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GEOLOGY OF THE TEPEE CREEK QUADRANGLE, MONTANA-WYOMING

By Irvine J. WITKIND

ABSTRACT

The Tepee Creek quadrangle, in Gallatin County, Mont., and
Yellowstone National Park, Wyo., is part of the Northern
Rocky Mountains physiographic province.

The rocks range in age from Precambrian to Recent and have
been divided into 28 mapped units. The basement complex con-
sists of pre-Belt crystalline metamorphic rocks, including gran-
ite gneiss, dolomite, tremolite marble, amphibolite, mica schist,
and quartzite, that are provisionally correlated with rocks ex-
posed near Ennis, Mont. Five and possibly six of the seven pe-
riods of the Paleozoic and all three periods of the Mesozoic are
represented by the sedimentary strata which rest on the base-
ment complex; only Silurian and possibly Ordovician rocks are
missing. The exposed strata have a maximum thickness of about
¢.200 feet and range in lithology from coarse-grained conglom-
eratic sandstone to microcrystalline marine limestone. In all,
19 sedimentary units have been mapped : of these, four are Cam-
brian, one is Cambrian and Ordovician, one is Devonian, two
are Mississippian, two are Pennsylvanian, one is Permian, two
are Triassic, two are Jurassic, and four are Cretaceous.

This sedimentary sequence is broken by eight unconformities,
of which three represent widespread major erosional episodes.
The first major interruption occurred after Late Cambrian but
before Late Devonian time; the second occurred during Late
Mississippian time ; and the third occurred after Early Triassic
but before Middle Jurassic time, The remaining five breaks in
the sedimentary record are probably local and presumably re-
fiect minor temporary oscillations of the Wyoming shelf.

Locally the sedimentary units are either deformed by in-
trusive dacite porphyry dikes, sills, and a large semiconcordant
mass known as the Gallatin River laccolith or are buried by
such extrusive rocks as andesite breccia, shoshonite, or rhyo-
lite welded tuff, known as the Yellowstone Tuff.

Two basic tectonic elements, long since destroyed, determined
the nature of the sediments deposited in the quadrangle: the
Cordilleran geosyncline which lay to the west, and the Wyoming
shelf, part of which underlay the quadrangle but most of which
was to the east. Marine conditions generally prevailed, but
minor oscillations of the Wyoming shelf determined whether
the quadrangle was below sea level, receiving deposits of shal-
low marine sediments from seas which spread eastward from
the geosyncline, or above sea level exposed to subaerial erosion.

The area has undergone at least two major episodes of struc-
tural deformation since the Precambrian. The first occurred
during the Laramide deformation (Late Cretaceous and early
Paleocene), when lateral compressive forces from the southwest
folded, overturned, and locally shoved the country rocks north-
eastward on extensive northwest-trending thrust faults. Three
structural elements attributable to this episode of orogeny can
be delineated in or near this area: (1) the Madison thrust block

(upper plate) southwest of the mapped area, formed by Fe-
cambrian crystallines, capped here and there by Paleozoic rocks,
that was thrust northeastward onto (2) the Cabin Creek zone
(lower plate), part of which is in the mapped area, and which
includes overturned and thrust-faulted strata formed in front
of the Madison thrust block; and (8) the Pika Point zone,
marked by broad symmetric warps which reflect the great dis-
tance between this zone and the Madison thrust block.

The second major deformational episode, which probably
began during the middle Tertiary (Miocene?) and is still act've,
may be the result of relaxation following remewed regional
arching and uplift. As the elevated region subsided, it br~ke
along high-angle normal faults to form tilted fault blocks. These
normal faults, which closely parallel the thrust faults, were
probably guided by zones of weakness formed during Laramwide
deformation. Four of these blocks are in or near this area. South-
ernmost, beyond the mapped area, is the Hebgen block (includ-
ing Hebgen Lake), whose north flank is determined in part by
the Hebgen normal fault. Next is the Red Canyon block, wkose
north flank is defined in part by the Red Canyon normal fault.
Next is the Kirkwood block, which is bounded along part of its
northeast edge by the Upper Tepee normal(?) fault. The fourth
tilted (?) fault block is the Monument Mountain block, wlnse
northern edge lies beyond the quadrangle.

Reactivation of the Hebgen and Red Canyon normal faults
on August 17, 1959, resulted in an earthquake which was felt
over 600,000 square miles. As a result of differential movemrent
on these faults, the Hebgen and Red Canyon fault blocks vwere
tilted northeastward following a pattern of subsidence wlich
seems to have recurred many times in the past.

Before Pleistocene ice spread across the quadrangle, the fol-
lowing major events had probably occurred: (1) Folding follo~ed
by thrust faulting which probably began in this general ¢rea
during the very Late Cretaceous, persisted through the Paleo-
cene, and may have continued through all or part of early
Eocene time; (2) emplacement of intrusives shortly thereafter,
most likely before early middle Eocene time; (3) partial burial
of the eastern part of the quadrangle by andesite breccia and
shoshonite flows during the early middle Eocene; (4) epeirog=nic
uplift accompanied by normal faulting during the middle Ter-
tiary, most likely in Miocene time ; and (5) pyroclastic eruptions
of rhyolite tuff possibly during either the late Pliocene or the
early Pleistocene,.

