














MORAINES; OF RED RIVER BASIN

low Medicine County, where it dies out in a till plain
a few miles southwest of Clarkfield. It does not have
a definite outwash or a border drainage course along
its outer border, such as is so conspicuous on the adja-
cent section of the Antelope moraine. It is composed
very largely of clayey till, and most of the knolls have
gentle slopes. Some of them are lined up in definite
chains 1 to 2 miles or more in length, whose trend is
diagonal to that of the belt of which they are a part,
but as a rule there is little or no system in their dis-
tribution, and they vary from a closely aggregated
to a somewhat scattered arrangement. v

Another undulating strip of similar sort runs south-
eastward through Madison and passes just south of
Dawson and Boyd to Clarkfield, a short distance be-
yond which it dies out in a till plain. There are,
however, small areas with undulating surface a few
miles farther southeast, in the vicinity of Wood Lake
and Echo, that may mark the continuation of the ice
border. A more distinct moraine sets in about 3
miles north of Clarkfield and is distinctly traceable for
about 30 miles, its southeast end being a short distance
east of Belview, in northern Redwood-County. It
there marks the end of a morainic loop that crosses
to the north side of the Minnesota Valley and doubles
back to the northwest along the north bluff as far up
as Montevideo. There are two ridges near the end of
this lobe. One runs east from the north edge of Bel-
view 2 miles and then northward to the Minnesota
bluff in sec. 35, Swede FForest Township, with scattered
knolls a mile or more farther east. The other follows
the south bluff of the Minnesota closely from the
mouth of the Yellow Medicine River about 10 miles
southeast to sec. 27, Swede Forest Township. This is
the main member and is about a mile in width along
much of its course. This belt has a stronger expres-
‘sion than the one that comes into Clarkfield from
the northwest. Many of the knolls are 25 feet or

more in height, with rather steep slopes and closely |

aggregated.

There are other narrow strips of undulating land
in Lac qui Parle County north of those already noted.
One passes 1 to 2 miles north of Madison, runs east-
ward to the Minnesota Valley near the mouth of the
Lac qui Parle River, and crosses to the south side of
that stream just above the village of Lac qui Parle.
This strip is less than a mile in general width and has
a very mild expression, with a surface but little more
undulating than that of the bordering till plains. A
similar strip that runs parallel with this about 4 miles
farther north is traceable about to the Minnesota Val-
ley opposite the middle part of Lac qui Parle Lake.
Neither of these strips shows distinct border drainage
features or outwash. Each is composed of very clayey
till similar to that of the border till plains.
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North of the Minnesota Valley in western Chippewa
County and southern Swift County there is a series of
parallel morainic strips separated by narrow strips of .
outwash, as may be seen by reference to the glacial
map. These morainic strips were formed in succession
from east to west by a shrinking ice lobe. There are
four of these ridged strips west of the Chippewa River.
Their position in reference to the Minnesota Valley
is similar to that of the two slender undulating strips
en the south side of the valley noted in the preceding
paragraph. The outer one may, however, find its con-
tinuation down the north side of the valley from Mon-
tevideo and be correlated with the moraine on the
south side that comes to the Minnesota Valley near
Belview. .

The morainic strips just mentioned seem to pertain to
a very narrow ice tongue that was gradually reduced
until it completely melted before the ice sheet read-
vanced with a broader front to a strong moraine that
traverses southern Big Stone County and northwestern
Swift County, as indicated below. They complete the
series which deployed in the basin drained by the Min-
nesota River and were followed by a series of moraines
formed by an ice lobe that was confined mostly to the
Red River Basin.

MORAINES OF RED RIVER BASIN
BIGSTONE MORAINIC SYSTEM

Ew»tent—The name Bigstone is given by the writer
to a prominent and somewhat complex morainic sys-
tem whose southernmost part is in Big Stone and
Swift Counties, Minn., and runs along the southwest
side of Big Stone Lake in South Dakota. - Its eastern
limb runs northward from a point near Holloway, in
Swift County, past Hancock, Cyrus, and Kensington,
and becomes merged near Kensington with the com-
bined Altamont and Gary morainic systems, formed on
the northeast side of the Minnesota-Iowa ice. (See
pls. 2 and 3.) The Bigstone morainic belt probably
forms the western part of that combined morainic
system northward from Kensington in western Doug-
las, northeastern Grant, and southwestern Otter Tail
Counties, but there is no clear line of separation from
the outlying morainic system.

Directly east of Dalton, in southern Otter Tail
County, a narrow strip of outwash gravel sets in
which extends northwestward to the Otter Tail River
above Fergus Falls and thence northward past Eliza-
beth and Pelican Rapids to Cormorant Lake, in south-
western Becker County. The morainic belt west of
this outwash plain seems to be mainly the equivalent
of the Bigstone morainic belt, but later moraines be-
come merged with it near the Grant and Otter Tail
county line. The morainic belt west of the outwash
plain in the vicinity of Fergus Falls thus embraces
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more than the Bigstone morainic belt. The Bigstone
belt may be represented in the strong moraine that
_lies east of the railroad from Fergus Falls northward
to Klizabeth, but from Elizabeth northward it is com-
bined with later ones. It is probably with this mo-
rainic belt that the great outwash plain that runs
from Pelican Rapids past Pelican Lake to Detroit
Lakes should be correlated.

For a few miles north from Detroit Lakes there
seems to be no distinct line of separation between this
morainic belt and the great morainic system outside.
But in northern Becker County there is a gravel plain
which seems to be related to the morainic belt under
discussion. It is nearly continuous northward to the
Great Northern Railway at Ebro and eastward along
the railroad past Bagley. The morainic belt runs
northward from Bagley to Leonard, turns eastward,
and follows the north side of a great outwash plain
about to the north end of Cass Lake a distance of
40 miles. The district to the east, having scarcely any
roads, is difficult of access, and the data at hand are
not sufficient to indicate its further course.

The width of the morainic belt whose course has

just been outlined is generally not less than 2 miles

and probably averages at least 3 miles. It seems thus
to mark a prolonged stand of the ice border, and this
interpretation is sustained by the extensive outwash
plains along its outer margin.

The western or Dakota limb of this morainic belt
borders the southwest side of Big Stone Lake for
nearly-its entire length of 30 miles and fills the space
of about 5 miles between the lake and the valley of
Whetstone  Creek. It then extends northward to the
Little Minnesota River and borders its southwest side
about to Sisseton, S. Dak. An inner member follows
the northeast side of the river from the south end of
Lake Traverse to the place where the outer member
passes to the north side near Sisseton. The combined

belt then extends northward just west of New Eﬂimg-

fon into North Dakota.
The morainic belt turns westward along the south

side of the Minneapolis, St. Paul & Sault Ste. Marie

and Great Northern Railways near Hankinson, N.
Dak., and lies along and south of these railroads as
far as Rutland. It then takes a northward course to
the Sheyenne River. Its outer part is crossed by the
river near Lisbon, and the inner part near the bend a
few miles below. The morainic belt then lies along
the east side of the Sheyenne Valley as far north as
the writer’s studies extended—that is, to Valley
City—and it is reported to continue much farther.
The part of this morainic belt that lies within the
Tower quadrangle is described by Willard ** as the

u Willard, D. E., U. S. Geol. Survey Geol. Atlas, Jamestown-Tower
folio (No. 168), pp. 3—4, 1909.

"border.
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Alta Ridge and is also discussed under the name
Fergus Falls moraine. This correlation with the mo-
raine at Fergus Falls, Minn., seems to be sustained
by the present writer’s studies, but as noted above
there is much complexity at Fergus Falls.

An inner member of the Bigstone morainic belt
separates from the main belt near Sisseton, S. Dak.,
and follows the north side of the Little Minnesota
River to the south end of Lake Traverse. It there
crosses into Minnesota, just north of Browns Valley,
and ‘a few miles farther east turns south, passes
Beardsley on the east, and comes to the middle part
of Big Stone Lake about 10 miles south of Beardsley.
The width of this moraine is 2 or 3 miles in much of
the course above outlined and reaches 4 miles in the
vicinity of Beardsley. The moraine thus approaches
the main belt in breadth, and its topographic expres-
sion is nearly as strong. The greater part of this
inner member and a considerable section of the main
belt are shown on the Peever and Beardsley topo-
graphic maps. (See pl. 5, fig. 11.)

A rather ill-defined inner moraine, neally 2 miles
wide, runs northward from Ortonville for about 12
miles and turns eastward but dies out in a nearly”
level tract within 5 or 6 miles. At the south end it
connects with the main belt, but at the northeast end it
is several miles away. The intervening strip, how-
ever, is somewhat more undulating than the ordinary
till plain, and it includes many lake basins.

There is some complexity in the part of the mo-
rainic belt in North Dakota, in which an inner mem-
ber parts from and then reunites with the main belt
after a distinct course for a few miles. But this part
Las been less carefully traced than the parts in South
Dakota and Minnesota.

Topographic features—The Blgstone morainic belt
has a generally strong expression, though somewhat
milder on the whole than the outlying combined Alta-
mont and Gary morainic systems on its northeast
The topography of the western limb is well
shown on the topographic maps of the Beardsley,
Peever, Wyndmere, and- Tower quadrangles, and that
of the eastern limb on the maps of the Morris, Barrett,
Ashby, Wendell, Fergus Falls, and Pelican Rapids
quadrangles. On the Pelican Rapids map its topog-
raphy may be compared with that of the outlying
morainic system. A part of the Fergus Falls quad-
rangle east of Pelican River is also in the outlying
stronger morainic system and much of the Ashby
quadrangle is in it. It will be seen from the maps -
that few of the knolls in the Bigstone morainic belt.
in these quadrangles are more than 50 feet high,
whereas in the outlying combined morainic systems
many of them are 100 feet or more.
basins and small lakes abound. The Bigstone belt

In both belts -
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becomes less prominent where it bears away from the
outlying morainic system south of Kensington, in
southwestern Douglas County, as may be seen by
comparing its topography in the eastern part of the
Morris quadrangle with that in quadrangles farther
north. It is in general moderately rolling, with only
a few sharp knolls. The part in northwestern Swift

and Big Stone Counties has perhaps a somewhat

stronger expression than that within the Morris quad-

_rangle, showing some knolls and short ridges with
steep slopes and reaching a height of 30 feet or move.
This part has an outwash plain on its outer border
and its relief above that plain is usually 20 to 40 feet.
It has a remarkably zigzag course at this south end,
with sharp reentrants and salients. The outwash
material in the reentrants is in places so fine as to
suggest deposition in ponded waters, but its surface
seems to slope directly away from the border of the
morainic belt.

Between Sisseton and Peever, S. Dak., the moraine
is bordered by a narrow outwash plain, above which
it vises abruptly 20 to 60 feet. A relief of 60 feet is
found near the western edge of the Peever quadrangle,
in sec. 6, Easter Township, Roberts County, the high-
est points being more than 1,280 feet above sea level.
(See pl. 5.)

The Bigstone moraine varies greatly in expressmn
in its course across southwestern Richland County and
northeastern Sargent County, N. Dak., there being in
places clusters of sharp knolls rising abruptly 50 to
75 feet above border tracts that have only a gently
undulating surface. These variations are well shown
on the Wyndmere topographic map. Knolls in the
southeast corner of the quadrangle are about 100 feet
above nearly level till tracts within 2 miles to the
northwest. An area of about 15 square miles in the
southwestern part of the Wahpeton quadrangle is
thickly set with sharp knolls 50 feet or more in height,
and this prominent part of the moraine extends south-
ward to the edge of South Dakota. Lakes are inclosed
among these sharp knolls, and also small dry basins.
Basing are more conspicuous than knolls in the part
of the moraine directly northwest of Cayuga and Ran-
som, as may be seen by reference to the Wyndmere
topographic map.

Where the morainic belt is crossed by the Sheyenne
River, below Fort Ransom, the river is now in a trench
about 200 feet deep, but there is a much shallower
valley running southward from Fort Ransom that
probably served as the temporary course of the river
during the development of the moraine. This tem-
porary stream is thought by Willard *2 to have flowed
into a glacial lake, Lake Sargent, about 20 miles south
of Fort Ransom.

12 Willard, D. B, U. 8. Geol. Survey Geol. Atlas, Jamestown-Tower
folio (No. 168), p. 7. 1009,
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In much of its course across the Tower quadrangle
the moraine rises distinctly above an outwash plain
that lies on its outer or western border, between it and
the Sheyenne River. In the northern part, in Cuba,
Alta, and Noltimier Townships, the relief is 80 to- 100
feet. It is this part that is known locally as Alta
Ridge. The relief on the inner or eastern slope is still
greater but is spread over a wider space, as may be
seen by reference to the topographic map. The gen-
eral width of the morainic belt in its course across this
quadrangle is about 5 miles, and of this only 1 to 114
miles is on the outer or western slope.

The western limb of the Bigstone morainic belt
ranges in altitude from 1,100 feet or slightly less at
the south, in Big Stone County, to 1,500 feet at the
north, in the Tower quadrangle. In the part south of
the Sheyenne River, however, there are long stretches
falling between 1,100 and 1,200 feet, both in North
Dakota and in South Dakota, and a few points rise
above 1,300 feet. An altitude of 1,280 feet is reached
in the western part of the Peever quadrangle (pl. 5),
and a similar altitude in the prominent part of the
moraine near the south end of the line of the Wahpe-
ton and Wyndmere quadrangles.

