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THE MONTANA LOBE OF THE KEEWATIN ICE SHEET.

By Frep. H H Carmouw.

INTRODUCTION.

Just south of the forty-ninth parallel and east of the Rocky Mountains is an
area that is of much interest to glacialists It is the area which lay between the
Keewatin 1ce sheet and the mountain glaciers coming from the west. Although it
has been known for nearly twenty years that the bodies of drift deposited by the ice
coming from opposite directions were closely associated, little detailed field work has
been done in this region. As early as 1881 Sir James Geikie prophesied that a
" careful study of the region would clear up many important points in glaciology.¢ In
1885, Dr. T. C. Chamberlin and Prof R. D. Salisbury, in a reconnaissance of the
region, determined roughly the course of the terminal moraine of the eastern ice
sheet and obtained data concerning the character and extent of the mountain glaci-
ation ® In 1890 Mr. G. E. Culver, while a member of the military party under the
command of Lieutenant Ahern, U. 8. Army, gathered many data concerning the
geology of the region, publishing the results of his investigations in the Transactions
of the Wisconsin Academy of Sciences, in 1891.¢ Doctor Dawson and Mr McCon-
nell, of the Canadian Survey, have worked out the geology of the region north of
the boundary line.d Their reports are unusually complete, but the area to the south
offers better opportunity for study, and somewhat different conclusions were reached
from a study of that region.

The work on which the following discussion is based was done during the field
seasons of 1901, 1902, and 1903. During the first season the writer was accompa-
nied by Mr. Bruce McLeish, then a student at the University of Chicago. The
second year Mr. Porter Graves, of the Kansas City High School, rendered valuable
assistance  The writer is most deeply indebted to Dr. T. C. Chamberlin and Prof.
R. D. Sahisbury, of the University of Chicago, for friendly interest shown while
superintending the compiling of thus manusecript. Professor Salisbury also person-
ally directed a portion of the field work and made many practical suggestions.
Thanks are also due Dr. G. K. Gilbert for careful criticism of the report.

¢ Am Naturahst, vol. 15, pp 1-7
bU 8 Geol Survey, Seventh Ann Rept, 1888, pp 147-248 °
¢Trans Wis Acad Sei, vol §, 1891, pp 187-205
d Geol Survey Cana/daf, Rept of Progress, 1884, sec C, Geol Survey Canada, vol 1,n. s, 1885, sec. C ; Bull. Geol. Soc.
Ameries, vol. 7, pp 31-66
7




8 MONTANA LOBE OF KEEWATIN ICE SHEET.

GENERAL FEATURES OF THE AREA,
LOCATION

The area covered by this investigation lies along the eastern front of the Mon-
tana Rockies, between longitude 108° an& 113° 40/, and latitude 47° 15" and 49° 30,
Over the eastern and northern part of this area the ice from the northeast deposited
its drift. Over the western part the ice from the Rockies pushed down the moun-
tain valleys and, deploying on the plain, deposited large and well-defined terminal
moramnes. Extending from the Canadian line to the Missouri there 1s & strip of
country, varying greatly in width, which the ice did not cover.

PROBLEMS PRESENTED.

In studying this region four important subjects present themselves—the eastern
drift, the mountain drift, the deposits on the.intervening area (which was not
glaciated), and the relations of these three surface formations to one another. In
order that these relations may be clearly understood the physiography and the
general geology of the region must be briefly considered.

PHYSIOGRAPHY.

The region may be divided into three physiographic provinces—the great plains
that cover the eastern part of Montana, the foothill belt, and the Rocky Mountaimns’
proper. The plains begin at the edge of the foothills and slope eastward with sharp
descent. At Midvale, near the base of the mountains, the elevation is 4,788 feet,
above sea level; at Blackfoot, 20 mailes distant, 4,145 feet, giving a slope of 30 feet
per mile; at Shelby Junction, 52 miles from Blackfoot, 3,279 feet  The fall between
the last-named places 1s, therefore, 16 feet per mmle

The foothill region separates the plains from the mountains This confused
mass of hills and ridges narrows as it extends southward until, at the mouth of Sun
River Canyon, it disappears altogether and the mountain walls rise abruptly from
the plains. The height of the foothills averages 1,000 feet, though many individual
peaks measure 1,500 feet.

As the foothills are distinet from the plain, so are the mountains distinct from
the foothills Towering above the smaller ills at their base, these mountains raise
their nearly vertical faces 4,000 to 5,000 feet above the plain.

The Rocky Mountain divide separates three drainage basins. A drop of water
falling near the summit may be carried eastward by the tributaries of the Missouri
to the Mississippi and the Gulf of Mexico, northward by St. Mary River or its tribu-~
taries into Hudson Bay, or westward by Flathead River into the Pacific. Of these
three drainage basins this report 1s chiefly concerned with the first two. All the
streams considered rise on the eastern slope of the Rockies, flow through deep
mountain valleys with high, nearly vertical walls, across the foothills in deep,
narrow canyons, and finally make their way across the plans in great U-shaped
valleys whose forms suggest a long period of erosion.

The region shows at least three periods of erosion, when the land stood at differ-
ent levels. Running out from the mountains in a general eastward direction are
plateaus 900 to 1,000 feet above the present level of the streams. These plateaus
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have plane surfaces, except for dissection by valleys, and slope sharply eastward at
gbout the same grade as that of the present streams. The plateau between South
Fork of Milk River and Cutbank Creek, from a pomnt near the mountains to Rocky
Coulee, has a decline of 900 feet The fall of Milk River in the same distance 1s
practically the same, while Cutbank Creek has a drop of 850 feet. Milk River Ridge,
a plateau lying between Milk River and the valley of St. Mary River, has essentially
the same slope. The distance is 33 miles and the dechne about 28 feet per mile.
Near the mountains these plateaus are from 1 to 3 miles broad. Toward the east
they -narrow to ridges, the ridges give place to buttes, and the buttes in turn yield to
small piles of sandstone débris, rising but hittle above the lower surface of another
erosion eycle. The ridges now forming the remnants of this old base-level are found
between streams flowing from the mountains, their narrowness n places being due
to the lateral cutting of the streams during succeeding periods of erosion. In some
cases this lateral planation has been carried so far as to remove the ridge entirely.
On Cutbank Ridge there is a low, flat butte, rising 200 feet above the plateau level,
which represents a still older surface, possibly a still older plateau base-level.

South of Sun River are a number of great buttes, not capped with the gravels
supposed to have been deposited during the time of the first base-level  Possibly, at
the time these gravels were being deposited, the buttes stood too high to receive
them; they now stand 1,300 feet above the Sun River Flat. These flat-topped rock
masses, while suggestive, are scarcely sufficient to determine the existence of an
earlier base-level.

Between the first base-level and the third erosion level developed along the
present stream courses, in which the streams are now cutting a fourth level, a well-
developed second cycle is shown. This is found in nearly all the river valleys, but
in some plaees the erosion in the third cycle was so long and vigorous as to destroy all
traces of the second along the sides of the valleys: The second cycle was the least
persistent of the series; the third cycle was the most complete. The great flats along
Milk River and Cutbank Creek and those along the upper courses of Muddy and
Teton rivers were formed at this time. 1In places the third cycle may be divided into
two distinct cycles, and more detailed work may establhish these in all the valleys.
Taking the doubtful stages 1nto account, six erosion levels can be differentiated.

STRUCTURE.

The present topography is the result of three physiographic processes, diastro-
phism, volcanism, and gradation. The Rocky Mountains were formed by a great

DEVONO~CARBONFEROUS DEVONIAN

s 1
16, 1.—Section of frontal range of Canadian Rocky Mountains along South Fork of Ghost River, showing thrust.-fault

relations of Cretaceous to Algonkian and Cambrian After R G MecConnell ,

fault which thrust 8,000 to 10,000 feet of Algonkian rocks obliquely up and over
upper Cretaceous beds for a distance of 7 miles or more. This fault has been worked
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out by Willis¢ in the vicinity of Chief Mountain, near the international boundary hne,
but the same fault appears to extend both northward and southward.? It is seen"n

CHIEF MTH

®e CRETACEQUS

F1c 2 —Section of frontal range of Rocky Mountamns along the forty-ninth parallel, showing thrust-fault relations of
Cretaceous to Al;,onkmn and Cambrian, After Bailey Wilhs

Sun River and Teton River canyons, though there the Cretaceous appears to he under
a great thickness of limestone, which in this case 1s not Algonkian but Catboniferous.

GENERAL GEOLOGY

SEDIMENTARY ROCKS.

The rock material forming the mountains 1s varied. North of Summit Pass
the basal member of the series 15 a hard buff himestone Above the limestone
are argillites, quartzites, and conglomerates In some places the hmestone has been
metamorphosed. A fine exposure of the resulting marble 1s seen on the south side
of Rising Wolf. The' argillites are red, green, and black, and so hard as to with-
stand weathering to a remarkable degree The quartzites are commonly red and
white, and are even more durable than the argillites Some of them contain flat
pebbles of argillite, giving to the formations the appearance of a quartzite with
interstratified layers of shale. The evidence of their shallow-water orgin is seen
throughout the series. Ripple marks and sun cracks are found even at, the summit
of Rising Wolf, nearly 10,000 feet above the sca Into this great sedimentary
series there has been at least one igneous intrusion of diorite. Exposures of this
intrusive rock occur in Swiftcurrent Canyon and at several other places on the
west slope of the mountains. ¢ This rock appears in the drift along the face of the
mountain, being abundant in the St. Mary River Valley but gradually decreasing
in amount toward the south.

The region lying at the foot of the mountains consists of a high plam sloping
abruptly eastward. The beds forming the surface are upper Cretaceous; the
lowest member of the system is referred to the Pierre formation of the Montana
epoch; the upper member of the system 1s the Laramie. In the southeastern
portion of the area the rocks of the Colorado formation are exposed along Missouri
River This classification of the strata of the region is based wholly on Dawson’s
classification of the formations to the north The shales and sandstones of the
Pierre formation are exposed at Midvale, in Two Medicine Valley on the Marias
near 1its headwaters, on the Teton, and north of Shelby Junction on the line of the
Great Falls and Canada Railroad. There are also outcrops n the disturbed region
between the foot of the mountains and the area of horizontal beds.

Near the mountains the Pierre shales become sandy and in places conglom-
eratic, indicating proximity to an old shore line. The conglomeratic character

a Wilhs, Bailey, unpubhshed manuscnpt.
b Geol Survey Canada, 1886, vol 2, Rept. D.
c¢Culver, G E, Trans Wis. Acad. Sci, vol 8, 1891, p 195,
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is well developed in Summit Pass and along the face of the mountains generally.
The Fox Hills beds are regarded as deposits of a stage existing between the marine
conditions of the Pierre and the fresh-water conditions at the time of the Laramie,
and were not identified.

Concretions are found on the surface in great numbers, frequently arranged in
. belts extending uninterruptedly across the country (Pl. II, 4). "
These concretions are often found in the drift.

IGNEQOUS ROCKS.

“

The continuity of the sedimentary series of the plain is interrupted by igneous
outerops in various parts of the region studied Chief among these are the Sweet-
grass Hills, igneous intrusions south of Sun River on the headwaters of the Muddy,
the Highwoods, the Bearpaws, the Lattle Rocky Mountains, and the Larb Hills.

The Sweetgrass Hills afford data for the solution of some of the glacial prob-
lems of the region, and therefore deserve especial mention. These hills or buttes
are usually spoken of as outliers of the Montana Rockies, but they are not such in
any proper sense of the term. The Rockies were formed by a series of faults,
while the Sweetgrass Hills are the result of igneous intrusions, which lhfted the
sedimentary layers and left them dipping at high angles from the central igneous
core. The hills are three in number, known as East, Middle, and West buttes.
Of these, West Butte is the highest, its summit being about 6,800 feet (aneroid)
above sea level. The East Butte is several hundred feet lower, while Middle
Butte, the smallest of the three, 1s but 6,000 feet in height.

The igneous intrusions which formed these buttes may have belonged to the
mountain-making period at the end of the Mesozoic, as volcanic activity was at
this time great, or may be still younger Gold, silver, and copper are found to
some extent in the buttes, occurring 1n veins, usually along the contact between
the sedimentary series and the intrusive mass

The area of igneous rock found south of Sun River is some 30 miles from the
base of the mountains. It caps some of the high buttes between Sun and Missouri
rivers The easterninost outlier is found at Square Butte, in T. 20, R 2 W. The
rock is pyroxene-porphyry, rather dense and roughly columnar It rests on a
sandstone formation, which contains oyster shells and fine examples of the straight
baculite shell. These fossils he within a few inches of the contact and are perfectly
preserved The sandstone shows scarcely a sign of metamorphism, even at the
zone of contact The lava flowed over a very uneven surface. On Square Butte
the contact is 400 feet above the level of the plain; on Crown Butte the bottom
of the porphyry 1s but 100 feet above the plain. _

The Highwood Mountains are the result of former extensive voleanic action.
Early in the Eocene a great igneous mass pushed its way through the sedimentary
layers to an unknown height above the plain. At the present time the mountains
are much subdued by erosion and weathering, a number of peaks have been formed,
and great buttes have been separated from the main mass of the low. The moun-
tains and the plains surrounding them have been cut by dikes, which radiate in all
directions. @

6 Weed, W, H,, Description of the Fort Benton distnet Geologic Atlas U 8, folio 55, U S Geol. Survey, 1899,

\
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‘

Just north of the Highwood Mountains lies a very peculiar valley, locally
known as the Sag (Pl 1I, B), which extends from Highwood Creek Valley on the
west to Arrow River Valley on the east The Sag is 80 miles long and in many
places is very wide and deep. Near Steele 1t 1s over a mile wide, with valley walls
600 to 800 feet high Its great size and peculiar course have led some geologists
to consider it a pre-Glacial channel of the-Missour:, but its close association with
the 1ce edge suggests another interpretation, which will be discussed later.

Directly northeast of Highwood Peak, the highest point of the Highwoods,
and at a distance of some 70 miles, the Bearpaw Mountains rise above the plain.
Like the IMighwoods, these mountains are volcanic, beimng composed of lava flows
resembling those which formed the Highwoods. Dike rock 1s less common, and as
a whole the Bearpaws arc older, being past their maturity. The range 1s made
up of low rounded peaks separated from one another by wide fertile valleys The
two ranges are connected by a system of dikes, but 1t seems evident from the
topography that 1f volcamic activity began at the same geologic period, the High-
wood center contmued active long after flow in the Bearpaw group had ceased.

The Lattle Rockies, the most picturesque and interesting of the three moun-

tain groups, are situated some 50 miles southeast of the Bearpaws In contrast
to the Bearpaws these mountains appear young Mission Peak, the highest,
stands 3,000 fect above the level of the plain. The valleys are narrow and canyons
are not infrequent. The canyon through which the St. Paul’s Mission-Landusky
road passes 1s 5 miles long and often 500 feet deep. The central mass of the
mountains 1s of porphyry, which 1s surrounded on all sides by limestone of Car-
boniferous age C(retaceous sandstone lies on the limestone and extends outside
the limestone area, dipping away from 1t at a low angle The porphyry and the
limestone are cut by dikes of gneiss and schist None of these dikes were observed
to extend into the sandstone, but some doubtless intersect 1t also. The gneisses
and schists are of many varieties and are not found 1n the other mountain groups.
In the porphyry are pockets of crystalline limestone and quartzite, which appear
to be part of the sedimentary series, inclosed in some way by the 1gneous mass.
In places near the porphyry shaly parts of the limestone have been turned to
phyllite )
The metamorphic rocks that occur in the mountain group have been carried
out by streams and deposited along their channels and on their flood plains These
rocks are in no wise different from some of the bowlders of the Keewatin drift and
occur in the same area. Where all morainic topography has been destroyed by
erosion, and where that topography was never developed, the tracing of the
former extent of the 1ce becomes a complex and diflicult problem.

The Larb Hills seem to be the top of a dome through which the streams have
eroded great valleys but have not yet cut suffictently deep to reach the igneous
center. These hills lie east of the Little Rockies and form the breaks of the
Missouri. The highest point 1s some 3,500 feet above sea level and 1,200 feet above
the level of the plain. Between these mountain groups lie broad plains, which
had a marked influence on the edge of the 1ce.
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SURFACE FORMATIONS.
QUARTZITE GRAVELS.
CHARACTER.

