000
feet, when compared with the horlzontal distance 1s highly
suggestive of a fault scarp. .

The two faults line up on the same trend, about N 20° E,
with a horizontal distance of about 3 1/2 miles. The north-
ern part of the fault; when projected under the volcanics,
1s coinclidental with a small irregular intrusive body.

Brown (1961, Pl1. I) shows dips in the Cambrian sediments,
on Buffalo Plateau, of 6° NE. The dips of the Cambrian sedi-
ments in the Independence area average about 11° SW. These
opposing dips polint to a significant trough, with a northwest-
southeast trend, in the vicinity of the Hellroaring and
Buffalo Creek area. This trough may be the northwest exten-
slon of the Cooke City zone that was mentioned earlier. If
the southern part of the Round Head Butte fault represents
a fault scarp, with the west block dropped down in excess of
1,000 feet, then the Cooke City zone in the Independence area
may §onsist of a graben=-llke structure. Six mlles to the
west, near Hellroaring Creek, a fault with the same trend as

the Round Head Butte fault 1s shown on the Livingston Folio
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(Pig. 43). Here the east block is dropped down at least 600
feet,

A significant feature is that both the Round Head Butte
fault and the unnamed fault shown in the Livingston Folio
are transverse to the northwest trend of the Cooke City zone.
These faults may represent a part of a major fault zone, and
the intersection of the Cooke City zone with this fault zone
could be the actual structural boundary between the Beartooth
Plateau and the south block of the Snowy Range.
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Silver Tip Fault Block.~ The most conspicuous faults,

and the only ones that are well exposed, form a circular
pattern around a Precambrian fault block, in the southeast
part of the area in the immediate vicinity of the Silver Tip
Ranch (Pls. I, II). This circular-shaped Precambrian block,
about 2 miles in diameter, has been uplifted in excess of
2,700 feet with a corresponding thrusting (or sliding) of
the sediments to the northwest and upturning of the sediments
on the southeast side. The sediments on the northeast side
are apparently nearly horizontal (Courtis, oral communication).
Slough Creek flows through a narrow canyon cut deeply into thils
Precambrian block. Upstream from this natural barrier, the
naerrow canyon suddenly opens up into a broad alluvial-filled
valley known locally as Frenchy's Meadows. |

The upper Cambrian and Ordovician sediments have been
thrust, or perhaps displaced by gravity sliding, to the
northwest over a section of undisturbed Ordovician Bighorn
Formation (Fig. 45). These thrust sediments are exposed as
a long crescent-shaped outcrop in which the bedding dips
79° to the northwest and west. The sediments appear to drape
over the edge of the Precambrian fault block. The entire
thrust block is strongly fractured, which may indicate rapid
movement and settling of the sediments. The edge of thils
thrust block can be traced where exposed under the volcanlc
cover for more than a mile and a half.

In the deep ravine of Cutoff Creek, on the southern side
of the Precambrien fault‘plock, the Flathead Formation strikes

east and dips vertically. About 100 yards, directly south
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FIGURE 45a.- View showing a part of the Bighorun Forma-
that has been displaced to the northwest away from
Silver Tip fault block. View looking west across
Slough Creek.
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across the ravine, upper Cambrian and Ordoviclan sediments

are nearly flat. Lost Creek bounds the north side of the
fault block. On the east side, the block is covered with a
thick series of Group IXII Volcanics that are exposed on Cutoff
Mountain.

On the east side of Slough Creek, 2 miles north of the
Precambrian fault block, the upper Cambrian sediments are
partly exposed at an elevation of about 6,750 feet and dip
9° SW. The top of the fault block attains an elevation of
9,500 feet; therefore, the block has a vertical displacement
of at least 2,700 feet. No Paleozolc sediments were observed
at any place on the Precambrian block.

orizin.- The Silver Tip fault block is unique in that the
circular fault pattern is suggestive of a ring dike complex;
but, no ring dikes were observed in the area bounding the fault
block and the cylindrical-like mass of Precambrian rocks has
been displaced vertically for at least 2700 feet and
probably more. This block was probably forcefully uplifted
by magmatic intrusion. The proximity of two sill-like bodies,
plus the fact that the fault block liles inlé northwest-trending
zone that contains several intruslive bodles seems to support
this view.

The same type of mechanism that forms the shear fractures
of ring dike complexes 1s suggested, with slight modifica-

tions, to account for the origin of the Sllver Tip fault
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block. The suggested sequence of events 1s as follows:

1. Formation of concentric fractures as the result
of magmatic doming.

2. Release of magmatic pressure and the partial
solidification of igneous materlal in the
probable faulted or brecciated zone.