The east limb and the south end of the morainic
loop rise within a few miles from about 1,100 to 1,300
feet above sea level. Then long stretches of the
morainic belt stand at 1,200 to 1,400 feet. There are a
few hills in southeastern Clay County that rise above
1,500 feet, and several square miles above 1,400 feet.
In Becker County the crest of the moraine as far
north as the Buffalo River is generally between 1,400
and 1,500 feet, but in the northern part of the county
the prominent parts of the morainic belt probably
reach 1,600 feet. In Mahnomen County the crest is
generally not far from 1,500 feet, though parts prob-
ably fall slightly below that altitude. In its course
across Clearwater County the crest is usually above
1,500 feet and a few points rise above 1,600 feet. As
the moraine passes eastward across southern Beltrami
County the altitude gradually declines to Cass Lake.
It is only 1,325 to 1,350 feet in the vicinity of this
lake and L‘lke Wlnmblgoshlsh but a few miles farther
north the altitude is about 1,400 feet. In Itasca
County, ‘as indicated in the discussion of the moraines
of red drift (pp. 55-56), the topographic expression
seems more dependent on the red drift than on the
overlying thin veneer of gray drift. -

Character of the drift.—TLhe amount of assorted
material associated with the till in this morainic belt
is less than is commonly found in belts of such promi-
nence. There are only a few gravelly knolls, and
few wells strike gravel until they get below the base
of the knolls, or even into the pre-Wisconsin drift.
The till is usually clayey and is calcareous nearly to
the surface. It contains a remarkable amount of lime-
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" stone, much of which came from formations in south-
ern Manitoba. The oxidized part is of a rather pale
grayish-brown color, so that the term “gray drift”
seems more pertinent than on much of the outlying
part of the Wisconsin drift that is so designated. In
places the upper 4 to 6 feet has a paler color than the
deeper parts, a feature that suggests a later deposition,
but as this is a rather local phase it is probably due
tc some difference in the constitution of the drift,
rather than to a marked difference in age. The paler
part may in some places be merely the englacial drift
deposited on the moraine as the ice border was melt-
ing back across it. It veneers knolls that are made
up in the main of duft Wlth a more pronounced brown
color.

The Cretaceous shales are also a conspicuous con-
stituent of the drift around the whole circuit of the
moraine as here described. They underlie a con-
siderable part of the morainic belt in the Dakotas
and no doubt are also in large measure the cause of
the very clayey chalacter of much of the drift in
Minnesota.

Boulders are very unevenly distributed over the
surface but are usually not so numerous as to be a
serious hindrance to the cultivation of the land. They
are very largely of granite. Few of them exceed 3
feet in diameter, and the great majority are only 1
to 2 feet. Well records and road cuts indicate that
boulders are not very numerous in the till. The state-
ment made by Willard in the Jamestown-Tower folio
that only 10 wells out of 200 encountered much stony
material in the drift would probably apply more
widely and perhaps generally. The larger stones in
the till include many of limestone as well as of gran-
ite, but limestone is rare on the surface.

Outwash and border drainage.~—With the etceptlon
of about 5 miles near Holloway, in western Swift
County, Minn., there is a continuous plain of sandy
gravel on the border of the Bigstone morainic belt
from the south end of. Big Stone Lake eastward along
the north side of the Minnesota Valley past the
Pomme de Terre River, and then northward between
the moraine and the Chlppewa River nearly to Cyrus.
The plain extends back in the reentrants in the mo-
raine to a distance of 6 to 8 miles from the Minnesota
River, and the space it occupies on the borders of the
Chippewa is still wider near Benson. The sandy land
extends 5 or 6 miles east from Benson on the border
of the East Branch of the Chippewa River, but it is
doubtful if this tract is to be included in the outwash
" from the Bigstone morainic belt. This outwash is

~ mainly fine sand with only a small number of peb-

bles. In places along the Minnesota River there is
gravel of medium coarseness, but even there sand
predominates over gravel. The Chippewa does not
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have a continuous belt of sandy land clear through
to the Minnesota, but flows in a narrow valley with
till in both bluffs for several miles along and near
the line of Swift and Chippewa Counties.

On the west side of the lobe there is a narrow strip
of outwash near Peever, S. Dak. It stands about 1,220
feet above sea level at the north end but falls below
1,200 feet within half a mile from the border of the
moraine. It drops down below the 1,200-foot contour,
and a swanmpy channel follows the moraine south-
ward past Peever. (See pl. 5.) A narrow line of
border drainage continues south to Whetstone Creek
and down its valley to the Minnesota River at the
south end of Big Stone Lake.

The writer has not examined the district outside
the moraine from Sisseton northward into North Da-
kota, and topographic maps of that district are not
yvet made. The east edge of the Coteau des Prairies
is near by on the west about to the North Dakota line,
and the Coteau rises several hundred feet above the
district traversed by the moraine. There may, how-
ever, have been southward drainage from the bend of
the Sheyenne River near Fort Ransom along the bor-
der of the ice to the border drainage line near Sisse-
ton. Upham ** advanced the view that the Sheyenne
entered a glacial lake in Sargent County, which he
termed Lake Sargent and which he thought might
at first have drained southwestward to the James
River Valley and later southeastward along the east
base of the Coteau des Prairies. He assumed that it
stood slightly above 1,300 feet when flowing to the
James River Valley but had a somewhat lower alti-
tude when diverted to the Minnesota. The descrip-
tions indicate that the interpretation was not based
upon field observations of sufficient detail to locate an

- outlet to the James River.

On the areal-geology map of the Tower quadrangle
in the Jamestown-Tower folio outwash sand and
gravel are represented as conspicuous along the Shey-
enne Valley for about 15 miles south from the north-
west corner of the quadrangle and as preserved in
patches farther south. The width is fully 5 miles in
the northwestern part of the quadrangle and the
deposits lie almost entirely on the east side of the

river. On the west side the Pierre shale carries a
very thin coating.

On the eastern or Minnesota side the outwash is
inconspicuous and the border drainage imperfect or
interrupted from a point near Cyrus northward nearly
to Fergus Falls. Narrow channels with more or less
associated sand and gravel connect Jolly Ann Lake
with Long and Stalker Lakes, in the northeastern part
of the Ashby quadrangle, and these continue in the

13 Upham, Warren, The glacial Lake Agassiz; U. S. Geol. Survey
Mon. 25, pp. 148-150, 1896.
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southwestern part of the Underwood quadrangle to
the Otter Tail River at the north end of Wall Lake.
There is here a gravel deposit not examined by the
writer that Upham ** described as a peculiar form of
osar (esker):

This osar is a ridge a third of a mile long, 30 to 35 feet
high in its northern half, and 15 to 20 feet high in its southern
half. At its south end, where it abuts on the higher area of
rolling till, the gravel contains boulders up to 2 or even 3 or 4
feet in diameter, but they are absent or very rare in its other
portions. The sides of this deposit have the very steep slope
characteristic of osars, but it has for the most part a level,
plateau-like top, several rods wide, unlike typical osars.

More or less gravelly drift with nearly flat surface
extends along the Otter Tail Valley for several miles
above the place where the outlet of Wall Lake enters
and continues to the Pelican Valley near Elizabeth.
There is also some outwash in the low strip traversed
by the Pelican Rapids branch of the Great Northern
Railway between Fergus Falls and Elizabeth.

There is but little gravelly drift or outwash along
the Pelican River between Elizabeth and Pelican
Rapids, though this was probably a line of border
drainage. Its absence is perhaps due to the lack of
free escape to the south for the border drainage. Some
deposits of pebbleless clay occur in the vicinity of
Pelican Rapids and suggest a ponding or slack drain-
age along that part of the ice border.

From Pelican Rapids northward past Pelican Lake
to Cormorant Lake and thence northeastward past
Detroit Lakes there is a belt of gravelly drift, 2 to 4
miles in width, which seems to have been laid down as
outwash from the morainic belt under discussion, but
parts of the surface have a surprising amount of un-
dulation, especially in the vicinity of Detroit Lakes.
This gravelly material is generally free from boulders
and thus seems to lack evidence of having been laid
“ down beneath the ice. The character of the material
is like ordinary outwash, and the deposit borders the
boulder-strewn moraine on the west after the fashion
of an outwash apron. There is also a considerable part
that has a flat surface similar to the ordinary outwash
plain. The writer has not yet been able to find a fully
satisfactory explanation for the rolling surface dis-
piayed by part of the deposit.

Only a small part of the strip of outwash that bor-
ders the moraine from northern Becker County north-
ward to Bagley was examined, but information as to
its presence and general width was obtained from per-
sons who have traversed the region and given some
attention to the character of the land. Most of it is
undeveloped brushy land rather difficult of access.
The part seen by the writer, along and near the Great
Northern Railway, is not filled uniformly with ou-

1 Upham, Warren, Geology of Minnesota, vol. 2, p. 550, 1888.
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wash. There are depressions, 20 feet or more below
the plain, which are as a rule poorly drained and in
places boggy. The same condition continues for a few
miles -northeastward from Bagley, the Clearwater
River being in a swampy depression next to the mo-
raine, east of which is a narrow strip of gravel plain.
The features seem to indicate that the border drainage
in this region was not free and open. _

From the vicinity of Leonard, where the morainic
belt turns eastward, there is a broad belt of outwash,
with only small areas of till included within its
general limits, extending past Bemidji Lake, Cass
Lake, and Lake Winnibigoshish to Ballclub Lake.
From a point near Bemidji eastward this belt is trav-
ersed by the Mississippi River, and that stream fol-
lows the north edge of the gravel plain from Cass
Lake eastward. The presence of these large, lake
kasins in the plain seems referable to the persistence
of blocks of stagnant ice during the building up of the
plain by glacial drainage among them. Perhaps the
general ice sheet did not melt away from Cass and
Winnibigoshish Lakes until this plain had been built.
The material varies greatly in coarseness, parts of it
being very sandy and other parts liberally supplied
with cobbles and finer stones. The sandy outwash
seems to terminate at Ballclub Lake, and the Missis-
sippi traverses a till tract from that lake nearly to
Grand Rapids. This limit of the sandy outwash is
probably due to a divergence of the course of the river
from that of the ice border. Although no definite mo-
raine was found north of Ballclub Lake, it is prob-
able that the ice border extended across that area and
past Jessie Lake. A sandy outwash plain covering
several square miles east and south of Jessie Lake was
probably formed by waters issuing from an ice border
on the west and north sides of the plain. Strips of
sandy gravel occur farther east in Itasca County, but
they do not line up in such a way as to show connec-
tion with a single position of the ice border. It seems
more likely that they were formed at various positions
of the ice border in the course of its recession at places
favorable for the escape of the water. This district
is complicated by the presence of moraines of red drift
that antedate the deposition of the veneer of gray drift
of the ice invasion under discussion.

The inner member of the Bigstone morainic belt in
southwestern Traverse County and northwestern Big
Stone County, Minn., is bordered in the vicinity of
Beardsley and southward from that place to Big Stone
Lake by a plain of sandy outwash gravel. It does not
extend west from Beardsley quite to the outlet of
glacial Lake Agassiz, there being a narrow strip of
t:ll next to the outlet, a little higher than the plain
of sandy gravel, as may be seen by reference to the

O Peever and Beardsley topographic maps. The out-
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wash plain 1s nearly 1,100 feet above sea level at
Beardsley but drops below 1,090 feet about a mile to
the southwest. A few small knolls 10 to 20 feet high
stand in the outwash plain in the southwestern part
of the Beardsley quadrangle.

Inner-border featwres—The southern part of the
district covered by the ice at the time it was forming
the Bigstone morainic belt is a till plain in which
basins are conspicuous features. Some of these line
up in such a way as to indicate that they may be along

the course of interglacial drainage lines that have been.

filled to irregular amounts by the Wisconsin drift.
Artichoke Lake is the longest, reaching about 5 miles,
but most -of them are 1 to 2 miles long. The present
drainage lines, the Chippewa and Pomme de Terre
Rivers, Mud Creek, and the southward flowing part of
the Mustinka River, seem to be along or nearly in line
with interglacial valleys that were only-partly filled
with Wisconsin drift. The effect of the wind and
waves on the small lakes has been to widen their mid-
dle parts and fill in the ends, so that they now have a
rounder shape than at first. Between these partly
filled interglacial valleys the surface of the till is in
general nearly smooth, but along the valleys it is in
‘1laces almost as irregular as a characteristic morainic
belt. It is not likely, however, that these valley strips
are to any great degree in line with the course of the
ice border, and they should not be mapped ds moraines.
. The topographic maps of the Herman, Barrett,
Chokio, and Morris quadrangles show the position of
many former lakes which- are now so filled as to be
mapped as marshes. Some of the lakes have been
drained- by deep ditches, and their beds are now under
cultivation to a slight extent. The Chokio topographic
map shops a multitude of small wet areas which con-
tain water only in the wet seasons. The depressions

-in which some of them lie seem to be getting more

definite rather than to be filling up, for when filled
with water the winds create waves that. carry mate-
rial from the deeper parts to the borders, and thus
tend to develop a basin with definite rim, where at first
there had been a barely perceptible depression.
Sardeson ** has indicated the probable position of
successive ice borders in the recession across the area
covered by the four quadrangles mentioned above. Of
these the first (“ice border A”) is along the inner or
west edge of the Bigstone morainic belt. He describes
this ice border as follows: :
As the margin of the ice melted back from the terminal mo-

raine water began to flow between it and the moraine, and
thus the course of Chippewa River was again established.

From the beginning the drainage line consisted rather of a -

chain of lakes along the ice front than of a stream valley.
Into this border-drainage belt streams from the melting ice

15 Sardeson, F. W., o. S. Geol Survey Geol. .Atlas, Herman-Morris
folio (No. 210), p. 7, fig. 10, 1919,

QUATERNARY GEOLOGY OF MINNESOTA AND PARTS OF ADJACENT STATES

brought gravel and sand, which was deposited along it. These
glacial outwash deposits are not continuous but lie in patches
evidently formed in succession along the valley. Those patches
that lie wholly on the east side of Chippewa River are in
general older than those that are crossed by it; those which
lie on the west side are, with one exception, still younger.
The patch at Sylvan Lake is evidently the first one formed,
and its highest or eastern part is oldest. The other patches
in succession down the valley were evidently deposited in like
manner, and the patch near Swan Lake Church, in the Morris
quadrangle, is evidently the youngest.