On the plateaus between the streams; on the terraces and slopes in the stream
valleys, and in the present channels of the watercourses are found the surface
formations with which this report deals. There are four such surface forma-
tions: (1) A gravel deposit, found in the driftless area; (2) morainic material
brought in by the ice from the mountains; (3) morainic material deposited by
the ice from the northeast; and (4) the present fluvial deposits. The last are of
so little importance that they need not be considered.

Between the moraines deposited by the Keewatin ice sheet and the valley
glaciers and on the surface of the strip of nonglaciated country lies a peculiar
formation which will be spoken of as the quartzite gravels. These goravcls are
made up of argillite and quartzite formations of the mountains. Limestone is
rarely present. The few fragments found show the result of long-continued
weathering. In some cases all the calecium carbonate has disappeared, leaving
nothing but irregular masses of chert. In general the quartzite and argillite
pebbles making up the formation are well rounded, though some still show traces
of angularity. The fact that these hard quartzites are generally smooth and
round, taken together with the absence of any appreciable quantity of limestone
or other nonresistant rock, shows conclusively that the constituents of the gravel
were subjected to prolonged wear. In size the pebbles are rather uniform, being
on the average 3 or 4 inches in diameter. Isolated specimens found near the
mountains measure as much as 12 inches in diameter.

South of the forty-ninth parallel the character of the gravels changes with
the character of the rocks forming the front of the mountains. South of Birch
Creek the quartzites and argillites are less common. South of the Teton Ridge
the gravels consist of small cherty pebbles, the residual material of the original

cherty limestones.
DISTRIBUTION.

How far eastward the gravel extends is not known. Kast of latitude 112°
the formation is buried by drift beds. Beneath the drift the gravels have been
found on the Milk, Marias, Teton, and Missouri rivers. Dawson describes them
as found 200 to 500 miles east of the mountains. They appear in the drift of the
Keewatin ice sheet and make up a considerable per cent of its rock material. Their
topographic positions are significant. The high divides between the watercourses
are capped by them to a depth of from 1 to 10 feet, but they are absent from the
divides near the mountains and from some of the high buttes south of Sun River,
which, lava-capped and standing 1,000 feet above the plains, are covered only by
the residual material from the lava itself. The gravels appear on the slopes descend-
ing from the higher to lower levels and for the most part covering them. On the
flats adjacent to the present streams they are sometimes absent, and isolated
areas in front of the moraine deposited by the Keewatin ice sheet are not covered
by them. Taking the entire area into consideration, the gravels are very per-
sistent. Their relation to the other surface formations, their origin, and their
age will be considered later.



U S GEOLOGICAL SURVEY PROFESSIONAL PAPER NO 650 PL Il
tT 9

!

4 PERCHED CONCRETION WEATHERED FROM CRETACEOUS SANDSTONE

I THE SHONKIN SAG

The sag at this pont is about 600 feet deep
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DRIFT OF THE MOUNTAIN ICE.

DISTRIBUTION OF THE MOUNTAIN GLACIERS.

L]

In the distribution of glaciers, iving and extinct, in the western mountains,
one feature which stands out above all others is their greater extent on the western
slopes In the Sierra Nevada in Glacial time the western slope was one continu-
ous ice sheet,® while on the eastern stde of the range the glaciation was confined
to a few narrow gorges. In Colorado the heaviest glaciation was on the west side
of the mountain ranges; the La Plata Mountains, which are the first to catch the
moist winds from the Pacific, were heavily glaciated on the west side; in the San
Juan Mountains there was not only a much greater thickness of ice on the west
slope, but the territory covered by the ice was much larger.? In Washington the
western sides of the ranges suffered severe glaciation, and the Wasatch Mountains
were more heavily glaciated on the west than on the east.

The reason for this is evident. The prevailing winds over the western moun-
tains were from the west and carried “with them moisture gathered from the
Pactfic. This 1n part was deposited on the first mountain slope, because here the
currents were forced to ascend and therefore precipitated their moisture. The
larger part of what was carried over was deposited, not on the eastern slope of
the same range, where the air currents were descending and where instead of
precipitation there would be, to some extent, drying winds, but on the western
side of the next. Glaciation in the mountains of Montana should follow the same
law, and the western slope should be more heawily glaciated than the east. During
the work in the field evidence was found to show that practically all the mountain
valleys between the Waterton and the Missouri on the east side of the range were
once filled with glacial ice. The western slope, though not studied in detail, appears
to have been more nearly covered. Large glaciers occupied South and Middle
forks of Flathead River, and into these main valleys there flowed small 1ce tribu-
tares from the sides. Into the valley now occupied by Flathead Lake these ice
streams poured and united to form a great predmont glacier.c This glacier was
augmented by an ice lobe coming from the north, for striations have been found
runming north and south on the west side of the Kootenai Mountains and on the
low mountains north of Kalispel The moraines along the southern edge of Flat-
head Lake appear to have been deposited by the piedmont glacier thus formed.9d
Whether the lobe from the north was a part of the Cordilleran ice sheet or a great
glacier formed in the valley north of Kalispel is yet to be determined.

The main divide of the Rockies formed the collecting ground for the glaciers.
Those which made their way down the west side were of great extent, and in some
cases covered the ridges between the streams. Those on the east slope were con-
fined to the mountain valleys, and appear to have had no connection with each
other until the separate glaciers reached the plain and, deploying, united to form
a pledmont glacier extending along the foot of the range. During Glacial time
all the great valleys and many of the mor ones in the area studied contained

e Kneeland, Samuel, Glaciers of the Yosemite Valley Proc Boston Soc Nat Hist , vol 15, p 37
b8tone, George H , Glacial gravels of Maine Mon U 8 Geol Survey, vol 34, 1899, pp 338-356
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glaciers. From 14 mountain valleys the ice reached beyond the mouth of the
canyon and deployed upon the plamns. In other valleys the ice did not reach
the plain, but deposited its moraines across the canyon somewhere above the
point of debouchure.

DETAILED DESCRIPTIONS OF THE MOUNTAIN GLACIERS,.

Sun Rwer Glacier —The area comprised in the Sun River system is that
which lies between Dearborn River on the south, Missour1 River on the east, and
Teton River on the north. For the first 50 miles of its course North Fork of Sun
River (the main branch) flows nearly due south, parallel to the main divide of
the Rockies. It receives numerous tributaries from the west which have their
heads at the very top of the divide The course of the river abruptly changes
in T 22, R. 9 W, whence it flows eastward through a deep, narrow canyon in the
mountains and, emerging on the plain, continues 1n the same direction to its
junction with the Missouri, 75 miles distant. |

The glacier which occupled the valley of Sun Rlver was the largest one south
of Summit Pass At the present time Sun River drains a considerable area of
mountain territory, and in the past it was well situated for collecting the glaciers
which made their way down the eastern slope through its tributary valleys TFor
a distance of 50 miles Sun River received those tributary ice tongues which, had
the drainage been to the east, would have been carried in independent valleys
directly to the plains. The result of this concentration of the ice into one valley
was a glacier of considerable size

The mouth of Sun River Canyon is narrow, but it was through this restricted
opening that the 1ce pushed, tearing great blocks from the sides, cutting deep
grooves in the valley walls, and smoothing and polishing the rock to a greater
extent than in any other canyon along this part of the range (Pl. III, B)

The sides of the canyon are glaciated to a height of over 1,600 feet, the change
from the glaciated to the nonglaciated surface being easily made out by the rather
abrupt change in the topography. From the upper limit of glaciation at the mouth
of the canyon to the terminal moraine, a distance of 18 miles, the fall of the upper
surface of the ice was about 2,200 feet, giving an average decline of about 130 feet
per mile. This glacier at its maximum extent reached to a pomnt northeast of
Augusta, where 1ts moraine now crosses Sun River in a north-south direction. On
the south side of the river and about 1 mile from it, the morame turns S. 70° W.
and continues in that direction for some distance Beyond this the moraine on this
side of the river was not traced, but it probably joins that deposited by the glacier
which occupied South Fork of Sun River

On the north side of Sun River the ice pushed eastward on the south side of a
high ridge which forms the, divide between Sun River and Deep Creek. For a
distance of about 3 miles the morane lies along the south side of this ridge, but at
a point 3 miles north of Willow Creek 1t reaches the top of the ridge and swings to
the north. Near the mountains the moraine of the Sun River Glacier joins that of
the Deep Creek Glacier '

The outer moraine of the Sun River Glacier is well marked. In places it is
about one-half mile wide and bears many basins which contain water in spring but
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are dry in summer This moraine, m sharp contrast to those farther north, is
strewn with great numbers of large hmestone bowlders, the largest noted being
18 by 12 by 12 feet. Part of this bowlder is buried and the numerous large frag-
ments scattered around 1ts base show that it was once much larger

Three miles west of the outer moraine there 1s a well-marked recessional moraine.
A second recessional moraine 1s found just west of Willow Creck This is not so
well defined as the first, though it is of sufficient size to indicate that the ice front
remained stationary here for a considerable period of time The topography of
these two recessional moraines is not so characteristic as that of the terminal ndge.
There are no well-defined basins, and the bowlders are not so large nor so numerous.
The third recessional moraine is of a very different type It 1s marked by a series
of sharp ridges inclosing lake basins The bowlders are again numerous and large,
and bear marks of severe glaciation, some of them showing grooves 3 feet across
The bowlders 1n this recessional moraine appear to have suffered considerably less
‘from weathering than those in the outer moraines As will be pointed out later,
this same difference in the character of the recessional moraines is found in other
valleys, and it is possible that this better-developed moraine 1s the result of a rather
distinet 1ce stage

Between the third recessional moraine and the mountains there 1s an extensive
lake flat, now drained by Willow Creek Over this old lake bed are scattered a
number of alkali lakelets, in which so much alkaline deposition has taken place that,
at a distance, they look hke ice surfaces.

The bowlders deposited by the Sun River Glacier are chiefly of hmestone
Sandstone of all varieties and colors, a peculiar flinty rock, and both red and black
slates are also found. Besides these sedimentary rocks there are several varieties
of diorite

At the mouth of Sun River Canyon there is no rock but lmestone exposed
The sandstone, slate, and diorite must have been derived from the upper portion of
the river basin. The valley trains reached at least to the town of Sun River, where
the river runs onto a plain with a fall of but 24 feet per mile. Because of the sudden
check in the velocity of the stream, the gravels, if they extend farther, are covered
by later fluvial deposits.

Deep Creek Glacier.—Deep Creek, one of the most important branches of Teton
River, issues from the mountains through a very narrow canyon. This stream does
not extend far back into the mountains, and the area at the head of the creek was
too small to gather any great accumulation of snow during Glacial time. The north
and south course of Sun River for so many miles enables it to gather most of the
precipitation on the east side of the divide In Glacial time the same was true.
Most of the ice which gathered along the present valley of Sun River was tributary
to the glacier which formed in that valley, and little got into the streams to the
north. For this reason the Deep Creek Glacier was small and moved but a short
distance out from the foot of the mountamns, its terminal moraine being found in
sec 32, T 23, R. 8 W The local character of the drift is evident from the absence
of diorite, quartzite, and sandstone bowlders, showing that the glacier could have
moved only over limestone rocks and could not have extended far back into the
mountains. The ice which issued from the mountains appears to have been confined
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entirely to South Fork of Deep Creek, for the valley of North Fork is not glaciated.
. The moraine from South Fork does not cross North Fork, though at some places it
lies so near it as to suggest that the ice filled the old channel and pushed the stream
to the north. South of Deep Creek the ice was continuous with that of the Sun
River Glacier, but to the north the plain at the base of the mountains 1s not glaciated
for a distance of 8 mules. In this direction the mountains rse abruptly from the
plain, and there is no opening through which a glacier could have come t1ll Teton
River is reached
= Teton Riwver Glacier.—Two streams but half a mile apart issue from deep,
narrow gaps 1 the mountains, and, joming a mile or two below the mouth of the
canyon, form Teton River ILake Sun River the course of the Teton in the moun-
tains is north and south, and though much of the i1ce which collected near its head-
waters was diverted into the Sun River'basin, enough was left to form two good-
sized glaciers The ice ‘issuing from these narrow passes imipechately jomned and
deployed upon an unusually flat plamn. The glacier thus formed, though extending
but a few mules east of the mountains, gives evidence of having been very powerful
and active. The terminal moraine on the north side of the river consists of a series
of sharp ridges, which form a belt over a mile wide. They are so steep and are
covered with so many limestone bowlders that the moraine is difficult to eross on
horseback. The terminal moraine is covered with a growth of gtuntedpine trees,
which are found neither on the ground moraine nor on the plain to the east The
north and south edges of the ice formed two morames which extend parallel to each
other for a’distance of 6 miles from the mouth of the canyon. They are about 3
miles apart and are well developed throughout their entire extent. This develop-
ment of the moraines along the side of the glacier is in sharp contrast to that formed
at the end of the ice. There the moraine is low and of weak rehef. Either the ice
did not form a strong terminal moraine or the river has since eroded a considerable
portion of it. The amount of 1ce coming from the north gap was greater than that
which came from the south one. This 1s shown by the great amount of ice erosion
in the north valley, the higher level to which the canyon walls were glaciated, and
by the fact that the 1ce spread north from the mouth of the canyon of North Fork
for a greater distance than it spread south of South Fork. The bowlders of the
Teton Glacier till sheet consist of limestones and sandstones, no diorite being found.
Muddy Creek glaciers —Muddy Creek is formed by the union of many small
streams, but two of which issue from the mountains. Most of the tributaries have
their source in springs on the sides of the mountains and are intermittent, contribut-
ing to the main stream only while the mountain snows are melting. The two main
branches issue from what are known as Black Leaf and Muddy canyons. Of these,
Black Leaf Canyon lies to the south and contained a glacier which extended some-
what more than a mile beyond the mouth of the canyon The material making up
the morame of this glacler is a heavy bowlder clay, containing many lhimestone
bowlders and few of sandstone The moraine, which reaches 2 height of 200 feet
and has the form of a sharp ridge; is the lughest seen in this region The glacier
from Black Leaf Canyon was not connected with any other glacier either north or
south The canyon of the Muddy also contained a glacier which pushed out on the
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plain a mile from the mouth of the canyon, and resembled in many ways the glacier
which issued from Black Leaf Valley

Dupuyer Creek Glacier.—The next glaciated canyon to the north 1s the one now
occupied by Dupuyer Creek. This stream heads in the mountains just north of the
sources of Teton and Sun rivers and contained a glacier which extended 3 muiles
eastward from the mouth of the canyon and formed a well-defined moraine, dotted
with many small lakes and ponds Lakes in the moraines south of Dupuyer Creek
are common. Bowlders, which are numecrous in the till of the other morames, are
not abundant here. The height to which the ice reached is shown on the surface of
the canyon walls, and from these we may determine 1its slope. At the mouth of the
canyon the walls are glaciated to a height of about 1,000 feet. Beyond the canyon
for the first three-fourths nunle the decline of the ice as shown by the slope of the
moraine was 750 feet, in the next 2} nules to the terminal moraimne it was but 450
feet, making 1,200 feet for the 3 miles, or an average of 400 feet per mile. As soon
as the ice left the confines of the canyon 1t deployed rapidly

Sheep Canyon Glacier —There was a small glacier in Shdep Canyon, but its
moraines show no striking peculiarities.

Blackfoot Glacver —Properly speaking, the Blackfoot Glacier consisted of a group
of glaciers which, reaching the plain, joined and spread to the east. At least 5 such
ice lobes were concerned in the formation of a large piedmont glacier which extended
about 50 miles from the main divide, and which, v its widest part, was over 30 miles
across '

The main collecting ground for the snow which furnished the ice was in the low
pass now crossed by the Great Northern Railway (Pl III, 4) From this pass
the 1ce moved both eastward and westward The center of accumulation may
have been west of the top of the pass, for the rocks for nearly 2,000 feet above Sum-
mit station are smoothed and polished, and well-marked glacial bowlders are found
at a height of 1,000 feet above the 5,205-foot bench mark at the summit. Along
the side of the mountains north of the track and east of Summit station there is a
terrace 1,800 feet above the valley level, which seems to coincide with the upper lim1t
of glaciation and to rcpresent the thickness of the ice near the pomnt of origin.
Thence the front of the ice descended to an altitude of 3,800 feet This would give
a slope to the surface of 65 feet per mile, a low slope for a mountain glacier.

