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INTRODUCTION 

General Statement 

The northern part of the Absaroka volcanic field of 

northwestern Wyoming and southwestern Montana consists of a 

thick series of Eocene volcanic ejecta that have been deeply 

incised during a long period of erosion. The source for most 

of the volcanic rocks has been attributed to many local vent 

areas which in turn have been deeply buried 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 diameter, 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. 

1 
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FIGUFE 1.- Index map of southwestern Montana and 
northwestern Wyoming, showing location of the 
Independence area. 
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Location and Accessibility 

The Independence area is 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 ^5° 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. 

Forest Service trails follow all major valleys. Well 

developed game trails 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. Geological Survey geologic 

atlas series (Iddings and Weed, 189*0. A small part of the 

area covered by that report was studied in greater detail 

by Emmons (1908). Lobonoff (i960) attempted to re-evaluate 

part of Emmons* work. Brown (1957)» Butler (I96I) and 

Courtis (oral communication) have mapped areas immediately 
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to the south, southeast and the northeast, respectively, of 

the Independence area. 

Present Work 

The area was mapped during the summers of 1959» I960, 

1961 and a part of the summer of I962. All of the geological 

data were plotted on U. S. Department of Agriculture vertical 

aerial 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. 

The laboratory phases consisted of detailed petrographlc 

examination of 115 thin sections. The optical properties of 

the plagioclase were determined by means of a four-axis 

universal stage. Modal analyses were greatly facilitated by 

selective chemical staining of the orthoclase and plagioclase 

feldspars• 
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PHYSIOGRAPHY 

The principal physiographic divisions of the region 

correspond to the major structural elements as shown in 

Figure 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 (Pig. 2) of the Precambrian summit 

peneplain (Bevan, I925), with canyons more than 4,000 feet 

deep. The Absaroka Range is 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 feet 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 (Pig. 3) serves as a distinct 

divide for the drainage system. The 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, Montana. Slough, Buffalo, and 

6 
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Lill 

FIGURE 2. View looking north across the north block 
of the Snowy Range. Die Boulder River has cut 
deeply into the Precambrian metaraorphic rocks. Ihe 
northern edge of the Independence volcano appears 
as a high ridge in the right-hand portion of the 
photograph. 

FIGURE 3- View of the major ridge that trends through 
the Independence area. Phis high ridge forms a ma­
jor divide for the drainage system of the region. 
Photograph taken from the top of Woaument 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 drainage 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 is remarkably 

preserved in the U-shaped valleys and the many cirques that 

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 meadows 

contrast sharply with the heavily timbered slopes that merge 

into high, bare craggy ridges (Pig. *0. 
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FIGURE 4. View showing the alpine-type topography 
formed from the erosion of the volcanic ^ocks of 
the northern Absaroka volcanic field. View looking 
southeast. Pilot 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 

ITOopygTioj; 

The Beartooth Mountains consist of a wedge-shaped crustal 

block of metamorphosed Precambrlan sedimentary rocks. The 

Beartooth block is structurally highest on the northern and 

eastern edges where it is bounded by steep thrust faults. 

The surface of the block slopes gently southwestward where 

it passes beneath a veneer of Paleozoic strata and a thick 

volcanic cover. The zone in which the Paleozoic strata and 

volcanic rocks lap onto the Precambrlan 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 vegetation. 

Precambrlan Rocks 

General Statement.- Precambrlan metamorphic rocks 

throughout the entire Beartooth Mountains consist only of 

pre-Beltlan units, which include mainly granitic gneisses, 

mlgmatltes with subordinate amounts of blotite-garnet schists, 

hornblende gneisses and minor amphibolites. Although the 

Precambrlan rocks constitute the core of the Beartooth Moun­

tains they appear only in the northeastern part of the Inde­

pendence area where the Cenozolc volcanics lap onto the Pre­

cambrlan rocks. The metamorphic rocks are poorly exposed in 

this zone. Immediately northeast of this zone the Precambrlan 

surface is conspicuously 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 (189*0: (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 (Pig. 1) as dipping gently to the northeast 

and the north Snowy Range block dipping to the southwest. 

Brown (I96I, PI. 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 Paleozoic 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 detailed mapping of Cenozoic 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 just 

northeast of the Independence area and has supplied the de­

tails on their petrology. 

Rook Types.- Granitic gneiss is the major Precambrian 

rock type. Other important units include biotite-garnet 

schist, massive biotite amphibollte, hornblende gneiss, 

amphibolites and biotite 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 axial planes strike 

N 10° W and plunge about 15 degrees south. Hornblende and 

fold-axis lineatlons 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 emphasizes that the petrology and structure of the 

Precambrian rocks is similar to that described by Eckelman 

and Poldervaart (1957) and Harris (1959) in the Quad Creek 

area which Is located in the eastern part of the Beartooth 

Mountains. 

Petrology.- Granitic gneisses and biotite schists appear 

to be the two dominant metamorphic rocks in the vicinity of 

the Independence area. Six specimens of granitoid gneiss, 

as described by Butler (personal communication), have a 

compositional range of 30-40$ quartz, 7"3^% microcline, 

2-18$ biotite, 23-43$ albite, and 0-10$ muscovlte. Composi­

tional range for seven biotite schist specimens is 2-11$ 

albite-oligoclase, 23-49$ quartz, 30-48$ biotite. Accessory 

minerals include garnet, apatite and rounded zircon. Accord­

ing to Heinrlch (1956, P» 17*0 this composition of the schists 

reflects the lower range of the amphibolite fades. 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 Precambrlan 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. 

Correlation and Age.- Heinrich (oral communication) has 

divided the Precambrlan of southwestern Montana into six 

major stratigraphic units: 

(6) Sedimentary rocks of the-Belt Series. 
(5) Numerous widespread diabase dikes that cut all 

of the preceding units. 
(**•) Post-Stillwater Intrusives (e.g., the Beartooth 

Range granites). •'• 
(3) The Stillwater complex and associated unmeta-

morphosed ultrabasic intrusives. 
(2) Post-Cherry Creek- Pre-Cherry group intrusives 

(e.g., Dillon granite gneiss and Pinto metadiorite 
of the Little Belt Mountains) that are variably 
metamorphosed. 

(1) Cherry Creek - Pre-Cherry series which consist of 
a complex assemblage of interflngering metasedi-

mentary and meta-igneous rocks. 

'The stratigraphic relationships and relative ages of the 

Cherry Creek and Pre-Cherry group are still an unsettled 

problem in southwestern Montana. The main distinction between 

the two series seems to be that the Cherry Creek series is 

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. Helnrich and Rabbitt (i960, p. 11) estimated 

the mlnumum 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 is 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 granitic gneisses 

from the Beartooth Mountains indicate an age of approximately 

2,750 million years (Gast et al., 1958, p. 326). The strati-

graphic position of the age-dated granitic gneisses with 

respect to the "mafic dike swarms, regional granitizatlon, 

folding, and mafic intrusion have led to a tentative geologic 

chronology in the Beartooth-Absaroka Mountains as presented 

in Table 1. 
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TABLE 1.- Geologic chronology in the Beartooth-Absaroka 
Mountains. Data modified after Poldervaart and Bentley, 
(1958, p. 8) 

GEOLOGIC EVENT 

Glaciation 

Volcanism 

Laramide 
Revolution 

Subsidence 
and 

Deposition 

UNKNOWN 

Proterozoic 
uplift' 

UNKi 

Me tamorphism 
and 

Graniti zation 

Polding 

DESCHIPTION 

Extensive erosion followed by glacial 
activity 

Wide spread intrusive and extrusive 
activity, thick accumulation of vol­
canic flows and ejecta 

Uplift, thrusting, emplacement of 
porphyry sills, stocks and dikes 

Deposition of Flathead sandstone and 
younger sediments 

TIME INTERVAL * PENEPLANATION 

Emplacement of basic dikes 
Uplift, formation of joint systems 
Faulting, and cataclasis 

AGE 

Pleistocene 

Eocene to 
Pliocene 

Late 
Cretaceous 

Mid-Cambrian 
to late 

Cretaceous 

Absolute 
Age 
Unknown 

IOWN TIME INTERVAL 

Emplacement of mafic dike swarms Stillwater (?) 
Regional granitization, emplacement 27501 150 MY 
of pegmatites, regional metamorphism 
to grade of high amphibolite facies__ 

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 amphibolltes and serpentinites 

UNK1 

Deposition of 
Archean 
Sediments 

• 

SOWN TIME INTERVAL 

Mainly argillites and siltites, minor 
arenites and banded ironstones 
Metamorphic equivalents preserved 
throughout the Beartooth range 
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Paleozoic Sedimentary Rooks 

general Statement.- Sedimentary rocks, ranging in age 

from middle Cambrian to Ordovician appear as isolated ero-

sional remants in the north-central, central and south­

eastern part of the Independence area. The middle Cambrian 

rocks are locally exposed as windows under the volcanic 

cover and are best observed ia the valley walls of most of 

the tributary streams in the headvraters 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 Devonian and Mississ-

ippian rocks just northeast of Cutoff Mountain (PI. I). Wo 

complete sections of Cambrian and Ordovician rocks are ex­

posed in the Independence e.rea so that the total thickness 

can only be estimated at about 850 feet. Early Cambrian rocks 

are not present in the area and, according to Lochman (19^9» 

p. 4̂-2), have not been recorded in the Wyoming-Montana shelf 

province. 

The middle Cambrian sequence lies unconformably on the 

Precambrian metamorphlc rocks and consists of a basal quart-

zite followed by a series of shales and limestones. These 

units have been divided into seven formations (Weed, 1399; 

Deiss, 1936; and, Dorf and Lochman, 19^0). Due to the uneven 

distribution of the erosional remnants and also the poor 

exposures the seven formations are grouped into two units on 

the map of Plate I. The four middle Cambrian formations 
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comprise one unit and the thr.ee upper Cambrian formations 

make up the second (Table 2). Richard (1957), Fox (i960), 

Brown (I96I) and Courtis (oral communication) have reported 

well exposed units with extensive horizontal distribution in 

the areas to the northwest, south and east 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 (19^0), and 

Lochman (1950) have been the leadins proponents in re-defining 

and clarifying the present status of the Cambrian system. 

Hansen (1953) has presented a complete review of Cambrian 

stratigrs.phy in southwestern Montana. 

Cambrian System 

Flathead- Formatlon 

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- iaches in diameter in the upper 5 feet. This is overlain 

by 233 feet of brown to tan, limonite-stained quartz arenite 

with abundant 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 vicinity of the headwaters of the Boulder River 

http://thr.ee
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TABLE 2.- Summary of 
Igraphy of 

the lower and middle Paleozoic strat-
the Independence area, Montana. 

AGS 

Mississippi, 

Devonian 

Ordovician 

u 
0) P< 
Pi 
P 

Cambrian 

FORMATION 

an Madison 

Jefferson 
(Incl. Three-

forks) 

Bighorn 

Grove Creek-
Snowy Range 
Formations 

Pilgrim 

Meagher 

Wolsey 

Flathead 

DESCRIPTION 

Massive to thin-bedded, light-
gray to tan limestone, highly 
fossiliferous, some shales. 

Gray to brown limestone and 
dolomite, some fine-grained 
sandy beds. 

Massive cliff-forming buff dol­
omite, weathers toa rough , pitted 
surface. Thin bedded brecciated 
dolomite at top. 

Interbedded gray limestone and 
dark gray shale with greenish 
limestone flat-pebble conglom­
erate. 

Gray to tan partly, thin bedded 
mottled, oolitic limestone. 

Thin bedded bluish-gray limestone 
with some shale. 

Soft, fissile, ciicaceous, olive 
green to blue-gray shale. 

Light-tan and white to buff 
massive quartzite with local 
pebble conglomerates. 

THICKNESS 

'•-»•< 

0-100' 

225' 

197' 

931 

7 3 1 

P6« 

9 V 

0-133' 
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and also in a thin lens on the west side of Horseshoe Moun­

tain. 

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 is grayish orange with red mottling due to 

limonitic staining. On the west side' of the Boulder River, 

on the ridge between Elk and Copper Greeks, the Flathead 

Formation pinches out on Precarabrian "highs". This was pre­

viously noted by Emmons (1908, p. I98), and Richards (19571 

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 transgression 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 is rather unusual in that the thickest 

part of the Flathead lies about 880 feet higher, topographi­

cally, than the level at which the Flathead is absent due to 

pinch-out against Precambrian knobs. This discrepancy can be 

explained by the effects of Laramide faulting (see Structural 

Geology). 

Wolssy Formation 

The type locality of the Wolsey Formation is on South 

Hill adjacent to Keegan Butte in the Little Belt Mountains, 

Montana. At South Hill, the Wolsey consists of 17^ feet of 
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brown to maroon to olive shale. The lower 166 feet has 

common, thin limestone-pebble conglomerate and crystalline 

limestone interbeds. The upper 3 feet contains thin green-

gray, platey, micaceous limestone (Deiss, 1936, p. 1276). 

In the Independence area the Wolsey Formation is poorly 

exposed in the Boulder River drainage on the ridge between 

Elk and Copper Greeks. On the west side of the Boulder River 

distribution of float on a soil covered slope indicates that 

about 9^ feet of the Wolsey is present. Directly east, across 

the Boulder River, only 10-15 feet is present. The soft, 

fissile, micaceous, olive green to blue-gray shale is over­

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

Meagher Formation west of the Boulder River. 

Meagher Formation 

The type locality of the Meagher Formation is the same 

as that of the Wolsey Formation. The type section consists 

of 86 feet of gray, thin-bedded, impure, argillaceous lime­

stone with common shale partings. Additional diagnositic 

characteristics of the Meagher are irregularly disseminated 

clay nodules and the absence of intraformational conglomer­

ates (Deiss, 1936, p. 1331). 

The tan, thin-bedded, impure limestone of the Meagher 

Formation is poorly 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 Formation 

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 in 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, fissile shale with thin 

interbeds of sandstones and impure limestone. 

At the headvra.ters of the North Fork of Bull Creek, a 

vertical distance of 73 feet was measured from the base of 

the overlying Pilgrim mottled limestone to the lower Meagher 

Formation. Scattered float on the soil covered slope indi­

cates the presence of the Park Formation. 

PUrcrla Formation 

The type locality for the Pilgrim Formation 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- and dark-gray, coarse­

grained, intraformational conglomerates. The flat pebbles 

consist of gray, green, and tan argillaceous to lithographic 

limestone (Deiss, 1936, p. 133*0. 

Dorf and Lochman (19^0, p. 555) suggested that lith-

ologic changes in Late Cambrian rocks between central and • 

southern Montana justified recognition and definition of 

new units in the southern Montana area. They defined thres 

new formations; The Maurice for the Pilgrim Formation and 
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the Snowy Range and Grove Creek Formations for the Dry Creek 

Formation. Brown (1961) applied these formational names de­

scribing an area in north-central Yellowstone Park. Hansen 

(1953» P» 16) points out that the Maurice and Pilgrim Forma­

tions are easily correlated owing to their stratigraphlc 

position, and therefore the Maurice is an unnecessary term. 

To maintain conformity to the Cambrian stratigraphlc nomen­

clature in Montana the term Pilgrim Formation is retained. 

In the Independence area the Pilgrim Formation is a gray 

and tan massive, locally thin bedded, mottled, and oolitic 

limestone. The formation is about 93 feet thick and crops 

out as a prominent cliff at the headwaters of the North Fork 

of Bull Creek. Brown {1957$ p. ^6) observed that the Maurice 

Formation attains a thickness of 1̂ 0 feet on Buffalo Plateau 

which is 5 to 6 miles south of this area. 

Grove Creek and Snowv Range Formations 

At the type locality on the south slopes of Castle Rock 

near the mouth of the East Fork of Mill Creek (Dorf and 

Lochman, 19*1-0, p. S^5) the Snowy Range formation is 259 feet 

thick. The unit consists of intercalated gray-green shales 

and greenish, limestone-pebble conglomerates. 

The Grove Creek Formation, which lies on top of the Snowy 

Range Formation, was defined by Dorf and Lochman (19^0, pp. 

543-5^*0 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 ^7 
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feet thick, and consists of an upper unit of yellow-green 

shales interbedded with gray, platy limestones and gray-

green, limestone-pebble conglomerates. 

In the Independence area a section about 120 feet at the 

head of the North Fork of Bull Creek consisting of inter­

calated gray-green shale and greenish flat-pebble conglomerate 

is partly exposed. One mile to the east at the head of Bull 

Creek about 80 feet of the same section is exposed beneath 

the overlying cliff of Bighorn dolomite. No attempt has been 

made to divide this section into two formations, and it has 

been lumped together as the Grove Creek-Snowy Range Forma­

tions, which appears to be common practice in southwestern 

Montana. 
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Ordovlclan System 

Biffhorn Formation 

The Bighorn Formation was defined by Darton (1904, 

pp. 394-396) from prominent outcrops along the east side of 

the Bighorn Mountains, Wyoming. At the type locality the 

Bighorn formation is 250-300 feet thick and consists 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 conspicuous 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 xvalls 

under the volcanic rocks at the headwaters of Bull Creek and 

the North Fork of Bull Creek. The Bighorn is 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 lies above the lower unit 

and consists of gray to tan, massive, crystalline dolomltlc 

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 dolomltlc limestone. 

The Bighorn Formation was originally mapped as the 

Devonian Three Forks shale and Jefferson limestone in the 

Livingston Folio No. 1 (Iddlngs and Weed, 1894). Subsequent 
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study of fossil assemblages has led to the re-definition of 

the age of this formation as Ordovlclan (Miller, 1930, p. 212). 
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Devonian System 

Jefferson Formation 

The type locality of the Jefferson Formation is along the 

sides of the Missouri River valley below Three Forks, Montana 

(Peale, I893). The formation is 6k0 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 is 

about 250 feet thick and consists of brown to tan, finely 

crystalline to crypto-crystalline, impure, thin to medium-

bedded limestone. The limestones of the Jefferson Formation" 

are readily distinguished from the underlying white to chalky, 

crystalline dolomite and dolomitic limestone of the upper 

member of the Bighorn Formation. 
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Mlss lss lpplan System 

Mafllsgn formation 

Peale (I893) applied the name "Madison limestone" to • 

the thick sequence of Mlsslsslpplan limestones in the Three 

Porks, Montana quadrangle. The name "Madison" was taken from 

the nearby Madison River or the Madison Range. Peale rec­

ognized three lithologic subdivisions 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 

fossillferous outcrops just northeast of Cutoff Mountain. 



CENOZIC ROCKS 

general statement 

The volcanic rocks of the 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 classification for the volcanic rocks on 

the basis of apparently distinct petrographlc characteristics. 

Cenozolc rocks in the Independence area consist of a 

series of volcanics associated with a major eruptive center 

and include volcanic breccias and conglomerates, pyroclastlc 

breccias, lava flows, tuffs nnd several small intrusive bodies. 

Glacial and post-glacial deposits include tills, lacustrine 

sediments, talus deposits, and valley alluvium. 

Criteria for Distinguishing Hapnable Units.- Hague et 

al., (I899, pp. ^-5) originally mapped the northern Absaroka 

Mountains on a reconnaissance basis and introduced a classi­

fication of the Absaroka 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: 

(6) late basalt sheets. 
(5) late basic breccias. 
(k) late acid breccias. 
(3) early basalt sheets. 
(2) early basic breccias. 
(1) early acid breccias. 

Continued 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 exists 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 units 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 

breccias. Thus, in the Independence area these time terms 

can not be applied with any degree of certainty or validity. 

Hague based his division of the ''early acid breccias" 

and the "early basic breccias" on bhe general over-all color 

of the outcrops, the general mineral composition, and the 

presence of unconformities. He noted that the ''early acid 

breccia" series are lighter in color than the "early basic 

breccias" and contain an amphibole as the principal mafic 

mineral. The "early basic breccias" are darker and show 

a pyroxene-rich matrix. 

During the course of his field work the writer found that 

the color of the outcrops was too unreliable for differ-

entiating volcanic units. The degree of fragmentation, rate 

of weathering and auto-oxidation effects seemed to control 

the amount of apparent oxidation 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 particular erosional surface to designate the end or the 

beginning of a specific time period was not valid. The 

general mineral composition of a particular breccia is also 

unreliable. In many instances the mineralogy of a well-

indurated, reworked volcanic unit was impossible to deter­

mine in the field. Some zones appeared to be rich in am-

phiboles (hence early acid breccia) whereas other portions of 

tdae same layer were richer in pyroxenes (hence early basic 

breccia). 

The criteria used by the writer for defining mappable 

units were based partly on gross lithologic and textural 

features, but mainly on stratigraphic positions of various 

volcanic 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 volcanic field is no longer tenable. 'There are too 

many local variations associated with the major intrusive 

centers which have undergone separate and unique cycles of 

events. The remnants of an extensive cone-complex demon­

strate clearly that volcanic activity, deposition, and 

erosion accompanied by re-deposition varies chaotically and 

is usually influenced by the nature of the topography. 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 this intrusive center. 
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Cenozoic Strati graphic Sequence.- The generalized strat-

igraphic sequence of the Cenozoic rocks in the Independence 

area is as follows: 

(7 

(6 

(5 

(3 

Group V Volcanlcs - traohybasalt flows* 
minor felsic tuffs. 

Group IV Volcanlcs - deposition of re­
worked, earlier formed volcanlcs in the 
form of conglomerates and sandstones. 

Group 1̂ 1 Volcanlcs - accumulation of a 
series of dacites, latites, and some 
basalts. All volcanlcs from a single vent. 

Qypup II Vc 
latlte flows. 

- hornblende-quartz 

Group I Volcanlcs - accumulation of a 
series of dacitic, latitic, and basaltic 
volcanic rocks from several small vents. 

(2) Monument conglomerate. 

(1) Quartz latite sills. 

The generalized stratigraphic sequence of the Cenozoic 

rocks is diagrammatically shown la Figure 6. 

General Features of the Volcanic Terrane.- To help 

understand the stratigraphic sequence of the volcanic rocks 

it is necessary to describe the general features of the vol­

canic terrane in the Independence area. 

Vigorous erosion has dissected the volcanic rocks into 

a series of valleys and ridges having a relief in excess of 

3,000 feet. Within the deeply incised valleys the nature of 

the topography prior to the extrusion and accumulation of the 

volcanic rocks can be observed. In the vicinity of the head­

waters of the Boulder River the volcanic rocks lie on a sur-

face of the Precambrian metamorphlc rocks which contain 
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FIGURE 6.- Diagrammatic cross section of the Independence area showing the 
relative age grouping of the volcanic rocks. 
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erosional wedges of lower Paleozoic sedimentary rocks. To 

the northeast the volcan!cs 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 volcanics in the same direction. 

At the headwaters of the Buffalo Fork and Bull Creek 

the volcanics lie in part on Ordovician and Cambrian sedi­

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 Ordovician 

sedimentary rocks. To the west in the Hellroaring Creek area 

the base of the volcanic series is not exposed. 

The total relief of the pre-volcanic surface is about" 

2,500 feet. Southeast of the Independence area, just east 

of Yellowstone National Park, the effects of widespread 

erosion prior to the main periods of volcanism were first 

recognized by Hague (1899, P. 3). Lovering (1929. p. 39)» 

Rouse (1937, V- 1261), and Parsons (1958, p. 39) have re­

ported exposures in valley walls with a relief in the pre-

volcanic surface between 1,000 and 1,500 feet. Near Elec­

tric Peak, in northwestern Yellowstone Park, Iddlngs (I899, 

p. 89) reported a pre-volcanic surface of moderate relief 

that was further complicated by Laramide faulting and folding. 

Within the Independence area there is evidence of faulting 

prior to the main volcanic activity, as mentioned previously. 

Because of the 2,500 feet of relief, the onlap of 
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volcanlcs on the Precambrlan surface, and the various litho-

logies making up the pre-volcanlc surface, the correlation of 

various volcanic rocks is, in part, arbitrary. The pyro-

clastic breccias vary lithologically and texturally from 

ridge to ridge near the dissected Independence volcano but 

become rather uniform and grade into epiclastic volcanic 

breccias to the south and southwest. The regional dip of 

the Precambrlan surface seems to have influenced the gen-rral 

direction in which most of the volcanic debris was carried 

and deposited. In the Hellroarlng Creek area the 3»000 feet 

deep valleys have failed to expose any rock types other than 

the crudely-bedded epiclastic volcaiic breccias. 

The volcanic pile south of the dissected Independence 

volcano increases in complexity up-sectioa. The lower 2,000 

feet consists of a series of flow breccias, tuffs, tuff 

breccias and lava flows thrt dip gently to the southwest. 

The upper 700 feet is made up of a variety of volcanic 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 volcaoo (Pigs. 

7a, 7b). • On the north side of the volcano the pyroclastics 

consist only of a thin unit of flow breccias end a thick sec­

tion of lithic tuffs (Pig. 3). 

Headward erosion by the Boulder River and the East Pork 

of the Boulder River has removed the upper units adjacent to 

the exposed volcanic vent. Two miles south of Monument Peak, 

at the head of the Boulder River, Sheepherder Peak (Pig. 9) 
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FIGURE 7a. View showing the intrusive breccias that 
cut across the Group I Volcanics. These Intrusive 
breccias 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 7b. Detailed sketch of figure 7a showing the 
various 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 eroslonal remnant of the upper flanlcs of the 

pre-existing cone-complex. There a series of agglomerates, 

lava flows, and tuff lenses are haphazardly Interbedded with 

cut and fill channel deposits of tuff breccias. Similar 

complex structures and lithologies can be traced at higher 

elevations, in a semi-circle, from the headwaters of Slough 

Creek west and northwest to the vicinity of Bridge Lake in 

the northwest part of the Independence area. Volcanic ejecta 

were undoubtedly deposited to the north and northeast on the 

Precambrian surface but have been subsequently eroded away. 

The preserved volcanic 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. 
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Quartz Latite Porphyry Sills 

Near the headwaters of the Boulder River, from Bridge 

Creek to Sheep Greek (PI. I), the middle Cambrian sediments 

have been intruded by a series of porphyrltic sills which 

range from 9 to 287 feet in thickness. In jaost places the 

sills have beer intruded between the Flathead Formation and 

the overlying Wolsey Formation. Where the Flathead Forma­

tion is missing,* due to onlap, the sills have beê i intruded 

between the Precambria.i rocks and the Wolsey Formation, as on 

the ridge between Copper and Sheep Creek. Directly across 

the valley, to the east, the sills appear only on the west 

and north side of Baboon Mountain. Limited exposures revea-1 

that the Wolsey shales have been altered, slightly, by con­

tact metamorphism. 

Description;- Hegascopically the sills are light gray 

and fine-grained with abundant phenocrysts of plagioclase 

feldspar crystals up to 1/k inch in diameter. Some quartz 

and hornblende arc present as phenocrysts also. At the con­

tact, the sills are aphanitic and darker. 

Microscopic study reveals the rock to be a -uartz latite 

porphyry (Table 3)» The groundmass is very fine-grained, 

but selective chemical staining (Bailey and Stevens, i960) 

indicates that potash feldspar is present in amounts greater 

than 25 per cent. The dominant phenocrysts are andesine that 

show excellently developed normal zoning. Most of the plagio­

clase is fractured and sericlticized. Scattered quartz 



39 

TABLE 3»- Modal analyses of various volcanic rocks 
from the Independence area. 

_. BR-2 ER-34 BF-26 BF-14 IA-64 WM-4 WM-5 ML-1 

Ojaartz 8.2 12.5 14.3 - t r . 12.7 1^.6 t r . 

Plagioclase 36.6 33.5 41-6 56.3 55'^ *K3»3 36.2 29 .I 

Biot i t* t r . t r . 3.1 - tr . 3.7 2.1 6.5 

Hornblende 9.8 16.3 t r . - tr . 18.6 16.5 2 .3 

Pyroxene - 18.3 26.3 - - 7*2 

Magnetite 1.2 1.7 1.1 2.6 1.8 1.2 2.3 1.7 

Groundmass 43.6 33»7 39.3 22.7 16.8 21.1 38.4 53*7 

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

Bfi-3^ 
Latite porphyry flow from Group I Volcanics. 

BP-26 
Buffalo Fork lacco l i th . 

BF-14 
Trachybasalt from Iron Mountain. 

IA-64 
Basalt flow from Group I Volcanics. 

WM-4, WM-5 
Group II hornblende quartz l a t i t e porphyries. 

Ml-1 
Labradorite latite porphyre from Mill Creek plug. 



grains up to 1/8 inch in diameter are rounded and show 

embayments. The hornblende crystals are highly altered to 

aggregates of chlorite, calcite, limonite and traces of 

epidote. Magnetite and apatite occur as common accessories. 

Age and Correlation.- Emmons (1908, p. 201) suggested, 

on the basis of reconnaissance work, that the porphyritic 

sills may represent the oldest Tertiary intrusives in the 

area. The following field evidence and petrographlc data 

obtained In the course of this study support Emmons' original 

observation. 

On the east side of the Boulder River, at the base of 

Monument Peak, a gneiss-schist boulder conglomeratic unit 

crops out. Tills conglomerate is a stream deposit, filling a 

channel cut into the Precambrian surface, and is overlain by 

2,500 feet of the Group I Volcanics. This stream channel 

deposit undoubtedly represents the oldest Cenozolc sedi­

mentary rock in the area. Fragments of porphyritic material 

similar to that of the described sills appear in the coarse 

matrix cementing the Precambrian boulders. In the upper 30 

feet of the conglomerate, which is about 90 feet thick, 

fragments of metamorphosed Cambrian sediments were observed 

both in hand specimen and in thin section. Tills evidence 

indicates that the Cambrian sediments were altered prior to 

the accumulation of the pyroclastics of the Group I Volcanics. 

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 



Boulder River. A vertical fault with a displacement of 
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about 880 feet, west wall down, Is inferred (see Structural 

Geology). 

Similar porphyry intrusions, in close proximity to the 

Beartooth Mountains, have been dated as late Cretaceous or 

early Tertiary. The Lodgepole intrusive (Rouse et al., 1937) 

is situated at the headwater of Deer Creek between the drain­

age systems of the Boulder and Stillwater rivers. The 

general form of the intrusive is that of a laccolith with 

marginal sills that have been intruded into lower Paleozoic 

strata. The northward dipping thrusts of the Beartooth 

uplift (Laramlde time) were found to cut the daclte porphyry 

sills that had been intruded into the Cambrian shales. 

Similar dislocated sills were observed near Nye and Red 

Lodge, Montana. 



Sedimentary Rocks 

Monument Conglomerate.- The oldest Cenozolc 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 this stream channel deposit is obscured by 

valley alluvium. Partial exposures of the Precambrian sur­

face, in nearby areas of the valley, indicate that this con­

glomerate is about 90 feet thick. The deposit appears to 

fill a channel 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 

llthic fragments and is poorly cemented with a friable, clay­

like material. The llthic fragments range from Precambrian 

metamorphics to Cambrian sediments and minor amounts of 

quartz latite porphyry 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 arkoslc 

sandstones and micaceous shale lenses. Although the contact 

is not observable, the conglomerate is overlain by a series 

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 Cenozoic conglomerates have been 

reported in the middle Rocky Mountains region close to the 

margins of uplifted Laramide ranges. Hague et al., (I899) 

has described the Pinyon conglomerate near Jackson Hole, 

Wyoming and regarded it as Paleocene in age. In a more re­

cent work, Love (1956a, p. 8*0 assigned an early Eocene age 

on the basis of the presence of a diagnostic species of 

terrestrial mollusks. Peale (I896, p. 3) considered the 

Sphinx conglomerate in the Madison Range to be early Tertiary. 

Lowell et al., (1953* P» 236) named the Beaverhead Formation 

which is a conglomerate that overlies with an angular uncon­

formity the upper Cretaceous Aspen Formation. Structural and 

stratigraphlc data indicates the latest Cretaceous or Paleo­

cene age. On the east side of the Bighorn Mountains, Paleo­

zoic and Cretaceous rocks are thrust over Paleocene-Eocene 

conglomerates (Sharp, 19^8, p. 15). Wise (1958, p. 26) 

noted that a coarse conglomerate composed of granitic material 

overlies the Mesa Verde group on the eastern edge of the 

Beartooth Mountains. Brown (I96I, p. 1177) suggested correla­

ting the Hellroaring Formation of north-central Yellowstone 

Park with the Crandall conglomerate, named by Pierce (1957» 

p. 609), in the Clark Fork-Crandall Creek area on the basis 

of lithologic similarities. Both units 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 Cenozoic 

margins of uplifted areas and are considered early Cenozoic 

(Paleocene-early Eocene) in age. The Monument conglomerate 



undoubtedly is related to the early Laramlde uplift and re-

presents a stream channel deposit of coarse material that 

was being transported away from the rejuvenated highlands. 