The area was glaciated at least three times. One advance,
possibly during the pre-Bull Lake time of the Pleistocene, may
have reached from the Madison Range in Montana to the Ab-
saroka Range in Wyoming and buried the entire quadrangle. An
ice advance during the Bull Lake Glaciation is represented by
morainic deposits of two ice lobes which advanced westward into
the eastern reaches of the quadrangle. Drift of younger glac'ers,
presumably of Pinedale age, clogs valley floors and is plastered
on valley walls; these deposits are the residue of alpine glaciers
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2 GEOLOGY OF THE TEPEE CREEK QUADRANGLE, MONTANA-WYOMING

which spread radially from the high mountains in the western
extremities of the quadrangle.

The oil and gas potentialities of the Tepee Creek quadrangle
are still unknown, although four wells have tested areas adja-
cent to the quadrangle. Three tests were in the West Yellow-
stone basin, but none passed completely through the basin fill of
outwash sand and gravel and voleanic rocks. The fourth well
tested the broad doubly plunging Carrot Basin anticline which
is about 3 miles west of the northwest edge of the quadrangle.
This test was abandoned after penetrating the upper part of the
Madison Group of Mississippian age. No shows of oil or gas were
reported from the wells in the West Yellowstone basin, but two
oil shows were noted in the Carrot Basin test.

Although no mineral deposits are known in the Tepee Creek
area, a small contact-metamorphic deposit of magnetite and
hematite occurs about 1 mile north of the quadrangle along the
roof of the Gallatin River laccolith.

INTRODUCTION

The Tepee Creek quadrangle is one of several quad-
rangles mapped and being mapped by geologists of the
U.S. Geological Survey in southwestern Montana. The
geologic work in this quadrangle began in June 1958,
and the southern third had been mapped by August
1959.

Near midnight on August 17,1959, a major earthquake
was felt over about 600,000 square miles throughout the
Northwestern United States and adjacent parts of Can-
ada. This earthquake,* centered in the southern third of
the area described in this report (fig. 1), created great
public interest, for Yellowstone National Park is di-
rectly to the east and was crowded with tourists at the
time. The extensive damage in the epicentral area and in
Yellowstone National Park and the resultant rescue
efforts were described in the Nation’s newspapers and
magazines. The U.S. Forest Service has since set aside
the area of maximum destruction (the meizoseismal
area) as the “Madison River Canyon Earthquake Area,”
and the interested tourist, guided by signs and display
exhibits, can examine at first hand the fault scarps, land-
slides, and other features formed during the earthquake.

Two field parties of the Geological Survey were in or
near the epicentral area at the time of the earthquake.
J. B. Hadley, assisted by W. D. Long, was at Ennis,
Mont. (fig. 2), and J. B. Epstein (my assistant), and
I were camped on a small knoll overlooking Hebgen
Lake. Hadley and I immediately began to study the geo-
logic effects of the earthquake. Additional personnel—
including geologists, geophysicists, hydrologists, and
engineers—from the Geological Survey and cooperating
Government agencies were furnished, and the work was
carried on to the end of September 1959, when inclement
weather stopped all further fieldwork. Detailed results
of this study are in U.S. Geological Survey Professional

1 Hereafter referred to as the Hebgen Lake earthquake,

Paper 435, “Geology of the Hebgen Lake, Montana,
Earthquake of August 17, 1959.”

The remainder of the quadrangle was mapped during
1960, 1961, and 1962. Major objectives were to study the
folded and faulted Paleozoic and Mesozoic rccks near
the south end of the Madison Range, to study the Pre-
cambrian crystalline rocks in this sector of Montana, to
study the surficial deposits and their correlation with
established type localities, and to prepare a detailed geo-
logic map of the quadrangle as an addition to the geo-
logic map of the United States.

FIELD METHODS

The geologic contacts were plotted in the field on topo-
graphic base maps at a scale of 1:24,000 and ¢ contour
interval of 80 feet, Subsequently the completed geologic
map was reduced photographically to a scale of 1: 48,000
and issued as Miscellaneous Geologic Investigations
Map I-417 (Witkind, 1964a). The same map, modified
slightly and in multicolor format, is plate 1 of this
report.

As much of the quadrangle is distant from roads, most
of the work was done from temporary field camps which
were moved whenever the work in an area was com-
pleted. Pack strings were used exclusively to transport
supplies.

PREVIOUS WORK

F. V. Hayden (1873) visted the Gallatin Canyon-
Yellowstone National Park area briefly in 1871 and at
length in 1872. During the second visit, his party camped
for several days in the West Yellowstone basin, then a
broad grass-covered valley containing isolatec clusters
of lodgepole pine, while Hayden crossed Targhee Pass
and examined the country near Henrys Lake. A. C.
Peale, a member of Hayden’s Survey, explored one of
the branches of the Madison River and, to see the coun-
try, climbed a high hill north of the West Yellowstone
basin. Impressed by the scenery, he (1873, p. 169) wrote,
“The view from the point was one of the fairest that I
have ever gazed upon.”

The eastern third of the quadrangle—that part within
Yellowstone National Park—was visited by Iddings
and Weed at some time between 1883 and 1891, during
the course of Arnold Hague’s broad survey of the park
(Hague and others, 1896, 1899). As part of their work
they studied and described the Gallatin River laccolith
exposed at the junction of Snowslide Creek with the
Gallatin River (pl. 1, and p. 39) (Iddings and Weed,
1899, p. 57-59, 84).