3. A resurgence of magmatic doming with the plug-
like Precambrilan block being forced upward along
the prevliously formed shear fractures,

4, The termination of vertical movement as the
magma was Intruded laterally in the form of
sills.



TECTONIC HISTORY AND INTERPRETATION

The tectonic history of the area is intimately related
to the tectonlc events that formed the Beartooth Mountains.
The following discussion is, in part, condensed and modified
from the detalled geologic chronology presented by Foose et
ale, (i961, p. 1163-1168). The tectonic events of the region
are divisible into two parts: (1) the Precambrian events which
led to the formation of the core of the Beartooth uplift, and
(2) post=Precambrian events which led to the direct formation
of the present mountain range. The Beartooth Mountains have
a similar history to many other mountain ranges, with exposed
Precambrian cores, in the Wyoming shelf area.

In early Precambrian time a thick sequence of sedimentary
rocks was deposlted in the form of quartzites, ironstones
with some argillites, marls and subgraywackes. A period of
deformation followed that resulted in moderate folding with
fold axes plunging gently toward the south and southwest. A
period of ultramafic injections occurred on a regional basis
which Hess (1955, p. 392) considered to be a part of a
northwest-trending alpine belt. An intensive period of
graniéléation followed, dated at about 2.7 billion years ago
(Gast et al., 1958, p. 326), which formed a metamorphic as-
semblage of amphibolites, blotite gnelsses, migmatites, and
leucogranitic gneiss. The latter constitutes the bulk of
the Beartooth area. Almost simultaneously with the granitiza-

tion widespread mafic igneous activity took place. The
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Stillwater complex, located about 35 miles north of the
Independence area, may have been intruded with the later
phases of mafic activity. Apparently no sediments of later
Precambrian time were deposited in the region.

During middle Cambrian time deposition began in the
shallow waters of the broad Wyoming shelf and continued
through most of Paleozolc time, except durilng a marked
epelrogenic uplift in Silurlan and early Devonian time.
Deposition continued during Triassic, Jurassic and early
Cretaceous. In late Cretaceous time, a thickening of the
sediments reflected a general and more rapild subsidence of
the shelf area which was the first evidence of Laramide
crustal instablility.

The downwarping of the region was accompanied by volcanic
activity on the northern side of the present Beﬁrtooth uplift
in the vicinity of the Nye-Bowler lineament (Rouse, 1937, p.
738) Parsons (1942, p. 1178) pointed out that the Livingston
volcanlics are interbedded with rocks as o0ld as the upper
Cretaceous Judith River Formation. During this time also
differentlal movement on opposlite sides of the Nye-Bowler
zone resulted in a thickenlng of the sediments to the south
(Chamberlin, 1940, p. 680).

Prior to the malin uplift of the Beartooth block, a series
of monzonlte porphyry sills and stocks were intruded along
favorable zones on the perimeter of the block. Faulting of
these l1gneous bodies? and subsequent covering by eafly Tertiary

sediments, indlcates thelr relative age to the main period
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of deformation. The sills intruded into the Cambrian sedi-
ments in the Independence area are considered to be of this
same period.

Major uplift of the Beartooth block occurred during middle
and late Fort Union (Paleocene) time and ended during early
Wasatch (Eocene) time. The early upward movement of the block
was along bounding faults that were pfobably vertical or
nearly vertical. The north edge of the block moved to the
highest structural position with respect to the depressed
Bighorn basin during Wasatch time. The covering sediments
on top of the block were stripped off during Fort Union time
(Stow, 1946, p. 680). The Monument conglomerate in the Inde-~
pendence area was probably formed during this time.

Deformation of part of the Wasatch sediments, in the form
of local upturning and faulting on the east side of the block,
indicated that uplifting continued after the maln upheaval
(Wilson, 1936, p. 1180).

Volcanism began during early Eocene at the culmination
of the Beartooth uplift. The so=-called "early acid breccias",
with which the basal unit of the Group I Volcanics have been
tentatively correlated, were extruded. About this same time
a serles of intrusive bodies were emplaced parallel to the
Cooke City zone which trends through the Independence area.
The thick cover of pyroclastic brecclas has covered most of
the southwestern portion of the Beartooth block, but enough
evidence 1s present to delineate partially the character of

the Laramide structures. These are essentially tilted fault
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blocks with voleanics filling in the inferred depressed areas.