The writer suggests a Paleocene-early Eocene age for the 

Monument conglomerate on the basis of stratigraphic position 

and.gross lithologic features. 

Pierce (1957, p. 612) and Brown (I96I, p. H76) noted 

that the Crandall conglomerate and the Hellroaring Pormation 

showed deformational features in the form of joints and 

crushed pebbles as the result of later stresses. Both of the 

writers emphasized the fact that no volcanic material was 

observed in the conglomerates. The Monument conglomerate 

contains abundant porphyritic material but no volcanic 

breccias. Jointing and crushed pebbles are absent. The 

quartz latite porphyry fragments seem to indicate an early 

phase of intrusive activity accompanied the Laramlde uplift 

which is in agreement with other areas in the Beartooth 

Mountains (Rouse et al., 1937). 

The Monument conglomerate probably represented a small 

stream channel deposit in the headwaters of a major drainage 

system. This unit is void of any distinct bedding features 

such as those noted by Pierce (1957* p. 612) in the Crandall 

conglomerate which has a width of at least 1,500 feet. The 

outcrop pattern of the Monument conglomerate and the knovrci 

outcrops of Paleocene (?) altered limestones, in the Inde­

pendence area, indicates that the stream probably flowed in 

a southeasterly direction. In the Bull Creek drainage large 
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Preoambrian boulders are present in the stream bed which can 

only be accounted for by the erosion of the Monument conglom­

erate in the immediate vicinity. OJie lack of any rocks, 

younger than Cambrian, (volcanics excluded) within the con­

glomerate suggests that the source area was almost completely 

denuded of a sedimentary cover prior to or during the Laramide 

uplift. 



Volcanic Terminology 

General Statement.- More than 75 per cent of the 

Cenozoic rocks in the Independence area consist of volcanic 

fragmental material. These volcanlcs grade from pyroclastic 

"breccias undisturbed since initial deposition to those that 

have been re-worked and re-deposited and possess sedimentary-

features. The remaining Cenozoic igneous rocks occur as 

intrusive bodies; these include: a laccolith, several dikes 

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

Classification of the P'vroolastic Hocks.- The term­

inology used in this discussion on the pyroclastic rocks 

is that outlined by Wentworth and Williams (1932, p. ^5~51). 

The existence of a dissected cone-complex, with its corres­

ponding vent, affords an excellent opportunity to define 

further the volcanic rocks on the basis of: (1) proximity 

to source area, (2) depositional environment, and (3) cause 

of brecciation. By prefixing the terminology 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. 

Ambiguities in usage of certain terms have been avoided by 

following Fisher (I960, pp. 973~9B2); Wright and Bowes (I963, 

PP» 79""86) review of the classification of volcanic breccias. 



*7 

CfrWP I VQiLcanjps 

General Statement.- The Group I Volcanlcs are so 

grouped on the basis of stratlgraphic nosition, succession, 

and"gross llthologic features. Most of the volcaiics consist 

of a variety of latities, dacites with minor amomits of 

basalts aid all are apparently related to the earliest period 

of volcanism in the Independence area. 

Distribution.- Volcanic rocks that can be designated 

as the oldest units make up the ridge directly south of 

Monument and Haystack Peaks (PI. I). These rocks overlie 

the Monument conglomerate and form an apparent well-lp.yered 

series about 2,500 feet thick. These volcanic rocks consist 

of a series of latitic tuffs, tuff breccias and pyroclastic 

flow breccias that are intercalated* with basaltic and an-

desitlc lava flows. Similar rocks occur directly across the 

valley to the west and form the low-lying ridges between the 

tributary valleys west of the Boulder River. Farther north, 

between Copper and Bridge Creeks, these volcanics are not 

well-layered and do not contain any lava flows, but still 

appear related in time due to their stratlgraphic position. 

In the eastern part of the Independence area the Pre-

cambrian surface is about 1,500 feet higher than the Precam-

brlan surface near the head of the 3oulder River. A thin 

capping of pyroclastic flow breccias is partly preserved as 

erosional remnants and may be related in time to the vol­

canics in the vicinity of the Boulder River. 'This same 
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pattern was observed on the higher elevations of Horseshoe 

Mountain, which is farther to the southeast in the Slough 

Creek Drainage. 

Parts of the Group I volcanics were originally grouped 

and mapped as the "early acid 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, in part, extend under a series of darker 

pyroclastlcs of the Group III Volcanics (Pig. 10) to the 

south and tcthe 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 in color, but northward, the lower 

Group I Volcanics possess the same brownish hue as the over­

lying Group III Volcanics. Field observations of fragmental 

rocks, supported by later petrographlc data, indicate a 

rather striking relationship betwee i the mode of origin of 

the rocks and their corresponding color. Volcanic rocks 

such as the flow breccias and pyroclastic flow breccias, 

which possess an igneous matrix, are lighter colored than 

those rocks that contain a fragmental groundmass i.e., tuff 

breccias and volcanic sandstones. Due to the induration of 

some of the tuff breccias it was practically impossible to 

determine the true nature of the groundmass in the field. 

Many tuff breccias of the Group I Volcanics appear identical 

to the tuff breccias 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 transitional zone 
between the apparently lighter-color Group I 
Volcanlcs and the overlying volcanic rocks of 
the Group III Volcanlcs. 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 rocks has led to greater ground water acti­

vity and leaching of the mafic minerals. 

Description.- The oldest unit of the Group I Volcanlcs 

Is best observed on both sides of the Boulder River immedi­

ately above the Monument conglomerate (PI. 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 breccia from the Monument conglom­

erate. Above the flow breccia, on the east side of the 

Boulder River only, distinct units of tuff breccias, felsic 

tuffs and latltlc 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 Volcanlcs 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. 

Pyroclastic Plow Breccias.- The basal unit of the Group 

I Volcanlcs consists of a pyroclastic flow breccia 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 readily apparent. 

Subangular to subrounded volcanic fragments from less than 

1/4 of an inch up to 2 inches in diameter are common. 

Locally, conspicuous blocks of volcanic rocks are present. 

A few Precambrlan and Cambrian rock fragments can be ob­

served. All of these fragments are set in a light gray 

aphanitio groundmass. 
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Thin section study reveals that the matrix Is holocrys-

talllne and mlcroporphyrltlc with slender laths of andeslne 

(An.,- ~/-) In a trachytold texture. Some ghost relicts of 

hornblende phenocrysts are observable In the form of 

magnetite-lined outlines with the Interiors filled with 

calclte. A few excellent basal section outlines attest to 

the former existence of an amphibole* The plagloclase shows 

only slight serlcltlzatlon along fractures. The cryptocrys-

talllne groundmass contains an essential amount of potash 

feldspar as Indicated by selective chemical staining. This 

unit can therefore be considered as having a latitic compo­

sition. 

The upper part of this breccia appears to grade into a 

fine tuff in places; in other places the breccia appears 

slightly decomposed which may be suggestive of proximity to 

an old erosional surface. The total thickness of about 300 

feet is observable only in the vicinity of the Boulder 

River. The rest of the section above the lower breccia unit 

is a crudely layered pile of tuff-breccias, latitic and 

basaltic lava flows with variable amounts of well-bedded 

tuff lenses. The entire sequence is relatively light colored, 

and the thin lava flows are somewhat obscured by the masslve-

ness of the tuff breccias. 

Î ava Flows.- The lava flows are intercalated with the 

tuff breccias, lithlc tuffs and minor amounts of volcanic 

sandstones and appear as typical andesltes and basalts. 

These flows average about eight feet thick and dip gently 



52 

to the southwest. The flows occur throughout a vertical 

section of ?00 feet. Fourteen andesltic 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-3*0 is a dark gray, fine-grained 

porphyry. Plagioclase phenocrysts, up to ^ mm in length 

occur with hornblende needles in a dark gray aphanitlc 

groundmass. In thin section essential amounts of andesine 

(Anor.ĵ o) a r e P r e s e n t 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 

plagioclase and hornblende. These minerals lie in a pilo-

taxltic groundmass of microlithic andesine (?) and Inter­

stitial microfelslte dusted with magnetite. The plagio­

clase exhibits strong normal zoning and shows slight seri-

citlzation along fractures. The oxyhornblende is commonly 

rimmed with magnetite. Staining of a rock slab indicates 

that potash feldspar is present in essential amounts in the 

groundmass. This rock is therefore a hornblende quartz 

latite porphyry. 

Another flow (sample AI-3^A) is an aphanitlc dull gray 

"andesltic" rock that forms a distinct unit about 130 feet 

above the hornblende quartz latite porphyry. A lithic tuff-
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breccia unit separates the two flows, but no contacts are 

observable. In thin section this rock is Identified as an 

augite latite. It is holocrystalline and allotriomorphic. 

Andesine (AJI31..37) makes up to 60-70 per cent of the rock 

and about 15 per cent of subhedral crystals of augite are 

scattered throughout the section. Some quartz is 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 augite 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 amounts of 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 

Volcanlcs in the form of three distinct flows from 3 to 8 

feet thick. They are separated by a series of pyroclastic 

breccias and show some vesicular structures near the tops of 

the flows. The upper and lower contacts are obscured by 

talus and soil cover. A sample from the middle flow was 

selected for study. In hand specimen the rock is 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 

basic labradorite. Clino-pryoxene occurs as phenocrysts and 

also as intergrowths with magnetite in the groundmass. 

Traces of quartz and hypersthene were detected. The feldspar 

laths show little zoning or alteration. An estimate gives 

the following percentages: plagioclase, 60; augite, 25; 

magnetite, 12; with trace amounts of quartz and hypersthene. 

Minor amounts of potash feldspar are present as indicated by 

staining. 

The remaining upper flows are similar to the described 
< 

augite latite. The rocks vary in color, in shades of gray, 

and in texture; some are porphyrltic whereas others appear 

very dense. Three specimens were sawed and stained. Their 

strong reaction to selective chemical staining indicates 

considerable potash feldspar is present and thus they are 

classified as a variety of latites and augite latite por­

phyries. Wo true andesites were found. 

Llthlc Tuff Breccias.- Above the lava flows, the rest of 

the Group I Volcanics consist of a variety of light-colored 

pyroclastic breccias that have been lumped together as 

lithic tuff-breccias. This unit contains minor amounts of 

lapilll tuffs and flow breccias. The lithic tuff-breccias 

are overlain by a series of well-layered tuffs containing 

fossil wood and leaf fragments. This entire section, includ- , 

ing the tuffs, is restricted to the high ridge immediately 

adjacent to the south side of Monument Peak. 
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Field observations indicate that all of the volcanic 

fragments range from ash dimension to blocks more than four 

feet across. The matrix of the llthic tuff breccias is 

largely indurated, and in some places it weathers out readily. 

Megascopically the fragments appear to range from rhyolites, 

andesites to basalts. Detailed observations revealed that 

most of the fragments are latitic. For the most part the 

fragments are porphyritic. Most fragments are hornblende or 

augite latites, but some are dacitic containing quartz 

phenocrysts. Microscopic studies of the fragments show a 

great variety of groundmass types i.e., glassy, microcrys-

talline and fine-grained. Many of the textures are pilo-

taxltic and trachytic. 

The crudely-layered pile of lithic tuff breccias is 

considered 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. 

Felslc Tuffs.- rfell-developed tuff layers crop out on 

the ridge about a half of a mile due south of Monument Peak 

Just above the .lithic tuff breccias. One well exposed unit 

Is 36 feet thick. Fossil leaves and wood fragments are 

abundant. A thin unit of tuff-breccias above this tuff lens 

contains a great amount of fossil wood fragments and even 

logs up to 12 feet long and 2 feet in diameter. These wood 

fragments are completely silicifled. 

Only megascopic investigations were made of the tuffs. 

All of the tuffs appear similar in composition but vary 
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somewhat in texture. In outcrop the tuffs appear either as 

thin units of friable sllty layers or as massive, well-

indurated sand-size materials. All of. the tuffs weather to 

a buff color, but on fresh surfaces they are light gray. 

In hand specimens 3"^ nun feldspar and quartz with some 

biotite can be observed. The tuffs are stained to various 

hues of yellow by the selective chemical staining techniques 

indicating that potash feldspar is present. They are con­

sidered to be a variety of latitic crystal-lithic tuffs. 

A similar 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 fossil 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 

similar to those described on the south side of Monument 

Peak. 

Correlation.- The ridges from Copper Creek to Bridge 

Creek (PI. 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 



57 

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-sectlon the fragments 

vary in size randomly, and there are local concentrations of 

scoriaceous materials. The average mineral composition of 

the breccia fragments is similar to that described at the 

head of the Boulder River. No lava flows were observed in 

any of the sections In 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 Mountain, at elevations greater 

than 9f500 feet, show similar lithologlc and fragmental 

features to those west of the Boulder River in the vicinity 

of Copper, Elk, and Bridge Creeks. No true thickness can 

be estimated since they are erosional 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 

stratigraphic position and lithologic similarities. A 

significant feature of these breccias is the greater precent-

age of angular Precambrian and Cambrian rock fragments. 

Tills is 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-volcanlc surface. 

Sawed slabs of various Group I Volcanics reacted to 
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selective chemical staining which Indicates the presence of 

potash feldspar In variable but essential amounts. These 

rocks are therefore latltlc, unlike the andesites elsewhere 

in the Absaroka Mountains. 

The Group I Volcanlcs may be similar 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 first products of volcanic activity. 

Anderson Creek, Lava JEISMg..- 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

ulation of the transitional rocks of the Group III Volcanlcs. 

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 chaotic assemblage 

of scoriaceous basalts and felsic tuff lenses cut by dikes. 

A probable vent area has been buried by the eplclastic vol­

canic breccias of the Group III Volcanlcs. 

Origin.- The Group I Volcanlcs probably originated from 

a series of relatively small vents and fissures (PI. I), 
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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 electa. Two 

plug-like bodies, in the Sheep Creek and Buffalo Pork 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 

contains a series of lava flows. Northwest and southeast 

the volcanics are essentially all fragmental with a notice­

able decrease in size of the elastics. The Group I Volcanics 

west of the Boulder River show crude bedding features that 

dip away from the general vicinity of the Independence area. 

A general summary of the Group I Volcanics is presented in 

Table k. 
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TABLE k .- General summary of the Group I Voloanlcs 

Rock Type 
— -
Variety of 
toff8 and 
volcanic 
sandstones 

Volcanic 
Sandstones 

Lithic 
Toff 
Breccias 

Latite 
Flows 

Basalt 
Flows 

Pyroclastic 
Flow 
Breccias 

Composition Thickness 

Matrix of toffs and lapilli tuffs 
consist primarily of aboat 50-60$ 236' 
lath-like plagloclase (medium 
andesine) with clay and accessory 
quartz, pyroxene, hornblende, 
biotite and opaques. 

Brown, buff to gray medium to 
coarse-grained sandstone con- 150' 
sisting of crystal and lithic 
volcanic fragments* 

Light-gray to buff tuffaceous 
matrix (crystal-lithic) enclo­
sing angular to subrounded vol­
canic fragments consisting of 1200' 
light-gray dacites, dark gray-
green latites and black basalts. 
Minor vitrophyres. Fragments make 
up 50-60$ of rock. Size range from 
l/^B to 3', average about *J-6". 

Eleven separate flows of augite 
latite oorphyries, and dark, 
dense aphyric latites. One flow 90' 
consists of a light-colored horn­
blende quartz latite porphyry. 

Three separate flows which con­
sist of potash-bearing basalts. 2h 

Light gray to green, dense lat-
itic matrix enclosing innumer­
able fragments of various vol- ^50 
canic rocks, some sedimentary 

1 and a few Precainbrian raeta-
morphic rocks. 

Ap^rox. 
% 

10-12 

5-10' 

55-65 

5 

1 

1 

1 25-?o 
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Qroup II Volcanlcs 

CiSirjLbjjJtlfla.- 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 

Preoambrian metamorphic rocks, isolated erosional remnants of 

Cambrian sediments and patohes of pyroclastlc flow breccias 

that belong to the Group I Volcanlcs. This flow is best 

observed on the high ridges extending from Horseshoe Moun­

tain, northwestward for 7 1/2 miles, to the plateau that is 

due east of the Independence volcano (PI. I). The flow also 

occurs on the heavily timbered ridge 3 1/2 miles due west of 

Horseshoe Mountain. Here the flow lies on the Cambrian 

Pilgrim Formation and is partly covered by the Group III 

Volcanlcs. This flow is preserved as erosional remnants over 

an area of more than 20 square miles. 

The rocks making up the flow vary texturally throughout 

the area, and this is strongly suggestive of a series of 

flows. The thickness of this unit reaches a maximum of 700 

feet in the vicinity of Horseshoe Mountain. Angular xeno-

liths, about ^ to 6 inches across, of Preoambrian and Cam­

brian rocks are common in the basal part of the flow. Some 

of the limestone xenoliths show recry;? utilization and the 

formation of pockets of tabular hematite at the contact be­

tween the flow material and the carbonate fragments. 

Description.- Megascopically these latites are porphy-

ritic with large, white plagloclase crystals set in a gray 
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to gray-green aphanltlc groundmass. Hornblende crystals and 

a few blotlte 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 latlte porphyry (Table 3)« An-

desine (An-j^.,^) crystals, with an average of 3-^ nun across, 

make up most of the phenocrysts. One large labradorite lath 

(An^)* ^ m m ^onS» w a s observed In a sample collected from 

the ridge just north of Wounded Man Creek. Some rocks con­

tain abundant dark brown to green hornblende phenocrysts up 

to 3 mni long. In some rocks blotlte flakes up to 1 mm are 

present. The groundmass consists of mlcrolltes of more sodlc 

feldspar with some granophyre. Apatite Is present in acces­

sory amounts and magnetite occurs both as small anhedrons 

and tiny particles dusted throughout the matrix. The matrix 

is micro- to cryptocrystalline and for the most part is 

equigranular. Sawed slabs of the rocks show very prominent 

potash feldspar upon staining. 

The latlte porphyries from Horseshoe Mountain show the 

greatest amount of alteration. The plagioclase Is mostly 

sericiticized, and the hornblende is almost completely re­

placed by an aggregate of chlorite, limonite, magnetite and 

calcite. 

Origin.- The latlte porphyry flows thicken toward Horse­

shoe Mountain and also show a greater degree of hydrothermal 

alteration. The Horseshoe Mountain area may represent a 
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relatively small eruptive center. The texture of the rocks 

varies considerably in the upper part of the ridge that forms 

the walls of Horseshoe Basin. Elsewhere, away from Horse­

shoe Mountain, the rocks do not vary in color or texture or 

show any hydrothermal effects. 

Field 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 (Pi. I). The 

Group I Volcanics were formed and in the process of being 

eroded when the flows issued from a fissure-like zone near 

the vicinity of Horseshoe Mountain. Due to their strati-

graphic position and occurrence, these latitic flows are 

considered an important extrusive phase in the volcanic 

history of the area. 
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group III YQlganlcs 

General Statement.- The Group III Volcanics are signifi­

cant in that they reflect the gradual build-up of the major 

cone-oomplex that surrounded the Independence volcano. Crude 

bedding features within the volcanic rocks of this 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. 
- r — — 

Distribution.- The Group III Volcanics constitute about 

75 per cent of all the pyroclastlc 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 in part by Group II Volcanics. 

The headwaters of Buffalo Pork and Bull Creek have cut 

the Group III Volcanics exposing the most confused arrange­

ment of fragment rock in the area. In the West Pork of the 

Hellroaring Creek drainage, 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 

typical pyroclastlc materials into the more conspicuous 

water-deposited epiclastics. 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

canic s. 

Description.- The rocks of the Group III Volcanlcs are 

laborious to describe due to the multiple origins of the many 

fragmental varieties 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 bodies, 

having a restricted compositional range. 

Latltlo-Lithic Tuff-Breccia.- Light-colored latltlc-

llthlc tuff-breccias crop out very conspicuously at the head 

of the North Pork of Bull Creek (PI. I). This unit lies 

unconformably on the Bighorn Formation and partly on Group 

II Volcanlcs. This tuff-breccia is overlain by another 

breccia unit that is similar in character but is dark brown 

(Fig. 11). The tuff-breccia unit is about 350 feet thick 

and is restricted to the immediate area of the Bull Creek 

and Buffalo Creek drainages. This breccia contrasts so 

sharply with the overlying darker breccias, that when viewed 

from a distance, the Bull Creek basin stands out as a promi­

nent light-colored band. From a distance this outcrop ap­

pears to typify the original concept of an "early acid brec­

cia" unit overlain by an "early basic 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 latitic tuff-breccias 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 pyroclastlc flow breccias similar to those of 

the Group I Volcanics in the Boulder River area can be ob­

served. The tuff-breccia is firm and in most cases fractures 

through matrix and fragments alike. 

When viewed from a distance the well-developed bedding 

can be easily observed. The nature of these layers could 

not be studied due to the cliff-like outcrop of the tuff-

breccias . 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 breccia appears 

remarkedly free from any alteration. Clear, sharp, angular 

fragments of plagioclase (andesine-labradorite), hornblende, 

augite, some hypersthene, quartz and glass are set in dust 

size material presumably of the same composition. Minor 

amounts of magnetite are scattered throughout the section. 

Fresh, fragmental amber-colored hornblende grains occur in 

about 3'2 ratio over fresh augite. 

The small llthic fragments consist of dacites, quartz 

latites, latites, augite vitrophyres, basalts and possibly 

some andesites. The matrix and most of the fragments staj.n 

noticeably and on the basis of the potash feldspar present 

the unit is called a latltic-lithic tuff-breccia. 
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Due to the extreme fragmental nature of the diverse 

llthologlc breccia, this rock probably represents the ac­

cumulation of explosive materials from a nearby vent. The 

restricted occurrence of the unit may be due to the filling 

of a topographic depression; or, the tuff-breccia may have 

covered a broader area and then was eroded prior to the ac­

cumulation of younger volcanics. The breccias possess an 

overall dip away from the Independence volcano which is con­

sidered to have been the source. 

VqJ.can̂ Q Breccias.- Immediately above the latitlc-llthic 

tuff-breccias lies a thick sequence of crudely-layered dark 

brown breccias. The size of the fragments varies consider­

ably, with a higher proportion of basaltic and scoriaceous 

materials present than in the lower unit. This thick unit 

of volcanic breccias is 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 subangular fragments, (4) appear to represent a valley 

fill, and (5) consist of material derived from Group I and 

III Volcanics. This laharic unit forms the high ridge be­

tween the North Pork of Bull Creek and the East Fork of the 

Buffalo Pork 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 massive outcrops. These lahars porbably represent vol­

canic debris that has been partially 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 
ly related in time, 'These flows dip away from the 
general vicinity of the Independence volcano at 
about 1^°. 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 is about 1,100 feet thick and is inter-

layered with pyroclastic breccias and tuff lenses near the 

top of the section. 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 River. Although these deposits are local, they 

constitute about 30-*K) per cent of the total quantity of 

volcanic rocks in the Independence area. 

In hand specimen the matrix of the mud flows consist of 

volcanic sandstone. The colors are various shades of brown 

that give 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 sections 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 in 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 Volcanlcs 
showing the angular character of the llthlc and 
crystal fragments. The finer-grained 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 breccias in the southern Absaroka 

Mountains. According to Dorf (1953, p. 1^13) humid, sub­

tropical .conditions existed in the Yellowstone Park area 

during late Eocene time. The relief of the prevolcanic 

surface, coupled with periods of erosion during the volcanic 

cycle, maintained slopes on which flowage could take place. 

The conditions for the development of mud flows in this vol­

canic terrane were very favorable. 

Agglomerates and Agglutinates.- 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 on the high ridges and are excellently 

exposed on the north face of a cliff just west 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 considered 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 (Pig. 1*0 the agglomerates are interlayered with 
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a series of lava flows and pyroclastlc breccias possessing 

dips that range from 20 to 25 degrees to the south. 

Agglutinates have been recognized In only three out­

crops, but their distribution around the Independence vol­

cano Indicates that they may have been present In significant 

amounts prior to erosion. These volcanics are important in 

that they represent a distinct explosive phase i.e., lava 

fountaining, during the volcanic episode. They appear at 

different stratigraphic levels within the volcanic breccias. 

At the head of the North Fork of Bull Creek they lie on the 

volcanic mud flows and dip to the southeast at more than 30 

degrees. Near Sheepherder Peak the agglutinates are inter-

bedded with a series of tuff breccias and lava flows that are 

highly vesicular. This outcrop (Pig. 15) shows the compli­

cated structures and varied rock-types that arise from the 

initial deposition of volcanic debris 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. 

Although no typical bombs were observed, most of the rounded 

debris reveals an outer vesicular crust and an interior that 

becomes progressively denser. Some of the former gas cavities 

are filled with secondary minerals such as calcite, auartz 

and in some places an unidentified zeolite. This unit varies 

in thickness. The agglutinate at the head of the North Fork 

of Bull Creek is about 275 feet thick, but elsewhere It does 

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

FIGURE 15. View showing a chaotic assemblage of lithic 
tuff-breccias, pyroclastlc breccias, agglomerates 
and zones of agglutinates. Photograph taken at the 
head of South Fork of Sheep Creek looking northwest. 
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Composltionally, the agglutinates appear to range from 

andesites to basalts. Although most 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 is probably due to auto-oxidation. 

Latitlo-Lapilll Tuffs.- Local units 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 their distribution. 

Six distinct units were recognized and correlated with each 

other on the basis of their stratigraphlc position and 

megascopic character. The lapilli tuffs are well layered 

(Pig. 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 

Pork of Sheep Creek the dark gray to black fragments contrast 

sharply with 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 studies show that the matrix is rich in 

crystal and vitric fragments. Elongate laths and angular 

fragments of andesine (Anô ../̂ ) make up about *K) to 50 per 

cent of the section. About 5 to 10 per cent of smaller 

anhedral hypersthene grains are present. Stringers and shards 

of clear, honey-brown partially devltrifled glass are 
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FIGURE 16. View showing a section of latltlc lapllll 
tuffs that Is preserved on a ridge Just north of 
Iron Mountain. These- well-layered tuffs dip away 
from the Independence volcano at about 25-30 de­
grees to the southwest. View looking west. 
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disseminated throughout the section. The larger fragments 

of plagioclase and glass are set In a pumiceous groundmass 

that is sprinkled with magnetite dust and a few blotite 

flakes. The plagioclase 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 is present in 

amounts large enough for the rock to be called a latitle tuff. 

In outcrop, the descent of large volcanic fragments has 

created impact structures which demonstrates that the tuffs 

were formed by the accumulation of airborne materials. In 

thin section, the flow-like structure formed by the string­

ers of glass suggest that the ejecta were hot when deposited. 

Continued deposition on an inclined slope aided by the weight 

of the overlying material probably Induced flowage on a small 

scale. This unit may also represent, in part, an ash-flow 

deposit which could account for the flow-like character of 

the stringers and shards of glass. 

Enlolastlo Volcanic Breccia.- This term is used, as 

suggested by Fisher (i960, p. 978), to include all types of 

volcanic fragmental rocks (lahars, volcanic conglomerates, 

and volcanic sandstones) which have been transported by 

epigene geomorphic agents or by gravity transfer. The epi-

clastic volcanic breccias are best displayed in the Hell-

roaring Creek area and also in the vicinity of the Cutoff 

Mountain (Pig. 17)• These deposits appear as massive mud-

flows or water-laid volcanic breccias 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 breccias of the Group 
III Volcanlcs. View looking due east. 
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bedded with volcanic sandstones. They are monotonous, ex­

tensive deposits that occur mostly on the outer flanks of 

the Independence volcano. For the most part they are crudely-

bedded and form thick units. In the Hellroarlng Creek area 

the streams have cut down through more than 3,000 feet of 

the eplclastlcs without exposing any other type of volcanic 

rocks. 

Nearly all types of volcanic fragments occur In the 

eplclastlc breccias. Some zones show well-rounded, various-

sized fragments (Fig. 18) whereas others have pyroclastic 

characteristics. In some places distinct lenses of cross-

bedded volcanic sandstones lie just a short distance above 

the very coarse conglomeratic units. 

The eplclastlcs are considered to be flank-alluvial de­

posits that have filled in the low-lying areas to the west, 

south, and southeast of the Independence volcano. These 

eplclastlcs form thick volcanic breccia plateaus that are 

prevalent, in the Absaroka volcanic field, away from major 

source areas (Parsons, 1958, p. 40). The most prominent 

outcrop of the eplclastlcs occurs at Cutoff Mountain in the 

southeast corner of the Independence area (PI. I). Similar 

deposits can be observed in the Buffalo Fork Creek drainage 

in the general vicinity of Iron Mountain (Fig. 19)• 

Similar eplclastlc deposits occur in the northeast cor­

ner of Yellowstone National Park. The northeast entrance to 

Yellowstone Park lies in the deep, broad glaciated valley of 

Soda Butte Creek carved out of the eplclastlcs. The highway 
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FIGURE id. View showing a section of well-indurated 
epiclastic volcanic breccias. 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 Immense quantity of re-worked and re-deposlted volcanic 

debris. 
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TABLE 5.- General summary of the Group III Volcanics. 

ROCK TYPE COMPOSITION 
MAXIMUM 
THICKNESS 

Bpiclastics 

Lapilll 
Toffs 

Agglomerates, 
Agglutinates 

Volcanic 
Breccias 

Pyroclastic 
Breccias 

Undifferentiated series of 3,000' 
volcanic conglomerates, sand­
stone, mudflows and pyroclastic 
"breccias. 

Thin lenses of well bedded tuffs 40-60' 
containing pebble size volcanic 
fragments. Fragments about equal 
proportion to matrix, which con­
sists of crystal vitric fragments. 

Hounded fragmental rocks, tuff-
actout matrix subordinate, some 0-200' 
"welded spatter"v clinlcery, with 
prominent bread crust structures. 

Mud flows representing partial 1,100' 
reworking of volcanic debris 
near source area. All types and 
sizes of volcanic fragments 
present. Poor sorting. 

Angular fragmental rocks, tuff-
aceous matrix subordinate. Forms 350' 
lens-like deposits. All frag­
ments of volcanic origin. Size 
range from less than an inch to 
blocks wore than 6' across. 

Lithic 
tuff-breccias 

Local units of fragmental rocks in 
which the matrix predominates. 
Matrix consists of angular crystal 
lithic fragments and appears fresh. 
Rich in pyroxene with some amphi-
boles. Plagioclase consists of 
medium andeslne • 

250' 
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Group IV Volcanlcs 

General Statement.- The Group IV Volcanlcs are so 

grouped In that they consist of mappable units of volcanic 

conglomerates and sandstones. They are unlike the poorly 

developed volcanic conglomerates and sandstones of the Group 

III Volcanlcs that were lumped together under the general 

term of eplclastlcs. The Group IV Volcanlcs reflect a period 

of extensive aggradation around the flanks of the Independence 

volcano. They represent a transitional zone from most of 

the'Group III Volcanlcs to the basalt flows of the Group V 

Volcanlcs. 

The volcanic conglomerates and sandstones of the Group 

IV Volcanlcs differ from the eplclastlcs of the Group III 

Volcanlcs 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 Volcanlcs. 

Distribution.- The volcanic conglomerates occur prin­

cipally in the Buffalo Fork drainage; whereas the volcanic 

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 lithlc tuff-

breccias of Group III Volcanlcs. In the Bridge Creek area 

the volcanic sandstones appear as channel fills in the 

epiclastic breccias of the Group III Volcanips and are 
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covered by the basalt flows of Group V Volcanlcs. 

Volcanic Conglomerates.- The volcanic conglomerates are 

best exposed in the Buffalo Pork area where they form a prom­

inent ridge more than 900 feet high (Pig. 20). Prom 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 volcanic 

origin. Most of all the rock types that were previously 

described can be observed in this conglomeratic unit. 

Rounded pebbles of granitic gneisses are rarely present. The 

fine-grained matrix is a mixture of subangular to subrounded 

crystal and llthic fragments. 

Volcanic Sa/^R tones.- 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 throughout the sandstone lenses. 

Some lenses are light gray in color, whereas others are shades 
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FIGURE 20. View showing 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. 



86 

of darker brown. In thin sections the darker sandstones 

show greater amounts of mafic minerals and limonite staining. 

Color variations within some sandstone lenses probably reflect 

the conditions of deposition or the compositional differences 

of the original volcanic rocks that were being eroded, re­

worked and finally re-deposited. 

In the Bridge 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. Erosion 

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 Voloanlcs 

General Statement,- The Group V Volcanics reflect a new 

period of volcanism in which great quantities of relatively 

non-explosive extrusive materials poured out on the surface. 

This unit consists of lava flows with some basaltic pyro-

clastics and felsic tuffs. They are preserved only in 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 thick 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 Volcanics 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 mountain 

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 just 

outside the map area, and here the unit has a minimum thick­

ness of about 1,200 feet. The Group V Volcanics are consi­

dered to be time equivalents of the "early basalt sheets" 

that occur in the vicinity of Yellowstone Park (Hague et al., 

189̂ , p. *0. 
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Description.- 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 (Pig. 

21). The basal unit consists of a series of basaltic pyro-

clastlcs, with abundant scoriaceous fragments, and in inter-

layered with thin, highly vesicular basalt flows. Parts of 

the pyroolastics 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 pyroolastics. 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 x^eathered surfaces. 

Trachvbasalts.- The trachybasalts of the Group V Vol­

canics are more porphyrltic than the basalts of the Group I 

Volcanics in possessing larger phenocrysts of plagioclase 

and pyroxene. In one specimen from the peak of Iron Mountain 

phenocrysts of labrodorite- (An^^e), 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 hyalopilitlc matrix of the same minerals with some magnetite 

and brown glass (Pig. 22). The rock is unaltered. The rock 
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FIGURE 21.- View showing the unconformity between the 
basalt flows and pyroclastlcs of the Group V Volcanics 
and the lower Group III Volcanics. View looking 
southwest from a point just west of Buffalo Pass. 

FIGURE 22.- Photomicrograph of a trachybasalt from 
Iron Mountain showing hyalopilitic texture. Labra­
dorlte crystals in lower half of picture are heavily 
charged with glass and microlites. The clear rims 
of the labradorlte 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 justified. 

For the most part the pyroclastic debris contains more 

glass than do the flows. One scoriaceous sample contains 

as much as 30 per cent of black, magnetite-charged glass. 

Plagioclase 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 percentage of pyroxene and plagioclase pheno-

crysts. A few basaltic tuff lenses occur within the pyro-

clastics. 

Felslo VItrie Tuffs.- An unusual tuff lens within the 

trachybasalt flows is 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 very fine-grained and friable. Some zones are coarser 

grained, more Indurated, and appear very gritty with black 

grains of volcanic glass. 

In thin section the minerals consist of about 33 per cent 

of fragmented andesine (AnjL2_/.o) a n d m o r e than 60 per cent of 

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

Tiny clusters of magnetite and a white opaque substance make 
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up the rest of the thin section. The plagloolase 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 particles that act as pigments. Some 

glass fragments show well developed flow structures (Fig. 23). 

Nearly all the glass is devitrlfied and shows weak bire­

fringence. The index of refraction of the clear glass falls 

within the range 1.51-1.53 which is representative of vol­

canic glass of intermediate composition. The rock is con­

sidered to be a felsic vitric tuff. 
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FIGURE 23. Photomicrograph of felsic vitric tuff that 
occurs interlayered with the basalts of the Group V 
Volcanics. The tuff consists 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 RpgKs 

Buffalo Pork Laccolith.- The Buffalo Pork Laccolith 

occurs in the Buffalo Pork drainage 3 miles south of Boulder 

Pass and forms three low lying ridges that are partly cover­

ed by younger volcanics. This once continuous body was 2 1/2 

miles long and 3/4 mile wide, but has been split by the 

Buffalo Pork 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 Pork 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 is not observable 

in the lower parts of adjacent valleys to the east and west. 

Group III Volcanics cover the laccolith in part (Pig. 24). 

The absence of any deformatlonal features in the pyroclastlcs 

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 is 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 specimen 

the rock is a dense, white to gray porphyry with a sub-

conchoidal fracture. A few white anhedral plagioclase feld­

spar crystals up to 2 mm long are present, A few specks of 
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FIGURE 2k. View showing the light-colored rocks of 
the Buffalo Fork laccolith that are covered, in 
part, by the dark eplclastlc 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 to be a quartz latite 

porphyry. It is holocrystalllne and porphyritic with distinct 

anhedral andesine (^32-36^ crystals in a microcrystalline 

matrix. Minor amounts of blotite in flakes up to 0.5 mm are 

present. The goundmass is equlgranular. Quartz and ortho-

clase are present in essential amounts. Small needles of 

apatite and hornblende are accessories 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 glassy and only 

a few show slight sericitizatlon. A few of the blotite flakes 

are altered to chlorite, and some of the hornblende is rimmed 

with magnetite. Parts of the rock stains to a brilliant 

yellow, and in section, interstitial patches of material that 

reacted to the staining process proved, optically, to be 

orthoclase. The modal analyses of the rock is presented in 

Table 3 (sample BP-26). 

Farther south in the Bull Creek drainage, similar light-

colored rocks are poorly exposed in the heavily timbered 

valleys and on the ridges (PI. I). These outcrops form a 

linear pattern and may be an extension of the laccolith in 

the Buffalo Fork Creek drainage. 

Sheet) 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 
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could not be obtained. Megascopically they appear to repre­

sent a latltic or andesitic porphyry. 

These plug-like bodies fall along a northwest line or 

zone punctuated with intrusive bodies (PI. I). The plugs 

are considered to belong to the Group I Volcanlcs, and may 

have been a feeder for some of the younger volcanic rocks. 

The only definite evidence of intrusion was observed near 

the plug just north of the Buffalo Fork laccolith. A small 

irregular dike, originating from the plug, cuts the Group I 

Volcanlcs. Elsewhere contact relationships are obscured. 

Mill Creek Plug.- The Mill Creek plug crops out In a 

circular pattern at the headwaters of Mill Creek, in the 

extreme northwest part of the Independence area (PI. 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 Volcanlcs on the high ridges that surround the plug, but 

they do not cut the basalt flows of the Group V Volcanlcs. 

In hand specimen the rocks of the plug appear as a dark 

andesitic porphyry. Large anhedral feldspar phenocrysts 

stand out against the dark aphanitic groundmass. The dikes 

radiating from the plug appear as finer grained equivalents 

of the plug rock. 

In thin section the rock is identified as a labradorlte 

latlte porphyry. Large, partially resorbed, labradorlte 



97 

(Aneg..£j) crystals, up to 7 mm in length, are the dominant 

phenocrysts. Smaller crystals of subhedral pyroxene, mostly 

augite with some hypesthene, occur in essential amounts in 

the matrix. The matrix consists of about equal amounts of 

orthoclase and a more sodic plagloclase (An-^.^). Ten k° 

fifteen per cent magnetite is present. Quartz and apatite 

are present In accessory amounts. The texture of the matrix 

is hypidlomorphic-granular and is holocrystalllne. 

The large labradorite crystals show marked resorbed edges 

(Pig. 25) and are partly rimmed with a less calcic plaglo­

clase. The Interior of the labradorite is very clear whereas 

the matrix feldspars are clouded with alteration material. 

The pyroxenes show varying degrees of alteration. The larger 

crystals possess reaction rims that are crowded with magnetite. 

The entire thin section is highly altered with secondary ma­

terial consisting of biotite, chlorite, magnetite, limonite, 

calcite, and minor amounts of kaollnite and sericite. 

The seemingly anomalous occurrence of very calcic plaglo­

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. ̂ 29) have reported unusual feldspar 

phenocryst and matrix associations 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 (An^^_5^) lie in a fine-grained matrix 
consisting of a more sodic plagioclase (^36-211) &nd 
essential potash feldspar. Polars not crossed. 3X 
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zone that trends northwest from, the central part of the area 

to Its northwestern corner (PI. I). This line conforms to 

the same trend formed by the larger Intrusive bodies. The 

alignment of the Intrusive bodies probably reflects a major 

fault zone in the buried Precambrian rocks (see Structural 

Geology). With the exception of the Mill Greek plug and its 

conspicuous radial 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 conspicuous. The width of the dikes ranges from 2 

feet to 16 feet and averages 3 to 5 feet. 

The dikes appear to be a variety of andesites and basalts. 

Most of the dikes contain phenocrysts of pyroxene with some 

dikes being more porphyritic than others. Only basaltic dikes 

cut the Group V Volcanlcs. This feature coupled with the 

predominant occurrence of andesitic dikes exposed on the 

lower ridges strongly suggests two distinct periods of intru­

sion. The andesitic dikes cut the Group I and Group III Vol­

canlcs 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 volcanic neck, into the volcanic rocks, without 

cutting the underlying Paleozoic strata. In the Independence 

area, the northwest zone of intrusive bodies, seem to support 

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

Geqeral Statement.- The Independence volcano, named 

after a prominent peak just south of Basin Creek, is 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 monzonlte 

and granodiorite. The coarse-grained rocks of the core weath­

er more rapidly than the fine-grained border zone which re­

mains as a high ridge surrounding all but the eastern edge 

of the vent (Pig. 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 Igneous body as originating by differentiation of a 

parent magma at depth and subsequent intrusion into the 

"early acid breccias" as a composite stock. 

On the basis of detailed petrographic data and cross-

cutting relationships, the writer considers this igneous 

body as a former volcanic vent, occupied 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 volcanic breccias away from 
the vent area. 

4. The diverse 11thologies 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 volcanic rocks that sur­
round the volcano with the potash-rich 
coarse-grained rocks of the core. 

Book. Types and Intrusive 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 following sequence of . 

intrusive events: 

5. Granitic dikes. * 
4. Granodiorlte. 
3. Monzonite. 
2. Syenogabbro. 

1. Latitic intrusive breccia. 

The oldest intrusive rocks of the volcano consist of 

latitic intrusive breccias which constitute Monument and 

Haystack Peaks (Pig. 27). For the most part the intrusive 

breccias 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 distances. North­

ward, toward the central part of the core, the syenogabbro 
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FIGURE 27. View showing the north face of Monument 
Peak which is made up of Intrusive breccias. This 
vertical cliff rises more than 1,4-00 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 side of the core the 

monzonites cut the Intrusive breccia. North of Basin Creek 

the granodiorites 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-grained body seems to substantiate this observation. 

The reverse L-shape of the vent structure (PI. I) could be 

the result of the intersection of two rift zones that were 

widened 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. 

Petrography.- 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 section 

(Bailey and Stevens, i960). 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^ (1962) 
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TABLE 6.- Modal analyses in volume per cent of the 
rocks from the core of the Independence 
volcano. 

-v«> // & & / 

U-20 
HS-51 
IA-09 
IA-11 
HS-5^ 
IMC-B 
H8-59 
AI-88 
HS-89 
HS-90 
IA-22 
HS-61 
HS-88 
SH-14 
AI-19 
HS-84 
HS-80 
HS-98 
HS-67 
HS-10 
HS-35 
H8-36 
HS-25 
HS-29 
HS-30 
HS-04 
HS-02 
HS-55 

XAlte 
in p 

48.1 
51.5 
51.5 
58.7 
52.3 
52.5 
49.5 
51.8 
60.6 
-46.9 
45.2 
39.2 
57.5 
48.2 
35.5 
48.3 
58.2 
59.2 
61.6 
58.5 
58.7 
52.5 
34.4 
42.1 
44.7 
45.5 
44.5 
59.8 

12.4 
17.3 
23.7 
15.9 
22.3 
14.3 
23.1 
18.7 
17.8 
32.1 
26.3 
34.6 
14.6 
24.8 
21.6 
33.1 
17.6 
16.1 
11.7 
17.9 
19.9 
24.5 
39.5 
25.2 
32.6 
24.6 
30.1 
11.7 

ration produi 
laces an uni< 

4.5 
2.5 
— 
« * * M 

tr. 
6.2 
tr. 
1.7 
2.6 
7.5 
2.6 
11.6 
tr. 
tr. 
4.2 
10.3 
2.9 
2.3 
11.8 
1.1 
tr. 
2.8 
17.7 
22.1 
12.3 
17.5 
15.5 
10.7 

:ts in 
ientif 

16.2 
18.4 
20.5 
24.9 
22.7 
20.8 
17«6 
10.8 
1.6 
9.2 
11.4 
8.9 
11.6 
19.4 
3.9 
— 

3.2 
13.4 
tr. 

8.5 
4.7 

2.1 
tr. 
4.3 
tr. 
tr. 

12.4 
tr. 
tr. 
1.6 
8.3 
tr. 
9.3 
0.6 
6.5 
4.6 
6.9 

14.3 ! 2.4 
15.3 i 2.5 
14.1 1 3.6 
4.1 ' 3.5 
6.2 4.4 
tr. 
tr. 
2.1 
16.1 

1.3 
6.3 
2.3 
tr. 

2lu.de: sericite 
table turbid ag 

* <r $ 4 *° 
tr. 
1.9 
2.2 
3.6 
1.1 
1.4 
2.7 
4.1 
1.3 
1.7 
6.5 
0.9 
1.9 
3.1 
2.5 
0.7 
2.9 
tr. 
1.1 
2.8 
2.2 
tr. 
tr. 
tr. 
tr. 
tr. 
1.9 
1.3 

, chloJ 
gregat< 

— 
— 
— 
— 
— 
— 
— 

4.3 
tr. 
— 
—• 
--

tr. 
— 

22.1 
tr. 
tr. 
— 

tr. 
_-
— 

— 

tr. 
tr. 
— 

— 

tr. 
— 

-ite. 
3. 

8.2 
2.1 
2.3 
1.6 
1.7 
tr. 
4.9 
7.9 
1.9 
1.9 
5.6 
3.2 
tr. 
3.6 
1.6 
tr. 
9.7 
2.3 
2.2 
2.8 
tr. 
tr. 
tr. 
tr. 
7.1 
3.9 
2.9 
tr. 

carbona 

syenogabbro 
syenogabbro 
syenogabbro 
syenogabbro 
syenogabbro 
monzonite 
monzonite 
monzonite 
monzonite 
monzonite 
monzonite 
monzonite 
monzonite 
uonzonite 
monzonite 
monzoni te 
monzonite 
monzonite 
monzonite 
monzonite 
monzonite 
monzonite 
granodiorite 
granodiorite 
granodiorite 
granodiorite 
granodiorite 
latite 

te, and 
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procedure for measuring the optical and crystallographic 

directions in twinned plagioclase with a four-axis universal 

stage. The optically determined anorthite content of 6 

plagioclase feldspars, from 6 different porphyries, was 

cross-checked by fusion methods (Gradwell, 1958). The glass 

beads were matched with mixed oils. The index of refraction 

of the oils was then measured on the Abbe refractometer. 

The results are shown in Table 7» According to Slemmons 

(I962, p. 18) the normal accuracy for percentage of anorthite 

is + 3 per cent anorthite for a single twin measurement. 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 plagioclase 

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. 

Iffltltl0 intrusive Breccia.- The oldest rock of the Inde­

pendence volcano consists of intrusive breccias that cut 

across the Group I Volcanlcs. This type of breccia is best 

observed on the south side of Monument Peak and has a semi-

arcuate trend for more than 400 yards on the high ridge 

(Pig. 29). Prom a distance the intrusive breccias offer a 

sharp color contrast with the light-colored intruded vol­

canlcs. A traverse from the valley floor to the top of the 



108 

TABLE 7.- 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. 

Specimen 
No. 

EB-2 

WM-4 

TS-1 

BR-34 

BL-7 

HSB-15 

An # 
D-stage 

35-38 

34 

33-*W 

40 

34-38 

31 

Index 
of 

fused 
fragment 

1.519 

1.518 

1.519 

1.523 

1.520 

1.517 

An # 
by 

faslon 

36 "" 

35 

36 

41 

37 

33 

An (ja corves 
by 

Foster 

(1955) 

37 

36 

37 

42 

38 

> 

An $ curves 
by 

Schairer 
(1956) 

39 

37 

39 

44 

40 

37 
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POTASSIUM FELDSPAR 

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 latltlc Intrusive breccia that cuts across the 
Group I Volcanlcs. 



ridge did hot reveal a sharp contact between the intrusive 

breccias and the Group I Volcanics. Similar breccias occur., 

elsewhere around the periphery of the volcano. On the east 

side of the volcano the intrusive rocks have been removed by 

glaclatlon, and soil cover obscures the contact relationships 

with the Precambrlan 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 make 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 

Precambrlan 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 breccias possess flow structures. The 

large percentage of accidental fragments, plus the flow 

structures, demonstrates that the fragmental material was 

completely incorporated, mobilized and carried upward more 

than 3,000 feet. In all probability some of the intrusive 

breccias poured out 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 section studies indicate that the rock is a latite. 

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

The hoiocrystalline rock is hypidlomorphic-granular. Most 

of the plagioclase (AiioA^g), up to 0.5 mm long, shows re-

sorbed edges and is set in a finer-grained matrix of a more 

sodlc plagioclase and small subhedral crystals of augite. 

Late formed potash feldspar and quartz are Interstitial. 

Magnetite is scattered throughout the thin section. The rock 

is almost fresh with Just a trace of alteration products 

present. These include minor amounts of biotite, chlorite 

and some sericite. 

Svenogabbro.- The syenogabbro is restricted to the 

southern part of the core of the volcano in the vicinity of 

Mud and ELue Lakes (Pig. 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, medium-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 

failed 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 Its former presence. 
* 

This discrepancy appears to be due to the gradatlonal char­

acter of the syenogabbro and the nature of the sampling. 

The rocks are allotrlomorphlc-granular. Pyroxene, 

magnetite and orthoclase occur Interstitlally to larger 

crystals of labradorite {An$2-6l)' T h e modal analyses of 5 

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

'tltaniferous augite occurring at about 5*2 ratio over hyper­

sthene. The unusual essential amounts of untwinned ortho­

clase are interstitial to both the plagioclase and pyroxene. 

In some thin sections accessory quartz appears as either 

micrographic intergrowths with orthoclase or as Isolated 

blebs filling tiny angular interstices. Common accessories 

include biotite, magnetite and small needles of apatite. 

Biotite and magnetite occur either as primary minerals or as 

secondary minerals after pyroxene. The pyroxenes show various 

degrees of alteration. Some augite occurs as clear crystals 

containing 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. 

Monzonlte.- 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 field because they resemble the granodlorltes 

in places and also look like typical syenogabbros elsewhere. 

Microscopically the monzonites are allotriomorphic-

granular. Most of the rocks are medium-grained. Andesine 

(Anoo J^Q) 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, biotlte and rare epidote and 

sphene. As noted in the syenogabbros, all the minerals in 

the monzonites occur lnterstitially to the plagioclase 

feldspars. 

Pyroxene is a common accessory with both auglte and 

hypersthene present. Auglte is the most common and 

occurs as stubby, prismatic crystals or as anhedra in ag­

gregates with biotlte and magnetite. Some of the pyroxene 

is uralitlzed to a greenish-brown amphibole. The plagioclase 

commonly occurs as elongate laths. Normal zoning predomin­

ates. As a rule the larger plagioclase is marked by resorbed 

edges. The smaller plagioclase laths are more sodlc than the 

larger laths. Optical measurements revealed that the plagio­

clase varied as much as 15 per cent in An-content. 

Pine-grained magnetite along cleavages in augite, slight 

sericitization of the plagioclase and chlorite in biotlte 

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 (Pig. 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 chilled 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 monzonites 

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 granodiorite has a granitic 

appearance. Plagioclase, biotite and pyroxene are easily 

detected. The finer-grained variety appears darker and 

possesses a speckled 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 granodiorite 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 hypldiomorphlc-granular. Plagioclase 

(An2^_3o)» quartz and orthoclase are the essential minerals. 

Accessories include auglte, biotite, magnetite, zircon, 

pyrite, apatite and some rare sphene. The orthoclase occurs 

either as interstitial material or as a poikilltic host to 

plagioclase. 
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FIGURE 32. View showing the northeast part of the 
Independence volcano. The high, circular ridge 
consists of latltic Intrusive 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 granodiorite 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 turbid aggregate of chlorite, carbonate, limonlte 

and possibly an amphibole. Most blotite is rimmed with 

chlorite. Hypersthene is present in trace amounts and has 

altered similarly to auglte. Some areas are so crovrcled with 

alteration products that it is impossible to determine what 

the original mafic mineral may have been. 

Granitic Dikes.- Small granitic dikes represent the 

youngest rock-type within the volcano. They range in width 

from small stringers of 1/^ inch to those that are 6 inches 

across. They do not conform to any well-defined trend and 

are not persistent in length. These dikes 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 aplitic varieties to those that appear as 

small pegmatites. For the most part they are granitic. 

The dikes are mlneralogically simple. Thin section 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 magnetite make up the rest of the section. 

No plagioclase was detected in the section investigated by 
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the writer. Emmons (1908, p. 225) reported about 5 per cent 

of andesine in the granite dike he described. 

Mod,e of ffrcpLfl^ftrnftnt.- 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 plagio-

olase. As the intrusive cycle continued the magma slowly 

changed in composition by differentiation 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 dikes that 

appear throughout the core. 

The forceful intrusion, and boring action of the magma, 

undoubtedly followed inherited fault zones in^the Precambrian 

metamorphic rocks. It is also probable that the older and 

partially congealed magma offered some resistance to the 

younger and more fluid magma thereby causing the northward 

migration of the conduit. 



120 

The coarse-grained 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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WATER-NARY 3BPIMBNI9 

General Statement.- If the general volcanic stratigraphy 

in the middle and southern Absaroka Mountains (Hague, 1899; 

Rouse, 1937; Parsons, 1958; Boyd, 1961; and Brown, I96I) can 

be applied to the entire range then a thick sequence of 

pyroclastics has been eroded in the northern part of the 

Absaroka Mountains 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 

alluvium. 

Glacial Till." Glacial Till is restricted to the southern 

part of the Independence area in the Buffalo, Hellroaring 

and Slough Creek areas. The tills occur principally as 

medial moraines at the confluence of the larger tributary 

valleys with the main streams. V/ithin some of these moraines 

small ponds have formed, thus indicating that they are not 

river gravels. Most of the till consists of pebbles, cobbles 

and boulders of volcanic materials with a clay-like matrix. 

In the Slough Creek drainage a considerable amount of granitic 

gneiss and schist fragments derived from the head vraters of 

Slough Creek is present. 

Landslide Debris.- Landslide debris is 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 just below Silver Tip Ranch. 

Howard (1937, P. 92-12*0 has described *»-.detail the glacial 

history of the Lamar and Yellowstone River Valleys. Two 

distinct terraces are preserved, just below Silver Tip Ranch, 

which 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 (Pig. 33) 

alluvium which is the result of natural barriers, acting as 

dams in the streams, in the form of Precambrian ridges or 

spurs. The glacially over-deepened part of the valleys was 

the site of temporary lakes until the barriers were subse­

quently eroded. The valley fills are quite extensive in the 
* 

southern part of the Independence area. Prenchy'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 Pork 
Creek. Mount Washburn Range of Yellowstone Park is 
in background. 



ORIGIN OP THE INDEPENDENCE VOLCANO 

Summary of the Volcanic 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. Dacitlc and latltic 

pyroclastic flow breccias then accumulated, followed by a 

series of basalts and dense, aphyric flows of augite latltes. 

Activity continued with the build up of more than 2,300 feet 

of fairly acid volcanic rocks. The materials for the Group 

I Volcanics appear to have originated from many small vents 

that paralleled a major fault zone in the underlying Precam-

brlan rocks. The exposed intrusive bodies of the Group I 

Volcanics consist essentially of dacitic and latltic 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 porphyrltic 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 period of volcanism occurred 

which was centered around a single vent structure. The 

Independence volcano is considered to have been the major 

12^ 
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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 labradorlte 

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 filling of valleys and channels on the flanks 

of the volcano. 

A quiet phase of volcanism then took place with the 

extrusion of a thick series of lDasalt 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 augite and hypersthene along with accessory amounts of 

potash feldspar. Short periods of explosive activity took 
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place forming lenses of hypersthene-rlch felslc vltrlc tuffs 

.» between the basalt flows. 

Reconstruction of the probable size of the volcano sug­

gests that a great quantity of material was probably removed 

thereby obliterating any later events of volcanlsm that may 

have occurred. 
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Differentiation of the Intrusive Rooks 

The feldspathic rocks, from the core of the Independence 

volcano, possess petrographlc similarities and are closely 

related in time and space. These relations suggest a common 

source. The distribution and intrusive sequence indicate that 

the magma was differentiated at a lower level prior to in­

trusion. Most of the rocks are monzonitlc; the rest consist 

of syenogabbros and granodiorites. 

Petrographlc studies show that there is not a sharp 

raineralogic break between the various types. Plagioclase 

and potash feldspar are present in all rocks and the plagio-

clase-potash feldspar ratio decreases from the mafic to felsic 

rocks. The anorthlte content of the plagioclase decreases 

gradually from a high of Ang^ in the syenogabbro to a low of 

An22 * n the granodiorite. Quartz is an accessory mineral in 

some of the basic rocks and becomes essential in the grano­

diorites. Pyroxenes persist throughout the series. Auglte 

and hypersthene are essential in the syenogabbros, accessory 

in the monzonltes. In the granodiorites pyroxenes are either 

accessory or present in trace amounts. 

Essential primary amphibole is conspicuously absent, even 

through some biotite is present in all the rocks. This may 

reflect an original relatively dry magma at depth. The for­

mation of primary biotite as a late forming mineral may have 

been due to the concentration of microscopic amounts of water 

during the course of crystallization. 

Emmons (1908, p. 219) presented 6 chemical analyses and 
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norms from the rocks of the "Haystack Stock". Even though 

the exp.ct location of the samples collected by Emmons can 

not be accurately determined on his small-scaled geologic 

map, a comparison of the modal analyses (Tables 6 , 8) in­

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 this report and can be attributed to 

selective chemical staining techniques which aided rapid 

visual identification. The writer, therefore, considers that 

Emmons * chemical data can be utilized for a tentative dis­

cussion on the differentiation of the coarse-grained rocks 

from the core of the Independence volcano, but that his min­

eral ogical data requires some revision. 

Thorton and Tuttle (i960) have presented a discussion on 

the system SiC^-NaAlSiO^-KAlSiO^, 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 magmatlc 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). 

B C D X P 

Quartz 

Orthoclase 

Albite 

Anorthite 

Hornblende 

Pyroxene 

Biotite 

Olivine & 
Serpentine 

Magnetite & 
ilmenite 

Apatite 

22.9 

17.8 

30.7 

10.3 

9.7 

-

4.2 

-

4.1 

0.3 

21.8 

11-7 

30.I 

15.I 

-

11.2 

4.8 

-

. 4.9 

0.4 

12.2 

9.7 

31.2 

20.8 

-

13.5 

6.7 

-

4.9 

1.1 

6.8 

15.4 

27.5 

19.7 

-

19.5 

4.6 

0.5 

5.2 

0.8 

3.7 

13.2 

26.5 

18.9 

-

28.8 

3.1 

0.3 

4.8 

0.7 

-

4.9 

19.2 

26.7 

-

30.9 

4.5 

6.8 

5.8 

1,2 

24.5 

47.2 

17.8 

2.6 

-

3.3 

-

-

3.9 

_ 

Rock names as ap-olied "by Emmons (1908) 

A. Granodiorite 
B. Granodiorite porphyry 
C. Quartz-bearing diorite 
D. Quartz-bearing orthoclase-gabbro 
E. Orthoclase gabbro 
P. Olivine gabbro 
G. 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 igneous rocks from Washington's Tables. These 

data, as shown on a histogram and various oxide-D.I. diagrams, 

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 it is possible to tell at 

a glance whether a rock series is normal, abnormal, 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 3̂ » 35* The oxide-

D.I. diagrams reflect the trend of normative minerals and 

support 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 is 

indicated. 

The silica-D.I. diagram (Fig. 3^ ) indicates that the 

rock sequence began with an undersaturated syenogabbro 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 d i f f e r e n t i a t i o n index. 

Qjoartz 
Orthoclase 
Albite 
Anorthite 
Hypersthene 
Diop8ide 
Magnetite 
Ilmenite 
Hematite 
Apatite 
Water 
Olivine 

A 
19.50 
20.57 
32.^9 
12.51 
4.80 
3.02 
3.02 
1.22 
0.80 
0.34 
1.41 
— 

B 
19.20 
15.01 
33-01 
19.18 
5.82 
2.08 
3.71 
0.91 
-

O.34 
0.66 
-

c 
10.83 
11.68 
34.02 
23.07 
4.71 
8.64 
4.87 
I.67 
-

1.01 
0.63 

• D 
4.68 
16.68 
28.30 
21; 41 
11.87 
7.32 
5.34 
1.98 
— 

1.01 
1.27 
-

£ 
1.56 
16.12 
28.82 
20.29 
13.88 
11.22 
4.18 
1.98 
— 

1.01 
0.97 
-

F 
0.0 
5-56 
20.44 
30.86 
12.00 
14.34 
5.34 
1.98 
_ 

1.01 
1-53 
6.72 

G 
24.50 
47.26 
17.82 
2.78 
2.65 
0.68 
3.94 
_ 
_ 
_ 
— 

-

Different ia t ion index determined by summing the 
s i a l i c normative minerals quar tz , orthoclase and 
a l b i t e . 

Var ie t i es D . I . Rock Name 

G 
A 
B 
C 
D 

P 

89.55 
72.56 
67.22 

55.07 
49.66 
46.50 
26.00 

Granite dikes 
Granodiorite 
Granodiorite 
Monzonite 
Monzonite 
Syenogabbro 
Syenogabbro 

Ihe differentiation index for the major igneoas rocks 
of Daly's (1914) averages. (After Thorton and Tattle i960) 

Alkali granite 
Granite 
Granodiorite 
Diorite 
Gabbro 
Olivine gabbro 
Peridotite 

D.I. 
93 
80 
67 
48 
30 
27 
6 
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DIFFERENTIATION INDEX 
(Normative % Q+Ab+Or) 

Oxide vs. differentiation index of 
the rocks from the core of the Independence 
volcano for the oxides: silica, alumina and 
ferric oxide. Contoured area represents fields 
of concentration based on 5000 analyses from 
Washington's Tables (Thorton and Tuttle, i960). 
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FIGURE 35.- Oxide vs. differentiation index of 
the rocks from the core of the Independence 
volcano for the oxides: lime, magnesia, ferrous 
oxide, potash and soda- Contoured area represents 
fields of concentration based on 5000 analyses from 
Washington^ Tables (Thorton and Tuttle, i960). 
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Is normal and varies antithetically with the silica distri­

bution where the rock becomes oversaturated. Ferric oxide 

concentration is normal and reflects a straight-line trend, 

parallel to the abcissa, which indicates the FegOo was re­

moved at a constant rate from the magma during fractional 

crystallization. 

The basic oxides, lime, magnesia and ferrous oxide, show 

a normal trend from higher concentrations (Fig. 35) in the 

syenogabbro to diminishing amounts in the granodiorite and 

granite dikes. The alkali 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 contain some sodafand 

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 slightly below the maximum 

field which may indicate the degree of differentiation. 

Chemical evidence strongly supports the view that the 

rock sequence was derived by fractional crystallization of 

a single magma. Table 10 (columns If, 2e, 3d, etc.) lists 

the composition of 7 materials, which when subtracted from 

a hypothetical 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 petrographic data. 



TABLE 10.- Composition of materials, which, when removed from an 
assumed syenogabbroio magma, produce rocks later in 
the series. 

Weight 
per cent 

Si02 
AI2O3 
*«203 
?e0 
MgO 
CaO 
Na20 
K20 

Syenogabbro 
If 

44.3 
16.5 
3.6 
8.4 
9.2 
11.8 
2.1 
— 

2e 

47.8 
13.2 
-

13.3 
8.5 
12.6 
3.6 
-

Monzonite 
3d 

54.1 
16.1 
30 
4.7 
5.1 
6.5 
3.2 
3.1 

4c 

. 58.0 , 
17.4 
3.7 
3.8 
4.7 
8.7 -
4.0 
1-7 

Granodiorite 
5b 

61.0 
17.0 
2.4 
2.6 
2.7 
5.7 
4.7 
— 

6a 

64.0 
15.1 
0.4 
3.8 
2.7 
3.9 
4.0 
2.3 

1 
7 

70.3 
13.7 
2.7 
1.8 
0.7 
0.7 
2.1 
7.9 

Nonas 

1 

1 * Or 
Ab 
An 
Mt 
Di 
Hy 

1 01 

f 

. 

_ 
I8.3 
35.3 
4.9 
20.6 
-

16.5 

F 

_ 

5*5 
20.4 
30.8 
5.3 
14.4 
12.0 
6.7 

e 

-
30.1 
17.2 
-

14.2 
-

16.7 

E 

1.5 
16.2 
28.2 
20.2 
4.2 
11.2 
13.8 
-

d 

1.7 
18.9 
26.8 
20.1 
4.9 
9.6 
13.9 
-

D 

4.6 
16.8 
28.3 
21.4 
5.? 
7.3 
11.8 

c 

6.7 
10.1 
33.4 
24.6 
5.1 
14.2 
e.5 
-

c 

10.3 
11.6 
33.1 
23.1 
4.8 
P.6 
4.7 
— 

b 

22.8 
-

36.4 
23.4 
3.1 
2.8 
7.5 

B 

19.2 
15.1 
33.1 
19.2 
3.7 
2.1 
5.8 
— 

a 

18.4 
13.5 
33.4 
16.4 
3.7 
2.1 
9.8 

— 

A 

19.5 
20.5 
?2.5 
12.5 
3.1 
3-1 
4.8 
-

7 

24. 
47. 
17. 
2. 
3. 
0. 
2. 
— 

Capital letters (A, B, C, D, E, F,) refer to norms presented by Emmons (1908). 
Lower case letters (a, b, c, d, e, ff) refer to norms calculated for this report. 
Chemical composition of granite dike as presented by Emmons (1908) 
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i 

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 plagioclase (Pig. 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 (?) were subtracted from the 

monzonites (*k>) 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 

(If) produced norm values (f) almost identical to the norm 

(P) that Emmons presented from a chemical analysis of a 

syenogabbro from the core of the Independence volcano. 

Petrographlc 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 calcic plagioclase in corresponding amounts, the 
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composition of the magma could change success ive ly from a 

syenogabbro to a g r a n o d i o r i t e . The g r a n i t i c dikes would 

then rep resen t the f i n a l products of d i f f e r e n t i a t i o n which 

i n d i c a t e s t h a t f r a c t i o n a t i o n migrated toward petrogeny 's 

r e s idua system. 

A graphica l comparison between the hypothe t ica l norms 

ca l cu la t ed for t h i s r epo r t and the norms presenteu by 

Emmons from chemical analyses I s shown in Figure 36. 

syenogabbro monzonite granodiorite 

O mafic norms calculated from a hypothetical magma 
9 mafic norms presented by Emiaons from chemical analyses 
^ sialic norms calculated for this report 
^ sialic norms presented by Emuons 

Refer to Table 10. 

FIGURE 3 6 . - Comparison of t h e o r e t i c a l norms with the 
norms determined by Emmons from chemical ana lyses . 
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Thermal State Comparison of the Plagloclase 

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 optically different 

feldspars. Mulr (1955» P» 5^5) points out that nearly all 

published data on natural high-temperature plagloclase are 

confined to volcanic rocks and all published information 

on plutonic or metamorphic rocks indicates 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 plaglo­

clase is brought about by an order disorder transformation 

(Reynolds, 1952; Bradley, 1953; Mulr, 1955; and Megaw, 1959). 

This order-disorder relationship is based upon the Al-Si 

positions within the plagloclase. In the low-temperature 

structure ordering exists with Al-Si occupying geometrically 

different lattice positions. The high-temperature structures 

are characterized by Al-Sl being statistically arranged over 

one set of lattice positions. Deer et al., (I963t P« 9^-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, PH 0O>
 a n d e v e n t n e presence of 
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water. The manner in which these variables influence the 

plagiociaae 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 plagioclase. 

The writer follows Slemmons' (I962, p. 3) suggestion 

in the usage of the following terms: 

Plutonic plagioclase for those that possess well-
ordered structures and referred to in the litera­
ture as "low-temperature" plagioclase. 

Volcanic plagioclase for the typical plagioclase 
of extrusive and shallow intrusive Igneous 
rocks showing disordered structures. 

Transitional plagloplajge includes plagioclase that 
has properties approximately midway between those 
of plutonic and volcanic plagloclases. 

Occurrence and Distribution.- 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 plagioclase feldspars is 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 plagioclase. This is to be expected in that 

the border zone represents true hypabyssal features. Most 

of the plagioclase toward the center of the core reveals 

plutonic features. Notable exceptions occur in the grada-

tional zones between the syenogabbro and the monzonltes and 



140 

TABLE 11.- Optical data of the plagioclase from the 
coarse-grained rocks from the core of the Indepen­
dence volcano. 

Sample 
No. 

IA-20 
HS-51 
IA-09 
IA-11 
HS-54 
DJC-B 
HS-59 
AI-88 
HS-89 

1 
Composition 
Mol. $> An 

61 
55 
53 
52 
51 
38 
38 
42 
41 

HS-90 39 
IA-22 48 
HS-61 38 
HS-88 41 
SH-41 47 
AI-19 
HS-84 
HS-80 
flS-98 
HS-6? 
HS-35 
HS-25 
HS-29 
HS-30 
HS-04 
HS-02 
HS-55 

39 
46 
39 
41 
38 
27 
26 
22 
37 
37 
24 
45 

2Vz 

78 
79 
81 
76 
82 
86 
91 
86 
80 
102 
88 
84 
86 
90 
81 
82 
104 
80 
84 
91 
105 
108 
92 
78 
91 
82 

Twin2 

Law 

2 
1 
1 
7 
1 
4 
2 
1 
3 
l 
2 
6 
1 
l 
6 
2 
7 
2 
2 
4 
3 
1 
6 
1 
2 
5 

Angles X-Y-Z to 
Twin Axis 

X 
59.5 
59.5 
41.0 
80.0 
44.5 
87.5 
34.0 
42.0 
86.0 
55-5 
47.0 
82.0 
55.0 
42.0 
81.0 
43.0 
86.0 
36.5 
32.5 
75.0 
87.O 
69.O 
80.0 
55-5 
25.0 
38.O 

Y 
35.5 
41.5 
58.5 
62.5 
57.0 
20.0 
57.5 
53.0 
68.0 
42.5 
46.5 
22.0 
47.5 
59.5 
22.0 
49.5 
66.0 
57.0 
58.0 
23.5 
74.0 
24.0 
25.0 
38.0 
67.O 
55.5 

Z 
75.0 
64.0 
63.O 
29.0 
62.0 
70.0 
78.0 
70.5 
22.0 
68.5 
77-0 
70.5 
63.O 
67.5-
62.5 
80.0 
24.5 
80.0 
81.5 
71.0 
16.0 
7b.5 
72.0 
78.5 
79.0 
76.0 

Thermal 
State 

P 
P 
P 
P 
P 
T 
P 
P 
P 
V 
V 
P 
T 
V 
P 
P 
V 
T 
P 
T 
V 
V 
V 
p 
p 
T 

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

2 
Twin Laws: 1-Carlsbad; 2-albite-Carl8bad; 3-albit 
5-Baveno; 6-pericline; 7-acline. 

3 
Thermal States: P-platonic; V-volcanic; T-transiti 

An# Bangs as determined by the measurement of the 
on a minimum of 4 plagioclase fragments. 

3 * / 
Bange 

57/61 
55/59 
52/56 
52/57 
48/55 
33/42 
36/47 
39/48 
39/46 

. 34/41 
46/52 
33/41 
32/43 
44/49 
39/41 
38/48 
37/41 
35/44 
34/46 
22/31 
21/33 
21/29 
32/39 
31/39 
22/31 
39/48 

the 

e; 4-Manebach-AlaJ 

onal. 

optical properties 
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also between the monzonltes and the granodlorltes. 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 (Pig. 37 ̂- Inferred boundaries of the 

various rock-types are drawn on the basis' of petrographic 

data and field relations. Hie distribution of the volcanic 

plagloclase within the transitional zones is 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 i.e., temperature, pressure, as it was being in­

truded. The volcanic plagloclase occurring in the border 

zone of the core may be due to rapid cooling of the intruding 

magma. The occurrence of the plutonic plagloclase undoubtedly 

reflects local static conditions (slow cooling) which led to 

complete ordering In the feldspars. The volcanic and tran­

sitional plagloclase are found where there is a compositional 

change in the rock-types. A later and more acid magma in­

dicates a corresponding decrease in temperature of the system. 

The paucity of primary and secondary hydrous minerals suggests 

that the initial magma was relatively dry when intruded. 
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N 

2000 

EXPLANATION 

gd - gronodiorite 
M = Monzonite 
S = Syenogabbro 
L = Latite 

ANORTHITE 
CONTENT 

• A n is 10-30% 
OAn is 3 0 - 5 0 % 
^ A n is 5 0 - 7 0 % 

FILLED SYMBOL 
shows plutonic plagioclase 
UNFILLED SYMBOL 
shows volcanic and 
transitional plagioclase 

MAFIC MINERAL CONTENT 
(Color Index) 

1= 0 - 10% 
" 2 = 10 - 2 0 % 

3 = 20 - 3 0 % 
4= 30 - 4 0 % 

HS-56 

SAMPLE NUMBER 
(See Table 6 ) 

FIGURE'*"3f.- 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 study of this problem, no empirical cause 

can be given for the structural anomalies In the plagloclase 

that occur In the gradatlonal zones between the various 

rock-types. 

The writer compared the volcanic and plutonlc plagloclase 

from the core of the volcano with the volcanic plagloclase 

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 (1953, Fig. 2). Visual inspection of the 

various plots shows a significant grouping of the volcanic 

plagloclase, from the hypabyssal rocks and the core of the 

volcano, around the high-temperature curve. A similar dis­

tribution of the plutonlc plagloclase, from the core of the 

volcano, is shown around the low-temperature curve. Phair 

et al., (1962, p. Jj-89) concluded, on the basis of detailed 

X-ray and chemical data, that this type of diagram, using 

optical data, is valid in indicating the thermal-state of 

plagloclase. They also suggest, from their regional study on 

the distribution of plagloclase, that the rate of cooling 

might be the principal factor affecting the structural state 

of the plagloclase. The plagloclase 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 1 2 . - Optical da ta of the volcanic p lag ioc lase from 
various hypabyssal rocks throughout the Independence 
area. 

Sample 
No. 

HSB-5 
BE-34 

ER-2 

BF-13 

LS-2. 

Bul-7 

SH-45 
ML-1 
WM-4 
WM-5 
BF-14 
TS-1 
BF-7A 
IA-64 
LD-1 

Composition 
Mol. ft An 

31 
41 
33 
41 
31 
43 
40 
51 
55 
33 
37 
34 
39 
46 
45 
61 
34 
33 
44 
41 
38 
44 
33 

2V z 

105 
84 
94 
106 
102 
-

104 
81 
86 
94 
-

96 
108 
103 
96 
78 
96 
102 
86 
106 
102 
86 
— 

Twin Law 

1 
2 
1 
4 
5 
3 
2 
1 
3 
6 
3 
l 
3 
1 
2 
l 
l 
5 
l 
3 
6 
3 

1 6 

Angles X-Y-Z to 
Twin Axis 

X 

6?.5 
25.5 
8i:o 
81.0 
89.0 
86.0 
34.0 
4'+.0 
74.0 
8f.O 
86.5 
60.0 
85i.O 
49.0 
41.0 
37.5 
57-0 
83.O 
51.0 
85.O 
83.O 

Y 

33.0 
5--.9 
35.0 
32.0 
24.0 
62.5 
60.0 
63.O 
59.0 
22.5 
68.0 
38.0 
63.O 
53-0 
32.0 
67.5 
37.5 
19.0 
52.0 
68.0 
19.0 

£3.0 61.0 
8P.5 1 23.0 

Z 

78.0 
78.5 
66.0 
59.0 
67.0 
^3.0 
79.0 
62.0 
34.0 
67.5 
22.5 
70.0 
26.0 
65.0 
76.0 
65.5 
74.0 
76.0 
63.O 
22.5 
7c. 0 
29.0 
67.5 

Twin Laws; l-Carlsbad; 2 -a lMte-Car l sb-d ; 3 - a l M t e ; 4-Mane'bach-Ala; 
5-Baveno; 6 -pe r ic l ine 
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I 4 0 r 

Volcanic plagioclase from 
hypabyssal rocks. 

Volcanic and transitional 
plagioclase from the core 
of Independence Volcano. 

Plutonic plagioclase from the 
core of Independence Volcano. 

Ab 
10 20 30 40 50 60 70 80 90 

An 

FIGURE 38.- Comparison of the thermal-state of 
the plagioclase with anorthlte content. 
Temperature curves from Smith (1958, Pig. 2) 
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Relationship of the Extrusive and Intrusive Rocks 

Each of the major volcanic rock types of the Independence 

volcano area is represented by a coarser plutonic equivalent 

in the core complex: dacltes-granodiorltes, latites-monzonites, 

and trachybasalts-syenogabbros. 

Owing to the fragmental character of the volcanic breccias 

and the erosive cycle that accompanied volcanism, a mineral-

ogical correlation can not be made of specific layers of vol­

canic breccias 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 Volcanics). The compositional 

change noted in the rocks of the Independence volcano, with 

respect to the intrusive cycle, is the reverse for that noted 

in the pyroclastic breccias. This seeming contradiction can 

be resolved by assuming that the former volcanic vent was 

occupied, in the final stages of volcanism, by a composite 

stock-like body; therefore, any evidence of former intrusive 

events could have been obliterated. In general, the average 

composition of the various pyroclastic rocks is similar to 

that of the latitic 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 slgnflcant in that it repre­

sents a cone-complex in which the sequence of volcanic activ­

ity 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 pyroclastlc breccias whereas the 

materials away from the volcano have been reworked and de­

posited by geomorphic agencies. 

The assumed initial dips of the pyroclastics on the high 

ridges adjacent to the volcano afford a means by which the 

original size of-the structure can be estimated. Some of 

the pyroclastlc 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 indicates that the volcano was at least 

^,000 feet higher than the present remnants of the coarse­

grained interior. This would indicate that a volcano attained 

an estimated maximum elevation of about 16,000 feet above sea 

level with respect to the present topography (Fig. 39; Pl» II)• 

The high elevation and steep slopes would be more than 

sufficient to account for the wide distribution of the epi-

clastic material that dip away from the source area. The 

many 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 showing the probable topo­
graphic expression of the Independence vol­
cano during late Eocene time. View looking 
northwest from Daisy Pass, near Cooke City, 
Montana. 
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Age Of the Volcanic RpgKs.- The lower part of the 

Group I Volcanics Is probably of the same age as the "early 

acid breccias" that occur In other parts of the Absaroka-

Yellowstone Park region. 

In the Bighorn Basin (Van Houten, 1952) the "early acid 

breccia" 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 material of late early Eocene age is in the Wind River 

Formation (Hay, 1956, p. 1886) and the lower part of the 

Aycross Formation. Brown (I96I, p. II76) suggests that the 

Aycross Formation appears to be equivalent to the "early 

acid breccias" 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 Figure 
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Relationship of the Independence Volcano 
to Regional Igneous Activity 

Petrogenesls and Consanguinity.- The northern Absaroka 

Mountains have been designated by Larsen (19^0) as the 

Absaroka sub-province of potash-rich, soda-rich, lime-poor 

rocks. Nearly all of the rocks from the Independence area 

contain significant amounts of potash feldspar but are not 

soda-rich or lime-poor and the series is best designated as 

subalkallc. Therefore, 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 (19^0) attributes the 

origin of the potassic rocks, of the whole central Montana 

region, to magmatic differentiation of a parental olivine 

basalt and modified by partial assimilation of granitic 

rocks at depth. Turner et al., (i960, p. 1^8) 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 considered to be re­

lated to similar primary magmas. Differentiation at depth 

had led to the removal of calcic plagloclase and hypersthene 

with a corresponding increase in the alkalinity of the magma. 

Periodic tapping of the magma reservoir, at various stages 

of development, is then considered to have formed the re­

spective secondary magmas in the various central Montana 

provinces. The bulk composition of the magma that produced 
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the rocks in the Independence area was probably monzonitic. 

The overall trend in the composition 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 latitle range. The process of differ­

entiation by frac6ional crystallization and crystal separation 

of a monzonitic magma could produce the rocks observed in the 

area. The dacites and trachybasalts would then be normal 

acid and basic differentiates. 

The writer suggests the following hypothesis to explain 

the occurrence of various igneous rocks in the Independence 

area: 

(1) The magma that produced the volcanic rocks was 
derived from a differentiating magma 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 volcanism continued fractions of 
increasing mafic-mineral content appeared in 
which the plagloclase also became more calcic. 
The felsic magma slowly changed to a melano-
latite. This 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 tapping of an undiffer­
entiated portion of the monzonitic magma. 

(4) The trachybasalts, under this hypothesis, then 
reflect the eruption of the basic differentiates 
of the monzonitic magma after the bulk of the 
monzonitic material had been removed. 

Other Vents in the Absaroka Mountains 

The distribution of known intrusive centers in the 

Absaroka Mountains is shown in Figure ^1. These intrusive 
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FIGURE *H.- 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 intrusive centers consist essentially of small 

stocks, volcanic plugs, laccoliths, sills and dikes. Initial 

dips in the volcanic rocks around these centers are very 

local and relatively gentle. According to Rouse (1937t 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 field work established the exact 

locations (Parsons, oral communication). 

Even though the intrusive centers line up in a north­

west trend, this 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 zone, within the interior 

of the Beartooth uplift, and may line up with the pre-Laramide 

Bighorn synclinal axis. The northwest trend that passes 

through the southern Absarokas lies farther to the south­

west. The trend Is coincidental with the anticlinal axis 

of the Owl Creek Mountains (Wilson, oral communication). 
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General Statement.- The structural geology of the Bear-

too th-Absar oka 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). 

Regional Structure.- The Beartooth-Absaroka area is 

located in the middle Rocky Mountain province (Fenneman, 

1930) of southwestern Montana and northwestern i/yoming. 

Several major northwest trending ranges (Beartooth, Bighorn, 

Absaroka, Wind River) (Fig. kZ) 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 volcanic 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 Paleozoic and Mesozoic 

sedimentary cover from 5»000 to 15,000 feet thick and, (2) 

the western part consists of a zone of strongly folded low-

angle thrusts in a sedimentary sequence that is 20,000 to 

*K),000 feet thick. The Precambrian basement rocks, in the 
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FIGURE Jl-2.- Tectonic sketch map of northwestern 
Wyoming and southwestern Montana. (Data modified 
after the Tectonic Map of the United States, 1962) 
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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 lineament 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. In 

northern Yellowstone Park (Brown, I96I, p. II87) folding and 

faulting terminated prior to the first outpouring 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) epeirogenlc uplift of the Bear-

tooth region took place. According to Love (I96I) normal 

faulting of the Yellowstone tuffs, within the park, is sug­

gestive 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). 

3trU?Wyg pf the BeartQoth, Mountains*- The local struc­

ture within the Independence area is intimately related to 

the broader aspects of the Beartooth Mountain uplift. 

Poose et al., (1961, p. 1143-1172) have presented a detailed 

summary of the geologic structures surrounding the Beartooth 

uplift. The vertically-uplifted Beartooth block is bounded 
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by a series of high angle thrust planes and vertical faults 

(Pig. 43). Northeast-southwest horizontal compressive forces 

are considered to' have initiated the uplifting and the re­

sultant thrusting. The thrust planes and vertical faults 

are well developed and preserved in the Paleozoic and Meso-

zoic sedimentary rocks exposed around the perimeter of the 

Beartooth Mountains. 

The Precambrlan 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 (Wil­

son, 1936) the Precambrlan 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 general, the Precambrlan 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 the northwest, in the vicinity of 

Cooke City, and passes into a broad fault-zonewithin the in­

terior 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 Laramlde revolution. 

Previous workers (Rouse, 1937; Parsons, 1958) have 
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emphasized the northwest-trending zone of lntrusives In 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, volcanic vents and dikes of 

Eocene age. 

Loĝ JLS.fcgufftur.e, 

Practically all the evidence of tectonic events, in the 

Independence area, is masked by the cover of volcanic rocks. 

However, two and possibly three distinct episodes of tectonic 

activity can be recognized. 

Granitic gneisses and schists, exposed on the northeast 

side of the area, reflect Precambrlan metamorphlsm. Lara-

mlde events are indicated by the Monument conglomerate which 

marks a period of vigorous uplift and subsequent erosion. 

A fault in the present site of the main Boulder River, in the 

north central part of the area, is related to this period. 

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 block which Is 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. 



161 

Boulder River Fault.- A strike line across the Boulder 

River valley from Treasure bench to the ridge between Elk 

and Bridge Creeks (PI. I) reveals a stratlgraphlo 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 original 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 

implies that the entire Boulder River is fault controlled. 

Detailed evidence of faulting in the valley floor is lacking 

due to the effects of glaclation and also the heavy growth 

of vegetation. Just below War Eagle Mountain there are 

several shear zones in the weathered Precambrian metamorphic 

rocks that are parallel to the valley. Near the confluence 

of Sheep Creek with the Boulder River a shear zone in the 

Precambrian rocks has been mineralized to a limited degree. 

The shear zone near War Eagle Mountain and the shear zone 

that has been mineralized form a trend that parallels the 

Boulder River valley for a distance of about h miles. 

The absence of any evidence of faults in the pyroclastic 
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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 

is of probable Paleocene (?) age. Due to the volcanic cover 

the exact length 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 surface along in­

herited shear zones during Paleocene (?) time is diagrammati-

cally shown in Figure V*-. 

A significant feature of this fault is that if the Bear-

tooth uplift is considered to be a tripartite structure 

consisting 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. 

Round Head Butte Faults.- Just north and south of Round 

Head Butte, in the lower reaches of the valleys, two faults, 

that may be related, are partially exposed under the volcanic 

cover. In the East Fork 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 is downthrown on the west side against the upper Cam­

brian Grove Creek-Snowy Range Formations. The displacement 

is 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 middle Cambrian sediments crops out on a small ex­

posure of the Precambrian surface. The elevation of this 

divide is 9»250 feet. Directly east, the entire section 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 horizontal distance is 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, 

is coincidental with a small irregular intrusive body. 

Brown (I96I, PI. 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 point 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

sion 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 consist of a graben-like structure. Six miles to the 

west, near Hellroaring Creek, a fault with the same trend as 

the Round Head Butte fault is shown on the Livingston Polio 
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(Pig. ^3). 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 Polio 

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 Precambrlan fault block, in the southeast 

part of the area in the immediate vicinity of the Silver Tip 

Ranch (Pis. I, II). This circular-shaped Precambrlan 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 deeplj'- into this 

Precambrlan block. Upstream from this natural barrier, the 

narrow 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. 4-5) • 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 Precambrlan fault block. The entire 

thrust block is strongly fractured, which may indicate rapid 

movement and settling of the sediments. The edge of this 

thrust block can be traced where exposed under the volcanic 

cover for more than a mile and a half. 

In the deep ravine of Cutoff Creek, on the southern side 

of the Precambrlan fault block, the Flathead Formation strikes 

east and dips vertically. About 100 yards, directly south 
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FIGURE ^5a.- View showing a part of the Bighorn Forma-
that has been displaced to the northwest away from 
Silver Tip fault block. View looking west across 
Slough Creek. 

Geoup m Volcfthi'cs 

FIGURE. ̂ 5b.- Detail of Fig. 45a explaining the lithol-
ogles. 
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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 III Volcanics that are exposed on Cutoff 

Mountain. 

On the east side of Slough Creek, 2 miles north of the 

Precambrlan 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 Paleozoic sediments were observed 

at any place on the Precambrlan block. 

Origin.- 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 Precambrlan 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 lies in a northwest-trending 

zone that contains several intrusive bodies seems to support 

this view. 

The same type of mechanism that forms the shear fractures 

of ring dike complexes is suggested, with slight modifica­

tions, to account for the origin of the Silver Tip fault 
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block. The suggested sequence of events Is as follows: 

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

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

3. A resurgence of magmatlc doming with the plug­
like Precambrlan block being forced upward along 
the previously formed shear fractures. 

k. 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 tectonic events that formed the Beartooth Mountains. 

The following discussion is, in part, condensed and.modified 

from the detailed geologic chronology presented by Poose et 

al., (1961, p. H63-II68). 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 deposited in the form of quartzites, ironstones 

with some arglllites, 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 ultramaflc 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 

granitization followed, dated at about 2.7 billion years ago 

(Gast et al., 1958, p. 326), which formed a metamorphic as­

semblage of amphibolites, blotite gneisses, mlgmatites , 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 Paleozoic time, except during a marked 

epeirogenic uplift in Silurian 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 rapid subsidence of 

the shelf area which was the first evidence of Laramide 

crustal instability. 

The downwarping of the region was accompanied by volcanic 

activity on the northern side of the present Beartooth uplift 

in the vicinity of the Nye-Bowler lineament (Rouse, 1937» p. 

738) Parsons (19^2, p. 1178) pointed out that the Livingston 

volcanics are interbedded with rocks as old as the upper 

Cretaceous Judith River Formation. During this time also 

differential movement on opposite sides of the Nye-Bowler 

zone resulted in a thickening of the sediments to the south 

(Chamberlln, 19*K>, p. 680). 

Prior to the main uplift of the Beartooth block, a series 

of monzonite porphyry sills and stocks were intruded along 

favorable zones on the perimeter of the block. Faulting of 

these igneous bodies, and subsequent covering by early Tertiary 

sediments, indicates their 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 Port Union (Paleocene) time and ended during early 

Wasatch (Eocene) time. The early upward movement of the block 

was along bounding faults that were probably 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, 19^6, 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 main upheaval 

(Wilson, 1936, p. 1180). 

Volcanism began during early Eocene at the culmination 

of the Beartooth uplift. The so-called "early acid breccias1', 

with which the basal unit of the Group I Volcanics have been 

tentatively correlated, were extruded. About this same time 

a series of intrusive bodies were emplaced parallel to the 

Cooke City zone which trends through the Independence area. 

The thick cover of pyroclastio breccias has covered most of 

the southwestern portion of the Beartooth block, but enough 

evidence is present to delineate partially the character of 

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

Pierce (1957. p. 591) described the horizontally dis­

placed masses of Paleozoic 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-Pllocene time in much of the 

Cordilleran 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 relief 

during middle Eocene time; however, it did not have its pre­

sent topographic relief until Miocene-Pliocene time. Faunal 

and 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 modification created the present topo­

graphic relief. 



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 to have Justified 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 I930,s) to mine for gold and lead, but the deposits 

were either too low grade or too small to warrant further 

exploitation. Recently, in I96I, 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 
(a) Pyrltic quartz velfns within the coarse­
grained rocks of the, Independence volcano 
and the latlte prophyrles of Horseshoe Moun­
tain. 

(b) Pyrltic disseminations in the hydro-
thermally altered granodiorite within the 
Independence volcano. 

(c) Placers. 

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

3. Molybdenum 

17^ 
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gold PSPQSUS 

Veins and Disseminations.- Quartz-pyrite veins occur in 

the core rocks of the Independence volcano and also in the 

porphyries of Horseshoe Mountain. Most of the veins in the 

Independence volcano occupy joints and small fractures in 

syenogabbros and monzonltes. 

For the most part the small veins are mineralogically 

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 veins. 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 Joint planes for a distance of several feet. Many of 

these stained Joint planes have been prospected, some for a 

length of fifty feet. All of the patented claims within the 

core of the volcano are on thin quartz veins that contain 

small amounts of pyrite. 

The old Independence mine, located 300 yards east of 

Independence Peak, reportly is 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 wooden 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 veins thicker than one-half inch. The 

veins contain about equal amounts of quartz and pyrite with 

trace amounts 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 is a medium-

grained monzonite, and dump material shows that part of the 

wall rock was highly altered to a bleached aggregate rich in 

quartz, kaolinite, 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, is about 900 feet long 

and 4-00 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 claims cover this mineralized zone; 

the Hidden Treasure to the east and the Hidden Treasure Wo. 

4- to the west. 

The disseminated zone was first worked in the 1890*s. 

Pour 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 adits 

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 $l6.50/ton. 

The sulfide mineralization was accompanied by extensive 

wall rock alteration. The secondary minerals in the grano-

dlorite consist mainly of pyrite, quartz, sericlte with some 

chlorite, llmonite and calcite. The altered rock as seen on 

the mine dumps, is a whitish-gray to yellow siliceous rock 

containing abundant disseminated pyrite. The entire dissem­

inated zone carries pyrite as the only major metallic mineral 

along with trace amounts of chalcopyrite. 

The mineralization in the Horseshoe Mountain area consists 

of a combination of veins and scattered, small disseminations. 

The entire vicinity of Horseshoe Mountain is covered with 

small prospect pits. The only metallic mineral detected in 

the various dumps was pyrite. Most of the mineralization is 

restricted to the latlte porphyry flows that encircle Horse­

shoe Basin. A small mineralized zone occurs in the Precam-

brlan 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 old Cowles Post-Office. This 

placer site lies downstream from the vein 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 peposits 

The Ski Line claim is on the northern slope of Baboon 

Mountain. This claim 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 is now partly collapsed. 

The mineralized 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, 

*K) 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 contain large euhedral crystals of galena, 

up to 1 1/2 inches across, imbedded in a drusy matrix of 

quartz and possibly some angleslte. For the most part the 

content of quartz gangue far exceeds that of the lead minerals. 

There is 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 lies in the stream bed. Limited exposures sug­

gest the presence of a highly slliclfled shear zone in the 

Precambrian metamorphic rocks. No Cambrian sediments are 

present in the immediate vicinity, and the overlying volcanic 

rocks have not been altered or mineralized. 

Two adits 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 sillcified 

sheared gneiss 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 19*1-8 and 19^9, without any ore being 

shipped. 

Molybdenum Pspgslt 

Mr. Charles Rasnik, of McLeod, Montana, directed the 

writer to a molybdenum prospect on the south side of Bridge 

Creek ^ 1/2 miles west of the Main Boulder River. Heavy 

vegetation and slumping permitted observations of exposures 

/i 
in only % few old prospect pits. 

/The mineralized zone, about 1,200 feet long, parallels 

the south s%de of Bridge Creek. Due to soil cover and 

vegetation take country rock can not be accurately identified. 

To the east, Ip War Eagle Mountain, the Cambrian sediments 

have been intr^ed by a series of quartz latite porphyry sills. 

The sills and segments can not be traced west through the 

timber; but the topographic expression suggests that the 

sediments and sills eni^&bruptly above the mineralized zone. 

This may Indicate faulting. ^S^volcanic rocks, where ex­

posed above the mineralized zone, have not been altered and 

reveal no effects of mineralisation. 

Samples from the various dumps "fe'how pyrite and magnetite 

as the only metallic minerals along with some quartz. These 

minerals occur in highly fractured and altered rock. The 

writer did not observe any molybdenite in any samples from the 

dumps. Mr. Rasnik did show the writer samples containing 

small flakes of molybdenite in combination with quartz. 



CONCLUSIONS 

A major eruptive center existed In the northern Absaroka 

volcanic field 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 volcanic activity. These are represented by five groups 

of volcanic deposits: (1) Group I Volcanics which consist of 

a variety of dacitic to latitlc volcanic breccia and minor 

amounts of flows; (2) Group II Volcanics, consisting of a 

series 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 latltic pyroclastic breccias, tuffs, and agglom­

erates that are chaotically intermixed with volcanic mudflows, 

conglomerates and sandstones; (̂ ) Group IV Volcanics which 

reflect a period of aggradation and leveling of the flanks 

of the Independence volcano. This unit Is represented by a 

series of well-bedded volcanic 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 dacites. Coarse-grained equivalents of the 

fine-grained rocks are preserved in the core of the Independence 

volcano in the form of syenogabbros, monzonites, and granodio-

rites. 

The magma that produced the various volcanic rocks iwgj 

probably derived from a differentiating magma having a bulk 

composition of a monzonite. The general sequence of extrusion 

from dacitic materials to latites and finally trachybasalis.. -

strongly suggests the tapping of a differentiating magma body 

in the following way; (1) the early dacites 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 undifferentiated zone in the middle part of the 

chamber, and (3) the extrusion of the trachybasalts may be 

the normal basic differentiates of a monzonitic magma. 

Several small intrusive bodies were emplaced during the 

main period of volcanlsm along a northwest-trending line. 

This trend parallels a major structural element within the 

interior of the Beartooth Mountains which probably reflects 

a 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 

Precambrlan metamorphic rocks has been vertically uplifted, 

by magmatlc 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 circular fault block. 
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