This sector of Montana has been visited briefly by
various stratigraphers interested in specific problems.
Condit (1919), studying the pre-Jurassic unconformity
and the distribution of the Phosphoria Formation (p.
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31), passed through the area in 1916 during a reconnais-
sance trip from Helena, Mont., to Yellowstone National
Park. Scott (1935), interested in the “Quadrant-Ams-
den” relations, measured a section on Quadrant Moun-
tain in the northwest corner of Yellowstone National
Park, about 8 miles to the east. Deiss (1936) measured
detailed sections of the Cambrian strata exposed on
Crowfoot Ridge, about 3 miles to the east in Yellow-
stone Park, and the same area has been visited recently
by Grant (1965), who studied the Snowy Range For-
mation of Late Cambrian age.

During the early 1940’s, as interest in the petroleum
potential of upper Paleozoic and lower Mesozoic rocks
increased, a program involving stratigraphic measure-
ments at selected localities throughout central and west-
ern Montana was completed by members of the U.S.
Geological Survey (Gardner and others, 1945; Rogers
and others, 1945). As part of this work several strati-
graphic sections were measured near the Tepee Creek
quadrangle; the nearest is in sec. 2, T. 9 S., R. 4 E,, at
the Elkhorn Ranch.

Moritz (1951) and Sloss and Moritz (1951), as part
of a stratigraphic study of southwestern Montana, also
measured sections of Paleozoic and Mesozoic rocks
southwest of the quadrangle. A. M. Hanson (1952),
while with the Montana Bureau of Mines and Geology,
measured several stratigraphic sections of Cambrian
strata exposed both southwest and north of the quad-
rangle. More recently, this sector of southwestern Mon-
tana was visited by E. V. Cressman and R. W. Swanson
(1956, p. 2852) as part of a broad study of the Permian
rocks in the western phosphate fields of the United
States. In the period 1951-54, the welded tuffs and flows
of the Yellowstone rhyolite plateau were mapped and
classified by F. R. Boyd (1961). The northwest corner
of his map adjoins the east edge of this quadrangle.

Graduate students from Princeton University, the
University of Wyoming, and the University of Michi-
gan have mapped in and near this area as integral parts
of their master or doctoral dissertations. During the
field seasons of 1946, 1947, and 1948, James A. Wilsey,
then a graduate student at Princeton University, studied
the geology of the upper Gallatin River area. He was
assisted in 1948 by W. B. Hall who, after Wilsey’s
early death in 1949, took over the work. Hall, by then
a graduate student of the University of Wyoming, ex-
panded the area of investigation to include much of
the southern parts of the Gallatin and Madison Ranges
(Hall, 1961).

In 1950, graduate students from the University of
Michigan mapped several areas in and near the quad-
rangle, and the results of their work are now available
as unpublished M. S. theses (Freeman and others, 1949;

Jacques, 1949 ; Leeder and others, in Hume and Leeder,
1950; LeVan and McLean, 1951; Liddicoat and May,
1950 ; Reiter, 1950).

During the comprehensive examination of the epi-
central area of the Hebgen Lake earthquake, some of
the volcanie, surficial, and glacial deposits as well as the
structural relations were studied by geologists of the
Geological Survey. These workers subsequently pub-
lished the results of their findings in scientific journals,
as preliminary articles in various of the Annual Re-
views of the Geological Survey, and as chapters of
Professional Paper 435 (Myers and Hamilton, 1961,
1964 ; Witkind, 1961; Witkind and others, 1962).

Warren Hamilton (1964) examined some of the vol-
canic rocks exposed in the West Yellowstone and Madi-
son Junction quadrangles during a reconnaissence of an
area near the West Yellowstone basin, and compared
these rocks with samples of volcanic rock cored from
the Morgan-Martzell well (p. 84), which is in the basin.
Pollens associated with both the exposed rocks and the
cored volcanic rocks were studied by Estella E. Leopold
and a paper by Hamilton and Leopold (1962) discusses
the significance of the pollen and the Oligocene age as-
signed to the volcanic rocks (p. 51).

G. M. Richmond (1964) studied various glacial de-
posits in and near the mapped area. During this work,
large lateral moraines of the Quarternary I*ull Lake
Glaciation were found partly buried by an obsidian-
rhyolite flow, and this exposure was summarily de-
scribed by Richmond and Hamilton (1960).
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GEOGRAPHY

LOCATION

The Tepee Creek 15-minute quadrangle, directly
west of and including part of the northwest corner of
Yellowstone National Park (fig. 1), consists of about
218 square miles of forested semiwilderness. It ex-
tends from long 111°00” W. to 111°15" W., a distance of
about 1214 miles, and from lat 44°45’ N. to 45°00’ N.,
about 1714 miles. The quadrangle is partly in south-
western Montana and partly in northwestern Wyoming.

Deeply dissected rugged mountains are in the central,
western, and northwestern parts of the quadrangle
(pl. 2). Along the west edge, parallel ranges enclose
broad spacious basins. The eastern part of the area
(in Yellowstone Park) is a primitive wilderness under-
lain chiefly by volcanic rocks. The southern part of
the quadrangle includes both the Grayling Arm of
Hebgen Lake and the north edge of a broad, almost
featureless, outwash-filled basin known as the West
Yellowstone basin (fig. 1).

West Yellowstone, Mont., about 8 miles south of the
quadrangle, is the nearest community, and most of its
residents depend for their livelihood upon the trade of
tourists entering Yellowstone National Park through its
west entrance. As a result, the town is densely popu-
lated during the summer season and almost deserted in
the winter months. Bozeman, Mont., a town of about
13,300 population, is 67 miles north of the quadrangle
and is one of the richest agricultural communities in
southwestern Montana. Ennis, Mont. (population 600),
in the Madison Valley, is about 60 miles to the northwest
on Montana State Highway 287.

ACCESSIBILITY

Two all-weather highways traverse the quadrangle
(fig. 1; pl. 2). U.S. Highway 191, which connects West
Yellowstone and Bozeman, follows the valleys of Gray-

ling Creek and the Gallatin River in the eastern part
of the quadrangle. Montana State Highway 499 cross»s
the southern part of the quadrangle parallel to the north
shore of Hebgen Lake and joins U.S. Highway 191 at
the Duck Creek wye. At the time of the Hebgen Lal-e
earthquake of 1959, several segments of State Highwey
499 (then known as Montana State Highway 287) alorg
the northwest arm of Hebgen Lake slumped into the
lake, and that part of the highway near the mouth of
the Madison Canyon was buried beneath the disastromns
Madison Slide (Hadley, 1964). In 1961 a new all-
weather road was constructed around the northwe<t
edge of the recently impounded Earthquake Lake (fig.
1) and across the slide to connect with the undamaged
part of State Highway 287.

All other roads are short, and some are unusable when
wet. Most lead to local ranches or to Forest Service horre
trails, which are the trunk routes to the higher and move
remote back country. Game trails, locally wide enough
for pack transport, extend outward in random fashion
from these established trails.

Although West Yellowstone is the terminus of a
branch line of the Union Pacific Railroad which extends
northeastward from Pocatello, Idaho, the line has car-
ried only freight since 1961.

In 1965 a modern terminal and a landing strip were
constructed north of West Yellowstone, and the cor-
munity is now served during summer months (abont
June 12 to ‘September 15) by various commercial air-
lines. The airport is also used during summer months by
Forest Service fire-fighting crews (smokejumpers) ard
by several small-scale commercial operators who offer
scenic flights across the earthquake area and Yellowstone
and Grand Teton National Parks.

CLIMATE AND ECOLOGY

The climatological data reflect the mountainous na-
ture of this part of southwestern Montana (table 1).
The summers are short and cool, and the winters are
long and arduous and marked by deep, long-lastirg
snows. The summers rarely have extremely hot days;
mean summer temperatures are in the high 50’s (°F),
and July and August are the hottest months of the year.
The coldest period is during February, when mean min-
imum temperatures are as low as 1°F. Mean winter tem-
peratures are about 10°F. In general, the first killirg
frost is in early September, and the last killing fro-t
is in mid-June.

Precipitation is nearly evenly spread throughout th=
year, the greatest occurring in January and the least in
August. Mean annual precipitation is about 21 inches
in West Yellowstone and about 26 inches near Hebgen
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TaBLE 1.—Climatological data gathered at Hebgen Dam, West Yellowstone, and Grayling, Mont. !

[Tr.=Trace amounts. Data from the U.S. Weather Bureau]

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual
Hebgen Dam!
Temperature (° F):
Mean:
13.4 15.4 23.4 34.2 4.0 51.6 58.9 57.2 48.4 37.8 25.3 13.3 35,2
10.5 15.2 22.9 35.4 46.1 53.3 61.5 60. 1 51. 4 40.9 25.1 1€. 2 36.6
22.1 28.8 36.6 47.0 57.9 67.0 77.0 5.7 65.1 5.0 35.9 20,3 49,0
20.5 27.0 35.5 481 60. 5 68.2 79.0 7.9 67.4 53.2 33.8 24.8 49.7
4.6 1.9 10.3 21. 4 30.1 36.2 40.8 33.8 31.8 24.5 14.7 3.3 215
.6 3.3 10.2 22,7 316 38.3 43.9 42.3 35. 4 28.6 16.3 7 23.4
2.50 1.82 1.69 1.4 2.24 2.10 1.80 1.38 1.68 171 1.63 1.89 21,88
2.73 2.43 2,49 1.59 2.20 2.84 1. 59 1.35 1. 56 1.88 2. 54 2.81 26. 01
38.7 25.7 20.8 10.6 3.4 .4 .0 Tr. 1.0 7.0 16.4 27.8 151.8
43.7 36.8 27.8 7.6 2.7 Tr. Tr. Tr. 1.6 5.7 28.3 4.8 196. 0
West Yellowstone
Temperature (° F):
ean:
1909-30- - o 12.5 17.1 23.6 33.1 42.0 49.1 56.9 54.4 46.3 35.8 23.3 13.2 33.9
1981-52. 10.7 16.0 23.0 34.9 4.2 514 59.3 56.8 48.0 38.1 22.5 15.2 35.0
Mean maximum:
1909-30..._ . 25.4 3.9 39.3 48.4 57.7 66,4 77.3 75. 4 65.0 5L.6 37.9 23.9 50.3
1981-52- . 23.8 312 38.9 50.7 60. 6 68.8 80.6 78.5 67.8 54.1 35.8 27.0 5.5
Mean minimum:
1909-30. ..o . -2 2.3 7.9 17.6 26.3 32.0 36.5 33.4 27.6 19.9 8.7 -5 17.6
—2.4 .8 7.1 19.2 27.8 33.9 37.9 35.1 28.2 22,0 9.1 3.4 18.5
2.02 1.47 1.49 1.31 1.65 1.93 1.45 1.28 1. 51 1.34 1.67 1. 53 18.65
1931-52. 2.24 1.81 1.98 1.28 1.94 2,54 1.23 1.23 1.25 1.68 1,76 2.17 2111
Mean snowf:
1909-30_... - 24. 5 16.6 16.8 10.1 55.2 1.0 Tr. Tr. 1.2 5.7 16.0 17 2 115.3
1931-52 . 3.4 27.2 26.8 8.7 2.7 .6 .0 .1 1.6 6.0 19.8 323 165.2

1 Includes Grayling, Mont., for period 1904-12 inclusive.

Dam. Commonly, 8-10 days of each month are marked
by precipitation averaging 0.01 inch or more. Most of
the snow falls from November through March, although
meteorological records show that some snow falls in the
high mountains in every month except July. Mean an-
nual snowfall is about 155 inches in West Yellowstone
and about 196 inches near Hebgen Dam.

The prevailing winds are from the south during the
summer and from the north during the winter.,

Forest, mainly pine, blankets nearly four-fifths of the
quadrangle, and four ecologic zones can be recognized.
The transition (or foothills) zone is marked by wide-
spread sagebrush, grasses, and many kinds of flowers,
plus small stands of quaking aspen, chokecherry, and
willow. This zone, chiefly along the north shore of Heb-
gen Lake, probably extends up to an altitude of about
7,000 feet.

The montane zone, above 7,000 feet, contains exten-
sive forests of lodgepole pine, limber pine, whitebark
pine, and Douglas-fir. Dense, almost impenetrable
stands of lodgepole flourish in the thin soil developed
on the rhyolite welded tuffs which underlie the eastern
part of the quadrangle. Unfortunately, the superficial
root system developed by these trees is inadequate to
support them, and every windstorm topples hundreds.
This zone also contains many meadows which furnish

grazing for big-game animals; the chief grass is Idaho
fescue.

Alpine fir, normally found in the next higher ecologic
zone, locally grows in small stands along north slopes
and valley walls in deep, narrow canyons intersected by
the montane zone. The montane zone blends impercepti-
bly into the subalpine zone near the 8,800-foot contour.

The subalpine zone, restricted to the upper flanks of
the highest ranges in the quadrangle, includes stands of
Engelmann spruce, alpine fir, whitebark pine, and some
lodgepole pine. With increasing altitude, soruce and
fir replace the lodgepole pine. The rich verdancy of the
forests typical of the lower montane zone is broken in
the subalpine zone by patches of bare rock or by smaill
alpine meadows supporting a sparse growth of Idaho
fescue and dwarf flowers. The subalpine zone ends at an
altitude of about 9,600 feet (timberline), where it passes
into the uppermost ecologic zone, the alpine zone—a
striking treeless area of grass-covered meadows, color-
ful thin crustlike lichens and mosses, ground-hugging
shrubs, and dwarf flowers inured to wintry blasts.

PHYSICAL GEOGRAPHY

Three wide valleys, or basins, separated by towering
mountains dominate the physical geography of this part

of southwestern Montana and reflect the b~sic struc-
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F1auReE 2.—Physiographic diagram of the Tepee Creek area (outlined by the oblong).

tural framework of the region. The largest of the three
is the Madison Valley, which is about 55 miles long and
about 12 miles across at its widest part. The Centennial
Valley, about 47 miles long and 6 miles wide, trends
eastward, seemingly cutting across the northwestward-
trending structural grain of the region. The West Yel-
lowstone basin, the smallest of the three valleys, is oval.
Its long axis, which trends northwestward, is about 18
miles long, and its short axis is about 12 miles long.
The Tepee Creek quadrangle, part of the Northern
Rocky Mountains province, is east of the Continental

Divide and includes parts of four physiographic units:
the Madison Range, the Gallatin Range, the Yellcw-
stone Plateau, and the West Yellowstone basin (fig. 2).
The quadrangle, in gross aspect, is divided unequally by
a continuous valley, followed by U.S. Highway 191,
which extends northward through the eastern part of
the quadrangle (pl. 2). The northern part of this valley,
about half a mile wide and known as the Gallatin Can-
yon, is followed by the Gallatin River, which flcws
westward from the park and bends sharply to the north
where it enters the valley. By contrast, the southern part
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of the valley, only about an eighth of a mile wide, is
used by Grayling Creek, which also flows westward
from the park but turas sharply to the south where
it enters the valley. Between these abrupt bends, the
valley, about half a mile wide, appears as a low, broad
divide choked with glacial debris and occupied by Di-
vide Lake and small inconsequential streams (fig. 16D).

The western two-thirds of the quadrangle is under-
lain by the folded and faulted Paleozoic and Mesozoic
rocks which form the lesser mountains of the Madison
Range (pl. 1). The eastern third of the quadrangle in-
cludes, in the north, the folded sedimentary rocks which
form the south tip of the Gallatin Range and, in the
south, the well-dissected voleanic rocks which form the
west edge of the Yellowstone Plateau. The southern-
most sector of the quadrangle includes the north flank of
the West Yellowstone basin, which is filled with ob-
sidian sand and gravel and welded rhyolite tuffs.

Topographic relief is about 4,100 feet; the lowest
point in the quadrangle is Hebgen Lake, at an altitude
(when filled) of about 6,550 feet. The highest point is
Sage Peak, altitude 10,664 feet, on the west edge of the
quadrangle (pl. 2). '

Streams that drain the area discharge into the Galla-
tin and Madison Rivers, two of the three parent streams
of the Missouri River. In the northern half of the area,
Sage, Little Sage, Monument, Snowslide, and Bacon
Rind Creeks flow northward or eastward to empty into
the north-flowing Gallatin River. Fan Creek, also tribu-
tary to the Gallatin River, winds southwestward
through the uplands in the northwest corner of Yellow-
stone National Park. In the southern half of the quad-
rangle, Red Canyon, Little Tepee, Tepee, Grayling,
Campanula, Gneiss, Duck, and Cougar Creeks flow
southward or westward to empty into Hebgen Lake, a
reservoir formed in 1914 when Hebgen Dam was con-
structed across the westward-flowing Madison River.

In general, the streams in the western part of the
quadrangle rise in the Madison Range, which is com-
posed chiefly of sedimentary rocks. By contrast, streams
in the eastern part of the quadrangle rise in the vol-
canic rocks of Yellowstone National Park. This differ-
ent’ source was strikingly apparent after the Hebgen
Lake earthquake, when normally crystal-clear streams
rising in the voleanic rocks became a murky light brown
as a result of immense amounts of colloidal particles dis-
charged into them by adjacent springs. Some of these
streams remained murky for almost a year; most were
clear by the summer of 1960. By contrast, the streams
rising in the sedimentary rocks became muddy after the
earthquake but cleared in a week or two.

GEOLOGY
TECTONIC FRAMEWORK

The pattern of sedimentation in southwestern Mon-
tana was influenced, directly or indirectly, by tvo major
structural elements long since destroyed: the Cordil-
leran geosyncline, which had its main axis to the west
and southwest of the report area, and the Vyoming
shelf, which underlay the area and extended to the east
and southeast. These features persisted, in whole or in
part, through the Paleozoic and part of the M esozoic.

The Cordilleran geosyncline, extending along the
west flank of the North American continent, was well
established long before the Cambrian; its sit> is now
occupied by a thick accumulation of Precambrian Belt
metasedimentary rocks which extend through parts of
Montana, Idaho, Alberta, and British Columbia. In
Early Cambrian time this extensive trough was ap-
parently separated into northern and southern halves
by an upland known as Montania (Deiss, 1941, p. 1088)
which occupied much of Montana, Idaho, and northern
Nevada. The absence of Lower Cambrian strata from
Montana, Idaho, and Wyoming reflects this highland
(Deiss, 1941, p. 1092).

Montania persisted as a landmass of differ'ng sizes
and shapes at least through the early Paleozoic. Deiss
(1941, p. 1114) suggested that it disappeared below
marine waters in the Late Devonian; if so, from Mis-
sissippian time on the Cordilleran geosyncline was
again a continuous trough extending along the west
border of the North American continent. The eastern
part of this trough has been classified as a mingeosyn-
cline, the Millard belt, and the western part as a eugeo-
syncline, the Fraser belt (Kay, 1947, p. 1290).

The axis of the miogeosyncline extended northwest-
ward through central Idaho (Sloss, 1950, p. 425), and
much of southwestern Montana was on the esst flank.
During late Paleozoic time that part of the egeosyn-
cline in the central Cordilleran area apparently mi-
grated eastward and merged with the miogeosyncline.
The resultant seaway lasted either into Early Triassic
time (Kummel, 1954, p. 166) or into the late Mesozoic
(Kay, 1947, p. 1291), when it was destroyed during
Laramide deformation.

The Wyoming shelf, which occupied much of what is
now northwestern Wyoming and southern Ifontana,
sloped gently westward and merged with the east flank
of the miogeosyncline. Throughout much of tl~ Paleo-
zoic and Mesozoic Eras this relatively stable platform
subsided slowly, and a thin veneer of sedim-nts was
laid down across it. The sequence, however, ix broken
by many uncomformities resulting from short episodes
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. of uplift and consequent subaerial erosion of the shelf
area. -

Within this tectonic framework, the region, of which
the Tepee Creek quadrangle is but a small part, prob-
ably acted somewhat as a hinge between the deeply sub-
siding miogeosyncline to the west and the shelf to the

east.
STRATIGRAPHY

The basement complex, here divided into six units,
consists of Precambrian metamorphic crystallines that
are similar to rocks which crop out near Ennis, Mont.
(fig. 2), about 60 miles to the northwest, which were

called the “Cherry Creek beds” by Peale (1896, p. 2).
These crystallines are here simply called pre-Belt meta-
morphic rocks to avoid existing uncertainty as to their
stratigraphic position and age. (See p. 14-15.) The base-
ment complex is overlain by Paleozoic and Mesozoic
rocks, 4,000-6,200 feet thick, which have been divided
into 19 mappable sedimentary units (table 2 and pl. 1).
Of these, four are Cambrian, one is Cambrian and
Ordovician, one is Devonian, four are mostly Carbonif-
erous, one is Permian, two each are Triassic and Juras-
sic, and four are Cretaceous. Locally, these rocks have
been intensely folded and faulted.

TaBLE 2.—Generalized section of pre-Tertiary sedimentary rocks exposed in the Tepee Creek quadrangle

System Series Group and formation

Thickness
(feet)

Lithology

Thermopolis(?) Shale

Includes two units. Upper part consists of dark-
gray to black thin-bedded fissile soft unfossilif-
erous shale; includes dark-brown thin-bedded to

? platy crossbedded sandstone in lower part.

Basal sandstone member is light brown, thin

bedded to massive, flaggy, crossbedded, fine

grained, and quartzose; forms cliffs.

Lower

Cretaceous Cretaceous

Kootenai Formation

Morrison Formation

UNCONFORMITY

UNCONFORMITY

Includes three units. Upper unit consists of two
yellowish-brown thin limestone beds separated
by claystone; lower bed is composed almost
wholly of gastropod molds, and upper bed is
composed almost wholly of oolites and pisolites
in silica cement. Middle unit is variegated
unstable claystone; forms landslide blocks. Besal
unit consists of light-gray thick-bedded to
massive crossbedded conglomerate lenses of
well-rounded pebbles of quartz, quartzite, snd
chert, and sandstone lenses of medium to coarse
angular to subround grains of similar materials;
forms cliffs.

300-400

Claystone, variegated; contains at least two
light-brown massive to thick-bedded crossbedded
fine-grained friable sandstone lenses.

225-400

Swift

Upper Jurassic
Formation

Jurassic
Ellis Group

Limestone, olive-gray to brown, sandy, oolitic,
thin- to medium-bedded, crossbedded; contains
40-50 many shell fragments and light-brown well-
rounded chert grains.

Rierdon
Formation

UNCONFORMITY
Limestone, light-gray; locally alters to calcarenus
40-50 claystone; weathers to gentle slope.

Sawtooth

Middle Jurassie Formation

Thaynes(?) Formation and
Woodside Siltstone
undivided

Triassic Lower Triassic

UNCONFORMITY

Claystone, light-gray; contains intercalated light-
gray dense nodular thin limestone beds; foss'lif-
erous; weathers as gentle slopes.

200

Thaynes(?) Formation consists of about 9 ft of
grayish-orange thin-bedded calcareous siltstone.
Underlain by sequence dominated by Woodside
Siltstone, which is moderate reddish brown, thin
to medium bedded, and shaly; contains many
ripple marks, mud cracks, and other evidence of
shallow-water deposition.

400-725

Dinwoody Formation

Limestone, light-brown, thin-bedded, very fine
grained; calcareous siltstone beds intercalated
locally; contains thin greenish-gray shale partings
along bedding planes near base.

70-265+
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TaBLE 2.—Generalized section of pre-Tertiary sedimentary rocks exposed in the Tepee Creek quadrangle—Continted

System

Series

Group and formation

Thickness
(feet)

Lithology

Permian

Shedhorn Sandstone

95-175

Includes four units. Upper unit is sandstone
identical with second unit. Third unit is chert
and interleaved dark-gray shale layerz Second
unit is dark-brown to grayish-brown chert-rich
thin- to medium-bedded sandstone. Basal
dolomite is light brown and thin bedded;
intertongues with Quadrant Sandstone.

Quadrant Sandstone

265-625

Sandstone, yellow to light-brown, thin- t¢ medium-
bedded, moderately crossbedded, fine-grained.

Pennsylvanian

Middle and
Lower Penn-
sylvanian and
Upper Mis-
sisippian

Amsden Formation

Mississippian

Upper and
Lower Mis-
sissippian

Madison
Group

Mission Canyon
Limestone

UNCONFORMITY

110-160

Siltstone, red, shaly; locally becomes thin-bedded
very fine grained sandstone. Two to tlree inter-
calated light-gray dense finely crystalline lime-
stone beds.

1, 000-1, 450

thick-bedded to

Limestone, light-brownish-gray,
unfossiliferous;

massive, dense, saccharoidal,
forms ridges.

Lodgepole
Limestone

Lower Mis-
sissippian and
Upper De-
vonian.

Three Forks Formation

UNCONFORMITY

Limestone, light-brownish-gray, thin-bedded, dense,
cherty, very fossiliferous; forms slopes.

100-170

Includes four units. Upper unit is unnamed dark
gray to black shale 1-2 ft thick. Third unit,
Sappington(?) Member, is yellowish-orange to
light-brown thin-bedded calcareous siltstone.
Second unit, Trident Member, is darl-green to
olive shale. Basal, Logan Gulch Member consists
of orange to red thin-bedded limestone and cal-
calcareous siltstone.

Devonian

Upper De-
vonian

Jefferson Formation

Ordovician

Upper Ordovi-
cian and
Upper Cam-
brian

Bighorn(?) Dolomite
Snowy Range Formation,
and Pilgrim Limestone
undivided

Cambriap

Middle Cam-
brian

Park Shale

Meagher Limestone

Wolsey Shale

Flathead Sandstone

Precambrian

Pre-Belt metamorphics

UNCONFORMITY

UNCONFORMITY(?)

260-320

Dolomite, light-brown to light-olive-gray, thin- to
thick-bedded, dense, medium to coarsely sacch-
aroidal; contains chert; locally has petroliferous
odor.

300-350

Includes three units. Upper unit is light-gray thin-
bedded dolomite about 35 ft thick and is tenta-
tively assigned to the Bighorn(?) Dolomite.
Middle unit, Snowy Range Formatior. consists
of light-brown even-bedded thin- to medium-
bedded mottled dolomitic limestone and contains
many mud-pebble conglomerate beds and much
glauconite and is about 100 ft thick. Basal, Pil-
grim Limestone consists of yellowish-gray even-
and thin-bedded mottled dolomitic limestone
and is about 195 ft thick.

12-110

460

125-225

75-125

UNCONFORMITY

Shale, greenish-gray to grayish-red, fissile; weathers
to gentle slope.

Limestone, light-gray to brownish-gray, thin-
bedded, finely saccharoidal; marked by distine-
tive mottles of yellow and orange calcareous silt-
stone in dense brownish-gray limestone matrix.

Shale, greenish-gray to gray; locally contains thin
beds of light-brown glauconite-rich fine-grained
sandstone.

Sandstone, locally conglomeratic, light-brown, thin-
to thick-bedded, crossbedded; matrix consists of
fine- to coarse-grained sandstone. Pebbles are
angular to well-rounded quartzite and quartz.
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The igneous rocks, of uncertain age, include both
intrusive hypabyssal bodies and extrusive pyroclastic
flows. The Gallatin River laccolith, exposed near the
junction of Snowslide Creek and the Gallatin River, is
the largest intrusive. The extrusive rocks, which have
been divided into three units, nearly everywhere mantle
the eroded Precambrian crystallines and deformed sedi-
mentary rocks, especially in the eastern third of the
quadrangle.

Glacial deposits of at least three ice advances mantle
much of the area, either as till or as glaciofluvial sand
and gravel. These have been subdivided and mapped
as five units. Other surficial deposits mapped include
talus piles (mapped as colluvium), earthflows, land-
slides, rockslides, alluvial fans, and alluvium.

PRE-BELT METAMORPHIC ROCKS

The oldest strata exposed are Precambrian meta-
morphics whose parental rocks probably were wide-
spread sedimentary units such as impure dolomite,
limestone, sandstone, and siltstone. The definitive
stratigraphic order is uncertain, but the field relations
suggest that the sequence, from oldest to youngest, is
granite gneiss, dolomite, amphibolite, mica schist,
tremolite marble, and quartzite. All are foliate, having
structures ranging from the planar fissility of the mica
schist to the gross gneissose structure of the granite
gueiss. The total thickness may be as much as 30,000
feet.

These rocks alternate irregularly; locally, they
change lithology along strike and pinch out. Some
variants of the mica schist pass into amphibolite, and
in places the dolomite grades into tremolite marble. The
dolomite forms lenses that pinch, swell, and locally
disappear.

Thin dolomite beds or attenuated quartz laminae are
interleaved with beds of schist or gneiss. I interpret this
compositional layering to reflect original sedimentary
bedding rather than any foliation resulting from meta-
morphism. Wherever exposed, these rocks generally dip
at steep angles, which suggests that they have been
intensely folded, possibly more than once.

GRANITE GNEISS

In general, the granite gneiss is a light-gray coarse-
grained foliate rock composed mainly of quartz and
feldspar with subordinate biotite so alined as to give
the rock its gneissose appearance. Rocks comparable to
these have elsewhere been called quartz-feldspar gneiss
(Heinrich and Rabbitt, 1960, p. 10) and gneiss (Reid,
1957, p. 8).

Commonly the gneiss is thick bedded, almost massive,
and in most outcrops the beds average 10 feet in thick-

ness. In a few places the beds are only 1 inch thick ard
impart a thin-bedded, almost platy, appearance to the
rock. The thickest sequence of granite gneiss mapped is
about 4,000 feet.

Dominant minerals are quartz, plagioclase feldspar
(oligoclase, An,;), microcline, biotite, and the follov-
ing modal analyses (in percent) are fairly representa-
tive. (See fig. 10 for sample locations.)

Field No- oo oL Wg-64 Wg-108 Wg-139
Quartz_ ... _________________ 27. 7 34.9 27.5
Oligoclase_._ .. __________ 58.0 49. 8 30.6
Microcline. . - ... ____ 6.3 8.6 24. 4
Biotite. .. __ 5.1 3.6 7.3
Minor accessories_ .. __._____ 2.8 3.1 1.2
Total .. .___. 99. 9 100. 0 10C. 0

The predominance of plagioclase feldspar over micro-
cline is striking, especially as Heinrich and Rabbitt
(1960, p. 10) noted that for the Cherry Creek area,
“microcline 1s greatly in excess of plagioclase, although
in a few places microcline is subordinate.”

The quartz is unaltered and the microcline nearly un-
altered ; by contrast, the plagioclase is marked by small
patches and seams of sericite. The biotite, altering to
chlorite, forms disseminated blebs and thin, discontinu-
ous laminae.

Minor constituents scattered irregularly through the
rock include clinozoisite, garnet, apatite, sphene, and
ilmenite.

In several localities (sec. 27, T.11 S, R. 5 E., and se~s.
10 and 15, T. 11 8., R. 5 E.) along the west boundary of
Yellowstone Park, the granite gneiss underlies the Pre-
cambrian dolomite, which in turn seems to underlie, at
least locally, most of the other Precambrian crystallines.
On the small hill southwest of Rathbone Lake, however,
the sequence is reversed, and the granite gneiss seems to
be younger than the other metamorphics. Either these
beds are overturned or granite gneiss occurs in more
than one zone. If the granite gneiss occurs in more than
one zone, then the parental rocks may have been several
separated sedimentary beds composed of such arenace-
ous sediments as arkosic sandstone and conglomerate.
Reid (1957, p. 20), however, discussing comparable
rocks from the Tobacco Root Mountains, suggested tl at
“the gneisses have probably been derived through meta-
morphic recrystallization of shale with addition of so-
dium and potassium, to form the abundant feldspar
present.”

DOLOMITE

The most extensive exposures of dolomite are at the
head and along the north valley wall of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>