As the retreat of the ice border uncovered the basins in
front of it so that the stream could finally take the lowest
course between them, Chippewa River formed its present val-
ley. It flows in part over glacial outwash, in part between
the outwash and the till surface, and in part over till. The
effect of the ice front on the course of the stream appears
from the circumstance that no very great obstruction would
be necessary in several places to divert the stream from its
present course. Obstruction by an ice wall on the west side
of the valley must, in fact, account for the turning of the
stream into Peterson Lake instead of through Sylvan Lake to
Barrett Lake, or, again, for its not flowing through Elk Lake
to the Pomme de Terre. In the valley east of Hoffman only
the sweep of the border drainage prevented the entire obstruec-
tion of the valley, which would later have turned the river's
course into and through Elk Lake.

Sardeson also noted that the Pomme de Terre Val-
ley is a partly filled interglacial valley which was oc-
cupied by glacial drainage as the ice border withdrew
from it. He points out that the method of abandon-

"ment was somewhat different from that outhned for

the Chippewa Valley:

During its melting the ice withdrew first from the Chlppewa
Valley and later from the Pomme de Terre Valley. The gen-
eral direction of marginal retreat was at first from east to
west, so that the trend of the ice margin was from north to
south. Later, when the end of the lobe had melted back near
this area, the ice front retreated more rapidly along the south
border of the area than along the north border, so that the
trend of the margin shifted to a point west of south, * =* =
As the valley extends from north to south and as the trend

-of the ice margin had diverged toward the west, the valley -

was freed from ice gradually from south to north, so that
each part in turn received drainage and outwash from the

margin of the ice. The bottom of the valley is therefore occu-
pied by gravel and sand nearly continuously from south to
north.

The trend of the ice margin in successive positions is shown
by certain features of the deposit. Parallel ridges on gentle
slopes show where the margin stood while each ridge was
formed. In sections 26, 27, 34, and 35, Darnen Township, near
the south side of the Morris quadrangle, such ridges trend
N. 30° E., and similar ridges as far north as Pomme de Terre
Lakes show the same trend. Southeast of Barrett seven paral-
lel marginal positions, shown by ridges and slopes of the out-
wash, trend S. 20° W., or in the same direction ‘as the river
flows at the railway bridge. North of Barrett Lake the trend
of the ice margin appears to have been nearly due north.

" The drainage from the melting ice did not flood the whole
valley, but the glacial river followed a narrow course, in
places less than 500 feet wide, along the line of the present
stream. Part of this course coincides with the trénd of the
ice margin at the back of the outwash, as near the south side
of the Morris quadrangle; part lies between the front of the
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outwash and the east side of the valley, as near Morris; and
part lies across the outwash and through lakes and the basins
of former lakes now occupied by marshes and meadows. Some
of the original course of the glacial stream was later aban-
doned. An old course that was occupied by at least part of
the glacial river runs 4 miles southward from the southwest
end of Perkins Lake and joins the present rifer’s course. It
is obstructed now by an ice rampart at the lake shore, and
some such obstruction probably caused the diversion of the
glacial stream to the course which the river now follows.

The four ice margins outlined by Sardeson are to
some extent diagrammatic and are not generally
marked by definite morainic features. They merely
serve to show the general outline of the ice margin
at successive positions in the course of its retreat
across the area discussed. It is not unlikely, however,
that the position “B” was held by the ice at about
the time the inner member of the Bigstone morainic
belt was being formed near Beardsley and north of
Ortonville. Position “C” may perhaps be correlated
with one of the two slender morainic ridges that lie
just outside the basin of glacial Lake Agassiz in the
northeastern part of the Beardsley quadrangle and are
traceable nearly to Graceville, about 10 miles from
the west border of the Chokio quadrangle. There are,
however, slender moraines in the northwestern part of
the Barrett quadrangle and northeastern part of the
Herman quadrangle which may be correlative with
those of the Beardsley quadrangle, as shown more
fully below (p. 112), but complete tracing across the
interval of about 30 miles does not seem feasible. The
fact that they have a similar position, just outside the
limits of the Lake Agassiz Basin and at corresponding
heights above the highest shore, is thought to favor
the correlation. From the Barrett and Herman quad-
rangles northward these morainic ridges lie close
against the inner border of the Bigstone morainic belt
or are separated from it only by border drainage
channels, as indicated below.

On the west side of the lobe, in Traverse County,
Minn., and the northeastern part of South Dakota,
a narrow till plain lies between the Bigstone morainic
belt and later moraines. It falls in the Beardsley,
Peever, and New Effington quadrangles. (See pl. 5.)
The topographic maps with 10-foot contour intervals
clearly set forth the degree of slope and undulation,
compared with the features of the bordering moraines.

In North Dakota, from the south line to the Shey-
enne River, the later moraines are separated from
the Bigstone belt by only narrow strips of till plain
in part of the course and are merged with it in other
pmts From the Sheyenne River northward across
the Tower quadrangle there is a variety of features
1mmedmtely east of the Bigstone belt, or Alta Ridge,
as it is there termed by Wlllald Several eskers with
lengths ranging from a mile or two to several miles
run nearly parallel with the morainic belt, from north

111

to south. There are also scattered kames rising 15
tc 40 feet rather steeply above the bordering till plain.

.The eskers in places are associated with strips of

rather knolly till which are only a quarter to half a
mile in width. The eskers are narrow, sharp, winding
ridges of the ordinary esker type, 15 to 25 feet high.
The material in them is largely sandy gravel, but in
places they contain gravel suitable for highway use.
The kames also are valuable sources for road ma-
terial.’* " These appear to have been grouped by Wil-
lard, in part at least, with minor morainal deposits
shown on the areal-geology map of the Tower quad-
rangle in the Jamestown-Tower folio. The trend of
the eskers, parallel with the moraines instead of di-
rected toward them, is unusual, and their association
with knolly strips of till with the same trend seems
to call for some exceptional conditions in their de-
velopment, but what these conditions were is not
apparent.

MORAINES BETWEEN BIGSTONE MORAINIC SYSTEM AND
GLACIAL LAKE AGASSIZ

Distribution—In the course of the recession of the
ice border from the Bigstone morainic system to the
south end of the basin covered by glacial Lake Agassiz
one or more relatively weak moraines were developed,
which fade out without completing the loop at the
south end of the lobe. (See pls. 2 and 8.) On the
east side they die out in the northern part of the
Herman and Barrett quadrangles. On the west they
are traceable about to the south end of the lobe at the
east border of the Beardsley quadrangle. The writer’s
studies on the west side extended no farther north
than the Tower quadrangle.

In the Tower quadrangle a morainic belt 2 or 3 miles
wide runs southward past Buffalo and Alice, its border
being 1 to 2 miles east of the Maple River. It crosses
this stream near Enderlin and continues southward
to the Sheyenne Valley near the south line of T. 134 N.
and range line of Rs. 54 and 55 W., where the river
turns from an eastward to a northward course.

South of the Sheyenne River two weak moraines
set in whose combined bulk is scarcely as great as that
of the single morainic belt to the north. The outer
of these moraines passes through Milnor and, continu-
ing southeast, is crossed -by the Wild Rice River
3 or 4 miles below Ransom, in secs. 20 and 29, Herman
Township, Sargent County. It enters Richland
County from the southeast corner of this township,
passes between Sand Lake and Silver Lake, and comes
to the Bigstone moraine about 3 miles west of Lidger-
wood, N. Dak. It is banked against that moraine as far
east as Hankinson, a distance of 15 miles. It doubles "

18 Hard, H. A.,, A system of eskers and kames in eastern Barnes ’
County, N. Dak.: North Dakota Agr. Coll. Survey Sixth Bienn. Rept.,
pp. 39-42, 1913. .
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around the end of a spur of the Bigstone morainic belt
at this village and within a short distance to the south
becomes distinct again. Its course is southward from_
Hankinson to the line of North and South Dakota,
and its knolls and ridges are distinctly shown in the
northern part of the New Effington quadrangle (pl. 5),
in eastern Elma Township and western Greendale
Township, along the east side of a big slough that
served as a line of border drainage. The moraine
continues in a southeasterly course along the east side
of the stream that drains the big slough to a minor
early outlet of glacial Lake Agassiz, and crosses this
outlet just west of Rosholt, S. Dak. Its course is
thence southward to the middle part of Lake Traverse.
It splits into two members before reaching the lake,
and these appear across the lake in Traverse County,
Minn., the outer in eastern Windsor Township, and the
inner near the line of Walls and Lake Valley Town-
ships, some 5 miles to the northeast. The outer mem-
ber takes a curving course east and south through
southwestern Walls Township and eastern Parnell
Township and dies out in sec. 81, Tara Township.
The inner member runs southeastward across Walls
Township and the southwest corner of Croke Town-
ship into western Tara Township, where it also dies
out in a till plain.

In the Sheyenne Valley in Ransom County, N. Dak.,
an inner morainic strip runs southeastward across
Sydna Township to the Sargent County line. It is
very weak, as if water-laid, in Hall Township and
northeastern Herman Township, but after crossing
into Richland County it is well defined in its course
across Dexter Township to the north side of Swan
Lake, in Moran Township. It then becomes faint in
expression but seems to continue along the north side
of a swampy channel that runs eastward from Swan
Lake and connects with the big slough south of Han-
kinson, noted above. South of Hankinson it seems to
be combined with the outer member, whose course has
been outlined. It may find a continuation in the inner
of the two morainic ridges in Traverse County, Minn.
As indicated below, this inner moraine in Ransom and
~ Sargent Counties, where weak and water-laid, seems
to mark the position of the ice border at the time a
narrow glacial lake formed the Milnor beach, to which
Upham 7 called attention. The big slough that served
as a border drainage channel for the ice seems to have
Leen the outlet of the glacial lake.

The moraines that lie between the Bigstone morainic
belt and the shore of Lake Agassiz on the east side of
the ice lobe are traceable no farther south in Minne-
sota than the northern part of the Herman and Bar-
rett quadrangles. At the north they become merged

17 Upham, Warren, The glacial Lake Agassiz: U. S. Geol. Survey
Mon. 25, pp. 211-212, 223, 311-312, 1896.
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with the Bigstone belt, two of them near the line of
Grant and Otter Tail Counties and a third near Car-
lisle, in western Otter Tail County. These distinct
parts are entirely within the limits of quadrangles
that are covered by topographic maps with 10-foot
contour interval, on which the range in the altitudes,
relief, and general topographic expression are clearly
depicted.

The easternmost of these moraines follows the west
side of the Pomme de Terre Valley northward from
Barrett to Tenmile Lake, in southern Otter Tail
County, and has a definite outwash plain on its border.
Farther north the limits may lie along a chain of
lakes near the borders of the Ashby and Wendell quad-
rangles—Mineral, Swan, Chautaqua, and Pebble
Lakes—and thence along the Great Northern Railway
into Fergus Falls. There are slight deposits of gravel
along this line which may be outwash from the ice
border. Northward from Tenmile Lake this moraine
is combined with another on the west, and the com-
bined belt fills much of the strip between this chain
of lakes and the Mustinka Valley. It embraces the
moraine on the west side of Fergus Falls as far out
as the southward turn of the Otter Tail River. North-
west from Fergus Falls its western limits are near
the Pelican River and the chain of lakes south and
west of Carlisle. The western of these two moraines
is traceable southward past Elbow Lake about to Cor-
morant Lake but is rather vague and ill defined beyond
Elbow Lake. The topographic maps show that the
roughness of these moraines gradually becomes less to
the south, until they reach the smoothness of thé bor-
dering till plains. The ice border probably held its
position along the definite parts of the moraines while
making considerable recession over the district to the
south near the end of the ice lobe.

A weak moraine borders the west side of the Mus-
tinka River from the bend in southern Delaware
Township, Grant County, northward to the source of
the stream, about 5 miles southwest of Fergus Falls,
and then along the west side of the southward-flowing
Otter Tail River to the mouth of the Pelican River.
It continues in a northwest course along the west side
of the Pelican River to the vicinity of Lake Oscar, west
of Carlisle, beyond which it is combined with the
moraines east of it. Glacial drainage features, with
scattered deposits of outwash gravel, are found all
along the course just outlined, immediately east of
the moraine. The Otter Tail and Pelican Rivers at
this time found southward discharge through the
Mustinka, there being a distinct channel from the
Otter Tail to the head of the présent Mustinka in
scc. 29, Buse Township, Otter Tail County. The
course of the ice border beyond the bend of the Mus-
tinka may have been southward as far as Moose Island,
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as there is a narrow strip of sandy gravel along that
line which is probably outwash from the ice border.

From there the border probably turned southwestward

into Traverse County, with limits little if any outside
the extreme border of Lake Agassiz. A small area of
sandy gravel of outwash type is found on the borders
of Eldorado and Everglade Townships, Stevens
County, about 8 miles west of Donnelly, which may be
referable to this ice border. Bouldery strips just south
of Collis also probably fall in its course and mark the
south end of the ice lobe.

From Otter Tail County northward these moraines
probably form the western part of the great morainic
belt that runs across eastern Clay, northwestern
Becker, eastern Mahnomen, and southeastern Polk
Counties into Clearwater County. A later morainic
belt there comes in from the west and is more or less
raerged with this and earlier morainic belts thence
eastward past Red Lake.

South of the Otter Tail River there is a weak
moraine west of the one that fronts on the Mustinka
Valley. It lies west of Upper Lightning Lake and is
traceable southward about to Hereford. The Herman
beach of Lake Agassiz lies along its inner or western
slope. Its course and topography are shown on the
Wendell topographic map.

The continuation of the ice border southward from
Hereford is within the limits of Lake Agassiz. Cer-
tain features indicate that it ran along or near the
course of the Norcross Beach past Norcross to Dumont
and there turned northwestward past Wheaton and a
prominent tract northwest of Wheaton to the State
line, and thence past White Rock, S. Dak., into North
Dakota. The district immediately east and south of
this line has a general coating of fine sand and silt
over the till, but to the west and north there is so little
sand and silt that boulders on the till surface are
scavcely concealed. The appearance suggests that the
ice was covering the district inside this line while silt
and fine sand were being laid down in shallow water
outside the ice border. There is also near Norcross a
slight ridging of the till, with relief of about 10 feet
on the west and perhaps half as much on the east.
Boulders are not conspicuous on the till west of this
line in Grant County but are very numerous along
nearly its entire course in Traverse County and for
some distance northwestward into North Dakota.
Some of these boulders may have been dropped from
masses of lake ice around the head of the outlet of
Lake Agassiz, but it seems probable that a consid-
erable part, if not the major. part, were deposited
directly from the ice sheet. The distance to which
they extend both east and west from the head of the
outlet, as set forth on plates 2 and 5, is such as to call
for direct deposition from the ice sheet, for it seems
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unlikely that the drifting of lake ice toward the
outlet would have affected a strip 15 to 20 miles each
side of the head of the outlet.

The ice border in North Dakota probably extended
northwestward across southwestern Lamars, north-
eastern Greenfield, and central Waldo Townsh.ps,
Richland County, to the Wild Rice River at the bend
5 miles north of Hankinson. Here as on the Minne-
sota side there is a sandy deposit outside the line and
till at the surface inside of it along much of the way to
the Wild Rice River. The border may have followed
up this river to the vicinity of Wyndmere, beyond
which it is lost in a belt of sand dunes.

Topographic -features—The district traversed by
these moraines is largely covered by topographic maps
from latitude 47° southward on the Dakota side, and
from latitude 46° 45’ southward on the Minnesota
side. These maps serve to show the range in altitude
and the variations in topographic expression. On the
Dakota side the highest part barely rises above the
1,200-foot contour for a few miles in the vicinity of
Buffalo, N. Dak., and much of the district through
which the moraines pass lies between 1,100 and 1,160
feet. The morainic knolls and ridges are rarely over
40 feet high and more commonly 20 feet or less.
There are numerous small sharp knolls, covering but
a few acres each, and larger swells with gentle slope.
The map of the Tower quadrangle in the Jamestown-
Tower folio brings out the northwesterly trend of
the constituent ridges, diagonally across the course of
the moraine, which runs nearly north and south.

The Wyndmere topographic map shows the rela-
tively sharp contours of the outer moraine in north-
eastern Sargent County, knolls 20 to 40 feet high
being numerous. The inner moraine has scattered
knolls on a gently undulating strip in Dexter Town-
ship, Richland County, but elsewhere has very faint
expression. The highest knolls catch, the 1,120-foot

_ contour, but much of the surface is below 1,100 feet.

The narrow lake outside this moraine stood at about
1,100 feet.

In its course across the New Effington and White
Rock quadrangles (pl. 5) the inner moraine exhibits
definite morainic features, and knolls 20 to 30 feet high
are not rare. Strips of knolly land wind and interlock
and stand out in spurs, as may be seen by reference to
the contour maps. The part in Traverse County,
Minn., has a gentle swell and sag topography, in
which the swells are usually 20 feet or less in height.

The altitude on the east side of the district covered
by this ice lobe is greater than in corresponding lati-
tudes on the west side. The moraine that follows the
west side of the Pomme de Terre River from Barrett
northward has points 1,250 feet above sea level in the
vicinity of Barrett. Its altitude is generally between
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1,200 feet and 1,300 feet in its course through the Bar--

rett, Ashby, Wendell, and Fergus Falls quadrangles.
The moraines that lie west of this one are slightly
lower, but the innermost one, in° Western Township,
Otter Tail County, and Lawrence Township, Grant
County, is only about 1,100 feet above sea level. The
morainic expression on the east side is stronger than
on the west side from latitude 46° northward but is
similar to or weaker than on the west side south of this
latitude. Knolls and short ridges rise abruptly to

heights of 50 feet or more in many places in the Ashby,

Wendell, and Fergus Falls quadrangles. Basins and
small lakes are also more numerous than on the west
side, though not uncommon there. An examination of
the topographic maps will serve to make these points
clear.

In the part of western Minnesota not covered by
topographic maps the moraines have about as strong
expression as in the Ashby, Wendell, and Fergus Falls
quadrangles. An altitude of about 1,400 feet is
reached in southeastern Clay County, and the mo-
rainic belt falls largely between 1,300 and 1,400 feet
in much of its course across Clay, Becker, Mahnomen,
Polk, Clearwater, and Beltrami Counties. It has a
strong expression as far east as the vicinity of Nor-
thome, in southwestern Koochiching County, and its
highest part there is more than 1,400 feet above sea
level. A strong morainic belt lying between the two
parts of Red Lake may fall in this series, but it lies
more nearly in the line of a later moraine, as indicated
below (p. 116). ' ,

Character of the drift.—The drift in this moraine is
almost entirely a clayey calcareous till, both in the
Dakotas and in western® Minnesota, but a liberal
amount of the Cretaceous shale of the region is in-
corporated in it. The limestones of southern Mani-
toba are also well represented in both large and small
" blocks. There_ are many pebbles that show a remark-
able smoothness that seems to be the effect of polish-
-ing by clay, a feature that is found in the Keewatin
drift of earlier stages as well as of the Wisconsin.

There are a few kames or gravelly knolls in this
belt, but not so many as in the stronger morainic
belts outside. Gravel and sand beds are also inter-
bedded with the till deposits, so that wells of mod-
erate depth penetrate them and obtain water. In
some localities these beds seem to be at the base of
the Wisconsin drift, as there is a harder till reported
to underlie them. The Wisconsin drift appears to be
only 25 to 50 feet in depth. The older drifts thus em-
brace the greater part of the deposit. Rock is sel-
dom struck at less than 100 feet, and in places the drift
has been penetrated 300 feet or more without reaching
rock. It is probable that granite directly underlies
the drift in much of the Minnesota part, but Creta-
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ceous formations are present in Traverse County and
throughout the Dakota part. .

Boulders are not so numerous as on some of the

stronger moraines, yet they are sufficiently abundant
to supply residents with foundation stones for build-
ings and other masonry. . They are mainly granite,
and most of them are less than 2 feet in diameter.
- Outwash dnd border drainage—Narrow channels
run from lake to lake along the chain of lakes that
lies just outside the outer moraine of the series under
discussion and seem likely to have been developed by
the border drainage. The Otter Tail River seems also
to have discharged past this chain of lakes at that
time, along or near the line of the Great Northern
Railway from Fergus Falls to Pebble Lake. It flowed
at an altitude just above 1,200 feet. The channel from
Pebble Lake to Chautauqua Lake is at about 1,220
feet. Only a modern beach separates Chautauqua
Lake from Swan Lake. A definite channel at about
1,200 feet leads from Swan Lake to the Pomme de
Terre River at its bend in sec. 5, T. 131 N, R. 42 W.
The course of the drainage was then down the Pomme
de Terre to the Minnesota.

When the moraine that lies west of the Mustinka
was being developed the Otter Tail River and border
drainage from the country as far north ds the chain
of lakes west of Carlisle passed into the Mustinka at
its head, at an altitude about 1,120 feet, a bench mark
in the midst of the valley near the present divide be-
ing at 1,122 feet. The southward descent along this
valley is very gentle, being only 20 feet in 15 miles, to
the south border of the Wendell quadrangle. Slight
deposits of outwash or sandy gravel occur in the val-
ley at a few places, but it is mainly a mucky bed. The
same is true in the part above the bend in the Herman
quadrangle. There are outwash deposits farther south
which stand a little higher than those along the Mus-

‘tinka and which may have been deposited during the

recession of the ice border to the position along the
west side of the Mustinka Valley. They lie east of
Moose Island and extend north for 6 miles in a strip
nearly half a mile wide. Their altitude is 1,100 to
1,110 feet; those along the Mustinka a few miles north
stand at slightly less than 1,100 feet.

The border drainage connected with a later weak
moraine in Western Township, Otter Tail County,
and Lawrence Township, Grant County, is above the
1,080-foot contour in much of its course south from the
Otter Tail River and so is nearly at the level of the
highest shore of glacial Lake Agassiz. The border of
the ice at that time probably passed into the Lake
Agassiz Basin near Hereford. By that time Lake
Agassiz was occupying the extreme south end of its
basin and its waters may have extended along the ice
border as far north as Hereford. This moraine is
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distinct from earlier ones only from the Otter Tail
River southward. It is probable that the Otter Tail

took a southward course along the line of border drain-
age just described while this moraine was being made..

As soon as the ice border had melted back a mile or

so from the moraine the Lake Agassiz waters prob--

ably extended to the present river in the southern part
of Orwell Township (T. 132 N., R. 4¢ W.), Otter Tail
County. . A

On the west side of the ice lobe the border drainage
in the Tower quadrangle appears to have followed the
course of the Maple River southward as far as Ender-
lin, N. Dak., and then to have taken a southwestward
course to the Sheyenne River, as indicated on maps in
the Jamestown-Tower folio. At the time the later
of the two moraines was formed in the district south
of the Sheyenne River there was border drainage
through Lakeé Milnor and its outlet clear to the Minne-
sota Valley. But so definite a line of escape when the
earlier moraine was being formed has not yet -been
recognized. Perhaps waters were ponded in the Maple
River drainage basin at that timeto a sufficient height
to find discharge through the Bigstone morainic belt
and thence into the Minnesota Valley. The present
writer’s studies in that region have been too slight to
warrant more than this suggestion.

A channel or drainage course in northwestern Big
Stone County, Minn., that heads near the outer mo-
raine, about 3 miles northeast of Barry, and runs
westward past that village to Fish Creek and thence
to Big Stone Lake probably carried the drainage from
the south end of the ice lobe. Erosion features set
in directly west of Barry. At and east of Barry there
was some deposition of sandy material. Its features
are well shown on the Beardsley topographic map.
(See pl. 5.) The head of the channel is 1,100 feet
above sea level, but there are places nearer the mo-
" raine that are slightly below that altitude and prob-
ably were occupied by ponded waters. The width
of the channel is less than a quarter of a mile in much
of its course. It is thus small compared with the
outlet of Lake Agassiz but is about as large as the one
along the Mustinka River, described above.

There are small lines of drainage outside the mo-
raine in the New Effington quadrangle (pl. 5) where
the streams seem to have been short-lived. One of
these branches off from Big Slough just south of the
line between North and South Dakota, runs past New
Effington and comes to Cottonwood Slough near the
south side of the quadrangle. The present divide in
it is a mile north of New Effington and is below the
1,090-foot contour. The descent is very slight to the
south, for the channel remains above the 1,080-foot
contour for 5 miles and probably entered Cottonwood
Slough at nearly 1,080 feet, the outflow from Lake
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Agassiz having cut the slough down at least 50 feet
in that vicinity. There is a slight northward descent
from the divide to the junction with Big Slough, but
the channel seems to have been occupied for its entire
length by a southward flowing stream. The general
width of this channel, as shown on the New Effington
map, is fully a quarter of a mile, but its depth is only
about 10 feet.

Between Cottonwood Slough and the south end of
the channel just noted is a smaller one that branches
off from the west bluff of Cottonwood Slough in sec.
8, Harmon Township, and comes back to it near the
line of secs. 24 and 25, Hart Township, Roberts
County, S. Dak. It is just below the 1,080-foot con-
tour and serves to show that when the Lake Agassiz
outlet began work in cutting this channel the bed was
nearly 1,080 feet above.sea level, and it was cut down
to a little below 1,030 feet at the time the Lake Agassiz

_waters ceased flowing through it. The course of this

short-lived channel is shown on the New Effington
map.

ERSKINE MORAINE AND ITS PROBABLE CONTINUATIONS

Eatent—The moraine to which the writer applies
the name Erskine is well defined in the vicinity of
Erskine, Polk County, Minn., outside the limits' of
Lake Agassiz but obscure where deposited in the lake.
(See pls. 1 and 3.) Erskine stands near the place
where the morainic belt makes an abrupt turn from an
eastward course to a north-south course and where it
is exceptionally prominent. The part in Polk County
was examined both by Upham * and by Todd,* but
neither of them gave it the course beyond this county |
that it seems to the present writer to have. The part
south from KErskine is described first, and then the
probable continuation toward the east. h

The moraine runs southwestward nearly to Fertile
and is spread over a width of 5 or 6 miles, its inner
border being at Maple Lake and its outer border near
Gossen. The moraine turns to a course slightly east
of south before reaching Fertile and crosses the north-
eastern part of Norman County, keeping just outside
the highest beach of Lake Agassiz. This part is well
defined and has a width of 2 or 3 miles. Farther
south it is very feebly developed for 5 or 6 miles in
the vicinity of the Wild Rice River, perhaps because
of local ponding there, as shown by a silt deposit over
the till on each side of the river. The moraine again
becomes well defined in the southern part of T. 144
N., R. 43 W., and runs southward past Flom into the
northwest township of Becker County. It there
swings westward and crosses the Northern Pacific

18 Upham, Warren, Geology of Minnesota, vol. 4, p. 133, 1899; U. 8.
Geol. Survey Mon. 25, pl. 17, 1896.

1 Todd, J. E., Geology of Minnesota, vol. 4, pp. 104-108, 142-143,
fig. 9, pls. 62, 64, 1899,
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Railway 2 or 3 miles south of Ulen. It comes to the
shore of Lake Agassiz directly west of Hitterdal, in
the southern part of T. 141 N., R. 45 W. The course
from that point southward is just inside the limits
of the glacial lake. It is marked by a steep rise from
a lower tract on the west, but does not have similar
relief on the east. There are places a few miles north
of Barnesville where it comes up to the level of the
highest beach and carries that beach on its crest.
From the vicinity of Barnesville it bears west of
south as a faint and barely visible swell into northern
. Wilkin County. From Deerhorn Creek, in the central
part of T. 136 N., R. 46 W., it bears southwestward
to the Red River Valley a few miles north of Wahpe-
ton, N. Dak. It continues southward on the west
side of the Red River as a bouldery strip about to
Wahpeton and then swings westward at what appears
to be the terminus of the ice lobe.

There is very little to show the position of the ice
border in this water-laid portion but is probably
passed near Mooreton, N. Dak., and followed up the
east side of Antelope Creek to the edge of a higher
plain, which Upham 2° termed the Sheyenne delta, and
thence along its base northwestward from Walcott
across the Sheyenne River into southern Cass County,
N. Dak. It seems likely to have been merged with
earlier moraines from Alice northward, where it was
deposited on the land outside the limits of Lake
Agassiz. The higher plain to which Upham gave the
name Sheyenne delta is discussed in connection with
the features of Lake Agassiz (pp. 126-127). The
abrupt border which it presents in northern Richland
County and southern Cass County may be due in large
part to the presence of the ice sheet there while it was
being built up.

East of Erskine, Minn., the moraine is well defined

as far as the line of Polk and Clearwater Counties and
lies immediately outside the highest beach of Lake
Agassiz. Thence to the southwest border of Red
- Lake no definite morainic ridge is present. The alti-
tude is rather low for several miles on each side of the
Clearwater Valley, and probably the ice here termi-
nated in ponded waters. Well-defined morainic fea-
tures set in at the eastern edge of Clearwater County
and border the south side of Lower Red Lake closely
as far east as Redby. East of Redby there is some
uncertainty as to how much should be correlated with
the Erskine moraine. Strong morainic features ap-
pear in a belt several miles wide running southeast-
ward past Nebish and Blackduck, but this morainic
belt may be older than the Erskine. It seems on the
whole quite as probable that the ice border made a
swing around the east end of the Lower Red Lake
Basin and had a reentrant between Upper and Lower

2 Upham, Warren, U. S. Geol. Survey Mon. 25, pp. 189, 315-317,
pl. 28, 1896.
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Red Lakes, there being a strong morainic belt between
these lakes that may be interlobate. On this interpre-
tation the ice border finds its continuation eastward
on the north side of the Battle River. For a few
miles it stands below the highest beach of Lake Agas-
siz, but it rises above the lake level about 3 miles north-
west of Kelliher. Thence it runs eastward past
Gemmel. Morainic features are well defined for sev-
eral miles both east and west from Gemmel, but they
fade out near the ninety-fourth meridian. Some 15 to
20 miles farther east, in the vicinity of Effie, morainic
features again become definite and continue eastward
across the Bigfork River and along the north side of
the Deer River past Deer Lake. In this district, how-
ever, the red drift has morainic expression, and there
is some uncertainty as to the extent to which the
morainic features are due to the gray drift. The alti-
tude also is higher in the belt running eastward from
Tffie than in the one at Gemmel. It is not improbable,
therefore, that the ice border eastward from the ninety-
fourth meridian had a position farther north than the
moraine that runs east from Effie. Perhaps it kept
cn the north side of Caldwell Creek as far as the bend
in T. 65 N., R. 26 W., and thence passed northward
toward Littlefork village. It is scarcely feasible in so
sparsely settled and heavily wooded a district to trace
ill-defined marginal belts, and the above statements
are merely suggestions as to possible continuations.

Topographic features—1In the part outside the lim-
its of Lake Agassiz and of places where local ponding
seems to have occurred, the moraine ordinarily con-
sists of small sharp hummocks, from 10 feet or less
to 25 feet or more in height. A few knolls reach
heights of 50 to 60 feet. In the water-laid part the
surface is nearly free from hummocks, and only a
smooth ridge of very gentle slopes is to be found. In -
places the ridge is lacking, but a strip of boulders
marks the course of the ice border. In the district
east of the ninety-fourth meridian the gray drift gen-
erally masks the red-drift topography, and its own
features are difficult to make out. ’

Character of the drift—Along much of its course
in Polk County and northeastern Norman County,
Minn., the Erskine moraine contains considerable sand
and gravel. In some places a thin veneer of gray till
covers a nearly pebbleless sand. It is the sand rather
than the overlying till that gives the hummocky topog-
raphy. Some of it looks like dune sand and suggests
the view that at a time of ice recession prior to the
advance to the position marked by the moraine the
sand had been drifted into dunes, perhaps from the
border of a temporary local lake held between the ice
and the higher land outside.

In the moraine along the south side of Lower Red
Lake and also in that between Upper and Lower Red

"Lakes considerable sand and gravel are interbedded
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with the till. The sand and gravel are thus abundant
throughout most of the well-defined part of the mo-
rainic belt.

In the water-laid part there is generally a clayey
till with very little associated sand and gravel. In
places a thin cover of sand has resulted from sub-
sequent lake deposition. Such deposits have usually
o thickness of only a few inches and rarely over 5
feet. Upham ** has, however, mapped parts of this
moraine with such a sand cover as thick delta deposits
in Lake Agassiz, a conspicuous example being the
“ Buffalo delta,” near Muskoda. On the area thus
mapped the sand is scarcely 5 feet thick and in places
is too thin to cover the boulders of the underlying
moraine. The “ Sand Hill delta,” near Fertile, also
has very little true delta material. There is, however,
enough sand to supply material for small dunes.
These features are more fully treated in the discussion
of the beaches of Lake Agassiz (pp. 126-127).

HOLT MORAINE

The moraine to which the writer applies the name
Holt, from a village in Marshall County that stands
on it, lies within the limits of the glacial Lake Agassiz
and thus was deposited in ponded water. Under this
condition it would scarcely be expected to have much
topographic prominence. (See pls. 1and 3.) Yet its
course is not difficult to trace for 100 miles or more,
from Lake of the Woods County west and south to
southern Polk County. It forms a belt several miles
in width and thus seems to mark a long stand of the
ice border. The moraine forms the border of an ice
lobe that apparently projected southward in the basin
of the Red River at least to northern Norman County.
A bouldery strip there is thought to mark the terminus
of the ice lobe.

At its northeast end this moraine becomes a definite
feature in the southeastern part of T. 159 N., R. 33 W,
about 20 miles south of the Lake of the Woods. To
the east there is a lower tract drained by the Rapid
River. It is probable that the ice at this time doubled
around the east end of the moraine and extended
southward perhaps to Upper Red Lake. The moraine
between Upper and Lower Red Lakes may have been
formed at this time. There is also a strip with here
and there a morainic aspect that leads from Upper
Red Lake eastward to the Bigfork Valley just below
Big Falls, Koochiching County, and is represented to
the northeast by ridges at Wisner and Happyland and
a more conspicuous strip from Nakoda to Interna-
tional Falls. If this correlation with the Holt mo-
raine proves correct, the ice lobe had a decided pro-
trusion into the Rainy River Basin as well as that of

2 Upham, Warren, U. 8. Geol. Survey Mon. 25, pp. 290-292, 1896.

- 2 Johnston, W.
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the Red River, for, as determined by Johnston,** the
border of the calcareous till bears northwestward from
International Falls. The features from Upper Red
Lake to International Falls constitute a less definite or
less continuous ridging than the Holt moraine but are
the only ones found that seem at all likely to be
correlative with it.

The Holt moraine seems to underlie a series of
beaches of Lake Agassiz in T. 159 N., Rs. 33, 34, 35,
36, and 37 W., and T. 158 N., Rs. 38, 39, and 40 W.
The gravelly beach ridges and associated sand dunes
are the conspicuous features of the surface, but the
high altitude of this area seems due to the presence of
a morainic ridge. One of the shore lines, in secs. 22,
23, and 24, T. 159 N., R. 35 W, is thickly set with
boulders, at an altitude of 1,270 to 1,280 feet, and it is
probable that till immediately underlies the beach
there. The highest beach in that area is about 1,290
feet above sea level and the highest dunes are slightly
above 1,300 feet.

Near Thief Lake, in northeastern Marshall County,
till comes to the surface and the moraine swings
around from a westward to a southward course. The
moraine parallels the Thief River on the west from
Thief Lake to the junction of this stream with the Red
Lake River at Thief River Falls and thence holds a
similar relation to the Red Lake River southward
nearly to Red Lake Falls. There it is crossed by the
Red Lake River as the stream turns westward. South
of the river*it continues in a course slightly west of
south, with some prominence above the district west
of it, past Benoit and Melvin about to the Sandhill
River, where it ceases to have topographic distinctness.
The course of the border of the ice lobe farther south
and west seems to be along a bouldery strip that runs
westward across northwestern Norman County to the
Red River, as noted by Upham.?® The present writer,
however, does not follow Upham in referring the
bouldery strip to the Fergus Falls moraine or the
“Leaf Hills moraine.” It seems referable to a much
later time than those moraines.

It is probable that the ice border on the west side of
the lobe at the time the Holt moraine was formed
had about the position shown by Upham ** along the
east side of the Goose River and the east edge of what
he termed “ Elk River delta ” northward to Pembina
Mountain and thence along the base of that escarp-
ment into Manitoba.

The altitude of this morainic belt ranges from
slightly less than 1,300 feet in Lake of the Woods
County to about 900 feet in the axis of the Red River

A., Rainy River district, Ontarlio: Canada Geol.
Survey Mem. 82, 123 pp., map, 1915,

23 Upham, Warren, U. S. Geol. Survey Mon. 25, pp. 165-166, pl. 19,
1896.

2 Idem, pl. 19.
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Basin. It drops below 1,200 feet near Thief Lake
and is below 1,100 feet from Red Lake Falls south-
ward. At the Sandhill River it is less than 1,000 feet.
The morainic strips to the east of the Red Lakes are
usually within 10 or 20 feet above or below the 1,200-
foot contour. The surface of Upper Red Lake is 1,175
feet above sea level, and it is a very shallow body of
water. There is thus very little range in the interval
between Upper Red Lake and International Falls.
The most conspicuous drainage effects produced by
this moraine are the control of the Thief and Red
Lake Rivers in their southward courses on its outer
border, on the east side of the ice lobe, and the south-
eastward course of the Goose River in North Dakota,
on the west side of the lobe. Yet the relief above the
plains traversed by these streams is only 10 to 20 feet,

and part of this is due to the lake deposits that cover

considerable parts of the morainic belt.

Where the moraine is not coated with lake deposits
it is as a rule thickly strewn with boulders, notably
from Red Lake Falls southward. The boulders are
mainly of granite, derived in all probability from the
country east of the Lake of the Woods. The till is
thickly set with limestone pebbles, not only in the
part southwest of Beltrami County but also in that to

“the east, clear to International Falls.

The thickness of the drift appears to be very great
from Lake of the Woeods County southwestward, in
places over 400 feet. But from the Bigfork River to

International Falls the rock comes to the surface at

short intervals. The drift, however, may have consid-
erable thickness at intervening points.

The following record of a test boring made by the
city of Thief River Falls serves to illustrate the great
thickness and the variability of the drift in this part
of anesota

Recm'd of boring at Thief River Falls

[Altitude 1,133 feet]

Feet
Sand - ___________________ -—— 8
Blue clay_ 5
Till, rather hard.___ - - - 65
Muddy sand and clay____ —_— - —— 387
Till, rather hard _____ I _ .- 65
Quicksand ___ . ____ o e_______ 10
Till, rather hard . _______ . __ o ____ 130
Quicksand._ - [ 15
Till, rather hard__. I 63
Quicksand _ - — 3
Till, rather hard___._______ e 34
Quicksand.__ S — 10
Till, rather hald _______________________________________ 17

Granite at 462 feet ; altitude of rock surface, 671 feet.

In the bluffs of the Red Lake River near Red Lake
Falls there is considerable nearly pebbleless blue
gummy clay that covers the more stony till to a depth
ranging from 5 to 15 feet or more. It was formed
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before the lake sand and gravel were spread out over
the surface and thus seems likely to have had some
connection with the melting ice sheet. The fact that
the ice border terminated in water of considerable
depth in this district may account for the very gummy,
clayey character of the deposit, but the writer does not
feel certain of the interpretation. -The deposit seems
to be of very small extent. The till is generally more
stony and shows a pebbly concentrate where washed
by the waves between the shore lines.

This moraine is probably the catchment area for
a flowing-well district on its north slope south of
Lake of the Woods, in the vicinity of Swift, Roose-
velt, and Williams. The wells are sunk to depths
ranging from about 60 feet to 120 feet or more. They
go largely through till and obtain water in 1nter- '
bedded sand and gravel

The ridges between the Red Lakes and the Bigfork
River consist mainly of sand and gravel, so far as
exposed above the level of bordering swamps. But
from the Bigfork Valley northeastward to Inter-
national Falls the ridges consist mamly of calcareous
clayey t111

MINOR MORAINIC RIDGES IN KITTSON COUNTY, MINN.

There are two till ridges in Kittson County, Minn.,
that seem likely to have been developed as ice-border
features. (See pls. 1 and 3.) One of them sets in
about 4 miles south of Bronson and runs southward
for fully 10 miles, its south end being about 2 miles
south of the Kittson-Marshall County line. It is
about a mile in width and stands 10 to 20 feet above
the plains on each side. It is liberally strewn with
boulders and a clayey till comes to the surface at
numerous points along its course. The plains on each
side have a heavier co‘ating of sandy lake-deposited
material.

The other ridge begins near the Manitoba-Minne-
sota boundary about 12 miles east of the Red River
and runs south-southeast for 7 or 8 miles, its southern
terminus being about 2 miles southeast of Orleans,
Minn. This ridge is scarcely half a mile in average
width but is a distinct feature. It rises 15 to 20 feet
above the border plains and its surface is thickly set
with boulders. Stony till forms the body of the ridge.
There is also till near the surface on the bordering
plains. That on the east has more sand associated
with it than that on the west. Within a short distance
to the west a thicker deposit of lake clay sets in which
so conceals the underlying till that it is exposed only
along the valleys. This lake clay is a conspicuous de-
posit for 10 to 15 miles east of the Red River south-
ward from the international boundary across Kittson,
Marshall, Polk, and Norman Counties, and it has
a similar extent on the west side of the river in
northeastern North Dakota..
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GLACIAL LAKE AGASSIZ
EARLY OBSERVATIONS AND INTERPRETATIONS

Evidence of the former presence of a great lake in
the Red River Basin was noted in 1823 by Keating *°
and in 1848 by Owen,*®* who recognized Pembina
Mountain as the shore of the great lake. Its presence
in Canada was noted by Palliser ¥ in 1857, by Hind **
in 1858, and by Dawson #* in 1873. Dawson’s report
carries detailed notes made along the part of the in-
ternational boundary between the Lake of the Woods
and Pembina Mountain. The outlet of the ancient
lake through Lake Traverse, Big Stone Lake, and the
Minnesota River was first described by Warren *° in
1868. It was in commemoration of the valuable work
done by Warren along the Minnesota Valley that Up-
ham 3 named the outlet of Lake Agassiz the River
Warren. That Lake Agassiz was a glacial lake held
up by an ice barrier appears to have been first pointed
out by Winchell ¢ in 1873. The shore lines of Lake
Agassiz were made the subject of several years’ study
by Upham.%® : :

CHARACTER AND EXTENT OF PRESENT STUDIES

The present writer’s studies of the features of Lake
Agassiz extended over the entire width of the lake
bed from its south end northward to latitude 47° and
embraced the small strips outside the Herman beach
of Lake Agassiz that were occupied by short-lived
lakes immediately adjacent to the ice sheet while its
border was still about as far out as the limits of the
bed of Lake Agassiz. The results of the studies in the
Dakotas are briefly set forth in an earlier paper.®*
The results of joint studies by Leverett and Sardeson
in the Herman and Chokio quadrangles in Minnesota
ave presented by Sardeson ®® in the Herman-Morris
folio. :
The full extent of Lake Agassiz in Minnesota and
the distribution of such beaches as have been mapped
are set forth on the maps of the surface formations
of Minnesota by Leverett and Sardeson which accom-

2 Keating, W. H., Narrative of an expedition to the source of St.
Peters River, Lake Winnepeek, Lake of the Woods, etc., performed in
the yenr 1823, vol. 2, p. 3, London, 1825.

2 Owen, D. D., Report of a geological survey of Wisconsin, Iowa, and
Minnesota, p. 178, Philadelphia, 1852,

o Palliser, John, Journals, detailed reports, etc., presented to Parlia-
ment, 1863, p. 41.

2 Hind, H. Y., Report on the Assinibolne and Saskatchewan exploring
expedition, pp. 89, 40, 167, 168, Toronto, 1859.

2 Dawson, G. M., Report on the geology and resources of the region
in the vicinity of the forty-ninth parallel, from the Lake of the Woods
to the Rocky Mountains, p. 245, Montreal, 1875. '

% Warren, G. K,, Chief Eng. Ann. Rept. for 1868, pp. 307-314.

% Upham, Warren, Am. Assoc. Adv. Sci. Proc., vol. 32, p. 231, 1884.

& Winchell, N, H., Minnesota Geol. and Nat. Hist. Survey First Ann.
Rept., p. 63, 1873.

88 Upham, Warren, The glacidl Lake Agassiz: U. S. Geol. Survey
Mon. 25, 858 pp., 1896. ’

8 Leverett, Frank, Early stages and outlets of Lake Agassiz: North
Dakota Agr. Coll. Survey Sixth Bienn. Rept., pp. 17-28, 1913.

8 Sardeson, F. W., U. S. Geol. Survey Geol. Atlas, Folio 210, 1919.
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pany Bulletins 12, 13, and 14 of the Minnesota Geo-
logical Survey, revised and reproduced here as Plates
1 and 2. The mapping is necessarily incomplete in
the wooded northern part of the State, but it is thought
that the extent of the Lake Agassiz waters has been
approximately determined. There are some areas in
the unsettled northern part of Minnesota that seem
to have been ponded before the ice had retreated far
enough for the main body of water to have ingress to
that district. This ponding seems to have reached
higher levels than were reached by the main water
body. But in the present poor state of accessibility
it will scarcely be feasible to clear up fully the relation
of these earlier lakes to the body of water to which
the name Lake Agassiz is applicable.

Inasmuch as Upham gave most of his attention to
the highest beach of Lake Agassiz, the lower shores
are incompletely mapped in the plates accompanying
his report. The present writer’s work was not suffi-
ciently detailed to map all the beaches and bars, but
he has brought the series to much fuller representa-
tion in the maps here presented as Figures 15-21.
Upham’s studies were extended only as far east in
northern Minnesota as the vicinity of the Red Lakes,
so the mapping farther east and north is almost
entirely the work of the present writer. A reconnais-
sance of several counties of northwestern Minnesota
by Todd *¢ gave some data on shore lines that do not
appear in Upham’s report. It was Todd who found
evidence that Upham’s “ Beltrami Island,” north of
the Red Lakes, was not an island at the highest stage
of the lake but carries bars and beaches of the lake
on its highest part. The mapping of these lake fea-
tures was carried into some detail by the present
writer. The Campbell beach was found to have a
somewhat different course in northern Minnesota than
Upham had represented, and it was mapped in some
detail clear through to the international boundary.
Its course in the district east of the Lake of the Woods
in Canada was mapped at the same time by W. A.
Johnston, of the Canada Geological Survey, and field
conferences were held with him during the mapping

-on both sides of the boundary. Johnston?®" later

mapped the Campbell beach around an island that
stood above it in southeastern Manitoba, on the west
side of the Lake of the Woods. Its extent is shown
on the map of the Campbell lake stage, Figure 15.
This beach, as interpreted by Johnston,*® marks a re-
turn of the drainage of Lake Agassiz to its southern

% Todd, J. E. Geology of Minnesota, vol. 4, pp. 106-110, 123-126,
149-150, 1899. .

37 Johnston, W. A., Winnipegosis and upper Whitemouth River areas,
Manitoba ; Pleistocene and Recent deposits : Canada Geol. Survey Mem.
128, pp. 29-31, 1921, .

3 Johnston, W. A., The genesis of Lake Agassiz; a confirmation:
Jour. Geology, vol. 24, pp. 625-638, 1916 ; Records of Lake Agassiz, in
southeastern Manitoba, and adjacent parts of Ontarlo, Canada: Geol.
Soc. America Bull., vol. 28, pp. 145-148, 1917.
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outlet after the lake had been temporarily drained
eastward and this temporary outlet had been closed by

"a readvance of the ice sheet.

PONDING NORTH OF MESABI IRON RANGE PRIOR TO
FORMATION OF LAKE AGASSIZ

Evidence that ponding occurred in front of the re-
ceding ice sheet in the district north of the Mesabi
range was noted by Winchell > who gave a series of
names to what he conceived to be a group of lakes.
One of these, “ Lake Norwood,” had an outlet through
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FIGURE 14.—OQutlet of glacial Lake Norwood across Mesabi iron range

the Mesabi range where the Embarrass River now
passes through it in St. Louis County. (See fig. 14.)
This lake was thought to have been formed at an early
stand of the border of the Patrician part of the ice
sheet and to have been a small body of water, only 25
miles long from east to west, lying south of the Ver-
milion moraine. It was. Winchell’s conception that
when the ice sheet receded to the north of that moraine
water ponded in other places to the east found passage
to “ Lake Norwood ” and discharged through its out-

% Winchell, N, H., Glacial lakes of Minnesota: Geol. Soc. America
Bull,, vol. 12, pp. 125-126, 1901,
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let. It was not known at that time that the Keewatin
part of the ice sheet caused ponding in the district
occupied by these lakes after the Patrician part had
receded from it. The only available outlet for the
ponded waters through the Mesabi range seems to be
that used by Winchell’s “Lake Norwood,” and the
name ‘“Lake Norwood” may be applicable to the
water held by the Keewatin ice, as well as to that held
by the Patrician.

The altitude of the outlet 1s 1,375 feet where the
Embarrass River utilizes it in crossing the Mesabi
range. As some northward differential uplift has
occurred in the ponded district the evidence of pond-
ing will be found up to altitudes corresponding to this
uplift. East of Pelican Lake, near Orr station, a
gravelly bar apparently produced by the ponded water
was found at an altitude of 1,420 feet, and there is a
general appearance of wave washing in that vicinity
to a corresponding level. This is 60 feet higher than
the highest beach that seems referable to Lake Agas-
siz. The outlet is a capacious one, adequate for the
discharge of a large lake, being from a third to half
a mile wide in the passage through the Mesabi range.

Much of the district between the Embarrass River
and the southeast end of Vermilion Lake is consider-
ably above the level of the bed of the outlet where it
enters the Mesabi range. Unless the outlet was cut
down to a corresponding amount during the ponding
there would have been only narrow strips of water in
this district. Before the ponding ceased, or before
Vermilion Lake took its present northward discharge,
there appears to have been a narrow outlet to the south
to the Embarrass River. It followed the Pike River
(veversed) to a point within 3 miles of the Embarrass
River and then opened a passage to that river across
secs. 30, 31, and 32, T. 60 N., R. 15 W., and sec. 5,
T.59 N, R. 15 W. At that time the water level in the
Vermilion Lake district was 1,400 to 1,405 feet above
sea level, as shown by a distinct shore line well dis-
played in the vicinity of Tower. This is 40 feet above
the present level of Vermilion Lake. The surface
of the peaty deposits in the channel that connects the
Pike and Embarrass Rivers is slightly above 1,400
feet, but the bottom of the peat or bed of the channei
is below 1,400 feet and in harmony with the broad
floor of the Embarrass Valley.

- Vermilion Lake has a shore line at about 1,380 feet
above sea level, or 20 feet above the present level of
the lake. This altitude seems a little too low for the
lake to have had connection with the outlet to the
Embarrass Valley. Whether it was held to this height
by a barrier in the line of its present northward out-
let has not been determined. Perhaps it found dis-
charge into the Littlefork Valley, either through a
swamp that leads west from the Pike River in secs.
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17 and 18, T. 61 N., R. 16 W, or through some other ’ to give a passage for water from the south bend of the
of the low passages that connect the Vermilion Basin | Sheyenne River southeastward to the head of the Mil-
with the Littlefork lowland. Winchell *° gave to this I nor outlet near Hankinson, N. Dak. (See figs. 15 and
lake stage the name
“ Onnamani,” the In- —x
dian name f’or Vermil- e é} Wereipe e,
ion, and suggested o9y
that it drained west to

Pelican- Lake. - N

LAKE MILNOR (A PRE-
LIMINARY STAGE OF
GLACIAL LAKE AGAS-
S12)
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in this recession have
already been described.

Before the ice border D 4
had receded in Ran- ¢7]
som, Sargent, and
Richland Counties, N.
Dak., to a position in-
side the limits of Lake
Agassiz it held a nar-
row lake on its south-
west border in these
counties, whose level ™—--—7
was about 20 feet
above the highest or
Herman beach of Lake
Agassiz.  The shore
line formed on the D
landward side of the
lake was recognized 9 25 o
as such by Upham ® FiGURE 153.~—Outlet and southern part of glacial Lake Agassiz basin, showing Milnor, Herman, and Campbell

and named the Milnor shore lines (hachured). (Revised by Frank Leverett from Upham's Plate XXXIV.) Partly hypothetical
beach, from l\ﬁanl‘, cast of Lake of the Woods. Campbell beach of island west of this lake by W. A. Jobhnston. Figures show

N. Dak., niear which altitude in feet above sea level

it passes. At the beginning of Lake Milnor the ice | 17.) There seems to have been a definite stand of the

border seems to have been melted back only far enough | ice border along a line only 2 to 5 miles inside the lim-
" . : its of Lake Milnor, with a weak moraine marking
a x;:;zi"'wl:;rg;: %’: ;tt'bf‘;i.lzsﬁ\;rvey Mon, 25, pp. 211-212, 223, much of its c0ur§e. The moraine is a partial equiva-

311-812, 1896. lent of one which runs southward from Buffalo,
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N. Dak., to the south bend of the Sheyenne River.*
It is obscured by sand deposits near the Ransom-Sar-

ol

Modern lake Marsh .~ Sand
59 0.6
8 ‘0 .02
=
Lake beaches- Bouidery tract Moraine

Figurp 16.—Map of southern part of glacial Lake Agassiz basin, showing glacial moraines, shore
lines, and outlet of the glacial lake. (Revised by Frank Leverett from Upham’s Plate XXIII.)
Figures show altitude in feet above sea level : ’

tributary of the Wild Rice River in Sargent County.
On crossing the Wild Rice River and entering Rich-

land County it assumes greater
strength of expression, with
knolls 20 feet or more in
height, and crosses T. 131 N.,
R. 52 W., from the northwest
to the southeast corner. It is
capped by dunes northwest of
Hankinson. The continuation
seems to be past the village of
Hankinson in a belt of knolls
and short ridges that follows
the east side of the Lake Mil-
nor outlet southward into
South Dakota. Its further
continuation is thought to be
in a moraine lying just outside -
the limits of Lake Agassiz in
South Dakota and the neigh-
boring- part of Minnesota.
The ice seems to have made a
later stand along a line a short
distance inside the one just
noted, but this position is not

‘marked by so definite a glacial

ridging, and parts of it are ob-
scured by sandy deposits. A
very bouldery area is thought
to mark the continuation of
the ice margin across the
northeast corner of South Da-
kota into Minnesota.

Lake Milnor beackh.—The
Take Milnor beach has its
northernmost development at
the edge of the Sheyenne Val-
ley about 8 miles north of Mil-
nor. The river entered Lake
Milnor at its extreme north-
west end and was its largest
extraglacial affluent. The delta
deposits of this stream are con-
spicuous for 4 or 5 miles from
the head of the lake and re-
place to some extent other

- shore features. There is, how-

ever, a conspicuous gravel bar
at the line of Tps. 133 and 134
N., R. 54 W., and for a mile
southward it lies east of the
delta. Its most prominent
points are shown by the Wynd-

gent Countyoline, and is a low, smooth ridge, prob- | mere topographic map to reach the 1,120-foot contour.
ably formed in the lake on the north side of a western The beach is continuous in its course through Mil-

2 Hall, C. M., and Willard, D. E.,, U. 8. Geol. Survey Geol. Atlas,

nor Township (T. 182 N., R. 54 W.), from sec. 6 to

Casselton-Fargo folio (No. 117), 1905. . sec. 30. For 3 miles southeast of Milnor it is cut in
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the inner or northeast slope of a moraine. Farther
southeast, in Milnor, Hall, and Herman Townships,
there are gravelly bars, formed on low ridges that
stood 1 to 2 miles out in the lake. An altitude of 1,108
feet is recorded on one of these bars at the corner of
secs. 4, 5, 8, and 9, Herman Township, in the Wynd-
mere quadrangle, but the bars are extended down
below the 1,100-foot contour. From eastern Herman
Township (T. 131 N., R. 53 W.) southwestward past
Silver Lake to Lidgerwood and thence eastward nearly
to Hankinson there seems to have been only a narrow
strip of water, 1 to 2 miles wide, along the ice edge
and shore features are obscure. In Hankinson and
for about 4 miles to the south the lake action is well
exhibited on several offshore knolls, as well as on the
shore proper, at about 1,100 feet above sea level. The
outlet heads 4 miles south of Hankinson and leads
nearly due south into South Dakota. No clearly de-
fined shore features were noted southeast of the head
of the outlet, but there is a silt-covered plain above
the level of the Herman beach of Lake Agassiz, on
each side of the State line, which seems to have been

submerged and coated with deposits from Lake Milnor.

Lalke Milnor outlet—The outlet is a channel about
half a mile in width (fig. 15), whose course to the
State line is well outlined on the soil map of Richland
County. A belt of muck, with a chain of marshy
ponds along it, traverses the eastern edge of T. 129 N.,
R. 50 W. Its bed is about 1,080 feet above sea level
where it leaves the Wahpeton quadrangle, which is
within a mile of the head of the outlet, but neighbor-
ing parts of the Milnor beach stand at 1,100 feet. The
water may thus have been about 20 feet deep, or quite
as probably the outlet was deepened somewhat after
the beaches were formed. The bed of the outlet, as
shown by the New Effington topographic map (see
pl. 5), passes below the 1,070-foot contour just south
of the State line and is still above 1,060 feet 6 miles to
the southeast, near Victor, S. Dak., where it comes to a
minor outlet of Lake Agassiz. The part of this out-
let to the south was probably partly excavated by the
drainage from Lake Milnor, but was deepened by the
drainage from Lake Agassiz during the development
of the Herman and Norcross beaches, as indicated
below. This outlet opens into Lake Traverse near its
south end, only 5 miles north of Browns Valley, Minn.

ICE-BORDER LAKE (PRE-HERMAN BEACH STAGE) EAST
OF OUTLET

Studies in connection with the preparation of the
Herman-Morris folio brought to light evidence that
ponded water was present at the south end of the Red
River Basin in Grant, Stevens, and Traverse Counties,
Minn., 20 to 25 feet higher than the Herman beach, or
about 1,090 feet above sea level. The area thus covered
is slightly wave-washed and coated to some extent

67665—32——9
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with silt. No definite shore line was noted along the
border, and the ponding was probably .of short dura-
tion. Deposition of silt on the border of the ice sheet
might have been rather rapid.. No outlet for the water
was noted, but it is probable that the water found
escape to Lake Traverse near the point where the Her-
man beach opens into the outlet, a short distance south-
west of Wheaton, and thence into the Minnesota
Valley. It is thought that the ice border stood near a
line running southward past Norcross at the time of

_this ponding and was also pressing against the bluff-

like prominence southwest of Wheaton. A slight re-
cession from this prominence would permit the water
to be drained down to the level of the Herman beach.
The presence of considerably more silt on the part of
the lake bed between the Herman and Norcross beaches
than on the part inside the Norcross beach is thought
to show that the ice held a position along or near the
line of this beach while the silt was being deposited.
The silt between these beaches may thus antedate the
Herman beach. As indicated below, the ice border

scems to have made a great recession to the north-

during the development of the Herman beach.
RIVER WARREN, THE OUTLET OF LAKE AGASSIZ

The discharge of Liake Agassiz past Lake Traverse
and Big Stone Lake to the Minnesota Valley was first
described by G. K. Warren in 1868 in connection with
a survey of the Minnesota Valley. As a tribute to
Warren for his important scientific work here Upham **
gave the outlet of Lake Agassiz the name River War-
ren. It was recognized by Warren that the size of the
valley. is out of proportion to the small stream (the
Minnesota River) that now occupies it. He noted also
that its head opens into the Red River Basin, in which
evidence of the former presence of a great lake had
been found by earlier explorers. This opening is near
the north end of Lake Traverse, which lies within the
main valley cut by the outlet waters, though it now
drains northward through the Bois de Sioux River, a

tributary of the Red River, the present divide being

at Browns Valley, Minn.

In the early stages of the lake, during the develop-
ment of the first two beaches (Herman and Norcross),
the waters at the head of the outlet were divided
between two channels. The main flow went through
the valley in which Lake Traverse lies; a minor line of
discharge opened a channel, known locally as Jim’s
Valley, which has a circuitous course west and south
from a point near the north end of Lake Traverse at
White Rock, S. Dak., past Rosholt and Victor to the
south end of this lake. It is well shown under the

name * Cottonwood Slough * on the topographic maps

of the White Rock, New Effington,.and Peever quad-
rangles. (See pl. 5.) This valley appears not to have
been recognized by Warren or by Upham as an outlet

43 Upham, Warren, Am. Assoc. Adv. Scl. Proc., vol. 82, p. 281, 1884.

‘
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feature of Lake Agassiz. Itsbed is 50 to 60 feet higher | channel is more than 2 miles in average width as far
than the surface of Lake Traverse, being mainly be- | south as the place where they unite. For most of the
tween 1,020 and 1,030 feet above sea level, while Lake | 28 miles of its length it is a boggy slough, in part

q X ? Iq MILES

[ ettt gy
Marsh Modern lake Sand dunes Leke beaches Delta
: ‘_I.
o e AR N
Outwash gravel  Moraine deposit- Moraine deposit- Esker
ed on land ed in lake

Ficure 17.—Map of shore lines, dune areas, and moraines at west side, near southern part, of
glacial Lake Agassiz basin. (Revised by Frank Leverett from Upham’s Plate XXVII.) Figures
show altitude in feet above sea level

occupied by ponds, as indicated
on the New Effington and Pee-
ver topographic maps, but at
each end itis fairly well drained
by small streams leading ‘down

to Lake Traverse,

This channel also served as
the outlet for the waters from
Lake Milnor southward from
Victor, S. Dak., as indicated in
the discussion of that small
predecessor of Lake Agassiz.
Possibly the Milnor waters also
used the part of the channel
east of Victor. However, only
a small part of the excavation
of this channel is referable to:
the Milnor waters, there being
fully 50 feet of later deepening
by the waters of Lake Agassiz.

The main outlet shows a re-
markable constriction to less
than a mile just below the point
where this minor outlet comes
to it. It there crosses a promi-
nent morainic belt, and this is
apparently the cause for the

_ narrowness, as no rock forma-

tions have been noted in the
bluffs. As shown by the con-
tours on the Peever topographic
map the brow of each bluff
stands more than 1,130 feet
above sea level; or more than
150 feet above the surface of
Lake Traverse. At the village
of Browns Valley the bluffs
drop below 1,100 feet on the
outer border of this moraine
and the valley widens to 114
miles. It is here that the divide
between the Gulf of Mexico and
Hudson Bay drainage basins is
located. The valley is at pres-
ent in process of filling at
this place by alluvial material
brought in by the Little Minne-
sota River, the alluvial fan
being slightly more than 980
feet above sea level at the west

Traverse is 974 feet. Its channel is also only about | side, where the stream enters, but a little under that
one-fourth as large as the one in which Lake Traverse | altitude along the east side. There is a low shale knoll
lies, being about half a mile wide, while the main | in the southeastern part of the village that rises to the
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1,010-foot contour. The part of the’ valley in which | height of its surface, or about 800 feet above sea level.
Big Stone Lale lies is also exceptionally narrow. The | There was thus a fall of only about 160 feet in the 200
deep part is but little more than half a mile wide. It | miles from Big Stone Lake, or less than 10 inches to
is bordered by a terrace at
about 1,050 feet above sea
level, or 80 feet above the sur-
face of the lake, but this is
narrow and if included gives
the valley a width of scarcely
three-quarters of a mile. Pos-
sibly the Cretaceous shale is
present in the lower part of
the bluffs, but no exposures
were noted by the writer. The
bluffs consist largely of till,
and this is probably in part of
pre-Wisconsin age. It seems
to be exceptionally resistant,
as much so as the soft-rock
formations.

Along much of its course
from Big Stone Lake to Fort
Snelling, where the Mississip-
pi enters, the River Warren
channel is fully 2 miles wide,
in places 4 miles or more, and
its usual depth more than 100
feet. It bears evidence all
along its course of rapid deep-
ening by a stream of great
volume. Its deepening went
on much faster than that of
tributary valleys, which were
being excavated by the small
streams of their present drain-
age basins. In excavating this
large valley the river uncov-

ered granite ledges at numer-

ous points, and they stand now ‘

as prominences in the valley |yuffinsoi &%, [*s0 <o

bottom, with heights as great [P} & 5 %f"ngr: i 4

as 75 feet or more. There ‘z‘,:,v ) 6%% X :

seems to have been very little F [ i 3 ,

excavation in rock above the 2 ¥ MZ’ j‘; 4 - . Le ¥ 350w
junction with the Mississippi S A i ‘R &2 ° | i

5 10 MILES
2 ?

at Fort Snelling. But a prom- T
jinent rock barrier was cut EXPLANATION

away between Fort Snelling Z'—‘_é_ﬁf ESO:J M [

3 Marsh Modern leke -Sand . Boulderystrip Lake beachb s Moraine t.i'e - Morai depos- -
and St. Paul. This was done uleery steip o M on fand” ited in loke

by the recession of a waterfall, Ficure 18—Map of shore lines and moraine at east side, near southern part, of glacial Lake Agassiz

as interpreted by Sardeson.“ l;fln)‘s;‘:]e. segkﬁzii?d by Frank Leverett from Upham’s Plate XXIV.) Figures show altitude in feet

‘During this recession, which .

occupied several thousand years, the part of the valley | the mile. After the removal of this rock barrier the

immediately above the barrier was kept up to the valley was cut down about 160 feet at Fort Snelling,
S W, 0.5, Geol, Survey Geol, Atlas, Minneapolis St thus increasing the average gradient to about 18 inches

Faul follo (No. 201), p. 11, 1916. _ to the mile. By the time the outlet was abandoned it
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had cut down to 800 feet above sea level as far up as
the vicinity of New Ulm. There is a fall of about 60
feet in the 60 miles from Big Stone Lake to Granite
Falls. The river then makes a descent of nearly 50
feet in about 6 miles in passing Granite Falls and
Minnesota Falls, the steepest rapids in the course of
the river. It is in this part that granite knobs are
most prominent in the valley bottom

Since the Lake Agassiz waters ceased ﬂowmg
through this outlet the tributary streams have been
bringing in more material than the present drainage
down the valley is able to remove. As a consequence
a ponding has been produced in the sections just above
the filling. The Mississippi has in this way raised the
level of the lower part of the Minnesota some 30 feet
or more. This part is being rapidly filled with sedi-
ment, but small lakes along and near the stream below
Shakopee mark the unfilled places. At the lower end
of Lake Pepin the Chippewa River of Wisconsin has
brought in the sediment that produced this ponded
condition of the present Mississippi River. The water
level at the lower end of Lake Pepin is now at least
50 feet above the old bed of the Lake Agassiz outlet
at this point.

The effect of the large flow of water from Lake
Agassiz is noticeable along the Mississippi for hun-
dreds of miles, even to the head of the Gulf Embay-
ment. This great stream cut away much of the filling
left by the glacial drainage from the Wisconsin ice
sheet and reduced the valley bottoms to a gradient
of less than 6 inches to the mile. Many projecting
points in the bluffs of the Mississippi were cut away,
and the valley was increased in width. This is a
marked feature as far down as the vicinity of Clin-
ton, Iowa. There are places, as at Barn Bluff, in Red
Wing, where the side of a hill facing the river was so
much cut away as to give this face a striking contrast
to the gentler slopes on other sides of the hill.

During the discharge of the Lake Agassiz waters
through the southern outlet the head of°the outlet was
deepened about 90 feet. Of this deepening Upham *
estimated that 25 or 30 feet preceded the development
of the Norcross beach, 15 feet occurred between the
Norcross and Tintah beaches, and 30 feet between the
upper Tintah and Campbell beaches, leaving about 15
feet below the Campbell beach.

Upham interpreted each of the beaches as represent-
ing a time of stability of level and the spaces between
them as marking “ rhythmic stages of elevation of the
country across which the River Warren flowed ” and
inferred that the head of the outlet stood about 90 feet
higher at the cessation of the discharge of water
through this channel than at the beginning. His work
on the shore lines brought to light evidence that the

4 Upham, Warren, U. S. Geol. Survey Mon. 25, pp. 222-225, 1896.
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northern part of the basin suffered several times this
amount of uplift and that the higher shore lines show
greater uplift than the lower ones. It is thus clear
that the uplift was in progress during the cutting
down of the outlet. It is not so clear, however, that
the uplift was rhythmic. There is a similar spacing
of beaches in the southern part of the Lake Michigan
Basin, where there appears to have been no uplift dur-
ing their development. The materials in which the
outlet was cut vary considerably in degree of resistance
and may thus have given rise to variations in rate of
deepening. The removal of a resistant barrier might
easily be followed by a rapid lowering as great as the
space between successive shore lines.

There is also some question as to the uplift being
equal to the amount of deepening at the head of the
outlet. A neighboring glacial lake in the James River
Valley in South Dakota, to which Todd* gave the
name Lake Dakota, is thought by him to show no
evidence of tilting in its shore lines. The position of
its north end about opposite the south end of Lake
Agassiz suggests that the tilting may have extended
but little south of the southern limits of that lake and
that the outlet has had little or no uplift. This view
is also sustained by the fact that there is a very slight
tilting of the beaches for some distance north from the
south end of the lake, as indicated below (p. 182). -

S0-CALLED DELTAS OF LAKE AGASSIZ

"There are some remarkably large areas of sandy
land opposite places where certain streams discharged
into Lake Agassiz, which have been classed by Up-
ham as deltas. The largest is north of Pembina
Mountain, where the Assiniboine River entered the
lake, and is estimated to cover at least 2,000 square
miles. The deposit opposite the entrance of the Shey-
enne River, in southeastern North Dakota, covers
about 800 square miles. The area called the Elk Val-
ley delta, in northeastern North Dakota, embraces 300
square miles, and the Pembina area, a little farther
north, about 80 square miles. There are two of the
sand areas on the east shore, bordering the Buffalo and
Sandhill Rivers, each covering about 15 square miles.
No such sandy areas appear Wwhere several other
streams entered on the east shore, such as the Otter
Tail, Wild Rice, and Red Lake Rivers, yet these
streams are larger than the Buffalo and Sandhill
Rivers.

Such conditions, as well as the remarkable size of
the sandy areas, suggest that the material was not en-
tirely supplied by these inflowing streams. On the
contrary, it appears probable that the greater part was
contributed directly by the melting ice sheet as its

46 Todd, J. E., Am, Assoc. Adv. Sci. Proc., vol. 83, map opp. p. 392,
1885; U. S. Geol. Survey Bull. 158, p. 125, 1899,
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border was receding across them. The Sheyenne area
of sand has an abrupt northeast border, like an ice-
contact face, rising 30 to 50 feet above the clayey
plain to the northeast. The sand on this border is but
a few feet thick and covers a highly calcareous, some-
what pebbly clay, which seems best interpreted as a
glacial deposit in ponded water.

The Buffalo area presents a similar steep bank on
its lakeward side, and the sand is only 3 to 5 feet
thick, or about one-tenth the thickness inferred by
Upham. Beneath it is clayey till, with boulders on
its surface which in places are but partly covered by
the sand.

The Elk Valley area of sand has a moraine on part
of its landward side, as indicated by Upham, and thus
seems to be largely an outwash deposit from the ice
border. The Assiniboine area of sand may have had a
considerable part contributed by that large river, but
the ice border, as indicated by Upham, appears to have
been receding across it during its development.

It is a question whether the name delta should be
applied to deposits of this character, in which inflow-
ing rivers appear to have been only minor contributors
of material. Certainly the size of these areas should
not be taken as an indication of the work done by
inflowing streams duving the life of Lake Agassiz.

HERMAN SHORE LINES

General features—The name Herman beach was
applied by Upham* to the highest of the four shore
lines of Lake Agassiz that open into the southward
outlet, the name being derived from the village of
Herman, Minn., which stands near it. It was thought
by Upham that during the time this beach was being
formed the ice border made a recession from the south
end of the Red River Basin northward into Canada,
and he mapped it on the west shore as far as Riding
Mountain, about 100 miles north of the international
boundary. In the northern part of this shore uplift
was sufficient to split the beach into several distinct
members, and the first or highest of these was thought
by Upham to terminate south of the Assiniboine River
along the base of Pembina Mountain. That being the
case, the ice border had receded past the international
boundary before the uplift which accompanied the
melting of the ice sheet had set in. This matter, how-
ever, in the present writer’s opinion, should be given
more critical study than it has yet received. As inter-
preted by Upham this beach is split at the interna-
tional boundary into seven members, the lowest of
which is 55 feet lower than the highest. Of this dif-
ference 10 feet is referred to the cutting in the outlet
and 45 feet to uplift. It thus appears that the uplift

¢ Upham, Warren, Minnesota Geol. and Nat. Hist. Survey Eighth
Ann. Rept., pp. 84-87, 1880; U. S. Geol. Survey Mon. 25, pp. 276 -381,
1896.
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was well under way before the lake began the develop-
ment of the Norcross beach, the next below the
Herman, .

It was also Upham’s opinion that the ice border had

receded on the east shore beyond the limits of the dis-
trict he studied while the highest member of the Her-
man series of beaches was being formed, there being
on the northern part of this shore a similar series to
that noted on the west shore. Neither Upham’s studies
nor those of the present writer have been sufficiently
thorough to make certain that the ice sheet had made
so great a recession before uplift set in. It seems
probable, however, that the ice border had receded
into Canada on this shore before the lake began the
development of the Norcross beach.
- The present writer’s studies extended no farther
north than latitude 47° on the west shore of Lake
Agassiz, but they were carried to the international
boundary on the east shore. From the vicinity of
Maple Lake northeastward they went beyond the part
that Upham surveyed. This extension was into a for-
ested region and was of the nature of a general re-
connaissance, which had for its aim the determination
of the approximate limits of Lake Agassiz and the
collection of such data as are available as to the alti-
tude of the several shore lines developed in that dis-
trict. The highest of the shore lines appears to have
an altitude high enough to class it with the Herman
series of beaches.

It was noted by Upham that the east shore shows a
more rapid rise in its beaches than the west shore, and
he concluded that the direction of most rapid rise is
about north-northeast. The present writer’s studies
indicate that the tilt line for a considerable part of the
district in Minnesota and North Dakota is about N.
35° E. But, as shown below, it may be farther east-
ward in the northern part of these States. A compari-
son of the data on altitudes of the Herman beach in

the southern part of the shore of Lake Agassiz given

by Upham in Monograph 25 with the data that appear
on the topographic maps shows that some of Upham’s
levels do not apply to the highest shore but are in
harmony with adjacent ridges a few feet lower. The
difference in places is as great as 20 feet but usually is
10 feet or less. There are also some errors as to loca-
tion in Upham’s data, for at the time of his survey .
there were long uninhabited stretches where informa-
tion as to the position of section lines was difficult to
obtain. It is therefore not surprising that such errors
appear.

In the south end of Lake Agassiz, south of latitude
46°, there are some variations in altitude in what is
interpreted to be the Herman beach that do not seem
attributable entirely to differential uplift. Perhaps ice
attraction may have had some influence here in the-
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very early part of the development of the beach to | points on this section of the east shore catch the 1,080-
- cause an exceptional height. The Herman beach on | foot contour. But on the west shore the beach rises

the east shore shows a rise of about 10 feet in 30 miles | above the 1,080-foot contour in the northern part of
the New Effington quadrangle,
just south of latitude 46°, in
secs. 9, 15, and 16, Greendale
Township, Richland County,
N. Dak. This seems to be a
culminating place in that part
of the western shore, for the al-
titude drops below 1,080 feet
within a mile to the north, in
the Wahpeton quadrangle, and
2 remains below it clear to the
Sheyenne Valley in the west-
ern part of the Wyndmere
quadrangle, a distance of about
42 miles. Directly east of this
culminating place, in secs. 10,
14, 23, and 24, Greendale
Township, there is a lower -
beach which barely rises above
the 1,060-foot contour and is
clearly correlative with the
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Figuns 19.—Map of moraines and western shore lines of glacial Lake Agassiz, Cass and Traill inclined part is somewhat old-
Counties, N. Dak. Revised by Frank Leverett from Upham’s Plate XXVIII; shore lines north of
T. 140 N. from Upham. Kigures show altitude in feet above sea level er t’ian t’he level Pa‘rt’ to the
north.

from Collis, at the extreme south end of the lake, to These variations which the topographic maps reveal
the north line of the Herman quadrangle, at latitude | are likely to be duplicated on parts of the shore farther
46°, or from 1,065 to 1,075 feet above sea level, and no | north, wherever the ice border in receding northward
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made a stand long enough for the waters that were
drawn up against it to develop a definite beach. But
in the lack of topographic maps such places are not
readily identified. It should also be borne in mind
that in places beaches were
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Beardsley and White Rock quadrangles. But the part
between the two outlets, in White Rock Township,
Roberts County, S. Dak., is along and slightly above
the 1,070-foot contour.

North of the minor outlet a

built to exceptional heights
above the ordinary lake level
because of peculiar exposure to
the effect of strong winds.
There are also places where the
beach was subject to shoving

T Ferulel 5077737

N
K

by ice on the lake to a level
above its original position. It
is thus not singular that there
should be a difference of sev-
eral feet in the height of a

beach. within a relatively short
distance, independent of any
differential uplift.

Features along the beach in

the south end of the lake afford
evidence that the outlet was
deepened a few feet during the
development of the beach.
Thus there are places in the
Herman quadrangle where the
beach has two or more crests
banked against one another.
In such places the outer crest
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is usually a little higher than
the one banked against it.
West of Herman gravel was
deposited on the inner slope of
the beach, on ground that had
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beach

been eroded while the waves
were making the crest of the
ridge. The features of the

beach seem to warrant the con-
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clusion that the head of the
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outlet was deepened to a level
a little below the 1,060-foot
contour during the Herman
beach stage. It seems to have
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been about 1,065 feet above sea
level at the beginning of this
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stage.
Features of the west shore.—

-

Both the main outlet by Lake
Traverse and the minor outlet
by Jim’s Valley or Cottonwood
Slough lead away from Lake
Agassiz a few miles northwest
of the south end of the lake bed, which is at Collis,
Minn. (See figs. 15-18.) The part of the western
shore to the southeast of the main outlet is below the
1,070-foot contour, as shown on the maps of the

rd

Modern lake

. Counties, Minn.
in feet above sea level
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Marsh

Boulderystrip Lake beaches  Mor:
ited on land

epos- Moraine depos-
ited in lake

FiGure 20.—Map of moraines and eastern shore lines of glacial Lake Agassiz, Clay and Norman
Revised by Frank Leverett from Upham’s Plate XXV. Figures show altitude

series of gravel bars of the Herman beach stage turn
into the outlet, the highest of which is above 1,070 feet
and the others near 1,060 feet and in places a little
lower, thus showing the effect of a cutting in progress
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in the outlet. Northwestward from this outlet as far
as the State line of North Dakota the main beach
stands above 1,070 feet, but in southwestern. Lamars
and eastern Glendale Township, Richland County,

R.55W.
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ship, in sections 15 and 16, as noted above, there.is a
strong beach with an altitude of 1,080 feet, whose
southeast end drops to 1,070 feet in section 22. It
makes a similar drop to the north in the southern
part of the Wahpeton quad-

R.5) W, R.50 w.

rangle, thus coming down at
each end to a level in harmony

T.IS6N

with that of the Herman
beach. ‘

Along the Herman shore in
the southwestern part of the
Wahpeton quadrangle, both
southeast and northwest of
Hankinson, there are dunes
which rise to various heights
above the beach, a few points

T IS5 N,

T.1S4 N,

- T.IS3N.

on those northwest of the vil-
lage being over 1,200 feet
above sea level, or 125 to 150
feet above the level of Lake

T.IS3 N.

Agassiz at the Herman beach

T.152 N.

stage (about 1,070 feet). The
beach is well defined at this
level in the eastern part of
the Wpyndmere quadrangle

T.I52 N.

T.151 N.

along the south side of the

Wild Rice River. It passes
one section corner where an
altitude of 1,074 feet is re-

- TUASIN,

T. 150 N.

corded. The altitude is simi-
lar for a few miles north from
the Wild Rice River, being
.1,068 feet where the beach is
crossed by the Northern Pa-
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T.150 N.
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cific 114 miles west of Wynd-
mere.

Northwest of Wyndmere
there is a large area of dunes
in western Richland County
and eastern Ransom County
with an altitude above the
level of the Herman beach,
but flat areas among and

T.149 N.

T.148 N.

T. 147 N,

around the dunes are shown
by the Wyndmere topographic

T.147 N

EXPLANATION

Moraine deposited Moraine deposited
on land in lake

FiGurp 21.—Map of moraines and western shore lines of glacial Lake Agassiz, Grand Forks and ad-
From Upham’s Plate XXIX., Figures show altitude in feet above sea

joining counties, N. Dak.
level

N. Dak., the most conspicuous beach is at about 1,060
feet. Outside of this is a relatively weak beach in
southeastern Glendale Township, with an altitude of
about 1,070 feet, but in the central part of the town-

Lake beaches

map to be between 1,065 and
1,075 feet above sea level and
thus close to the level of the
Herman beach. The waters
of Lake Agassiz may have
completely encircled this dune
area, and there may have been
strips of water in the flat

- areas among the dunes at the Herman beach stage,

but if so the water was probably very shallow. The
mode of deposition of this large body of sand has

“not yet been determined. