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GEOLOGY OF GLACIER NATIONAL PARK AND THE FLATHEAD REGION
NORTHWESTERN MONTANA

By CLYDE P. Ross

ABSTRACT

This report summarizes available data on two adjacent
and partly overlapping regions in northwestern Montana.
The first of these is Glacier National Park plus small areas
east and west of the park. The second is here called, for
convenience, the Flathead region; it embraces the mountains
from the southern tip of Glacier Park to latitude 48° north
and between the Great Plains on the east and Flathead
Valley on the west. The fieldwork under the direction of
the writer was done in 1948, 1949, 1950, and 1951, with some
work in 1952 and 1953.

The two regions together include parts of the Swan,
Flathead, Livingstone, and Lewis Ranges. They are drained
largely by branches of the Flathead River. On the east
and north, however, they are penetrated by tributaries of
the Missouri River and in addition by streams that flow into
Canada. Roads and highways reach the borders of the
regions; but there are few roads in the regions and only
two highways cross them. The principal economic value
of the assemblage of mountains described in the present
report is as a collecting ground for snow to furnish the
water used in the surrounding lowlands and as a scenic and
wildlife recreation area. A few metallic deposits and lignitic
coal beds are known, but these have not proved to be im-
portant and cannot, as far as can now be judged, be ex-
pected to become so0. No oil execept minor seeps has yet been
found, and most parts of the two regions covered do not
appear geologically favorable to the presence of oil in
commercial quantities. The high, Hungry Horse Dam on
which construction was in progress during the fieldwork now
floods part of the Flathead region and will greatly influence
the future of that region.

The rocks range in age from Precambrian to Recent. The
thickest units belong to the Belt series of Precambrian age,
and special attention was paid to them. As a result, it is
clear that at least the upper part of the series shows marked
lateral changes within short distances. This fact introduces
complexities into stratigraphic correlation and should be
remembered wherever the series is studied. The stromato-
lites, or fossil algae, in the Belt series, although still im-
perfectly understood, give clues with respect to problems
of ecology and stratigraphy.

The subdivisions of the Belt series within the areas
covered by the present report are, in ascending order, Altyn
limestone, Appekunny argillite, Grinnell argillite, Siyeh lime-
stone, and Missoula group. Loeal subdivisions of the Missoula
group are possible in certain areas, and all the units just

named are expected to be subdivided when detailed studies
are undertaken.

In the Glacier National Park and Flathead regions to-
gether, it is probable that between 25,000 and 30,000 feet
of beds belonging to the Belt series, possibly more, are pres-
ent. These consist largely of quartzitic argillite, quartzite,
and carbonate rocks, mostly dolomitic. Small gabbroic and
diabasic intrusive bodies and, at one horizon, basaltic lava
are associated with the Belt series. Above the Belt series
is a thick sequence of Cambrian, Devonian, and Carboniferous
strata, in which limestone is dominant, followed by strata
of Jurassic and Cretaceous age, largely limestone and shale
and partly of terrestrial origin. Slightly consolidated gravel,
sand, and silt of Tertiary age are preserved in some valleys
and as erosional remnants on the plains close to the mountain
border. Pleistocene and Recent glacial and fluviatile de-
posits are plentiful in mountain valleys and on the plains
east of the moutains.

Sufficient crustal movements took place during the latter
part of Belt time to produce tension cracks that permitted
some intrusion and related extrusion to occur. Broad crustal
warping probably took place at intervals during the Paleozoic
era, but these successive movements left little record other
than the absence of sedimentary rock units that might other-
wise have been deposited. The same can be said of much
of the Mesozoic era, but the uplift that was to give rise to
the mountains may have begun during the Cretaceous period.

In or shortly after the late Paleocene, conditions changed
drastically. Thrust and normal faults of major magnitude,
preceded and accompanied by folds and minor fractures,
resulted from a series of violent crustal movements that
have not yet entirely ceased. The master structural feature
produced during this deformation is known as the Lewis
overthrust. Much remains obscure, but the concepts re-
sulting from the present study are that the Lewis thrust
originated fairly deep in the earth’s crust and that the over-
thrust block moved many miles in a direction somewhat north
of east over a mass of relatively incompetent rocks that
were intricately folded, overturned, and overthrust to depths
thousands of feet below present sea level before and during
the advance of the main thrust. If, as seems quite pos-
sible, the thrust plane ever emerged at the surface, it was
at some place so far to the east that erosion has since re-
moved the evidence. The concept of a sole with which the
exposed thrusts merge at depth and which is underlain by
undisturbed rocks is not supported by evidence at hand.

1



2 GEOLOGY OF GLACIER NATIONAL PARK AND THE FLATHEAD REGION, NORTHWESTERN MONT.

The block above the Lewis overthrust was itself deformed
but, in the part now remaining, much less intensively than
the rocks below. Adjustments that may have begun during
the overthrusting and continued to the present have fractured
the overlying block.

A series of geomorphic events not clearly recorded in
the present topography reached a culmination in a mature
surface (the Blackfoot surface) near the end of the Tertiary
period. Several stages of glaciation with an intermediate
stage in which rejuvenated stream erosion cut deep gorges
have modified and, over large areas, obliterated the Black-
foot surface. Nevertheless, the present topography still re-
flects the structure of the underlying rocks. Since the close
of the Pleistocene epoch, renewed erosion has caused the
streams to cut small inner gorges in the valley floors. Also
small glaciers reappeared in the uplands carved by the far
larger Pleistocene ice streams, and some of these minor
glaciers persist to the present day.

INTRODUCTION
LOCATION

The present report is a composite one in that it
presents data on two adjacent and slightly over-
lapping regions in northwestern Montana. The more
northerly and better known of these comprises
Glacier National Park plus small areas on either side
of the park. This region, shown in plate 1, is an
irregular mountain mass bounded on the north by
the international boundary, on the east by the Great
Plains, and on the west by the valley of that part of
the Flathead River locally called the North Fork.
Plate 1 extends eastward to longitude 113°10” and
thus includes some of the plains. The southern
boundary of the park corresponds essentially to parts
of the channels of the Middle Fork of the Flathead
and of its tributary, Bear Creek, but rather than stop
at this irregular line the map extends southward
almost to latitude 48°10’.