The southernmost glacier that was tributary to the Blackfoot Glacier came from
the valley of Birch Creek. It extended southward as far as the divide between
Birch and Sheep creeks, but in no place did 1t meet the 1ce which 1ssued from Dupuyer
Creek Canyon The eastern edge of the ice swung across the river due north and
south at a powt in sec. 30, T. 29, R 8 W, but on the flat on each side of the river
the ice front curved to the west  North of Birch Creek 1s a high ridge, which forms
the divide between that stream and Blacktail Creek so high as to prevent the ice
of the piedmont glacier from extending far into the narrow Blacktail Valley The
bowlders in the Birch Creek drift are for the most part limestone; the most common
variety being a dull noncrystalline limestone. A hght-colored crystalline type
and a cherty variety are also common. There are sandstone bowlders, but they
are not abundant. The glacier in Birch Creck Valley formed several récessional
moraines, but they are not so sharply defined as those 1n the valleys farther south.
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The valleys of Blacktail and Whitetail creeks furnished great glaciers to the
ice mass at the foot of the mountamns, causing a bulge in the 1ce front, which
carried the edge of the ice nearly to Fourhorn Lake The morame deposited was
of the same character as that m Birch Creek Valley, and contains the same sorts
of rock  Within the morame of the Blacktail Glacier the country 1s rolling, and
there are a few shallow lakes, the topography being essentially that of a ground
moraine The bowlders south of Badger Creek consist of dull-colored limestones
and sandstones of the same character as those found 1n the till of each valley glacier
north of Sun River

North of Badger Creek, near the Lattle Badger, the character of the dnft sud-
denly changes The dull rocks give place to the red, green, white, black, and mot-
tled quartzites and argillites that are characteristic of the drift from this point north.
Dionites and a pecubar conglomerate also appear This conglomerate 1s formed
of siliceous material, varying in size from pebbles an inch in diameter to the finest
grains, the entire mass bemng cemented by silica and hard as quartzite The it
of the two sorts of bowlders 1s marked approximately by the line where the ice from
Badger Creek and the valleys south of 1t joined the ice which 1ssued from Summit
Pass

The mfluence of the Two Medicine Glacier upon the confluent predmont glacier
1s seen by the great extension of the ice to the east 1 this latitude The terminal
moraine of the piedmont glacier just west of Fourhorn Lake suddenly swings to the
east and crosses the Piegan-Robare trail about 4 mles south of the Old Stockade.
Here 1ts direction 1s N 40° I, and 1ts edge hies along the foot of a chff about 250 feet
high  In some places the 1ce camed 1ts moraine to within a hundred yards of the foot
of the plateau Tn Glacial time the dramage may have lan between the moraine and
the cliff, where 1t formed coulees, which left small valley trains beyond the edge of
the 1ce  These coulees appear to have contained but hittle water since the 1ce left.
The moraine extending from this point northeastward 1s sharply defined Shallow
basins, which are filled with water 1n spring and dry in late summer, dot 1ts sur-
face at frequent intervals  The country 1s very rough, and the hummocky topogra-
phy 1s common The surface slopes abruptly - toward Two Medicine River, but
post-Glacial eiosion has made but ILttle headway The moraine crosses Two
Medicine River 8 miles west of the point where that stream joins the Manas, and 5
miles east of its junction with the Badger On the north side of the river the morame
1c finely developed Lakes are numerous, fine outwash plains are common, and valley
veains occur at many places along the front of the moraine The valley train of
Two Medicine Valley 1s now covered by later deposits

Within the terminal moraine sceveral recessional morames are found, one of
wlich lies just east of Kipp A second forms the site of the village of Browning.
Between Browning and Kipp there 1s a flat plain, which at one time Was covered
by a lake, which persisted until Wilow Creek cut through the termunal moraine at
Carlow and drained 1t The third recessional morane 15 found near the moun-
tains on the plain just cast of the North Fork of Two Medicine River  This moraine
appears to be much younger than the morammes at Browning and Kipp. The lakes
in 1t are so numerous and so close together and the topography 1s so’ sharply defined
that 1t 1s a trying undertaking to cross it. There has been hittle erosion of the drift,
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though the moraine is on a slope, and the average rainfall 30 inches. This moraine

corresponds with the better-developed recessional ridge found in Sun River Valley.

There are other recessional moraines in the valleys of North and South forks of Two

Medicine River. Lower and middle Two Medicine lakes were formed by the depo-

sition of a ridge or ridges of till across the valley, while the upper lake basin was
formed by the gouging out of the rock by the ice and by deposition.

The ice in the vicinity of lower Two Medicine Lake was somewhat over 1,500
feet thick. Along South Fork of Two Medicine Valley there are also several reces-
sional moraines. One well-defined ridge with lakes and kettles occurs 7 miles east
of Summit station, while another, not so well defined, is found at Summit.

The ice which filled the valleys of the various branches of the Two Medicine
River formed the northern part of the piedmont glacier. The northern edge ot the
. ice lay along the south bank of Cutbank Creek from the junction of the two forks to
a pomt north of Blackfoot. The relation existing between the streams and the
moraine is such as to suggest a considerable change in drainage.

Cutbank Creek Glacier.—North of the great glacier just described the ice from
the valleys of the North and South forks of Cutbank Creek joined and pushed east-
ward as far as the junction ol the two streams The outer moraine is well marked,
and is about three-fourths of a mile wide. On ascending the valley of the North
Fork, which is the larger of the two tributaries, four recessional morames are crossed.
There 1s no appreciable diflerence in the appearance or these moraines, though some

“of those found within the outer moraine are better developed than the outermost
ridge itself

Between the two outer moraines are drumloidal hills, small but perfectly formed.
Esker-like ridges were seen 1n a number of places, but in no case was a ridge over
100 yards in length found. Several of the recessional moraines in this valley show
themselves as terraces on the sides of the blufls, and as spurs from these terraces.
The moraine between the spurs, if ever continuous, appears to have been removed
by erosion. The valley floor back of the last complete recessional moraine is com-
posed of stratified gravels, in places 40 feet deep. There was not only a great amount
of water associated with the glacier, but it was concentrated into a comparatively
narrow channel. A gravel train extends for miles down the valley east of the outer-
most moraine.

The ice which came down North Fork of Cutbank Creek completely filled the
valley, though this, at the mouth of the canyon, is more than 1,200 feet deep, but
did not spread over the platean to the north To the south the ice partly covered
the ridge between the North and South forks of Cutbank Creek. The slope of
the ice from the mouth of the canyon to the terminal moraine was about 200 feet
per mile.

Milk Rirer Glacier—The valley of South Fork of Milk River contained a gla-
cier which was developed in Cutbank Valley and not i Milk Valley itself. South
Fork of Milk River heads back on the slopes of Wolf Calf Mountain, and has cut but
a very small valley, far too small to give rise to a glacier of such proportions as those
of the glacier which deposited moraines along Milk River east as far as Antelope
ranch The divide which extends between the headwaters of North Fork of Cut-
bank Creek and South Fork of Milk River contains a depression through which the ice
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from the former valley spread into the latter. The moraine formed by this lobe is
well defined and extends about 4 mlles down the valley.

The country between the Milk River lobe and Milk River Rldge, a notable
eminence that runs in a northerly direction from Divide Mountain, is not gla-
clated. This ridge, which, near the mountains, is morc than 1,500 feet high, pre-
vented the ice occupying St. Mary Valley from flowing directly east and diverted
it to the north. At the foot of the lower St. Mary Lake the ridge becomes lower and
the ice from the St. Mary Valley, crossing it, spread to the east in the valley now
occupied by Duck Lake. The area between Duck Lake and South Fork of Milk
River is the largest driftless area along the face of the mountains between the forty-
ninth parallel and Sun River. |

St. Mary Rwer Glacier.—A glacier of great size occupied the valley of St. Mary
River and extended northward over the Canadian plains for an unknown distance.
The valley of the St. Mary 1s somewhat typical of the glacial valleys along the east
face of the Rockies and for that reason will be described 1n detail, the data concern-
ing 1t having been collected for the most part by Mr. Bruce McLeish.

St. Mary River rises at the very foot of the main divide of the Rockies, and after
flowing eastward through a most picturesque valley suddenly bends to the north
and crosses the forty-ninth parallel in Iongitude 113° 20’. In two places in its course
the river widens into lakes of great beauty. The lower St Mary Lake is about 7
miles in length, the upper about 10 miles  Both lakes are narrow, neither exceeding
1} miles in width. St. Mary River below the lakes is a wide, shallow, rapid stream,
which carries 1n the course of a year an immense volume of water

At the present time there are a number of glaciers found at the headwaters of
St. Mary River and its tributaries  Some of them, such as the Blackfoot and the
Grinnell glaciers, are several square miles 1n extent. These glaciers may be the last
remnants of a great 1ce mass which formerly filled the basin of the St. Mary River.
In following this stream to 1its source many recessional moraines are found, depos-
ited as the 1ce retreated up the valley. The last morames are those now forming at
the very edge of the glaciers Some 60 miles intervene between the accumulations
of material at the edge of the ice and those deposited when the glacier had 1ts greatest
known extension to the northward. The numerous recessional morammes show
plainly where the ice rallied in the unequal contest with adverse climatic conditions.
The different stages in the retreat are also indicated by a dozen or more terraces
which rise in succession on the western slope of Milk River Ridge to a height of 1,000
feet. It was suggested by Culver? that these terraces were the result of lake action;
but as they slope sharply to the east at about the angle that the surface of the ice
should have maintained they are clearly not the work of lake water. The numerous
lakes, the sharp ridges, and the great number of bowlders that occur on these ter-
races ndicate glacial action and they fall into the class of morainal terraces. As
these terraces are traced eastward it is found that they develop below Duck Lake
into terminal and recessional moraines. The ice below Duck Lake turned westward
and again crossed Milk River Ridge in a north-south direction and spread east and
west in St Mary River Valley. The outer moraine was deposited as ' terrace on the

e Trans Wis Acad Sei, vol 8, 1891
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north slope of the ridge. This terrace descended 1,200 feet 1n 4 miles, giving the ice
an average slope of 300 fect per mle in this valley.

The St. Mary Glacier proper recerved a number of large tributary ice streams,
the largest of which was formed 1n Swiftcurrent Valley and was but little inferior
in size to the St. Mary Glacier. Its thickness where 1t joined the mam 1ce mass
must have been over 1,300 feet. Both the north and south forks of Kennedy
Creek contained glaciers, which, however, were smaller than those found 1n the other
valleys. That they were local is shown by the great abundance of limestone bowl-
ders 1n the dnft they deposited and the absence of any other variety of rock. The
region occupied by these glaciers was surrounded by the Algonkian limestone.

The valleys of Waterton and Belly rivers and of Lees Creek were also glaciated.
Whether the tongues of ice from these valleys joined one another north of the bound-
ary line and formed a piedmont glacier similar to that south of the forty-ninth par-
allel has not been determined, but from their size such a conclusion seems tenable.

DRIFT OF THE KEEWATIN ICE SHEET.

TERMINAL MORAINE.

—

During the Glacial period as many as five ice sheets, it is believed, covered the
northern part of the United States. The bodies of drift deposited by the successive
ice sheets have never been found one above another in a single locailty, but from
their interrelations the following order of deposition has been established. (1) Sub-
Aftonian, (2) Kansan, (3) Ilhnoian, (4) Iowan, (5) Wisconsin. Between these
drift sheets interglacial deposits occur which indicate meodifications of the chimate,
sometimes very mmportant, between the successive advances of the 1ce.

In the region just north of the area under consideration Dawson found three
drift sheets. The earliest he named the Albertan. The drift sheet resting on the
Albertan is correlated with the Kansan and the upper bowlder clay with the Towan.
Between the two upper drft sheets are mterglacial deposits which are best devel-
oped along Belly River. This classification of Dawson’s® was merely tentative, and
it is a question whether 1t can be held. The following detailed description of the
terminal moraine and the subsequent discussion of the relations of the Keewatin
drift to the drift deposited by the mountain glaciers in the various river valleys will
throw some light on the age of the various drift sheets found in this region.

During the season of 1901 the moraine of the northeastern ice sheet was traced
from the Missouri below Great Falls westward to Choteau, and thence northward to
the international boundary hne in longitude 112° 20’ From this point it bends
westward until it reaches Waterton River, where it turns to the north, following a
course nearly parallel to the mountains® During the seasons of 1902 and 1903 the
moraine was traced from Great Falls to a point east of the Little Rocky Mountains
Its course is very irregular, being influenced in great measure by the three groups of
mountains and the great valleys between them. The morame was followed for a
distance of about 510 miles, in which distance 1t exhibits many phases of moraine
topography. While to trace it in detail throughout 1ts length and to describe every

aBull Geol Soc¢c Amcrica, vol 7,pp 65-66
b Map accompanying rcport on Bow and Belly nvers. Geol. Burvey Canada, 1882-1884.
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turn and twist and lobe would be a profitless repetition of what 1s better shown on
the map, some of its features deserve special mention.

Doctor Dawson traced and mapped its western limit from a point some hundreds
of miles north of Calgary to Waterton River, finding 1t at different heights and at
varying distances from the mountains. The remainder of the drift, comprising the
part south and east of the Waterton, will be considered here.

The terminal moraine of the continental ice sheet crosses Belly River about 10
miles north of the line. It consists of a sharp ridge,in front of which there 1s no out-
wash or valley train Within the termmal ridge there 1s a well-defined ground
moraine, which, at this point, is 4,163 feet above sea level.¢ Between the Belly and
St Mary rivers the edge of the dnft is in places attenuated. The 1ce sheet pushed in
from the northeast and surrounded but did not cover an irregular series of foothulis
which trend-in an wrregular line between the two rivers. These hills are about 800
feet above St. Mary River. Therr tops and slopes for about 400 {feet from the suminit
are covered with quartzite gravels, below which appear the crystalline bowlders char-
acteristic of the drift of the Keewatin 1ce sheet  Small lakes dot the surface and the
topography is hummocky and irregular.

From the top of one of these hills at the edge of the drift the country covered by
the northeastern drift can easily be distinguished from that covered by the mountain
drift by the number of its lakes and ponds. To the north many small bodies of water
may be seen, while to the south, nearer the mountains, there are but few  The local
mountain glaciers were eroding and not depositing, and as a result but few morainal
depressions were formed, so that the hine of abundant lakes marks approximately
the edge of the northeastern drift. The moraine between Belly River and Lces Creek
shows well developed kettles.

In the St. Mary basin the 1ce pushed farther south than on either Belly River or
Lees Creek. The moraine crosses the St. Maly just north of the hne. One-half mile
east of the river 1t swings south of the forty-ninth parallel, and for a distance of 3 or
4 miles hes in the United States. The boundary monument on the ridge just east of
St. Mary River is built of the crystalline bowlders of the moraine. The ridge south
of this point was not glaciated, a fact strikingly shown by the contrasting topography
of the two portions of the ndge. The region within the moramne at this pomnt might
well be called the ‘‘lake country.” One standing on the northern edge of the ridge
just mentioned may count 120 lakes and ponds without stirring from one position.
These bodies of water vary in extent from a few square yards to several acres. Many
more may exist in this area, though invisible from this position on account of the
numerous glacial hills and hummocks. In Willow Creek Coulee, east of the ridge
just referred to, the 1ce pushed as far west as Galbraith’s ranch and as far south as
Milk River Ridge, which nses 400 to 500 feet above the valley of Willow Creek. At
this point the ice did not push south over Milk River Ridge but deposited its moraine
along the northern slope. In places the ridge was dissected by pre-Glacial streams,
and into these valleys the 1ce pushed to the very banks of Milk River This hap-
pened m McCloud Pass and i the pass farther northeast, known as Whiskey Gap.
West of the McCloud-Fort Benton trail the moraine assumes a ridge-like forn 60 to
80 feet ugh and 100 yards wide at the base At this place there aresplendid examples

e Bench mark Canadian Survey
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of kettle configuration. The bowlders are numerous and of the crystalline type,
though large bowlders of mountain origin are plentiful This moraine resembles
more than any other seen during the summer that formed by the Green Bay lobe,
especially the portion of it developed in the vicinity of Baraboo, Wis. Northeast of
this pomnt the ice reached the flat top of Milk River Ridge and spread over it to the
south, forming a wide moraine characterized by lakes, undrained depressions, and
hummocky topography of strong relief, the difference between the tops of the knolls
and the bottom of the kettles in many cases being 120 feet At the point where the
moraine swings to the top of the ridge it has an altitude of about 4,720 feet, and at a
poimnt 6 miles to the west of about 4,300 feet; this gives a slope of 70 feet per mile to
the edge of the ice of the northeastern ice sheet

Although theice reached the summat of Milk River Ridge it did not move for any
considerable distance across its plateau-like top. The rldge separated the ice mto
two parts, one lobe entering St. Mary Valley while the main sheet was forced farther
east, causing a great reentrant to be formed If Milk River Ridge had not been
present, the ice would undoubtedly have extended much farther into the United
States The 1ce crossed the forty-minth parallel again in Iongltude 120° 20/, having
a general northwest and southeast direction.

From the boundary line to the Great Northern Railway in the vicinity of Baltic
the relief of the moraine 1s pronounced, the difference in height between the hills and
hollows being often 100 feet and sometimes more The edge of the drift north of the
railroad 1s associated with outwash plains and valley trams. In the valleys consid-
ered up to this time the slope has been toward the direction from which the ice was
moving; that 1s, the 1ce moved up the valleys. Under such conditions valley-train
deposits were 1mpossible, but here 'the slope was south and west into the Cutbank
Creek and away from the 1ce edge.

Just north of Baltic the moraine is not so well developed as nearer the Canadian
lime The lakes are shallower, and the topography more of the swell and saucer type.
At Baltic the moraine is nterrupted; the gap continuing to a point south of Two
Medicine River. In this interval bowlders and till arc present, but the edge of
the drift 1s not in the form of a ridge. Instead it 1s spréad out in a great sheet, with
occasionally a very shallow basin and rolling topography It is entirely possible
that back from the edge of this drift sheet a ridged moraine will be found, as is the
case on the banks of the Missouri. The edge of the drift crosses Cutbank Creck 5
miles below the railroad bridge at Cutbank and Two Melicine River about 7 miles
west of its mouth. Along Cutbank Creek and Two Medicine River bowlders not
associated with till line both banks of these streams and their tributary coulees.
The till once present has been removed by the action of wind and wash.

The moraine south of Two Medicine River consists of a broad, undulating till
sheet which 1s much more moraine-like than that to the north of the river, but far
inferior to that north of the railroad. A well-defined moraine of pronounced topog-
raphy is not found again until the Pondera basin is reached, this basin being a large
reentrant in the plateau between Dry Fork of Marias and Muddy rivers. Between
the ridges facing the north and south sides of the basin the ice is pushed to the west,
and the moraine bccomes once more well defined  The lakes are as numerous as in
the moraine near the forty-ninth parallel, while the general roughness of the surface
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is even more pronounced. At its greatest westward extension the ice is pushed
sharply against the bluff which hmits the basin on the west, at 1ts southern edge 1t
did not reach the ridge but left its material piled in the form of a high moraine one-
fourth of a mile north. The drainage during the time the 1ce was present was
between the moraine and the plateau to the southeast along the edge of the ice.
The habit of the ice of pushing for miles into a valley and of not occupying the
ridges, though they are but 100 to 150 feet above the level of the moraines, is charac-
teristic. 1In the Pondera basin the ice extended for 5 miles between ridges 150 feet
high, but not once in the distance did it reach their tops. Reasoningfrom these data
the slope of the surface could not have been more than 30 feet per mile. The tend-
ency also of the edge of the 1ce to movearound buttes, leaving deposits on all their
sides But not covering their tops, is also characteristic.

~ Five miles east of the western edge of this basin the ice reached the top of the
ridge north of North Fork of Muddy River, and extended across it in a general north-
south direction. While not so well defined as the edge of the drift in the Pondera
basin, the morame on the higher level 1s distinct, consisting of a broad, flat ridge
with many shallow depressions containing water. At the southern edge of the flat
the moraine turns abruptly to the southwest and runs along the north bank of the
Muddy. In this valley is seen one of the best examples in Montana of a striking
terminal moraine. There is no well-marked terminal ridge, but the valley north of
the crcek 1s one great expanse of hummocks and kettles. The topography 1s so
rough that wagons could cross this section of the country only with the greatest
difficulty, while without a compass one not famihar with the region might easily be
lost A milesouth of the Kropps ranch,inT. 26, R.3 W., the ice edge turned abruptly
toward the west and filled the valleys of the Muddy and the Teton with a drift
sheet of considerable thickness, The western edge of the ice lay across the valley a
few miles west of the one hundred and twelth meridian, and crossed Teton River a
few mules east of Choteau. Here 1ts farther southern progress was checked by the
Teton Ridge, which is about 500 feet high and extends 1n a general northeast-
southwest direction, and which held in the ice as far east as the Great Falls and
Canada Railroad. The ice crossed Teton Riverin T 24, R. 3 K., and on the slope
south of that river deposited morainic material to the height of 220 feet. Above this
level, which is the upper limit of the crystalline bowlders, and on the top and the
slope of Teton River Ridge there is gravel composed of limestone, sandstone, and
quartzite pebbles. These gravels are not glaciated, and belong to the quartzite
gravel formation.

Eight miles due south of Brighton there 1s a break in Teton Ridge, through
which the Great Falls and Canada Railroad passes At this point the 1ce pushed
through and for the first time deposited material on the south slope of this ridge.
Not only did it push into the pass, but it also covered the ridge east of the railroad,
a fact easily seen by the difference 1n topography between the east and west portions
of the ridge.

The character of the moraine changes abruptly after it passes over Teton Ridge.
There is no longer a well-defined ridge-hike edge, but more often a low, broad rise,
usually too shight to be noticeable. The drift in the pre-Glacial valleys south of the
Missouri and east of Great Falls is 100 to 200 feet thick. Near its edge the dnft is
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usually thin, but along Belt Creek, in sec. 30, T. 21, R. 7,1t 1 250 feet thick. In many
places 1n the valley of Belt Creek and in the valieys of the neighboring streams there
are cuttings of over 100 feet into the drift which do not reach the underlying sand-
stone.

The moraine swings southeastward from Great Falls to a point north of Belt.
Here the Highwood Mountains caused the ice to turn to the north, hence the moraine
from Belt Creek runs in that direction for 15 miles Turming then to the east, 1t
crosses both Belt and Highwood creeks and follows 1n general the north bank of the
Sag to Arrow River In this part of 1ts course the moraine, where found at all, 1s
low, broad, and of the swell-and-saucer variety, with shallow lakes The drift 1s
in most places less than 30 feet deep. The same type of morame continues as 1t
swings along the west bank of the Arrow, but for some distance east of the Missouri
there 1s no ridge of any kind and only here and there a thin ground moraine

On the southwest side of the Bearpaws, a bowldery ridge with many lakes is
again encountered. From this place the moraine swings around the Bearpaws,
nearly encircling them (Pl. IV, A) and exhibiting at every point a morame as well
defined as that seen along the north slope of Teton Ridge. On the northern slope
of the mountains the ice pushed Into the foothills and reached an altitude of 4,250
feet. Here, also, the edge of the 1ce developed many irregularties, due to the great
number of valleys. This 1s shown by the irregular contour of the moraine.

A lobe ol 1ce pushed south between the Bearpaws and the Little Rockies mto the
valley of Lattle Rocky Fork Creek  The morane north of the latter group of moun-
tains does not approach as close to the foothills as 1t does 1n the case of the Bearpaws.
It lies about 7 mules north of St Paul’s Mission and runs dire¢tly east untal T 26,
R. 26 18 reached, where it turns abruptly southeast and continues in that general
direction until all moraime form 1s lost 1n the breaks of the Missourt  South of the
Missouri, in the valley of the Big Dry, the edge of the drift sheet was traced for 60
miles, but no moraine was found

LATER MORAINES

On the east bank of the Missouri south of Floweree a later moraine, rather well
defined, may be made out In front of the moraine the relation of the stratified
drift (till and lacustrine clay) 1s so complex as to suggest an oscillatory 1ce edge and
much water.

North of the Great Northern Railway and near the divide between Teton
and Missouri rivers occurs a second later moraine, which exhibits some unusual
features. The edge of the ice advanced into pre-Glacial valleys leading north to the
Teton and filled them with dnft The post-Glacial drainage has established 1tself
along these old drainage lines, and the moraine appears to be the divide between
the Teton and the Missouri, just as the ridge which 1t now caps was the divide
between the pre-Glacial Teton and the pre-Glacial Missourt. Along this ridge
the moraine contains many soft and friable sandstone erratics, which were doubt-
less plucked from Teton Ridge, lying to the north Bowlders of local origin are
not common in the drift The soft sandstone over which the ice moved during
the last hundred miles of its course yielded but little material, and even this is not
so sandy as mught be expected. From all indications the ice sheet was not only
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incapable of any considerable amount of erosion at its edge, but it deposited material
over such formations as the quartzite gravels without disturbing them

This moramne may be traced, with few breaks, directly across the country
from Teton Ridge to the Bearpaws It 1s better developed than the terminal
moraine, which, while having the essential clements of the kettle moraine, often
shows them 1n a feeble state of development,  South of Tums the moraine is between
3 and 4 miles wide and is covered with lakes and lake basins, some of which extend
50 feet below the general level. This moraine is again seen, though not so clearly
defined, along the north bank of the Missouri, near the mouth of theTeton Between
the headwaters of Big and lattle Sandy creeks there is another excellent example
of moramic topography, continuing to the foot of the west slope of the Bearpaws.
North on the ground moraine there are occasionally ridges, never more than a
few miles in length These were doubtless caused by the halting of the 1ce for a
short period, but they are not sufficiently contmuous to be mapped as morames.

CHARACTER OF THE DRIFT.

The material carried by the 1ce was of four kinds—crystalline erratics, small
pebbles of mountain origin, sedimentary rocks derived from the plamns over which
the ice passed, and a matrix composed of sand and clay The crystalline crratics
are of such varety as to furnish specimens of the whole rock series In a small
area, not over 5 square yards 1n extent, the following rocks were found ILimestone,
sandstone, shale, coal, granites (both fine and coarse grained, and with different
percentages of quartz and feldspar), syenites, diorites, basalts, and hornblende,
mica, and garnetiferous schist, and all gradations between these and gneissic rocks

The gramte and the syenitic rocks predominate Basalts and rocks contaiming
a large proportion of the ferromagnesian minerals are not so common. There
seems to be very little change in the variety and the nature of these bowlders
throughout the length of the moraine. Iimestone is more common in the northern
part and sandstone occurs more frequently 1in the southern part. The character
of the crystalline bowlders remains the same. The ice must have passed over
a wide extent of country, for the nearest outcrop of erystalline rock 1s 700 muiles
distant.

To these rocks may be added those which are of mountain origin and which
make up from 5 to 25 per cent of the bowlders of the drift. Originally they belonged
to the quartzite-gravel formation, and were picked up by the ice from the north-
east and incorporated in its drift. '

The erystalline bowlders are common on the surface of the drift, occasionally
occurring 1n such numbers as to cover the ground. In some post-Glacial cuts,
"bowlders from 1 to 4 feet in diameter are accumulated i the bottom of the channel
to a depth of 5 to 10 feet. In the body of the drift a large crystalline bowlder is
seldom seen. Small crystalline fragments and quartzite pebbles are found, but
even these are uncommon. The explanation of the position of these bowlders on
the surface of the drift has been given by Prof. R. D. Salisbury. ¢

The great body of the driflt is a hard, sandy clay, which as a rule is unstratified
and stands in vertical faces where trenched by streams (Pl. IV, B). Its thickness

asJour Geology, vol 8, pp 426-432
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is variable. On Belly River an exposure of till 120 feet thick was measured; near
Baltic, north of the railroad, post-Glacial drainage has cut 100 feet into the drift
without reaching the underlymng sandstone, on Two Medicine River exposures 50
to 75 feet thick are seen, and on the Teton drift banks 150 feet high border the river.
In the ground-moraine belt the drift 1s not only thin, but in places is entirely absent.
Between the moraine and the Sweetgrass Hills the dnift is frequently wanting.

o ICE SURFACE .

Height —The edge of the 1ce stood at various levels during the time of its
greatest extent, a few of the more prominent elevations being as follows, aneroid

determination:
Approxamate hewght of edge of wce

Feet Feet |
Muk River Ridge .. .. .. . weee <= - <o - .. 4,720 | Bearpaw Mountams. - . e . . . 4,250
Baltic.. . - . e - . . 3,900 | Muddy Creek. .. e e e .. 3,500
Ridge south of Baltie ...... - e 4,000 [ Teton Ridge. .... . . a.—. - .- . 3,800
Two Medicine River. ... . . . 3,800 | Highwood Mountains. .. 4,200

Slope.—As has been noticed, the slope of the surface of the Keewatin ice sheet
was not great. In the Pondera basin the slope was about 30 feet to the mile; on
Teton Ridge the slope, much less exactly determined by the slope of the moraine,
was about 40 feet per mile, and on the slope of Milk River Ridge it was 50 feet per
mile. The most satisfactory determination was made between the Sweetgrass
Hills and the edge of the ice to the west. A careful examination of these buttes
showed conclusively that they were not covered by the ice sheet, but that they
stood as great nunataks about 2,000 feet above its general level.” Not only were
they not covered by the ice of the Keewatin ice sheet, but there 1s no evidence that
they were locally glaciated. The ice from the northeast, when it reached them,
was near the end of its long journey, and was a depositing rather than an active body.
On the west, north, and east sides of West Butte a well-defined terminal moraine
is banked against the slope. On the south side there is no such terminal moraine,
and for some distance south the country 1s driftless The ice, divided by the butte,
did not come together till it reached a point about 2 miles south of its foot. The
moraines left by these two ice edges as they circled the butte and pushed south
over the plain are well defined. The moraine on the west slope of the butte is 1,200
feet above the plain; along Milk River on the north side 1t is 1,500 feet, and on the
southeast side it is 1,300 feet. This, then, would make the average thickness of the
ice about 25 miles from its edge. In this distance the slope of the upper surface
of the ice averaged about 50 feet per mile  On the southeast side of West Butte the
slope of the ice, as determined by the slope of the moraine, was 70 feet per mile.
Thus it is seen that along the edge of the ice the slope was low, due in great measure
to the level plain over which the ice traveled.

DRAINAGE.
LAKES
Character of the lakes—The relation of the ice to the river valleys was such

that the formation of lakes in front of the ice was inevitable. These lakes may
be divided into two classes—those dependent on the ice as a barrier and those
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dependent on a moraine as a barrier. Those of the first class existed while the
ice was present and gradually lowered as the edge melted back. Those of the
second class were more enduring bodies of water, which werc formed 1n front of
the terminal moraine. Yet even these were short hived, for the swift mountain
streams soon trenched the moraine and drained the lakes. The former existence
of the lakes is not ‘made known by degradational phenomena but by aggregational
The extent of the first and more extensive lakes is shown by the presence of crystal-
line erratics deposited by floating ice The limits of the more restricted lakes
are marked by the deposition of a peculiar lacustrine clay in and on which there
are but few bowlders.

Locatvon of the lakes.—Nearly every river valley in the area studied contained
a body of water, and in some cases this water extended over the divides between
the mivers and formed long, narrow lakes in front of the ice. The water forming
these lakes was that which gathered at the margin of the ice as the result of the
damming of the mountain streams and the melting of the 1ce itself There were
probably four such lakes; the first in the basin of the St. Mary River, the second
in that of Two Medicine River, the third in the basin of the Teton, and the fourth,
the largest of all, in the basin of the Missouri.

Lake in St. Mary Valley —The lake in St. Mary River Valley reached a point
about 8 miles south of the forty-ninth parallel The edge of the crystalline bowlder
area, which marks approximately the extent of the old lake, 1s found along the
slope of Milk River Ridge and on both sides of the ridge which runs north of St.
Mary River. The southern litmt of these erratics crosses St. Mary River just
north of the mouth of Kennedys Creek, but it is not at all well defined. A few
scattered crystalline bowlders, moest of them small, lie along the banks of the
river, but south of the creek even these fall The extent of the lake was doubtless
somewhat greater than the bowlders indicate, for these may have been covered
by later deposits or washed away by the river or may have failed to reach the
extreme limt of the lake.

Lake wn Two Medicine Rwer Valley —From the forty-ninth parallel to the
vicinity of Cutbank Creek no lake existed along the edge of the ice. The slope of
the land here 1s to the southeast, and the waters formed by the melting 1ce flowed
to the south in many channels instead- of collecting into a lake. These streams
were tributary to a lake that existed in the valleys of Two Medicine River and
Cutbank Creek, a considerable portion of this water finding its way through the
Rocky Coulee. Granite and other crystalline bowlders are found. along the present,
bottom of the coulee, though not to such an extent as might be expected The lake
in the basin of Two Medicine River was of irregular shape—one great arm extended
up the present Cutbank Valley, another into the flat coulee several miles south of
the railroad, and a third into Two Medicine Valley as far as Robare. This last
bay was much larger than any of the others along the west side of the lake. Into
the valley of the Dupuyer Creek the lake advanced as far west as sec. 31, T, 28,
R. 6 W., and a small arm extended up the valley of Dry Fork of Marias River.

Lake wn Teton Rwer basin.—The next lake to the south was i the basin of the
Teton The great plateau between the Dry Fork of the Maras and Muddy Creek
was not covered by water and served as a divide between Two Medicine and Teton

o
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lakes The western edge of Teton Lake was near Bynum and Choteau, in Muddy
and Teton valleys, respectively, and 1its southern edge was against Teton Tudge.

Lake in Missouri Rwer Valley —Betwcen the Teton and the Missournn River
basins a lake of large si1ze existed, 1ts waters extending into the valleys of Missouri
and Sun rivers and covering the lowland between the two. Square and Round
buttes were islands situated at the extreme western edge of the lake; around them,
as around all the other hills and buttes in the neighborhood, are found crystalline
bowlders at approximately the same elevation. Some of these are large; the
exposed part of one found near Ulm on the Ulm-Great Falls road measured 8 by
4 by 4 feet.

F16. 3 —Ideal cross section showing relations between the two lake deposits 1n the Missour1 Valley west of Great Falls
¢, Level of the mote extended lako, d, level of the more restricted lake

As will be seen from the topographic map of the Great Falls and Fort Benton
areas (P1 V), thislake had a very irregular extent The level of the water during the
maximum stage of lake development was between the 3,800 and 3,900 foot contour
lines. At this level bowlders characteristic only of the northeastern drift are found,
few 1n numbers in the smaller and more distant coulees, but nutnerous in the valleys
in which floating 1ce could easily enter and be carried about by the wind and currents.
The waters of this lake extended for a considerable distance up both Smith and Mis-
sourt rivers, but the upper valleys of the two streams are canyon-like, with high
walls that aflord no resting place for bowlders even 1f the ice could have made
headway against the swift current of the mountain streams.

The bowlders are not found on all parts of the area” mapped as covered by
water, for they do not appear on the flood plain that extends along both sides of

b . - a2 :""’ = °!L°' 0.
| .T’ X - , r !v' Ll " ]
Fr1a. 4 —Ideal longitudinal section showing relation of the two lake deposits to the drift dam and the 1ce dam  a, Icc edge;
b, moraine, ¢, level of the more extended lake, d, level of the restricted lake

the Missouri. This plain was formed when the waters were held back by the
morainic dam, forming a restricted lake, the areh of which 1s essentially that along
the Missouri and its tributaries below the 3,400-foot contour line. ¢

The relations between the deposits of the two lakes are shown in figs. 3 and 4.

The deposits of the more restricted lake consist of a finely lammated clay,
which when dry 1s hard and cleaves like shale. When wet 1t becomes soft and
pliable and would make an excellent molding clay. Interstratified with the clay
are smal crystalline pebbles one-fourth to one-half inch in thickness. They
usually consist of quartz or feldspar crystals, or of small fragments containing
several minerals, showing that the rock from which they were derived was granite,

-

e Shown on Pl. V by unshaded area along Sun and Missour: rivers
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- reached by an artesian well 60 feet deep,
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syenite, or basalt. Very seldom a large crystalline bowlder is found embedded
in the clay. These bowlders and pebbles connect the formation with the Keewatin
ice sheet. This formation 1s found in each of the old lake basms, though in St.
Mary Valley but one section of the clay was seen. In Two Medicine Valley expos-
ures of 1t 10 to 20 feet thick are common. The best development of this forma-
tion is found 1 the Teton River basin, this being due in part to the relation
that the terminal moraine bears to the underlying topography  Fig. 5 shows a sec-
tion of the moraine, the clay, and the underlying formations

The relations of the various formations shown 1n the above diagram have given
rise to the conditions for artesian wells. The limestone gravels from the mountains
washed over the old pre-Glacial surface
collect the water and carry 1t under the
clay, which acts as an impervious cover
layer. At a, fic. 5, a well 80 feet deep
has been drilled, from which the water

comes out of an 8-inch pipe with consid- Fie 5—Section showmg the relation of lacustrine clay to

gravels and till of northeastern ice sheet d, Terminal
emble ?OI‘CG At’ ?)’ ﬁg 5’ nearer t'he moraine of the Keewatin 1ce sheet, ¢, gravels washed out
mountalins , the hnlest,one gr&vel 18 from the mountains, f, lacustrine clay, a, b, ¢, artesian

wells

while at ¢ the wells are between 10 and 20 feet in depth. The water obtained is
used for irrigation.

Along the Missouri the clay is found about 10 miles west of Great Falls near
Ulm. Here 1t 18 about 40 feet thick and contains the small crystalline pebbles
characteristic of 1t farther north.

The clay is not always found lymg in front of the moraine In some places
the lacustrme deposit lies upon the morame itself, and in some places under the
till. The edge of the ice appears to have oscillated, retreating first and allowing
the deposition of lake sediment and then advancng and covering the deposits
of the lake (fig. 6).

¥1G. 6 —Section on Belt Creek, showing the moraine covered by lake deposit @, Lake deposit, 50 feet, b, dnit, 70 {eet;
¢, shale, 80 feet

The drainage of the lakes north of the Teton Ridge was eastward under the 1ce.
The waters of these lakes could not have escaped into the lake that existed in the
valley of the Missouri except by some subglacial passage The latter lake was
drained by an outlet through the Sag into the Arrow and to the eastward, following
tributaries of the streams that flowed north. It was through the erosive action
of the waters that poured out from this lake that the Sag was formed and the
present course of the Missouri determined.
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RIVERS.
EFFECT OF MOUNTAIN GLACIERS.

The ice deploying from the mountain valleys had but little effect upon the pre-
Glacial courses of the more important streams. Small valleys that were tributary
to the main watercourses were blotted out, and after the retreat of the 1ce the
change 1n topography forced the drainage ways to follow new courses In some
parts of its upper course Cutbank Creek was crowded northward by the ice, and
its valley was partly filled with valley trains, in which the present streams have
cut their channels, though the cutting has in no case been great.

EFFECT OF NORTHEASTERN ICE SHEET,.

In contrast to the effect of mountain glaciation the coming of the ice sheet from
the northeast changed the character of the drainage markedly. Every river
flowing north and east from the mountains was obstructed by the dnft, had its
waters expanded into a lake, and then, cutting through the morainic dam, found
itself superimposed, perhaps some distance from its old bed, upon a body of drift.

(4)

(B)

F1a. 7.—Relative size of post-Glacial and pre-Glacial valleys of Two Medieine River 4, Post-Glacial valley of Two
Medicine River, B, pre-Glacial valley of Two Medicine River In ‘.4’ the bluffs are covered with till from the
Keewatin Glacier, 1n ¢ B’ the valley 1tgelf 18 covered by a depoait of tll 1a1d down by the Summit Glacier

In most cases the displacement of the stream channel was not great, the post-Glacial
streams generally occupying the same valley, though not the same channel.

St. Mary River.—About a mile north of the international boundary line St.
Mary River was superimposed upon a sandstone ledge, its old channel being filled
with drift. At this place it has cut a narrow gorge over 100 feet deep. The post-
Glacial cutting in the drift near this place has been from 20 to 60 feet In a number
of other places along St. Mary and Belly rivers the streams have been forced to
cut into sandstone. In no case near the boundary hine was the change in drainage
more than a shght shifting of the stream channel.

Milk Riwer.—In pre-Glacial time Milk River flowed in a deep, wide valley, and
for this reason was little affected by the drift in the area studied.

Two Medicine River—West of the place where 1t is crossed by the terminal
moraine of the northeastern ice sheet Two Medicine River flows in a broad U-shaped
valley, which was once filled by the ice from Summit Pass. East of the moraine
the stream flows in a post-Glacial valley. It is no longer broad, with gently sloping
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sides, but is narrow and gorge-like (fig 7). The walls are nearly vertical sandstone
bluffs capped by northeastern drift The pre-Glacial course of the Two Medicine
appears to have entered that of the Marias 5 miles below 1ts mouth 1n post-Glacial
time. )

The following cross sections show the width of the Two Medicine at its mouth
compared with the cross sections of the valley of the Cutbank above and that of
the Marias below (fig. 8). The fact that much more water flows through the valley
of the Two Medicine than through that of the Cutbank and that this water has a
greater velocity renders the difference in width much more striking TFig. 7
shows the wadth of the Two Medicine above and below the ternunal moraine.

Barch Creel: —North of the big bend Birch Creck {lows between sandstone walls
capped wath drift.  In some sections of the drift the capping 1s 80 fect in thickness,
but usually 10 to 40 feet. The pre-Glacial channel of Birch Creek was not deter-
mined’ Tt doubtless led to the Two Medicine or the Maras much farther east than
at present.

(B)

0

Fic 8 —Cross sections showing relative size of Two Medicine, Cuthbank Creek, and Marias valleys. A4, Two Medicine Valley
Just above 1ts mouth, B, Cutbank Vallcy above its mouth, ¢, Marias Valley below junction of the Cutbank and the
Two Medicine

Muddy Creek.—FEast of the terminal moraine of the Keewatin ice sheet the
valley of Muddy Creek is post-Glacial This part of its valley is 80 to 100 feet
deep. Locally the stream has cut through the drift into the sandstone beneath
The old pre-Glacial valley of Muddy Creek is completely hidden, but the general
topography of the region shows that its course was not very different from that
of the present stream.

Teton River—1InTeton Valley asimilar condition exists, and the present channel
follows somewhat closely that of the pre-Glacial stream. The Teton has in places
cut a valley 150 feet deep in the drift Lower m its course the Teton has been
subjected to more important changes. North of Fort Benton, above the elbow
(Pl. I1I), the Teton flows in a drift-filled valley. The present stream has cut into
the modified pre-Glacial valley from 200 to 250 feet. At the north end of the elbow
the river turns suddenly to the south and, after flowing for 2 miles in a narrow
valley between rock walls, again finds itself 1n the drift-filled valley of the pre-
Glacial Missouri Here post-Glacial erosion has formed a valley 200 feet deep and

1280—No 50—06——3
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a mile wide, similar to that above the elbow. The Teton appears to have been
forced into the valley of the Missouri by the dnft filling the eastern end of its old
channel ~ This extends from the north end of the elbow through the valley now
occupied by Sheep Creek into the'Marias. East of Fort Benton the Great Northern
Railway has tunneled through the mndge between the Teton and the Missouri.
Here the two streams are but half a mile apart, and are separated by a divide 200
feet high, at least 120 feet of which 1s drift

Other streams in the area studied were turned from their pre-Glacial courses by
the 1ce, but as in each case the change was closely associated with the change
in the Missouri, they will be considered in connection with the pre-Glacial and
post-Glacial history of that stream

Missoury Rwer.—Of all streams in northern Montana, the Missouri was the one
most affected by the 1ce sheet, to which is doubtless due the fact that it is a tributary
of the Mississippi and not of the Saskatchewan or the Red River of the North.

HH Great Falls

Fic 9 —Valley of the Missouti, showing post-Glacial cittting in sandstone and drift

When the old channel of the Missour: became filled with drift, the river was turned
from 1ts former course and forced to find a new channel for itself south of the edge
of the ice sheet In some places the post-Glacial stream followed the old valley
for some distance until at last, turned aside by some barrier, 1t was forced to follow
a tributary stream across a col into the valley of another river The changes in
the course of the Missour1 have been varied and are given in detaul.

The river rises in the extreme southwestern portion of the State and flows north-
eastward. For the first 300 miles it 1s confined by mountains, but after passing
between the main range of the Rockies and the Little Belt Mountains it escapes
to the plain  From this place to Great Falls the river meanders over a wide flood
plain, flowing 75 mles with a fall of but 85 feet At Great Falls an abrupt change
in the character of the stream takes place. Leaving the plain it flows through a
canyon with high sandstone walls and falls 512 feet 1n 12 miles.
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In this part of its course the river runs in a sandstone valley, in which cataracts
have developed (P1 VI, A, B) because of the harder ferruginous layers found in
1t The unequal rate at which the falls have retreated is due to the varying hard-
ness of these layers It 1s not known exactly at what pont the falls omiginated,
but 1t was doubtless where the supermmposed Missourt found its way over the side
of an old valley wall, either into 1ts own pre-Glacial channel or mnto that of one of
its tributaries This, so far as now known, may have happened at any one of a
number of places. At a point near the mouth of Belt Creck the valley suddenly
broadens and at the same time turns abruptly to the north (P1 VII, 4) Here
the river flows through an old dnft-filled pre-Glacial valley (fig 9). The post-
Glacial river does not everywhere f{low in the old channel but crosses 1t at all angles.
This unconformity of the old channel to the present one is shown in the sections
formmng fig 10

Fic 10 —Sections showmg the pre-Glaecial valley of the Missourt 4, Old valley of the Missouri, 12 miles wide, ¢ and a’
represent the exposed sandstone bluffs of the pre-Glacial valley, b 18 the drift filing B, Slope of the old valley, b 18 a
layer of old Tiver gravels and ¢ the drift deposit, the small diagram to the left shows the rclation of the river and
the exposures Through these deposits the post-Glacial stream has cut mnto the uuderlying rock €, Present course
of the Missoun, b, @’’, ¢, cutting across the pre-Glacial channel at a 11ght angle

At the big bend of the Missouri, at the mouth of.Little Sandy Creek, there is
another abrupt change in the character and direction of the valley. The river,
which has been flowing northeastward, turns abruptly to the southeast. The
valley narrows, becomes more canyon-like, and loses 1ts drift walls. The bench
on both sides of the stream slopes to the north while the river flows south At the
mouth of Arrow River there 1s a sudden turn to the east, though the character of
the valley does not change. The river continues to flow between high rock walls,
with little bottom land, and in a valley which narrows and widens without apparent
cause. From the mouth of the Musselshell to that of Milk River the valley is narrow,
with walls 600 to 1,000 feet high. Beyond Milk River 1t takes on the broad, shallow
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character of that stream and becomes wide, the banks being very low At Williston,
N Dak, 1t appears to have been turned to the south by a great morame (fig 14,
p. 39), which crosses the Great Northern tracks west of Tioca. Beyond this place
the valley 1s much deeper and narrower

It 1s evident that the river near Great Falls 1s not in 1ts old valley Between
the meandering stream west of the town and the river in 1ts great drift-filled valley
cast of the mouth of the Highwood, extends a canyon-like valley with a series of
rapids and falls. Well borings along the river southwest of the town show that
the stream 1s now flowing at the top of a flood plain about 270 feet above the bot-
tom of the pre-Glacial valley. A well at Ulny, drilled by the Great Northern Rail-
way Company about 1888, went down some 270 feet through sand and clay into a
gravel layer.¢ A well located on the Odell ranch on the Missoun south of Great
Falls went through the following materal

Record of well on Massoury Rvver south of Great Falls, Mont

Feet Feet
Soul e - - - . 20 | Gravel.. . . .- T
Quicksand ... .. . - . .- - 125 _—
Clay . . e e €0 212

These two well sections show conclusively that the valley of the Missour: was
formerly much deeper and ‘that 1t has been filled with deposit. The problem that
presented itself in the field was to find the old channel extending from the valley
above the falls to the drift-filled valley below them  This pre-Glacial valley must
have had the general altitude of 3,050 feet, or 270 feet below the present surface,
and must reenter the post-Glacial valley of the Missouri at an elevation suflici-
ently below this level to allow for the fall of the river Such & valley 1s found 1n
what 1s known as Sand Coulee, now occupied by a small mountamn stream.

This httle creek, which during most of the year 1s dry, occupies a valley over
half a mile broad, with sandstone banks 150 to 200 feet high  The reasotis for thinking
that Sand Coulee Creek now occupies the old channel of the Missourn are as follows:
(1) The topographic relations are such that a broad valley Iike that now occupied
by Sand Coulee Creek could not have been formed by that stream or by any stream
flowing westward; (2) the cross section of Sand Coulce Valley, while not quite as
large as that of the Missour:, is of the same general shape, (3) Sand Coulee Valley
contains great meanders, and if the Missour1 could be turned into it the resemblance
to the Missouri from Ulm to the junction of Sand Coulee Creek would be striking;
(4) the tributary valleys which now join Sand Coulee Valley have their acute
angles downstream, and therefore appear to have been formed when the water
in the valley flowed in the other direction; (5) at the lower end of Sand Coulee
Valley there is a deposit of lacustrine elay and at the upper end a deposit of
bowlder clay, which appears to block the old channel at this point

East of Senator Gibson’s ranch Sand Coulee runs into a broad plain, the south-
ern edge of which marks the limit of the drift ~Here the old valley had been filled
by a drift dam to such a height that drainage from the water ponded in front of
the moraine was to the north over Cretaceous sandstone  The waters of the diverted

¢ This mformation was given me by Mr P W Bradford, of Great Falls No record was kept of tho depth and of the

material Ly the ralway company, Lut his figures agree essentially with those of Mr Chaflie, a well digger of Great Falls, who
has sunk other wells in the viemity
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stream entered the old valley near the mouth of the Highwood, and it was doubtless
at this point that the falls onginated (fig 11).
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Fi1g 11 —Cross section showing the dr ft m the valley through which Mighwood Creek now flovs Il.ooking north down-
stream

Into this pre-Glacial valley, situated south of the present stream, f{lowed
Belt and Highwood creeks

When the major stream was diverted to the north
these streams were obliged to cut through miles of sandstone to find an outlet.
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Fic 12 —Map showing the pre-Glacial course of the Missour: between Sand Goulee and the mouth of Highwood Creek,

The map (fig. 12) shows the relation of these streams to the pre-Glacial Missouri
and to the present river

Into the old valley, now filled with drift, the post-Glacial stream cut its channel,
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meeting no mote serious obstructions than are usually encountered by a super-
imposed stream  Fig. 13 gives some idea of how the new ehannel cut across the
meanders of the old
At the mouth of the Lattle Sandy, the sudden turn to the south, the nariow
valley with its rock walls, and the great, wide, dnfi-filled valley stretching off to
the northeast to the Milk River, all suggest that the mver has again been diverted
This valley is 35 miles long and is oceupied by two streams— the Big Sandy flowing
north into Milk River and the Lattle Sandy flowing into the Missourt The two
streams risc in the same vicinity but are separated from cach other by a morainie
dam that stretches across the valley 8 miles north of the Missourt (fig. 14)
, The thickness of the drift deposit in Big Sandy Valley is not easy to estimate.
Near the Missouri, where the river makes its sudden turn, there appears to be

= 7
? 7/ a. r
/usae Sandy C
Ry
-
oty \)
P
/’ -
ots
e
Ve
P v
e N )
’I’ \\‘ \\\
[ ‘\
t \ st
LIRS S
- D
-
i A\
e ad e
;7 i
Peras -t
Vs
.
7y
‘
\
\\\
o
-
W
- = -~ U ’
’ - o> : Lt
; -
14
’
1
1
1t
»’l”
——— Ed g
YN - = -
, -
‘
.
PN "n
/ '\\‘ of
- Y Y]
PP \
- A
.\
g
AN :,'
o
— ~o
I’,f N 7
!
! .-
!
I
i 'a Scale of miles
NS o] 5 i0 15
: [ == v == ————— e |
l" dgﬁ.
v
iy °om
;e (=}
-

Fie 13 —Relations of the post-Glacial and pre-Glacial channels of the Missour1 Letween mouth of Highwood Creek and mouth
of Little Sandy Creck

200 feet of till, but this at lower levels may be talus-covered rock Forty. fcet
above the present level of the river near Blankenbaker’'s ranch is a bed of river
gravels covered by cross-bedded sand These gravels are found on the top of the
sandstone at many other places and consist of smoothed and rounded pebbles of
both Rocky Mountain and northeastern origin = The thickness of the drift deposit
in this valley north of the Missouri could not be deterrmned The Tattle Sandy
has cut a channel 60 feet mto the drift without reaching rock From this point
to Havre therc is no cut of more than 20 feet

This valley joins that of Milk River east of Havre South of the town there
1s a drift filhng 140 feet thick The map gives the relations of the present valleys
to the old valley (fig 15)
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The map also shows the

Fi1¢ 14 —Map showing outlines of the great pre-Glacial valley between Missour1 and Milk nivers
moraine that forced the river south

Fic 15 —Map of the vicinity of Havre, showing the relation of the pre-Glacial Missour1 to the valleys of the post-Glacial
streams
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The valley of Milk Riaver above its junction with the pre-Glacial valley of the
Missouri varies m width from one-fourth to one-half mile, but below the junction
becomes much broader, being 2 to 3 miles wide.

South from the turn at the mouth of the Lattle Sandy the Missouri flows between
high rock walls. The bottoms are few and small and the current rapid. The
Arrow, the Judith, the Musselshell, and the Dog are tributaries in this part of its
course, and each one has been affected by the change in the direction of the trunk
stream '

In order to illustrate the conditions under which thesc various changes took
place and the reason for each change figs 16, 17, 18, and 19 have been prepared.
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Fic 16 —Map showing pre-Glacial river system of northein Montana

Fig 16 1llustrates the pre-Glacial drainage system, fig. 19 the post-Glacial system,
and figs. 17 and 18 intermediate stages. Fig. 16 is more or less ideal, for, owing
to the weathering of the soft sandstonc, valley contours have been greatly modified
by the drift, making difficult the work of restoring the minor drainage lincs

The more important changes in drainage caused by the ice sheet appear to be
closely connected rwith the history of the Shonkin Sag, a valley which runs from
Highwood Creek to Arrow River. The sag is in places nearly a mile wide and over
500 feet deep. It is entirely independent of rock structure and runs across the
present dramage lines at right angles. Another curious feature of its position
is that it 1s superimposed on the northern slope of the Highwoods. It would be
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impossible for a river in the normal course of development to erode such a channel.
At the time of the maximum extent of the ice sheet, the drainage of Great Falls
Lake was to the eastward. The west end of the Shonkin Sag must have been
covered by the ice edge because the waters touched the 3,900-foot contour level.
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¥16 19 —Map showing post-Rlacial drainage system of northern Montana, with & part of the pre-Glacial system

At this level a wide, shallow valley extends 200 or more feet above Belt and High-
wood creeks and runs at right angles to them. Though most plainly marked
between these two streams, the same valley 1s found at intervals along the south
bank of the sag, sometimes with two banks, sometimes with one, the north wall
in the latter case having been formed by the ice 1tself (fig. 20).

F16 20 —Cross section of the Shonkm Sag when the 1ce was present ¢, Edge of the 1ce, b, terrace on south bank of the sag,
¢, level of water 1n the outlet to Great Falls Lake, d, the sag

The valley is such as would be formed by a great quantity of water flowing
for a short time from a lake After this valley had been cut and the floating ice
had carried the bowlders over the region covered by Great Falls Lake, the ice
retreated to the north bank of the sag and allowed the waters to flow at a lower
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level. The method of formation of the sag seems to have been as follows- The
drainage of the lake was forced by the position of the ice edge across the streams
flowing from the Highwood Mountains. The waters of the lake took advantage of
each col and tributary and swung in great meanders around the mountains. The
sag appears to be the result of superimposing across the pre-Glacial valley a dramnage

Fi6 21 —Section across the Shonkin Sapg, showing how 1t was formed on the slope of the Flighwood Mountains

system determined partly by topography and partly by the position of the ice
edge. Figs 21 and 22 illustrate the manner in which this change was brought
about

The sag continued to be the outlet for the waters of the lake yintil the ice had
retreated north of Fort Benton. The ice then either halted for a considerable
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Fic 22 —Sketch map showing how the Shonkin Sag was developed from pre-Glacial valleys

length of time, forming a recessional moraine along the north bank of the Missouri,
or retreated to an unknown distance. In the latter case, a readvance of the ice
formed a later moraine which stretches from the Teton Ridge to the Bearpaws.
In either case this moraine seems to have determined the position of the present
channel of the Missouri for a greater part of the distance between Great Falls and the

Ve
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mouth of the Little Sandy This moraine was also responsible for the permanent
diversion of the Missouri to the south at the mouth of Little Sandy Creek. With
its old channe! leading north filled with Glacial 1ce and dnft, the waters found an
outlet to the south either through a small tributary to the Missouri from the
south, or through Arrow River, which i pre-Glacial time may have emptied into
the Missour: at this point The latter hypothesis appears for many reasons to be
the truc one The valley of the Arrow enters that of the Missouri at the present
time in such a manner as to suggest that it once flowed north. Not only does the
angle at which the two valleys meet suggest this, but the tributaries to the Mis-
soun above the junction of the Arrow indicate that the river formeily flowed north-
ward The clevation of the bench near the junction of the two streams is greater

e S i Pt

Txr T
- %&%
{
{

.............
.......

MﬂssezszteZL

Scale of miles
20 30

Fig 23 —Map showing 1n detail how the Missour! was forced across the valleys of Arrow, Judith, and Musselshell rivers.

than any portion of the bench to the north  Either the Missourl at this point is an
antettedent strcam or the pre-Glacial drainage was through the Arrow north to the
Missour1 west of the present mouth of the Lattle Sandy

The waters, finding no outlet south through the Arrow, turned to the east
and, following a tributary from that direction, passed over a narrow divide into a
tributary of the Judith. This was doubtless the course followed by the waters
of the lake that existed while the ice was advancing from the former mouth of
the Missouri near Havre until it retreated again beyond Fort Benton. The course
for the new stream had already been determined by the drainage from Great Falls
Lake. The peculiar course of the Missour1 between the mouth of the Arrow and
the mouth of the Judith, as well as the shape of its valley, -would seem to favor
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this conclusion. The map shows the relation between the tributaries of the Judith
and the Arrow and the valley of the post-Glacial Missouri (fig 23)

During pre-Glacial time the course of the Judith was northward, joining
the Missouri near the mouth of the pre-Glacial Arrow Since the Missouri was
thrown across the Judith at right angles, 1t has cut 500 fect below the old channel
of that stream  This is shown by the great valley that stretches away to the north
500 feet above the level of the Missouri, and by the behavior of the Judith and
other streams tributary to the Missouri at this point Tig. 24 shows the relation
between the slope of the old Judith valley and the present slope. The same con-
dition exists also in the wvalley of the Dog, though in this case it is even more
pronounced )

For 30 miles east of the Judith the bench on either side of the Missour: rises
gradually; then falls again to the east into the Musselshell system. The Dog flows
westward for 25 miles parallel to the Missouri The other streams also come in
at such angles as to lead one to expect them to empty into a river flowing either
west or north. East of the divide just mentioned, the tributaries again enter the
main stream, following the usual law It would appear that what took place west
of the Judith was repeated east of that stream The waters flowed eastward
through a tributary of the Judith over a col into a tributary of the Musselshell

FiG. 24 —Longitudinal profiles of Judith River and Dog Creek valleys a, J.evel of the old valley, b, level of the present
valley, ¢, valley of the Missour:1 The cutting of the Missoun from a to ¢, at the mouths of Judith River and Dry
Creek, has caused these tributaries to work hack

This stream is also supposed to have flowed north through the Great Lionesome
Prairie Valley, joining the Missouri in the vieiity of Saco The same process was
repeated m the valley of the Big Dry From this point the river again found its
old channel and flows 1n a modified pre-Glacial valley eastward for many hundied
miles.

On the whole the changes m drainage induced by the ice of the Keewatin
sheet in the area studied were not great. If, as Dawson thinks, an earher drift
sheet covered the region, changes in dramage may have been brought about by
that more far reaching and more profound than those induced by the later ice.

INTERRELATIONS OF SURFACE FORMATIONS,
THE QUARTZITE GRAVELS AND THE TWO DRIFT SHEETS

The surface formations of the area have been described in detail. It now
remains to consider their relations to each other.

The quartzite gravels may be summarily treated. In the area between the
dnifts of the two ice sheets the gravel occurs as a swiface formation, lying on
Cretaceous beds Near the mountains the gravels are found under the drift of the
local glaciers  This relation is seen north of the forty-ninth parallel in the vicinity
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of Duck Lake and on the high ridge north of North Fork of Cutbank Creek. The
sections show a layer of rounded, weathered, quartzite gravel covered by angular
striated bowlders, having among them a large proportion of hiunestone and diorite.
In sections exposed along the edge of the Keewatin dnft sheet the gravels are
hikewise found beneath the till  Their relative positions are shown in fig. 29, page 48.

The position of the quartzite gravels makes them older than both the mountain
drift and the northeastern drift. Their age, an interesting question because of
the conclusions of Dawson upon the subject, will be discussed after the relations
of the other surface formations have been treatec.

THE NORTHEASTERN AND THE MOUNTAIN DRIFT SHEETS.

As already stated, a number of broad valleys have been cut mto the Cretaceous
rock of the plains Into these valleys glaciers deployed, forming moraines,
outwash deposits, and valley trains. Into these same valleys from the east came

the ice from the Keewatin Glacier, which threw moraines
- across the valleys and formed at 1ts edge various extra-
moramnic deposits. Jt 1s the relation of such deposits to each
other in the several river valleys that is now to be considered,
In Sun River Valley the moraines of the twoice tongues are
about 60 miles apart. Down the stream for some distance
from the moraine of the mountain ice extends a valley train.
In front of the Kcewatin ice sheet there existed in Sun River
Valley a large lake, in which lacustrine clay was deposited.
The relation between these two formations, if they come in
contact anywhere, would give a clue to the relative age of
the two 1ce movements, but, though such a relation doubtless
exists, 1t was not seen in any section along Missouri or Sun
rivers. Similar formations are found in the valleys of Teton

.9 QBJo0g
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F16 25 —Section on Birch .
Creek 4, Valiey tram Raver and Muddy Creek, but, though a relation between the
g‘t’(;‘lfil;‘;’gglzzr;%t&iilmg deposits in front of the two 1ce sheets ought to be made out
soil, C,gravel made up  in  these valleys, in no section was such a relation shown.

toelargeextent of erys-  (3rqyels are found along these rivers under the lacustrine clay,

tallme pebbl ' '
e PR but they are of soft limestone, without glactal marking, and

whether they belong to the valley train or to fluvial deposits of unknown age was
not determined.

In Birch Creek Valley, however, the two morames are only about 18 miles
apart As along Sun River, a glacio-fluvial train extends down the valley of the
Biurch and mto this the stream has since cut a narrow channel At a number of
places along the creek there are exposures showing a thickness of from 20 to 30
feet of these gravels. Although a few of these are striated, the majority have been
subjected to so much water action that all trace of glaciation has been removed.
Lying on the gravels, and never in or beneath them, are large crystalline bowlders
of northeastern origin, which were carried by floating ice on the lake extending
along the Keewatin ice edge, and which were scattered at irregular intervals over
the lake bottom  TFarther east, nearer the terminal moraine of the Keewatin.ice
sheet, the lacustrine clay appears, also lying on the gravels. Fig 25 shows the
relations of the bowlders and the clay to the gravels of the valley train.
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On Birch and Dupuyer creeks and on the tributaries opening into them aie
many sections which show essentially the same order and deposits In these val-
leys, then, we may see the rclative age of the two drift sheets as shown by the
deposits formed m front of the 1ce (fig 26)

In the valley of the Two Medicine also the morames [=_<—
come close together, and herc two very interestmg and |» < . "=
comprehensive sections are found within 2 miles of cach “|F
other The first occurs wherc the terminal moraine of
the Blackfoot Glacier 1s trenched by Two Medicine River E == —==-"7===~
and the second where a meander of the same mnver has O S
recently undermined a portion of 1ts bank

The first section (fig 27) shows that the ice of gthe
Blackfoot Glacier formed its moramne across Two Medi-
cine River and retreated, and then the northeastern ice
sheet pushed into the valley and deposited its moraine
within a mile of the edge of the mountain drift, while 1n

the lake formed west of its edge lacustrine clay was laid = F7e& " p
down above the till from the mountains A R A
In the second section (fig 28) the 50 feet of till “ il 4.5 -
belonging to the Keewatn drft [y o5 ]
N e elonging to the Keewatin dri X m o n A
- s R = [ =T = §
Sl _ow e sheet lies above a layer of glacial [ 0 o o o uthof Du-
cl=====——-7"====| gravel of mountain origin, which puyer Creex A, Sandstone, B,
— = = = I _- valley train from Birch Creek
O w fun"gfl:'p neo Q2 was doubtless deposﬂ;ed at the Glacier, C, lacustrine clay con-
3,0.@2.-0 Somn dad {;?{)o‘ga1 time the Valley to the west was  taning crystalline pebbles, D,
« . e So o0 'y A e °
Blo, o 9r 8922 5%.q] occupled by the mountan ice  cohen deposit
*"A"o ‘Q qo q.‘bﬂ h nB'JU’
e T Between the till and the valley train two formations

< &

F1e 27 —Section on the Two Medi-
cme at point where Blackfoot
Glacier ecrossed it A, Sandstone,
50 feet, B, till formed by Black-
foot Glacier, 15 fcet, C,lacustrine
clay formed in the lake which e~
1isted 1n front of th¢ Keewatin
1ce sheet, 10 feet, D, windblown
deposit, J feet

mtervene Resting upon the gravel 1s a layer of sand
and clay, part of which was deposited by wind and part
by water, and above this layer a bed of lacustrine clay
occurs It would appear that after the deposition of the
clay mn the lake along the front of the 1ce, the 1ce advanced
and covered a part of its own lake deposit  In this section
the till of the northeastern drift sheet hes above the de-
posit formed 1n front of the Blackfoot Glacier

We haveseen how the 1ce 1n the mountains in St Mary
River Valley, after 1t had crossed Milk River Ridge irom
north to south, spread eastward, depositing its moraine
along the north slope of theridge It has also been shown
(p 23) how the Keewatin 1ce sheet was held back by the
same 11dge and deposited 1ts terminal moraine along the
same north slope

In the coulec in which Galbraith’s ranch 1s located, near

the ranch, the moraine of the mountain glacier disappears under the drift of the

northeastern 1cc sheet

Although 1n general the two drift sheets are quite distinet, the hine of demarea-
tion 1s not sharply drawn The Keewatin drift contains mountain bowlders which
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were picked up by the 1ce as 1t moved westward over the earher drift sheet Lying
upon the dnft from the mountain are fragments of crystalline rock from the north-
*east, which were carried out beyond the edge of the eastern dnft sheet by floating
1ce. The two drift sheets are not exposed 1 section 1n this valley
In St Mary Valley proper the mountain ice pushed much farther north
Great argillhitic bowlders from the Rockies are found 10 miles north of the forty-
nmth parallel 1n such a position that 1t 18 evident that

s
A ° 9
g 90 09 no g gt a

Fi1a 28 —Section on the Two Medi-
cine 7 mues west of mouth A,
Sandstone, B, valley train from
Blackfoot Glacier, 25 feet, C,eolian
deposit, 30 feet, D,lucustrine ciay,
30fect, E, northwestern tiil, 50 feet

they were left by mountan 1ce

Others are found on

top of St Mary Radge, at a pomt where the 1ce from
the northeast 1eached the top of the ridge and mingled 1ts

bowlders with the mountain drift

Iigs 29 and 30 show

sigaificant sections along St Mary River

In the valley of Belly River the contact of the two
drift sheets 1s seen 1n section  About 10 miles north of the
forty-ninth parallel the moramme of the northeastern ice
sheet crosses Belly River and swings in a northwestern

direction toward Waterton River

Two hundred yards

south of the point where the morame crosses the rver,

and therefore outside of the noith-
eastern dnft sheet, the 11ver has
cut through about 60 feet of drift
The lower 30 feet consists of a bed
ot roughly stratified, somewhat
glactated mountain gravels
Above this 1s 30 feet of heavy
bowlder clay The bowlders are,
without exception, from the
mountains, and are 1ce marked
to an unusual extent At the very
top of the section, lyimng upon the
mountain till, but never m 1, a
few crystalline bowlders a1e found
It was over such a till forma-
tion as this that the ice from the
northeast moved. In most of the

sections exposed by post-Glacial cutting within the edge of
the eastern dnft the two tills are mixed, showing that the
later 1ce handled, to a gireater or a less extent, the matenal
deposited by the valley glaciers  Only one section, where
the hine between the two bodies of dnft was sharply marked,
was seen, though 1n many places the plane of division could
be made out approximately The drift from the northeast
contalned but few bowlders, while that deposited by the

mountain 1ce was heavily loaded

Fic 29 —Section on St Mary
River, mnear Sloan’s ranch
A, Sandstone, B, waterworn,
nonglaciated gravels, ¢, gla-
ciated, anguiar pebbles from
the mountains, not waterworn
to any extent, but apparently
part of a valley trumin, D, till
of the northeastern ice sheet,
containing many small crys-
talline pehbles, hut no large
bowlders, B and (' grade mto
each other, B 1s evidently a
pre-Glacial formation

In any mixed body of dntt, the upper

part would contain both cystalline and sedimentary bowlders i small numbers,
while the heavy bowlder clay at the bottom of the section, though 1t sometimes
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contained a few crystalline bowlders, represented the mountain drift sheet, as far
as it could be made out. The talus always present along the banks of the streams
often obscured this indefinite division line. Within the moraine, not far {rom

the edge of the drift, the section shown in fig. 31 is exposed.

only one along the banks of Belly River that shows the two
drift sheets separated from each other by a definite division
line.

Thus, in these river valleys, a definite relation has existed
between the two drift sheets—a relation which warrants the
conclusion that the Keewatin ice sheet advanced into the
region after the deposition of the moraines of the mountain
glaciers

DEDUCTIONS FROM INTERRELATIONS.

AGE OF THE QUARTZITE GRAVELS.

As has been shown, the quartzite gravels are found on
the plateaus that mark the earhest level of the plain next the
mountains, on the slopes that lead to lower erosion plains, on

the terraces ahove the present stream

(mS—? oY T beds, and in the stream channels
/*q'\a\q__.‘\"a\ v/o . .
FARPONGSINNPIN themselves. The topographic posi-
g, T 9| tion of these gravels and their nature
- , T Q@ 7o ©
o lovnro_ s ~>~dhare such that they could not have
/\Q ~ <00y — o~ o . .
o v i et my] been deposited by the ice which
N 9 ~N T~ . . .
;,°r‘0"g ot Q¢ £5,.| formed the existing moraines in the
V9 'Q F o~ Q o~ o N . - -
A present mountain valleys. This is
o i S¢eD in  thelr topographic relations,
< -~ - . I3 . .
9 05% ce% o & 37 in the absence of glacial markings, in
0%y %% ?l the absence of limestone and diorite
o .
T d *le, o, bowlders, and m the great weather-
5 0P %" o . .
alS e a 5t vy | ing to which they have becen sub-
=P 0 ¢ - v . . «
‘vt P e ccted. The till laid down by the
B a %gto o e 2% ] : : st y
0t i S s n mountain glaciers contains a large
fod < Pie B4 f)) ° i
AT i‘o = ° .| percentage of limestone bowlders,
o 4 4 @

This section is the

?\ 'D-s\}_,\\'.ro\,-a M
1 lé = ~“&"'/ -
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F16 3) —Section on Sty Mary
River, north of Sloan’'s
ranch A, Shale, B, north-
eastern drnift, 2 feet, contain-
ng many decompoesed bowl-
ders, C, typical loess, 5 feet,
contalning concretions, hard
shells, and bones of small
animals, D, soul, 10 feet, of
black clayey loam, consist-
ing of the weathered surface
of the lower loess bhed; E,
loess, 6 feet in thickness,
sandy at the top, F, north-
eastern till, contaimng crys-
talline bowlders This sec-
tion furnishes the only dis-
covered evidence of twodis-
tinct glacial eporchs As no
other section was found
showing like or similar phe-
nomena, little stress 1s laid
upen this

© =2 | the glacial markings are distinct, and very httle weath-

Fro 31 —Section on Belly River  gpine has taken place The gravels are found above the

withun the terminal moraine of

‘ the Keewatmuce sheet 4, Tl level reached by the ice i the mountain valleys and out-
formed by Belly River Glacier, — g1dg of the area covered by the Keewatin 1ce sheet or by

containing many bowlders, all

of which ave smoothed and stri-  the lake which existed in front of it.

These facts prove

ated to an unusual degree, 5 that, the gravels antedate the last Glacial epoch

feet, B,soil, of which onlya sriall

exposure wag seez, which con- The question of most importance 18 whether they are
tained no fossils, C, till formed 4 aye not of glacial origln. Were they deposﬁ;ed by

bytheKeewatinice sheet,80feet

earher mountain glaciers or by an earlier Cordilleran 1ce

sheet, or were they formed by streams? Dawson ¢ is of the opinion that they

are of glacial origin, and calls the formation the Albertan.

a Dawson, G M, Glacial deposits of southern Alberta. Bull Geol Soc America vol 7, pp 39, 42, 54

1280—No 50—06—4
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His description is as follows*

Deposits of coarse gravels, often contaning stones up to 6 nches 1in diameter, all well smoothed and
waterworn, but often not 'perfectly rounded. They arc generally arranged in 1ather tumultuous manner—
that 1s, not m regular lincs graded according to size, and with pebbles sometimes standing on end The stones
are chiefly Rocky Mountamn quartzite, but a considerable number of pebbles of hmestone from the same
source are included Some of these gravels are striated The Saskatchewan gravels of the
plamns represent and gradually pass mto a western bowlder clay m approachmg the mountamns

The only bowlder clay scen along the castern face of the mountains is that
deposited by recent ice action, and none was found passing into the gravel formation.
Those who have seen the great moraines and have obseryed their lakes, the freshness
of their bowlders, the slight weathering and crosion to which the surface of the
till has been sub]ected and their general look of newness, would call them Wisconsin
in age rather than Albertan.,

As Dawson suggests, the gravels are older than any Keewatin drift found in
the tegion They are also older than any till deposited by mountain glacicrs,
and, as will be shown later, older even than the valleys now occupied by Milk
Rlver Cutbank Creek, and Two Medicine River. The question of their origin
is a troublesome one, but from a careful study ot the formation south of the boundary
line, they are believed to be not of glacial origin, but to have been deposited by
streams m pre-Glacial time. In support of this interpretation there are the
following rcasons ' ‘

The gravels are waterworn and generally rounded Their size 1s uniform
over a great extent of country, though the pebbles found near the mountains are
a little larger than those 20 miles oiit on the plamns * From the forty-ninth parallel
south there is a change in the character and position of these gravels which would
suggest water deposition, for in cach river basin the pebbles are similar to the rock
exposed along the upper course of that particular river, though the varieties in
the basins differ from one another The pebbles, too, are wanting on some of the
higher divides and buttes An 1ce sheet of size sufficient to have covered the
gravel arca would have left a more heterogeneous deposit, and onc covering the
heights.

On the other hand, there seems to bo no reason whatsoever for assuming
them to be glacial The question of the origin of these gravels was kept in mind
during the entire summer, and the arca covered by them was carefully worked
over, but they show no marks of ar 1ce-deposited formation There are no glacial
markings of any kind where they have not been affected by the 1ce of the later
Glacial epoch In no case is till associated with the gravel, nor is there ever a
suggestion of terminal or ground moraine topography, though the gravels are
found on tops of great plateaus, where any such formation would naturally have
been preserved Then, too, in regions where the moraines deposited by mountain
ice contain limestone and other easily weathered rocks, the gravels are composed
of only the most durable materials.

The valleys which have been developed 1n the drift are small, those which
have cut into the plain since the gravels were deposited are very large Two
Medicine, Milk, and Sun rivers flow at the bottom of valleys which are in places
500 to 1,200 feet deep and 5 to 10 miles wide. Between these river valleys are
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flat plains covered with gravel formation, wide near the mountains, but toward the
east gradually nairowing to.a small ridge, and finally disappearing altogether. ’
Where the slope is great the energy of the stream has been spent in downward
cutting Farther east, wherc the slope 1s less, the river has cut laterally and
developed flood plains at the expense of the divades, which are of approximately

.the same height. There appcars to be a slight slope to the southeast, which would
indicate that the major streams responsible for this base-level flowed 1n that direc-

. tion  The gravels must have been deposited before these great valleys were cut
and at the time of the development of this first base-level, otherwise their position
on 1solated poinis could not be explamned '

The date of the first base-leveling epoch has not been exactly determined.
1t must have occurred after the Cretaceous sea had retired from the region, and
‘long enough before Glacial time for the development of the great river valleys
which trench the western portion of the plains This may carry it back into the
Tertiary—perhaps to the end of the Miocene, for there are a few scattered Miocene
deposits on some of the 1solated high points which rise above the Canadian plains.
This, too, would throw the date of the first base-level back far enough to give
time for the erosion of the great valleys. 1f the base-level is referred to the Phocene,
it is hardly concervable that Milk River and Cutbank valleys could have been
,eroded. ’

The distribution of the gravels resembles to a remarkable degree the distribution
of the Lafayette formation in the east, though the relief of the underlying surface
is much greater here The various stages 1n the history of their deposition appears
to have been as follows: Base-levehng in the later part of the Tertiary removed
a great part of the Eocene and Miocene beds that are now exposed in a few 1solated
places 1n Canada and left the Cretaceous rocks exposed over a great plain stretching
north and south along the face of the mountamns. If then the mountains were
shghtly lifted while the plain was not, the streams would have been rejuvenated
and the carrying out of the mountain material begun At the foot’ of the moun-
tamns and at the border of the plain the velocity of the streams was checked and
the material carried out deposited somewhat evenly over the surface, the coarser
material near the' mountains and the finer farther out. Next followed a rise of
the whole region and the streams of the new cycles began to cut into the plamn
covered with the gravels from the mountains As erosion went on, the gravels
followed the streams both vertically and horizontally, tending all the while to
become concentrated in the bottoms of the valleys and scattered eastward .along
the banks of the streams. While the gravels werc descending from the upper
plamn to the lower terraces, gravels of the same sort were being brought out by
mountamn streams and mingled with those reworked from the older formations.
At the time of the Glacial epoch the vallcy trams forming in front of the moraine
contamed not only bowlders marked and polished by the ice but also the gravels
that had been lowered into the stream beds by lateral erosion and side wash  The
original formation remains as 1t was first deposited only upon the old high levels.
Below these high levels it has been augmented at wll stages by the accession of
material washed out from the mountains by streams of later tunes.
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There seems to be one conclusion to be drawn from the nature, character,
" and position of these gravels, and that is that in their original form they are not
a glacial or fluvial-glacial formation, but are of pre-Glacial age. On the lower
levels material derived from the older formation is mingled with material carried
out during and since Glacial time, segregated along the banks of the streams and
covered by later drift deposits.

AGE OF THE NORTHEASTERN DRIFT.

The general opinion among geologists has been that the dmft sheet of this
area belonged to one of the earher epochs of glaciation. Dawson correlates it with
the “Towan drift,” the western extent of the Wisconsin being marked by the Mis-
sour1 Coteau. Tyrrell calls it Kansan, On the Glacial map prepared by the United
States Geological Survey this region is mapped as covered by Kansan drift.¢2 The
Wisconsin drift is represented only east of the Missouri Coteau and north of the
forty-ninth parallel. In the hight of recent studies, this correlation of the drift
in the area under consideration 1s no longer tenable. The conclusion is held that
the drift sheet under consideration was deposited by ice of the Wisconsin and
probably of the late Wisconsin stage, this hypothesis being based on the newness
of the region in terms of erosion, the sharply defined character of the terminal
moraine, and the relation of the drift of the Keewatin sheet to that deposited by
the mountain glaciers.

Ewdence from erosion.—In order to discuss a question involving so many factors
as the rate of erosion of a land surface, something besides the amount of weathering
and trenching which have taken place must be considered In the Montana region
the post-Glacial cutting, with the exception of that accomplished by the large super-
imposed streams, has been slight; the lakes and marshes are still undrained; the
till is weathered but a short distance from the surface, and the surface bowlders of
the drift have suffered but httle change.

The erosion along the moraine and the amount of weathering on 1ts surface 1s
about the same as that suffered by the drift of the Green Bay lobe 1n the vicinity
of Baraboo, Wis, The following table shows the amount of rainfall for the last
four years at Portage, Wis , and at Kipp, Mont , near the edge of the dnft of the
two regions,

Rawnfall at pornts in Wasconsin and Montane, 1896-1899

Locality 1896 1897 1898 1899
Kipp - - . e e . . . . . 2628 2223 1826 25 61
Portage. . ce e een. . - - - - - 26 97 2804 | 2500 30 43

It will be seen from the table that while the average rainfall 1s greater at Portage
the difference 1s not so great as to affect profoundly the amount of erosion. A
factor favoring erosion at Kipp as compared with that at Portage is the concen-
tration of rainfall at the former place. Other conditions being equal, a great amount

@ Leverett, Frank, The 1llino1s glacial lobe Mon U 8 Geol Survey, vol 38,1889, PI1 I Upham, Warren, The Glacial
Lake Agassiz Mon U 8 Geol Survey, vol 25,1895, Pl XVI
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of rainfall during a single shower will occasion greater erosion than the same amount
distributed through a longer interval. From personal observation in both regions
it may be said that the amount of water falling 1n the course of a few hours 1s much
greater In Montana than in Wisconsin  When the amount of post-Glacial erosion
and the number of undrained lakes and depressions are taken into account, the
Montana drift edge appears as young as that in Wisconsin. The conditions for
erosion are different in the two regions, but the difference has not favored either
place in the final Tesults. :

The amount of weathering suffered by the bowlders and the upper surface
of the dnift is less in the Montana region than in Wisconsin  In Wisconsin the drift
1s leached of 1ts soluble materials to a depth of from 2 to 3 feet In Montana the
average depth of the weathered zone is rather less. The bowlders in the former
dnift sheet are decomposed, 1n some cases, so badly that a blow of the hammer will
shatter a granite bowlder a foot 1n diameter, while the bowlders in the drift of the
western area are not decomposed to a great extent. On the other hand, mechanical
agents of weathering, such as wind erosion (P1. VII, B, p. 36) and the sudden changes
of temperature, are active On taking these various factors of erosion and weather-
ing into consideration, it 1s thought that the age of the Montana drift can not be
greater than that of Wisconsin

Evidence from the topography of termwnal moraine.—The edge of the Kansan
drift sheet 1s generally attenuated. Tt 1s somewhat thickened in places and occa-
sionally ridged, but is not usually marked by a definite terminal moraine. The
edge of the Iowan formation 1s better marked, though in no place is 1t known to
form a continuous or conspicuous ridge. The ice of the Wisconsin sheet alone
appears to have produced the great terminal ridges which cover the country. In
Dakota Prof. James I& Todd has described a series of these moraines which corre-
spond roughly with the series found i1n Montana  The Dakota moraines are of Wis-

.consin age, and when these have been traced westward it may be found that they
join those 1n Montana. If sharp terminal topography counts for anything in the
classification of drift sheets, the Montana moraine is of Wisconsin age.

Evidence from relations of the two drift sheets.—As has becen shown, the Keewatin
drift of this region is, at its edge at least, younger than the drift of the mountain
glaciers If any data could be obtained that would throw light upon the age of
the latter, the relative age of the former might be assumed. Very little has been
written concerning the age of the mountain drift, but the main portion has usually
been assumed to belong to a late stage of the Glacial epoch. It 1s so mapped on
the two plates to which reference has been made (p. 52, footnote). The drift
deposits of Colorado,"Wyoming, Califorma, Utah, and Washington are supposed to
be the work of glaciers belonging to a late epoch, the Wisconsin.

The moraines of Montana appear as young as those of these other States Their
fresh moraine topography, thewr lakes, and the little erosion to which they have
been subjected all stamp them as young formations. In the mountain canyons the
exposed rocks in situ still bear marks of the glaciersin the form of polishings, stri-
ations, and grooves No long interval of time could have intervened since the last
advance of the 1ce without the destruction of all marks of glacial action by weather-
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mg  Especially this would be true in a region where the work of the wind and sud-
den changes of temperature are ever active '

Granting that the mountain 1ce is of Wisconsin age, the Keewatin drift sheet
must belong to the same Glacial epoch. The length of time that existed between
the deposition of the till from the mountains and that laid down by the Keewatin
sheet can not be told definitely by any field observations. The amount of erosion
to which the two drift sheets have been subjected 1s the same so far as field studies
show. The agents of weathering have attacked the surface of the till and the bowl-
ders to about the same extent m'each drift sheet. Where the two sheets of drift
are found side by side, as 1n the St. Mary basm, 1t would be diflicult to tell their
relative ages from any topographic Teature.

The ice from the mountains and from the Keewatin centers may have been
formed by the same climatic cpisode. The ice 1n the mountain valleys may have
pushed out upon the plain, dep051ted its moraines, and then, not being of large extent
and hence being easily and quickly aflected by chm atic changes may have withdrawn
promptly at the beginning of adverse climatic conditions The continental 1ce
sheet, on the other hand, with 1ts vast dimensions and 1ts center far to the north,
may have continued to push outward for some time after adverse conditions on 1ts
extreme southwestern border had set 1n, and hence may have invaded the area of
the more local drift after the mountain glaciers retired The general conclusion
1s that the two drift sheets weire formed during the same 1ce epoch, and that where
they overlap they were deposited within a short period of cach other.

THE DRIFT OUTSIDE OF THE TERMINAL MORAINE.

e

Beyond the terminal moraine the glacial deposits are of two kinds—scattered
bowlders with till, or a thin till sheet, grading at the edge mto a bowldery area.
The edge of this till sheet is in some places marked by a slight ridge that resembles
a terminal moraine in a feeble state of development More often there is no defi-
nite ridge, but a rolling country, covered with shallow lakes and lake basins, which
frequently gives place to a simple thinning out of the till sheet, with no ev1dence of
either a terminal ridge or of ground-morame topography.

The bowlders are scattered over arcas that were once covered by Glacial lakes.
These lakes have already been described as existing along the western margin of
the 1ce edge 1 two separate basins, and also south of the ice sheet in the valley of
the Missouri That these bowlders were deposited in lakes 1s evident from the fact
that i each small valley tributary to the main basin the bowlders are found at the
same general level above the river. In many cases the level of the old lake may be
followed for miles around the head of a valley, every few rods bemng marked by a
deposit of one or more bowlders of northeastern origin ~ The bowlders are most
numerous along the shores of the lake, where floating 1ce grounded. Over the bot-
tom of the valley such deposits are fewer and more scattered. Near the border of
the lake an ice floe or 1ceberg carrying moramic material would strike the shore
and remain there unti] 1t wag entirely melted, leaving its deposit 1n & small heap
near the old shore lime. In some of the smaller valleys, distant from the ice edge,
instead of a regular lme of bowlders two or three small bowlder piles were found.
Over the bottom of the lake there are few such piles, the material having appar-



DRIFT OUTSIDE OF TERMINAL MORAINE. 55

ently been dropped a httle at a time as'the ice drifted over the surface . The
bowlders are more numerous on the eastern valley slope than on the western,
and decrease 1n number with necrease of distance from the 1ce edge. Around the
inlet of these lakes, where the currents ma,de by the entering rivers werc strong,
few or no bowlders'are found 'They are most numerous along the outlet. -

The thin sheet of drift is present atvarious places along the iceedge Tn the
vicimty of Great Falls there is a large area of the deposit, which grades into the
bowlder belt North of the Highwoods the same formation 1s found. In the val-
ley of the Musselshell and on the north bank of the Missouri opposite the mouth of
.the former river, a formation occurs which may have been deposited either by ice
or by water. The edge of this deposit has not been completely mapped, and suffi-
cient field work has not been done to determine rts nature. On the map the edge
that has been traced is marked by a full hne, wlile the dotted line marks the sup-
posed posttion of the part not yet surveyed

The fact that there 1s such a border of drift without the terminal morame : sug-
gests two different 1ce epochs, but very little was found 1n the ficld to support this
theory.

The material of the ground morame within the terminal nioraine does not differ
essentially from the material imn the till sheet which borders it The bowlders are
of the same varlety, and exist m the same proportion. A limestone 1s equally
abundaut and equally weatheted on both sheets No embedded soil or other evi-
dence of interglacial phenomena 1s found, although unusual opportunity was offered
both for 1ts preservation and 1ts dlscovery The till in many places rests upon a
bed of pre-Glacial gravels in such a way that not a stone seems to have been dis-
turbed or removed by the 1ce  Certainly ice that passed so lightly over a gravel
surface would not destroy evidence of old soil or other mdieations of an mnterglacial
period.

Excellent opportunities were offered for studymcr sections of the drift at and
within the terminal morame. The Missouri has exposed sections of the drift 200
fecet thuck The Great Northern cut-ofl near Fort Benton has exposed sections
that clearly show drift from bed rock to the top of a 250-foot exposure, but in no
section was there any suggestion of an mterglacial period

The evidence 1n {avor of the existence of two distinct till sheets is also not
convinemg  The relation of the terminal moraine to the border of the thin drift is
such as to suggest the pushing in of the ice after thedeposit of the first sheet. In
other words, the moraine appears to be later rather then recessional. This rela-
tion is shown on the map (p 30) If the moramnes were recessional, one would ex-
pect a thin border fronting the moramne at all pomnts instead of occurring only here
and there along the edge. The fact that there 1s more erosion in the thin than m
the thicker drift ought to be mdicative of their respective ages. Along the Mis-
souri, between the mouth of the Highwood and' the mouth of Lattle Sandy, 27 cou-
lees of size large enough to be mapped are found Seven of these come 1n from the
north, or from the area of the thick drift, and 20 from the south, or from the area
of the thin drift sheet It is probable, though, that the greater amount of erosion
in this area may be accounted for by the fact that there is greater dramnage from
this direction on account of the presence of the mountains south of the drift border.
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 SUMMARY.

The Keewatin ice sheet covered the northern part of Montana east of the Rocky
Mountains and extended south to the Highwood Mountans and into the valley
of Musselshell River. The point where the meridian 113° 15" crosses the forty-
ninth parallel marked 1ts westernmost extent in the United States North of the
boundary line, in Alberta, the drift is found still farther west Its southern edge
was lobate in form, the lobation being due to the presence of the Ilighweod, Bear-
paw, and Little Rocky mountains, which retarded the forward progress of the ice
while the great valleys between them allowed it to move farther south

The Sweetgrass Hills, just south of the Canadian line and about 30 miles back
from the edge of the ice, were not covered, but stood as three great nunataks, the
highest reaching 2,000 feet above the 1ce surface.

From data gathered here and at the edge of the drift, it was found that the
average slope of the glacier must have been about 50 feet per mile Wherever,
along the sides of various valleys, measurements could be taken, it was found that
the slopes of the surface had been slight.

Along the Rocky Mountains glaciers issued from the valleys and deployed
upon the plamn to the east The morames of 14 of these glaciers were traced and
mapped. In a number of cases, the ice from several mountain valleys had umted
and formed piedmont glaciers. The 1ce from a single mountain valley seldom
reached far out on the plain, but the piedmont glaciers extended many nules from
the foot of the mountains. This was especially true of the Blackfoot Glacier,
formed by the union of the Two Medicine, Birch Creek, Blacktail, and Whitetail
glaciers This sheet of ice extended 35 miles from the foot of the mountains,
measuring 1n its widest part over 30 miles Iach glacier deposited at its edge a
very well defined moraine, characterized in gencral by bowlders peculiar to the
mountain valley from which the 1ce issued. These moraines were in places 200
feet high and often a mile or more wide

The basins of four large rivers—the St Mary, Two Medicine, Teton, and Mis-
sourt—were dammed by the 1ce and the drift of the Keewatin ice sheet. The result
was the formation of extensive lakes in the river basins west of the ice These
lakes can be divided mto two classes—those formed in front of the ice itself and
those formed in front of the drift dam The former were large and existed only
while the 1ce was present. The latter were more restricted in size but were more
permanent, remaining until the drift dam had been cut through  The deposits made
by the first lakes consisted largely of bowlders carried out by floating 1ce The
deposits in the smaller and later lakes were clays and gravels brought in by the
rivers. The largest of these bodies of water was caused- by the dammng of the
Missouri.

Just souths of the forty-minth parallel, between the meridians 113° 10’ and
113° 15’, the till of the Keewatin 1ce sheet and that of the mountain glaciers overlap.
At no other pownt south of the boundary line did 1ce from opposite directions occupy
the same territory, but in Two Medicine Valley the ice from the east advanced to
within 2 mules of the position occupied by the 1ce from the mountains

The Keewatin sheet reached its most advanced position after the valley glaciers
from the west had retreated, for the drift of the former overlies the drift of the
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latter at various points both north and south of the national boundary In some
cases the till from the northeast overlies the till of the mountain glaciers  This
1s true 1n the St Mary Valley, as mentioned above, and also in the valleys of St Mary
River, Belly River, and Lees Creek In other places till from the cast overlies
fluviatile deposits that are connected with the western drift;but extend down the
valleys several miles beyond the ends of the mountain glaciers Again, we find
that lake and berg deposits, having their sources 1in the northeastern ice, overlie the
till left at an earlier time by the mountain glaciers.

It is believed at the present t:me that as many as five separate 1ce sheets cov-
ered the northern part of the Umted States. These, named 1n chronologic order,
arc as follows: (1) Sub-Aftonian, (2) Kansan, (3) Illinoian, (4) Iowan, (5) Wisconsin,
The dnft deposits formed by the mountain glaciers belong to a late epoch  They
are certainly not earlier than the Jowan and are probably as recent as the Wisconsin
So far as can be shown by the evidence gathered, no great period of time elapsed
between the deposition of the Rocky Mountain drift and the deposition of the
Keewatin drift Beyond the edge of the Wisconsin drift sheet 1s one somewhat
older, though the data obtained in the region covered were not sufficient to deter-
mine 1ts age.

In the region between the two drift deposits, there 1s, on the high divides
between the rivers, on the terraces along the flood plains, and 1 the strecam beds,
a curlous formation which has been called the quartzite gravels They are com-
posed of resistant quartzite and slate and contain no limestone or other less durable
rock. Though waterworn, they show no signs of glaciation. From their topographic
position and from thewr character it was concluded that they were deposited by
streams .flowing over a flat plain This deposit occurred along the eastern front
ol the mountains and extended out from them many miles Subsequently the land
was raised, great valleys were cut into the old base-level, and the quartzite gravels
were lowered upon the terraces and scattered still farther eastward along the
courses of the revived rivers. The base-level probably occurred in the latter
part of the Tertiary. and the gravels date from that time. When the Kecwatin ice
advanced into the region, many of these gravels were picked up, glaciated, and
deposited in the under portion of the dmft sheet They are undoubtedly the
Saskatchewan gravels of the Canadian geologists, by whom, because of their weath-
ered appearance, their glacial markings, and their position at the bottom of a young
drift sheet, they were classed as an earlier glacial deposit—the Albertan. It seems
necessary now to reject the Albertan, and to class these gravels not as an old glacial
deposit, but simply as old river gravels incorporated in a later drift.

As a result of the deposition of drift of the mountain glaciers, there were minor
changes in drainage. Streams were shi{ted from one side of the valley to the other
and their slope was modified More marked were the changes effected by the
Keewatin 1ce. The Shonkin Sag was developed by ponded glacial waters. The
Teton River was shifted from its old valley into the valley of the Missouri and minor
changes were produced in the courses of Two Medicine River, Birch Creek, Cutbank
Creek, and St. Mary River Missouri River was turned from its course at a number
of places, causing the falls 1n the river near the city of Great Falls and the rapids
and narrows 1n other parts of 1ts course This 1ce sheet also undoubtedly turned
the Missouri from a northern course and made 1t trbutary to the Mississipp1 River.
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