Pierce (1957, p. 591) described the horizontally dis-
placed masses of Paleozolc rocks that constitute the Heart
Mountain overthrust. These rocks have moved a minimum dis-
tance of 18 miles during the period of volcanism in middle
Eocene time. The Silver Tip fault block was probably dis-
placed during this same period.

The normal faulting of Mio-Pliocene time in much of the
Cordlilleran region is absent in the Beartooth region. Only
minor faults have been reported in the volcanic rocks of the
Yellowstone Plateau area; these faults are unrelated to prior
structures and are relatively‘insignificant in terms of the
Beartooth block uplift. In the Independence area no faulting
or displacement of the volcanic rocks has been observed.

The Beartooth block attained its present structural reliefl
during middle Eocene time; hoﬁever, it did not have its pre-
sent topographic relief until Miocene-Pliocene time. Faunal
eand floral evidence $Van Houten, 1952) from the Eocene rocks
of the Bighorn Basin indicates the entire area was at consid-
erably lower elevations. During Miocene-Pliocene time, re-
gional uplift occurred in the order of 4,000 to 6,000 feet.
Subsequent erosional modifioatioﬁ created the present topo-

graphlic rellief.



MINERAL RESOURCES

General Statement

The Independence area contains several small deposits of
metallic minerals that have been worked to a limited degree,
but none seems tg have Jjustified further development. The
entire area has been prospected, but no activity is in prog-
ress at present. Attempts have been made in the past (1890's
and the 1930's) to mine for gold and lead, but the deposits
were elther too low grade or too small to warrant further
exploitation. Recently, in 1961, some interest was expressed
in an apparently low-grade molybdenum deposit. Inaccessibility
and short summers have thwarted any serious attempts to
evaluate fully the grade and extent of the molybdenum deposits.

The mineral deposits of the area may be classified as
follows:

1. Gold

() Pyritic quartz vefns within the coarse-
grained rocks of the Independence volcano
and the latlte prophyries of Horseshoe Moun-
tain.

(b) Pyritic disseminations in the hydro-
thermally altered granodlorite within the
Independence volcano.

(¢) Placers.

2. Lead
: (a) Replacement in sedimentary rocks.
(b) Replacement in fault or shear zones.

~ 3. Molybdenum
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Gold Deposits

Yeins and Disseminations.- Quartz-pyrite veins occur in

the core rocks of the Independence volcano and also in the
porphyries of Horseshoe Mountaln. Most of the velns in the
Independence volcano occupy joints and small fractures in
syenogabbros and monzonites.

For the most part the small veins are mineralogilcally
simple and never exceed 6 inches in width. They have a
general northwest trend and are nearly vertical. Quartz
makes up the bulk of the velns. Locally, concentrations of
oxidized pyrite have led to a high degree of iron staining of
the wall rock. In some places transported iron has stained
nearby Jjoint planes for a distance of several feet. Many of
these stalned joint planes have been prospected, some for a
length of fifty feet. All of the patented clalms within the
core of the volcano are on thin quartz velns that contain
émall amounts of pyrite.

The old Independence mine, located 300 yards east of
Independence Peak, reportly 1s the oldest mine in the area
and the only one that produced any gold. This mine is on
the spur of a steep cliff which afforded convenient disposal
of dump material. A rotted and collapsed woocen chute in-
dicates that some effort was made to move high-grade ore down
to the Basin Creek trail.

A caved shaft reveals that the mining activity was
restricted to a zone of closely spaced, vertical fracture

planes that were partly mineralized. The country rock is
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a fine-grained monzonite. The mineralized zone is about 30
feet wide with no velns thicker than one-half inch. The

velns contain about equal amounts of quartz and pyrite with
trace amounté of chalcopyrite. The wall rocks are not altered.

About 100 yards southeast of the Independence mine, ma-
terial from a dump with a nearby caved shaft indicates that
the veins contain only quartz and pyrite. The Omega claim
represents the only other workings, of local importance, with-
in the core of the volcano. A caved shaft, probably 50 feet
deep, with a nearby dump, suggests that this operation may
have been partly successful. The country rock 1s a medium-
grained monzonite, and dump material shows that part of the
wall rock was highly altered to a bleached aggregate rich in
quartz, kaolinlte, sericite and limonite. Pyrite is the chief
metallic mineral observed in dump specimens, but rare specks
of molybdenite occur in some of the thin quartz stringers.

The area of disseminated sulfide mineralization is re-
stricted to a hydrothermally altered zone in granodlorites
Just north of Basin Creek, within the core of the volcano.
This mineralized zone, in plan view, 1s about 900 feet long
and 400 feet wide and parallels Basin Creek. The poorly de-
fined contact between the granodiorite and the monzonite may
have controlled the upward migration of the hydrothermal
solutions. Two patented clalms cover this mineralized zone;
the Hidden Treasure to the east and the Hidden Treasure No.

L4 to the west.
The disseminated zone was first worked in the 1890's.

Four adits were driven in a northerly direction, but they
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are now caved so that the actual distance can not be deter-
mined. The workings were reactivated during the 1930's in
hopes of finding the source of the free gold that occurs in
some of the Basin Creek gravels. A ball-mill with 2 shaker
tables was constructed to process the ore from two new adlits
driven along disseminated zone. All indications suggest that
the operation was a failure. No free gold was ever recovered
from the shaker tables (John Murphy, oral communication), but
some concentrates that were sent to the East Helena smelter
reportly had gold values of $16.50/ton.

The sulfide mineralization was accompanled by extensive
well rock alteration. The secondary minerals in the grano-
diorite couslst mailnly of pyrite, quartz, sericlte with some
chlorite, limonite and calclte. The altered rock as seen on
the mine dumps, is a whitish-gray to yellow siliceous rock
containing abundant dlsseminated pyrite. The entire dissem-
inated zone carries pyrite as the only major metalllic mineral
along with trace amounts of chalcopyrite.

The mineralization in the Horseshoe Mountaln area consists
of a combination of veins and scattered, small disseminations.
The entire viclinity of Horseshoe Mountain 1s covered with
small prospect pits. The only metallic mineral detected in
the varlous dumps was pyrite. Most of the mineralization 1s
restricted to the latite porphyry flows that encircle Horse-
shoe Basin., A small mineralized zone occurs in the Precam-~

brian metamorphlc rocks on the northside of Horseshoe Mountain.

Placer.~ Placer mining has not been important in the
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Independence area. Some hydraulic work was done in the Basin
Creek drainage just west of the o0ld Cowles Post-Office. This
piacer site lies dowustream from the veln deposits of the
Independence mine and the disseminated zone in the grano-
diorite of the Hidden Treasure claim.

The amount of gold recovered from this placer operation
has never been recorded. Mr. J. Clemmons of Big Timber,
Montana (oral communication) stated that he worked the sluice
ways in the 1930's and averaged about $12 of gold per day.

A few colors per pan can still be recovered from the Basin

Creek gravels.

Lead Deposlis

The Skl Line claim is on the northern slope of Baboon
Mountain. This clalm represents the only lead-sulfide re-
placement deposit in sedimentary rocks that has been recognized
in the Independence area. The workings consist of one adit
that 1ls now partly collapsed.

The minerallzed zone is restricted to the Flathead and
Wolsey Formations which have a combined thickness of 93 feet
and dip 11° SW toward the Independence volcano. The mine
opening indicates that a mineralized zone about 25 feet wide,
4o feet long and 6 feet high was worked., Elsewhere in the
immediate vicinity the Cambrian Formations do not reveal any
effects of replacement.

A study of dump material from the workings indicates that

this mineralized zone was probably of a low-temperature type.
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Some bedding features are preserved in the altered sedimentary
rock. A few samples contaln large euhedral crystals of galena,
up to 1 1/2 inches across, imbedded in a drusy matrix of
quartz and possibly some anglesite. For the most part the
content of quartz gangue far exceeds that of the lead minerals.
There 1s no record of any ore shipped from this working.

The outer edge of the Independence volcano lies about 1000
feet south of the mineralized area. The contact between the
Flathead and Wolsey Formations may have acted as a channelway
for the mineralized solutions during the late stages of vol-
canism.

The "Four Sevens" claim lies about one mile west of the
confluence of Sheep Creek and the main Boulder River. This
prospect reveals the only observed mineralized fault or shear
zone in the Precambrian metamorphic rocks near the Independ-
ence volcano. The workings are caved and most of the former
dump material lles in the stream bed. Limited exposures sug-
gest the presence of a hignly silicified shear zone in the
Precambrian metamorphic rocks. No Cambrian sediments are
present in the immediate vicinity, and the overlylng volcanic
rocks have not been altered or mineralized.

Two adlts were driven in a northwesterly direction.
Samples from the mine dump indicate that the mineralized zone
consists of a light to dark gray, fine-grained silicified .
sheared gneilss with small crystals of pyrite disseminated
throughout the rock. There are a few very small velnlets of

sphalerite and galena in some samples., Mr. Jess Clemmens,
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of Big Timber, Montana (oral communication) stated that the
prospect was worked in 1948 and 1949, without any ore béing
shipped.

Molvbdenum Deposdt
Mr. Charles Rasnik, of McLeod, Montana, directed the
writer to a molybdenum prospect on the south side of Bridge
Creek 4 1/2 miles west of the Main Boulder River. Heavy
vegetatggn and slumping permlitted observations of exposures

in onl§ 4 few old prospect pits.

%ﬁeralized zone, about 1, 200 feet long, parallels

" This may indicate faulting{"”ﬁ‘ .volcanic rocks, where ex-

posed above the mineralléed zone, havé"noﬁnbeen altered and
reveal no effects of mi;;raliagpion.

Samples from the various dum;;'%how pyrite and magnetite
as the only metallic minerals alopg with some quartz. These
minerals oécur in highly fractufed and altered rock. The
writer did not observe any molybdenite in any samples from the
dumps. Mr. Rasnlk did show ﬁhe writer samples contalning

small flakes of molybdenite 1ﬁ combination with quartz.
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CONCLUSIONS

A major eruptive center existedﬂin the northern Absaroka
volcanic fleld during middle and late Eocene time. Continued
volcanic activity, from a single vent, the Independence vol-
cano, led to the formation of a huge cone-complex and the
accumulation of thick volcanic deposits in the surrounding
low=-lying areas.

A large volume of potash-rich volcanic rocks was extruded
and distributed over the Independence area during five phases
of volcanlc activity. These are represented by five groups
of volcanic deposits: (1) Group I Volcanics which consist of
a variety of dacitic to latitic volcanic breccia and minor
amounts of flows; (2) Group II Volcanics, consisting of‘a
serles of latite porphyry flows that originated from a sepa-
rate, but local, eruptive center; (3) Group III Volcanics
which led to the formation of the cone-complex that surrounded
the Independence volcano. These volcanic rocks consist of a
variety of latitic pyroclastic brecclias, tuffs, and agglom-
erates that are chaotically intermixed with volcanic mudflows,
conglomerates and sandstones; (4) Group IV Volcanics which
reflect a period of aggradation and leveling of the flanks
of the Independence volcano. Thils unit is represented by a
series of well-bedded volcanlc conglomerates and sandstones,
predominately water-laid deposits; and (5) Group V Volcanics
which consist of a thick series of potash-rich basalts that
flowed out on relatively flat surfaces.

The overall composition of the various volcanic rocks
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shows a normal line of descent from trachybasalts to latites

and finally to decites. Coarse-grained equlvalents of the
fine-grained rocks are preserved in the core of the Independence
volcano in the form of syenogabbros, monzonltes, and granodio-
rites.

The magma that produced the various volcanic rocks wAag g
probably derived,from a differentiating magma having a bulk
composition of a monzonite. The generel sequence of extruslon
from d;oitic materials to Jatites and flnallf trachybasalts . -
strongly suggests the tapping of a differentiating magma body
in the following way; (1) the early decites could be equivalents
of the felsic magma concentrated in the upper parts of magma
chamber by crystal fractionation and crystal settling, (2)
the bulk of the latites that were extruded may represent a
relatively undifferentisted zone in the middle part of the
chamber, and (3) the extrusion of the trachybasalts may be
the normal basic differentiates of a monzonltic magma.

Several small intrusive bodies were emblaced during'the
main period of volcanlsm along a northwest-trending line.

This trend parallels a major structural element within the
interlor of the Beartooth Mountalns which probably reflects

a2 major fault zone. This element has been termed by previous
workers, the Cooke City zone.

Most of the Laramide structures are covered by volcanic
debris, but two inferred faults (Boulder River and Round Head
Butte faults) indicate a possible structural boundary between
the southwest corner of the Beartooth Plateau and the east

edge of the south block of the Snowy Range.
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Local deformation during Eocene time is indicated by the
Silver Tip fault block, which is unique in that it is sur-
rounded by a circular fault pattern and the central core of
Precambrian metamorphic rocks has been vertically uplifted,
by magmatic activity, for more than 2,700 feet. Apparently
the upward thrust of a stock-like intrusive body was respon-

sible for the displacement of the clrcular fault block.
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