The second region here described is the one in
which the present project was begun because of the
extreme lack of available geologic information in
regard to it. For convenience this latter is here
termed the “Flathead region.” Much of it is in the
drainage basin of the Flathead River, and a large
part of the Flathead Range is included. The Flat-
head region, shown in plate 2, comprises parts of the
Heart Butte, Marias Pass, and Nyack 30-minute
quadrangles (pl. 3). It is north of latitude 48° N.
west of longitude 112°30° E., east of longitude
114°00’, and south of Glacier National Park except
that the southern tip of the park has been included.

The position of the Glacier National Park and
Flathead regions with respect to the rest of north-
western Montana is shown in plate 3. Together

these regions embrace the northwestern corner of
Teton County, the western end of Pondera County,
the western part of Glacier County, the northern tip
of Lake County, and much of the mountainous part
of Flathead County. They include parts of the Lewis
and Clark and Flathead National Forests.

SCOPE

The data on the Flathead region presented in the
present report were gathered mainly during a 54-day
geologic reconnaissance in the summer of 1948 and
a 60-day reconnaissance in the summer of 1949,
During this time a little more than 1,300 square
miles within the area shown on plate 2 was covered.
The information obtained has been supplemented on
the peripheral parts of plate 2 by the results of
previous mapping by Stebinger, Alden, Campbell,
Erdmann, and others, as noted in more detail below.
Much of the data on Glacier National Park assembled
below and shown on plate 1 came from unpublished
material gathered in and near Glacier National Park
by Geological Survey parties under the direction of
M. R. Campbell and east of the park boundary by
Stebinger, Alden, and others. These data are supple-
mented, coordinated, modified, and, in places, cor-
rected on the basis of 64 days of fieldwork in the
summer of 1950 plus a little of the field time in 1948
and 1949. Some fieldwork was done in the park in
the summers of 1951, 1952, and 1953 mostly in con-
nection with the study of stromatolites. Plate 1
represents an area of about 2,375 square miles, but
only about 1,000 square miles of this was studied in
any detail during the 1949 and 1950 seasons. Most
of the park not thus studied was visited by the
writer or his assistants, which has aided in the in-
terpretation of the field notes and maps of the previ-
ous workers. Plates 1 and 2 include index maps that
show the areas mapped during each of the three
field seasons; they also show areas mapped by previ-
ous workers and not remapped. These index maps
are referred to in the rock descriptions as convenient
means of indicating the particular areas described.

The investigation was started for several reasons:
the need for information on this region of complex
geology for use in the compilation of a new geologic
map of Montana, then well advanced and later com-
pleted (Ross, Andrews, and Witkind, 1955) ; and the
opportunity presented by the western part of the
Flathead region for the study of the Belt series.

To prepare an adequate geologic map of western
Montana, it was essential to decide on major strati-
graphic subdivisions of the Belt series that could be
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mapped throughout western Montana. However, the
geologic and economic interest in the Belt series ex-
tends far beyond problems related directly to the
State map. Fieldwork in Glacier National Park in
1950 and 1951 coupled with the unpublished data on
the geology of the park in the files of the U. S. Geo-
logical Survey yielded much information on the Belt
series and modified some of the ideas previously held
in regard to these rocks. The Belt series is better ex-
posed in and just south of Glacier National Park
than in many of the other areas in which it has been
studied. Such data on the series as apply directly to
the areas mapped are summarized below, but study
of these rocks is still in progress, and there are cer-
tain lines of evidence and methods of attack that
were opened during the fieldwork of 194851 that
are too incomplete to be discussed adequately as yet.
The problems of nomenclature and subdivision of the
Belt series throughout Montana and adjacent re-
gions are beyond the scope of the present paper.

Fossil names used to describe the zones in the
present paper are those used by Richard Rezak in
his work on algae in the Belt series (Rezak, 1957).
Detailed deseriptions of these fossils appear in his
report. Rezak has also checked the stromatolite
zones that appear on the map and mapped a new
zone in the Missoula group over a small area in the
southwest part of plate 1 and the corresponding
part of plate 2.

Another objective was the study of the structure
of a region that contains a segment of one of the
greatest and earliest recognized overthrusts in the
Western United States (the Lewis overthrust). In
earlier geologic works, the Lewis overthrust was re-
garded as an erosion thrust that emerged at and
moved over the surface of the ground close to the
present mountain border. The results of the present
investigation do not support this concept. If the
Lewis overthrust did reach the surface, it was prob-
ably far to the east. Similarly little support is found
for the idea of a sole with undeformed strata below,
which was based on comparison with structural fea-
tures in the Scottish Highlands rather than on evi-
dence available in northern Montana. Steeply in-
clined faults in the western part of the region here
described have hitherto been supposed to be in ac-
cord with the wedge theory of diastrophism. The
evidence now at hand is inconclusive but favors the
idea that the faults result from relatively minor ad-
justments and are probably normal instead of the
thrusts required by the wedge theory. Deformation
appears to have recurred at least as recently as the
Pleistocene.

The field mapping was carried out, rather rapidly,
on a scale of 1:125,000. This was necessitated in
part because of the lack of modern, large-scale topo-
graphic base maps suitable for detailed studies. All
studies of the Belt series have contained generaliza-
tions not adequately supported by geologic maps.
Even now large parts of the broad regions in which
the series occurs are covered only by geologic maps
of exploratory type, and the present project has been
planned as a contribution toward more adequate
mapping. The components of the series are so thick
and contain so few recognized horizon markers that
subdivisions can be established and lateral facies
changes recognized only on the basis of regional
mapping.

Certain of the other geologic problems in this part
of Montana, such as the geomorphologic history, can
be adequately attacked only on a regional basis. It
is hoped that the generalized data assembled in the
present, primarily descriptive, report will be tested,
modified, and refined by future detailed work. De-
tailed studies will yield their richest rewards only if
made after a general setting, such as is provided by
this report, is available. For much of the remaining
parts of northwestern Montana, too little is yet
known to give such a setting. General studies should
be undertaken initially for the mountains between
the Flathead region and the general vicinity of
Missoula and Helena and later extended westward
to connect with the detailed studies being carried on
in mining districts in Idaho. The initial objective,
correlation of widely separated units of the Belt
series, would be aided greatly by publication of maps
by various geologists for which much of the field-
work has already been done.

While the facts and concepts regarding such things
as the stratigraphy of the Belt series and the char-
acter of the Lewis overthrust should be of interest
in connection with economic studies throughout
western Montana and adjacent regions, the two re-
gions here reported on contain so little in the way of
known mineral deposits of apparent economic value
that little time was devoted to this aspect of the in-
vestigation. A little lignitic coal appears in the
master stream valleys of the two regions, and years
ago prospecting for copper and other metals was
undertaken in the mountains, with such slight suc-
cess that it has almost entirely ceased. Drilling for
oil is being actively carried on in areas east of the
mountains, but very little has been undertaken as yet
within the areas represented on plates 1 and 2. The
mountainous parts of the country covered by the
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report seem geologically unfavorable to the presence
of oil pools of commercial interest, even though small
oil seeps have been found there.

Part of the Flathead region has been flooded by
the reservoir created by the Hungry Horse Dam, for
which concrete began to be poured in 1949. The
present report has no direct bearing on this project,
and fieldwork was begun after the site of the dam
had been selected. Such economic advantages as may
result from the construction of the Hungry Horse
Dam will be felt mainly in the Flathead Valley and
more distant areas.
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of the stromatolitic remains in the Belt rocks of the
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up this phase of the investigation and continued it
through 1953 with the asgistance of Robert N.
Oldale. Rezak has added materially to knowledge of
the stromatolites and is continuing his investigations
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present report were provided by Rezak, and a more
detailed treatment of the subject by him has been
published (Rezak, 1957).
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done by David W. Stonehouse. During the latter
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it is a pleasure to acknowledge the indispensible
assistance they furnished.

Little could have been accomplished in regard to
the geology of Glacier National Park in the short
time devoted thereto if it had not been for the large
amount of pertinent but unpublished material al-
ready available. In 1911 through 1914 field parties
of the Geological Survey made extensive geologic
studies and mapped the greater part of the park.
The geologic personnel involved in that work in-
cluded M. R. Campbell (in charge), W. C. Alden,
T. W. Stanton, Eugene Stebinger, J. R. Hoats,
J. E. Thomas, C. S. Corbett, E. M. Parks, C. R.
Williams, and H. R. Bennett. Much of the material
they gathered was available for use in the present
investigation. Data credited to any of these men in
the present report came from their field notes. The
geologic map of Glacier National Park (pl. 1) is
largely the result of their efforts, although it covers
a wider area and is modified in various respects.
A map embodying their work was compiled some
vears ago by W. C. Alden, and copies of it were
furnished to the National Park Service for their
use. Plate 1 of the present report incorporates much
the same material as Alden’s compilation but was
taken, so far as possible, directly from the original
field notes and maps of M. R. Campbell and the men
who worked with him plus the results of the field-
work of 1949 and 1950 with minor corrections in
1951. Much of the data obtained by Campbell’s
parties was available for the compilation of plate
1, but some items are missing. Similarly the cur-
rent work in the Flathead region was supplemented
in the plains in the eastern part by data assembled
by Eugene Stebinger and others, parts of which
were not published.

PREVIOUS PUBLICATIONS

Several valuable papers dealing with features of
the geology of Glacier National Park are available,
but they are not accompanied by geologic maps.
Very little information on the geology of the Flat-
head region has been published. The presence of
great faults along the eastern border of the moun-
tains, glaciation within the mountainsg, and some of
the other major geologic features of the two regions
were appreciated more than 60 years ago. Some
of the scenic features of the Glacier Park region
were noted by explorers even earlier (Culver, 1892;
Davis, 1886, p. 712; Pumpelly, 1918, p. 641-646;
Stevens, 1860). Pumpelly’s trips were made in 1882
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and 1883 and this may have been the earliest visit
of a geologist to the area of Glacier National Park.
Near the beginning of the 20th century, data on the
character and origin of the topographic features
began to appear. One of the earliest summaries was
by Elrod (1903), who, however, was concerned
mainly with the vicinity of Flathead Lake. Matthes
(1904) published a nontechnical description of the
topography of Glacier National Park but barely
touched on the origin of the features he described.
His paper is based on observations he made as one
of the topographers who surveyed and prepared
maps of the area of the park for the U. S. Geological
Survey. These maps, made in 1900-1904 and 1907—
12, are still in use, with minor revisions, mainly with
respect to cultural features. The three quadrangle
maps of the area immediately to the south, used
as base maps for the present work on the Flathead
region, are of similar date, having been surveyed
during 1907-14, with minor subsequent revisions.
Detailed and comparatively recent maps of the
principal forks of the Flathead River are available,
(U. 8. Geol. Survey 1937, 1939, 1947, 1950) and
various maps of the U, S. Forest Service, as well
as one by that Service in cooperation with the Na-
tional Park Service, issued in 1938, have been of
great assistance, particularly with respect to roads
and trails. Data from these have been incorporated
in plates 1 and 2.

Chapman (1900), a topographer of the U. S.
Geological Survey who did exploratory work in the
eastern part of the mountains from latitude 47° N.
to the southern border of Glacier National Park,
contributed valuable information and ideas in re-
gard to this region, which includes the eastern part
of the Flathead region of the present report.

Willis (1902) made the first contribution to the
geology of the area of Glacier National Park by a
valuable and fundamental paper to which is added
an appendix on the igneous rocks by his associate,
G. L. Finlay (1902). Willis discovered the Lewis
overthrust, discussed it in some detail, and recog-
nized the Precambrian age of the rocks now called
the Belt series. He thought the Lewis was an ero-
sion thrust and referred to the valley of the Flat-
head River west of the park as a graben. In those
earlier reports on northern Montana in which an
age assignment was hazarded, the Belt strata were
thought to be Cambrian, although in the original
definition of the series in the vicinity of Three
Forks (Peale, 1893) in southern Montana the age
was tentatively given as Algonkian.
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Calhoun (1906) on the basis of work done in
1901, 1902, and 1903 presented comprehensive data
on the glacial history of the eastern side of the
mountains and of the plaing east of them. Many of
his generalizations are still accepted, and his clear
descriptions are of much value in gaining a perspec-
tive as to the geomorphic features of the region.
At about this time Walcott (1906, p. 18) made a
reconnaissance across the Mission and Swan Ranges
and the mountains east of them and published the
first correlation table of the Belt series in north-
western Montana.

Alden, in part in cooperation with Stebinger, has
written several papers dealing with glaciation in
and near Glacier National Park (Alden, 1912, Alden
and Stebinger, 1918, Alden, 1914 a and b, Alden,
1932). Campbell (1914, 1921) has prepared two
papers intended to aid visitors to understand the
geology of the park.

Powers and Shimer (1914) made the suggestion
that the large overthrust described by Willis in the
paper cited above divides into several smaller thrusts
before reaching Sun River. They also listed fossils
of Cretaceous, Jurassic, Mississippian, and Devonian
age collected near the Sun River by W. O. Crosby.

Davis (1916, 1921) contributed interesting data
on areas just west of that here described. He laid
stress on the work done by large valley glaciers and
thought that although the straight, steep fronts of
the Mission and Swan Ranges had probably re-
sulted from faulting the evidence is obscured by
the effects of later glaciation to which the existing
scarps are largely due. This conclusion is in accord
with such general observations as were made during
the present investigation.

Stebinger and his associates (Stebinger, 1916,
1917, 1918, Stebinger and Goldman, 1917) did much
work in the plains east of Glacier National Park and
plains east of the mountains south of the park. This
work, which has been extensively drawn upon in the
present report, established the presence of thrusts
and tight folds in a zone that extends for some miles
east of the mountain front. He also worked around
Flathead Lake, and his field notes on that area have
been utilized in the present report.

A highly condensed but very valuable paper by
Clapp (1932) gives a summary of information on
an area that extends from the Canadian boundary
to latitude 46°30’ and from longitude 114°30’ east-
ward to the mountain front, based largely on field-
work carried on by him or under his supervision
during the 12 years preceding publication of the
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memoir. Those working with Clapp at various times
included G. S. Lambert, Arthur Bevan, R. A. Wilson,
C. F. Deiss, and others. While the map in the
memoir includes almost the entire area described
in the present report, it was necessarily based on
scanty information for the greater part of that
area. Clapp made reconnaissance trips in parts of
Glacier Park and the Flathead region and had access
to an unpublished thesis by C. M. Langton based
on more detailed mapping in the vicinity of Schafer
Ranger Station on the Middle Fork of the Flathead
River. Bevan (1929), who worked in several places
along and east of the front of the Rocky Mountains,
has summarized data on that area gained from his
own observations and other sources.

Several reports dealing with geologic features in
Glacier National Park have been published in com-
paratively recent years. C. L. Fenton and M. A.
Fenton (1931, 1933, 1937) have written papers,
of which the principal ones are here cited. Their
papers deal mainly with organic remains in the
Belt series and the stratigraphy of that series, and
constitute some of the most noteworthy contribu-
tions yet made to these subjects. They include dis-
cussion of details of sedimentary structures and
paleontology, many of which are not repeated here.
In addition to the comparatively technical papers
just cited, C. L. Fenton (1939) has published an
interesting popular account of some features of the
geology of Glacier National Park. Billings (1938)
has presented evidence to show that the Lewis over-
thrust is not an erosion thrust as Willis had sup-
posed it to be. Two recent papers by Dyson (1949a,
b), prepared for the use of visitors to Glacier
National Park, are useful brief summaries. Two
other papers by officers of the Park Service include
road and trail logs in which attention is called to
geologic features (Ruhle 1949, Beatty 1947).

Dam-site investigations carried out some years
ago by Erdmann (1944, 1947) yielded facts and con-
cepts of interest to all concerned with geologic mat-
ters in the drainage basin of the Flathead River.
One of the dam-site studies he made, near the
western border of the Nyack quadrangle, yielded
data that have been incorporated in the maps ac-
companying plate 2 of the present report.

South of the eastern 2 of the 8 quadrangles in-
cluded in plate 2 much work has been done by C. F.
Deiss. This work was begun in 1933 in association
with Clapp under the auspices of the State of Mon-
tana and continued at intervals until 1941. The last
part of the investigation was carried out as a mem-

ber of the U. S. Geological Survey but was inter-
rupted when wartime needs diverted Deiss’ activi-
ties. The investigation extended over large parts
of the Saypo, Silvertip, Ovando, and Coopers Lake
quadrangles, which together constitute a block im-
mediately south of the Flathead region (pl. 8), cov-
ered in the present report. Deiss (1933, 1935, 1938,
1939, 1941, 1943a, b) has published reports based
in whole or in part on his investigations in these
quadrangles. While the published reports do not in-
clude geologic maps, Deiss has very kindly made his
field maps available for examination in connection
with the present report. His reports and maps
furnish an invaluable basis for the study of the
stratigraphy and structure in the regions here de-
scribed. His contributions to knowledge of Paleo-
zoic stratigraphy in northwestern Montana are es-
pecially outstanding. Sloss and Laird (1945), whose
work included traverses across parts of the region
mapped by Deiss, have supplemented his work with
additional observations, but differ from him in re-
gard to certain details of stratigraphic subdivision
that have only slight bearing on the present study.

Recent papers (Imlay, 1945, p. 1019-1027; Cob-
ban, 1945, p. 1262-1303; Imlay and others, 1948;
Imlay, 1948, p. 18-33) give details in regard to
the Jurassic strata in and near the regions here con-
sidered. Some of the observations reported on in
these papers were made in the Heart Butte and
Marias Pass quadrangles, others in the Saypo
quadrangle. The subdivisions of the Jurassic rocks
set up in these reports have been found to be present
within the regions here reported on, although the
scale of the work makes it quite impractical to show
them on the map.

Reports dealing with areas in Canada north of
Glacier National Park and with the Rocky Mountain
Trench and related features in Montana west of
the park have been consulted mainly in connection
with the interpretation of structure. Daly’s report
(1912) on the geology along the international
boundary provided the basis for subsequent work
in the vicinity of that line. Among other things,
he emphasized the striking character of the Rocky
Mountain Trench and defined that feature. His work
was necessarily reconnaissance but much of it has
stood the test of time. Even where further work has
modified some of his conclusions, his discussion of
the problems involved continues to be a stimulus to
those who follow him. Among those Canadians who
have made notable contributions in the present con-
nection are Schofield (1914), (1915), (1920), Mac-
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Kenzie (1916; 1922, p. 97-132), Hume (1932, p.
1-20), and Link (1932, p. 786-798; 1935, p. 1464—
1466 ; 1949, p. 1475-1501). Incidental mention of
others will be found in the body of the present re-
port. Among those who have dealt particularly with
the structure of the Rocky Mountain Trench and re-
lated features are Evans (1933), Shepard (1922),
(1926), Flint (1924), and Chamberlain (1925,
1945).
GEOGRAPHY

NOMENCLATURE OF THE RANGES

Geographic nomenclature, especially with respect
to the mountain ranges, is in a state of confusion
in the part of Montana with which this report is
concerned. Few official decisions as to these names
are available. The following summary cites the
various names that have been applied to the moun-
tain units, the history and authorities for use of
these, and the limits within which each name ap-
pears to have been intended to be applicable. No
new names are proposed.

The different mountain ranges described in the
present report (pls. 1, 2, 3) collectively constitute
a segment of the eastern part of the physiographic
province termed “the Northern Rocky Mountains”
(Fenneman, 1930). Within the United States his
definition has received acceptance in official and gen-
eral usage except for such modifications in detail
as those of Freeman and his coworkers (Freeman
and others, 1945, p. 56; Caldwell, 1954, p. 79-87).
A different definition was proposed earlier by Daly
(1906, p. 17-43), who wused “North American
Cordillera” as a broad term for the mountains
west of the Great Plains and restricted the term
“Rocky Mountains” to the ranges east of what he
termed “the Rocky Mountain Trench,” although he
appreciated that other names had been applied to
this same assemblage. Daly’s Rocky Mountain
Trench forms part of the western boundary of the
Flathead region of the present report (pl. 3), al-
though it extends north and south (Calkins, 1909,
p. 11) far beyond the limits of that region. Daly’s
restricted use of “Rocky Mountains” as a topo-
graphic term is in accord with long-established
usage in Canada (Dawson, 1886, p. 5B, 15B, 18B).
It is accepted there and has some support in pres-
ent local usage in the part of Montana south of
Glacier National Park. However, it has not received
official sanction or general usage in the United
States (Fenneman, 1930, 1931, p. 200-203).

Within Glacier National Park the mountains are

divided, by official and popular usage into the Lewis
Range on the east and the Livingstone Range on the
west. Willis (1902, p. 310-11) defined the Lewis
Range as rising from the Great Plains in Canada
about latitude 49°10’ and extending southward to
about latitude 46°45/. He named it for Captain Meri-
wether Lewis, who, he said, was in 1806 the first
white man to cross the range. According to Willis
(1902, p. 812-313) the southernmost peak of the
Livingston Range (as he spelled it) is Mount
Heavens (now termed “Heavens Peak”), and the
range extends northwestward “to its limit, probably
in Mount Head, in British Columbia, about latitude
50°25".” The name “Livingstone Range” was first
applied to a mountain mass in Canada by a Captain
Blackiston, in 1858, and later defined by Dawson
(1886, p. 11B, 22B, 80B). According to Daly (1912,
p. 27-30) the southern end of the Livingstone Range
of Dawson is a few miles north of North Kootenay
Pass, which is about 27 miles north of the inter-
national boundary (Canadian Surveyor General’s
Office, 1916). Daly proposed the name Clarke Range
as an approximate equivalent of Willis’ Livingstone
Range. Although he secured approval from Willis
for this change, it has not secured recognition in the
United States. The United States Board on Geo-
graphic Names (1933, p. 456-468) has rendered de-
cisions which correspond in general to those of Willis
within Glacier Natural Park but terminate both
ranges close to the international boundary. The
Board’s decision puts the south end of the Living-
stone (not Livingston) Range at McDonald Creek;
but as Heavens Peak is the major summit next north
from that creek, this agrees with Willis’ statement.
The Board, however, puts the south boundary of
the Lewis Range at the south boundary of Glacier
National Park, which would be near latitude 47°15’
and far north of the southern terminus proposed by
Willis (46°45’). The Board’s decisions pertain pri-
marily to the crests of the ranges and say nothing
as to boundaries between the two adjacent ranges.
In Glacier National Park the line of demarcation be-
tween the Lewis and Livingstone Ranges is com-
monly taken to pass through Waterton Lake, up the
Waterton Valley, over or around Flattop Mountain,
thence down McDonald Creek and through Me-
Donald Lake to the Middle Fork of the Flathead
River.

The decision of the United States Board on Geo-
graphic Names (1933, p. 456) to place the southern
border of the Lewis Range at the southern boundary
of Glacier National Park leaves the great mass of
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mountains south of that boundary and east of the
Flathead Range without satisfactory designation.
Willig’ original definition (1902, p. 310-311) would
have included this mass in the Lewis Range. Bevan
(1929 p. 430, fig. 1) included these mountains in his
proposed Lewis and Clark Range, and his sugges-
tion was adopted by Fenton and Fenton in their
index map (1937, fig. 1). It has been employed in
other geologic publications but has not become
familiar to residents of the region. It has the dis-
advantage that the name Lewis Range is well es-
tablished, as just noted, for mountains in Glacier
National Park, and there is a Clarke or (Clark)
Range west of the Lewis Range in southern Alberta,
corresponding to the Livingstone Range in the
United States. Geographic features in Canada are
not shown on any of the maps accompanying the
present report.

Another, but less satisfactory, proceeding would
be to use Sawtooth Range for the unnamed moun-
tains south of Glacier National Park. This name
was originally loosely used by Chapman (1900, p.
154) and has been applied by Deiss (1943a, fig. 2,
p. 207; 1943b, fig. 2, p. 1125-1127) to the mountains
immediately along the border of the plains from the
North Fork of Dearborn River to the South Fork
of Two Medicine Creek. As thus defined, the Saw-
tooth Range of Deiss constitutes a material restric-
tion of the Lewis and Clark Range of Bevan and
leaves unnamed the mountains north of the South
Fork of Two Medicine Creek and south of Glacier
National Park. The name Sawtooth Range, how-
ever defined, has received little support from local
usage. It has the disadvantage that there are so
many Sawtooth Ranges or Mountains in the west
with which it might be confused—there is a Saw-
tooth Ridge in the southern part of the Saypo
quadrangle.

In the western part of the Flathead region, the
nomenclature of the mountain ranges is compara-
tively well established. The westernmost of the
ranges here, which is bounded on the west by Flat-
head Valley and Swan River (U. S. Board Geog.
Names, p. 732) has long been known as the Swan
Range. This range is bounded on the north by the
depression occupied by the Flathead River (U. S.
Board Geog. Names, p. 732) near Columbia Falls.
Its southern end is far beyond the limits of the
territory described in the present report. The next
range to the east lies between the Middle and South
Forks of the Flathead River and is called the Flat-
head Range on the U. S. Geological Survey’s topo-

graphic map of the Nyack quadrangle and on other
maps. This name, which appears to have support
in Jocal usage, is used in the present report. Fenton
and Fenton (1937, fig. 1) use the names Swan
Range and Flathead Range on their index map, cited
above. The term “Flathead Range” as here used
should not be confused with the Flathead Moun-
tains, west of Flathead Valley, as used by Daly and
others (Daly, pl. 8, 1912; Calkins, 1909, pl. 1. U. S.
Board Geog. Names, 1933, p. 303-304). This source
of confusion has been removed by a later decision
of the Board on Geographic Names (U. S. Dept.
Interior, Board on Geographic Names, decisions
rendered between July 1, 1941 and June 30, 1943,
p. 45) to substitute the name ‘““Salish Mountains”
for the mountain mass previously called Flathead
Mountains (pl. 3).

DRAINAGE

Most of the Flathead region and the part of
Glacier National Park west of the Continental
Divide is in the drainage basin of the Flathead
River, which in turn is tributary to the Clark Fork
of the Columbia River. Most of Glacier National
Park east of the Continental Divide drains into
Canada through the Waterton, Belly, St. Mary, and
Milk Rivers, but an area in its southern part is
tributary to Two Medicine Creek. The water of
Waterton, Belly, and St. Mary Rivers finally finds
its way to Hudson Bay, but both Milk River and
Two Medicine Creek are in the drainage basin of
the Missouri River. Most of the Flathead region
east of the divide drains into the Marias River
(east of area shown on pl. 3), although a small
area in the southeastern part drains to the Teton
River. Both the Marias and the Teton Rivers join
the Missouri River northeast of Great Falls in west-
central Montana. Thus, while most of the water
in the two regions here described is carried toward
the Pacific Ocean, a part reaches Hudson Bay, and
the rest flows toward the Gulf of Mexico.

Along the western border of Glacier National Park,
the part of the Flathead River locally known as the
North Fork of the Flathead flows southeast out of
Canada until it reaches the Apgar Mountains, it
leaves its broad valley, and crosses the mountains,
finally entering Flathead Lake. The Middle and
South Forks of the Flathead flow northwest until
they reach points near the northern ends of the
Flathead and Swan Ranges, respectively, and join
the main Flathead. To accomplish the juncture, the
Middle Fork has to swing west and then southwesgt,
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reaching the main stream a few miles from West
Glacier, formerly Belton. The Swan River, in the
southwest corner of the Flathead region, lows north-
west; but, a short distance after entering the area
of plate 2, it swings abruptly west and enters
Flathead Lake.

West of the Continental Divide most of the tribu-
tary streams descend the mountain slopes roughly
at right angles to the range crests and the master
streams mentioned in the preceding paragraph.
Among those that depart from this normal pattern
is McDonald Creek, which flows southeast for 10
miles then swings abruptly southwest to join the
Middle Fork of the Flathead. Several of the other
streams have nearly right-angle bends, mostly in
their upper reaches. For example, Nyack Creek in its
upper reaches flows northwest and is almost in line
with the upper part of McDonald Creek, whereas
most of Nyack Creek flows southwest, joining the
Middle Fork of the Flathead about 10 miles (air
line) above the mouth of McDonald Creek. The head-
waters of Nyack Creek are separated from those of
Coal and Park Creeks by narrow, locally gently slop-
ing passes. Presumably Surprise Pass at the head of
Nyack Creek is so named because its slopes are so
gentle that close observation is required to enable the
traveler to judge when he has passed from the
drainage basin of Nyack Creek into that of Coal
Creek, or vice versa.

East of the Continental Divide the drainage pat-
tern is somewhat more irregular, in keeping with
the fact that the master streams are smaller and
themselves have irregular courses. This is particu-
larly true in Glacier National Park, although even
here many of the streams flow at right angles to
the range trends. In the part of the Lewis Range
southeast of the park boundary, several streams
and parts of streams almost parallel the trend of
the range. These streams include the upper reaches
of the South Fork of Two Medicine Creek, several
of the tributaries of South Badger Creek, Muskrat
Creek, and others. On the other hand, many of the
streams flow northeast, transverse to the trend of
the mountains, and some of these cut through major
ridges without apparent regard for their presence.
North Badger Creek and the North Fork of Birch
Creek are among those in this category.

Some idea of the size of the streams west of the
Continental Divide can be gained from the following
data. At the gaging station at West Glacier (form-
erly Belton) (NE14 sec. 34, T. 32 N., R. 19 W),
the Middle Fork of the Flathead has a drainage area

of 1,140 square miles and an average discharge of
2,492 second-feet and in the water-year 1948-49
had a runoff of 2,695,000 acre-feet. In the calendar
year 1948 at the gaging station in the NE14 sec.
17, T. 30 N., R. 19 W., the South Fork of the
Flathead had a drainage area of 1,640 square miles,
an average discharge of 3,110 second-feet and a
runoff of 2,779,000 acre-feet (U. S. Geol. Survey,
1952, p. 274). The main Flathead River at Columbia
Falls has a drainage area of 4,464 square miles and,
before Hungry Horse reservoir was in operation,
had an average discharge of 8,687 second-feet. In
calendar year 1947, a wet year, it had a runoff
of 8,512,000 acre-feet (U. S. Geol. Survey, 1951, p.
255), whereas in calendar year 1948 the runoff was
7,601,000 acre-feet (U. S. Geol. Survey, 1952, p.
266-274). In calendar year 1954 the adjusted runoff
was 9,421,000 acre-feet (U. 8. Geol. Survey, 1955,
p. 213).

The valley of the Middle Fork is much narrower
than that of the South Fork. From the gaging
stations mentioned above to the points where the
upper reaches of these two streams enter the region,
the channel of the South Fork has an average rise
of about 12 feet to the mile, while that of the Middle
Fork has a rise of about 33 feet to the mile.

East of the Continental Divide available data on
stream flow are incomplete. St. Mary River near
Kimball, Alberta, 4 miles north of the international
boundary, has a drainage area of 497 square miles
and in calendar year 1954 had a runoff of 776,300
acre-feet, which represents most of the runoff from
the eastern side of Glacier National Park (U. S.
Geol. Survey, 1957, p. 32). Data for the rest of the
eastern part of the park and for the streams in the
eastern part of the Flathead region are not at hand.
Lakes and ponds are numerous in the dissected high
plains east of the mountains. In the part of these
plains represented on plates 1 and 2, well over 700
of these are mappzd, most of which are south of
latitude 48°30” N. and fairly close to the mountains.
Some of the ponds have been enlarged by dams to.
provide water for ranches in the vicinity. Most
of these reservoirs are very small, but a few are
moderately large. Lower Two Medicine Lake, dam-
ming of which was completed in 1913, has a usable
capacity of 14,000 acre-feet; and Swift Reservoir,
also known as the Birch Creek Reservoir, was com-
pleted in 1915 and has a usable capacity of 30,000
acre-feet (U. S. Geol. Survey, 1949, p. 44, 67-68).
Neither of these reservoirs is actually filled to
capacity.
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RELIEF

Plates 1 and 2 represent parts of the Lewis,
Livingstone, Flathead, and Swan Ranges, plus
such minor ridges as Firefighter Mountain, Desert
Mountain, and Apgar Mountains. East of the Lewis
Range proper there are a few isolated peaks such
as Chief Mountain and Divide Mountain. The Flat-
head and Swan Ranges are clearly defined mountain
masses whose slopes descend from fairly straight
and continuous range crests to major stream valleys
on either side. Both are steeper on the southwest
than on the northeast flank. Summits in the mapped
part of the Swan Range culminate in Mount Aeneas,
7,630 feet, and Big Hawk Mountain, 7,540 feet,
with several others nearly as high. Mud Lake, west
of the Swan Range, has an altitude of 3,004 feet,
the lowest point in the territory described in the
present report. Thus, the maximum relief in the
mapped part of the range is a little over 4,600 feet.
The highest point in the Flathead Range is Great
Northern Mountain, 8,700 feet; and Halfmoon Lake,
at the northern end of the range, is a little less than
3,200 feet above sea level. Thus, the maximum relief
in the Flathead Range is about 5,500 feet.

The other ranges are not quite such conveniently
recognizable units, which has contributed to the con-
fusion in the nomenclature of the geographical fea-
tures commented upon above. In Glacier National
Park the division between the Lewis and Living-
stone Ranges might well escape a casual observer,
who could easily suppose the great mass of moun-
tains to be a single unit. The impressive ecliffs
arranged with little discernible pattern add to the
unity in topographic character. Cliffs comparable
to them are not present on a similar scale in the
mountains nearby, as can be seen by comparing
figs. 1, 22, 23, and 24 with figs. 2, 3, 27, and 28.
The broad, relatively low tops of Flattop (pl. 1)
and West Flattop Mountains (about 6,800 feet above
sea level) and the wide Waterton Valley north of
them together do constitute a break between the
ranges that is fairly conspicuous to an observer
from suitable vantage points, but relatively few
park visitors reach such points. The northeast side
of the mountains drops off steeply, in part pre-
cipitously (fig. 3), to the edge of the Great Plains,
which are diversified by several prominent ridges.
Farther west a jumbled mass of mountains extends
to the series of gentle ridges on the east side of the
valley of the Flathead River.

Within this mountain mass the Continental Divide
winds southeastward, passing from the Livingstone

Range around the north end of Flattop Mountain
to the Lewis Range. Altitudes above sea level range
from about 3,100 feet near West Glacier to 10,438
feet at the summit of Mount Cleveland. About a
dozen peaks in the park attain altitudes in excess
of 10,000 feet, and scores are over 8,000 feet high.
On the Great Plains nearby, flat ridge tops are
over 5,000 feet high, while the mountain buttresses
on the east side of the Flathead River have broad,
gently inclined crests that rise to similar altitudes.
Thus, the relief within the main mountain mass is
about 5,000 feet, and the maximum relief in the park
is nearly 7,400 feet. As Waterton Lake (altitude
4,186 feet) is not far from Mount Cleveland, the
local relief in the northern part of the park is about
6,300 feet. Most of the highest mountaing are east
of the Continental Divide. A few, notably in the
vicinity of Kintla and Agassiz Glaciers, are west
of it.

The southern extension of the Lewis Range differs
from the part within Glacier National Park in that
it is composed of subparallel ridges, many of which
are cliffed along their northeastern flanks. As a
whole, as figures 1 and 22 and 23 show, these moun-
tains constitute a rather heterogeneous assemblage.
However, some of the ridges, such ag Slippery Bill
Mountain, the elevations north and south of it,
and the ridge surmounted by Half Dome Crag, are
sufficiently large and distinct that they might be
thought of as separate ranges or subranges. All
these are bordered by large valleys that, as the
principal mountain ranges of the region, trend north-
west. The mountain front as seen from the plains
to the east is straighter than the corresponding
front in Glacier National Park, and fully as impres-
sive. For example, Half Dome Crag rises 8,095 feet
above the sea and is only 3 miles from the border
of the plains at an altitude of 5,000 feet. This moun-
tain front is far straighter than the Continental
Divide, which winds from ridge to ridge some 8-15
miles within the mountain mass. As is the case
farther north, many of the higher peaks are east
of the divide. These include Mount Patrick Gass,
8,625 feet; Old Man of the Hills (Dupuyer Moun-
tain), 8,237 feet; Family Peak, 8,095 feet; and
others. A few high peaks, such as Bighorn Moun-
tain, 8,199 feet, and Mount Fields, 8,595 feet, are
on the Continental Divide, but most of the summits
farther west are well under 8,000 feet in altitude.
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FIGURE 1.—View northwest from Bennie Hill Lookout in the Heart Butte quadrangle, Flathead region, showing the unsystematic topography characteristic
of this part of the southern extension of the Lewis Range. The rocks belong largely to the Hannan limestone.

FI1GURE 2.—Altyn limestone in the lower slopes of Appekunny Mountain, northeast of Many Glacier
Hotel, Glacier National Park. The view is at the type locality of the formation, close to the site of the
former settlement of Altyn. The Lewis overthrust is at the base of the cliffs, and the smooth slopes
below are underlain by shale of Cretaceous age, which yields few outcrops. Photograph by Baily Willis

(1902, fig. 2, pl. 47).
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CLIMATE

Climatological data are not available for the
mountains of Glacier Park and the Flathead region,
but a general idea can be obtained from U. S.
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Weather Bureau records for nearby towns and from
conversation with those familiar with the region.
Records of temperature and precipitation for the
five stations nearest to the mountains are summar-
ized in the table below.

Climatological data for the vicinity of Glacier National Park

[Adapted from U. 8. Weather Bureau publication (1954, p. 208-218)]

Departure
Location Jan. Feb. Mar. Apr. May | June July Aug. Sept. Oct. Nov. Dec. | Annual from
[ normal
!
Average temperature in ° F in 1953
NearBabb___ .. . .. 24.6 28.1 30.9 l 3L8 | 1450 50.3 | 158.5 59.3 | 151.41 1474 38.6 28.6 41.2 1.9
1 mile north of West Glacier (Belton) 32.1 30.1 34.9 38.8 48.9 55.1 63.9 62.4 54.9 45. 4 35.3 20.5 44.3 2.0
Hungry Horse Dam.__________________ 34.1 30.8 35.2 38.8 48.3 55.1 | 163.8 62,9 56,0 45.6 36.5 31.4 44.9 | ...
Polebridge . S 30.4 26. 5 32.1 36.6 47.2 | 152.8 60. 4 \ 59.9 | 152.4 43.8 | 134.0 25.1 4.7 .
Precipitation in inches in 1953

Near Babb_ [ 2.24 1.53 1.52 3. 56 4.08 7.15 0. 59 0.60 1.61 0.33 0.44 1. 62
1 mile north of West Glacier (Bnlton) ,,,,,,,,,, 7.07 3.24 1.62 3.19 2.99 3.95 1.09 1.17 .60 .89 2.73 4.78
Blackleaf .. ___. . ____ ... 1.11 1.11 .70 1.64 6,71 6. 86 .50 1.12 1.10 .20 .16 .21
ITungry Iorse Dam_ 5.27 2.07 2.23 2.17 2.68 2. 50 .10 1.52 .97 .56 2.46 4.50
Heart Butte. - ) 2 .60 .84 4.16 5.04 6,22 .28 1.45 L11 L11 .10
Polebridge..__.__.__ [ I 6. 32 1.00 .66 2.47 1.72 3.12 08 1.14 .96 .43 2.32 4.13
Summit. .. .. | 1400 4. 50 3.20 5.78 6.29 5.10 21 1.03 2.38 2.58 3.01 6. 58

1 Receord incomplete. 2 No record.

The weather in the mountains is moderately cool, TRANSPORTATION

but not excessively so. As in other parts of the
Northern Rocky Mountains, there are wide daily
fluctuations in temperature. In the hottest parts
of the summer, the nights are cool, and fair days
during the winter are likely to warm up enough
to be comfortable. In winter, below zero tempera-
tures occur rather frequently, but extreme cold is
uncommon. The mean annual temperature at the
stations listed above is over 40°F. In the summer
the thermometer rarely rises close to 100°F, and
then for short periods only. Night temperatures of
less than 40°F are common throughout the year.
In the higher mountains even the summer storms
are likely to include some snow and sleet. The an-
nual precipitation in the mountains is probably in
excess of 40 inches while that in the bordering low-
lands is in the neighborhood of 20-30 inches. Much
of the precipitation is winter snowfall, but June
commonly has more precipitation than any other
month in the year. Showers are frequent in the
summers. During occasional periods in that season,
the skies are overcast for several successive days,
accompanied by many showers of rain, snow, sleet,
and hail; but the total precipitation resulting is not
large. The precipitation in the mountains west of
the divide is somewhat greater than that to the
east. This is attested by the appearance of the vege-
tation and the experience of residents.

The part of Montana here described is served
by the Great Northern Railway and several high-
ways and can be reached from nearby airfields. The
railroad passes around the southern part of Glacier
National Park. The nearest airfield that has been
used by scheduled flights of commercial airlines is
between Columbia Falls and Kalispell. Another is
at Cut Bank, east of the park. Airfields usable by
smaller planes are maintained by the Forest and
Park Services in and near the Flathead region and
on the borders of Glacier National Park.

U. S. Highway No. 2 skirts the southern border
of Glacier National Park close to the railroad. Other
national highways serve the country on both sides of
the park and provide connections with Canadian
highways. The Going-to-the-Sun Highway provides
a scenic-route across the park from U. S. Highway
No. 89 at St. Mary on the east to U. S. Highway No.
2 at West Glacier. Another paved branch road from
U. S. Highway No. 89 serves Many Glacier Hotel
in the northeastern part of the park. An unpaved
road extends northwest from Apgar along the
western border of the park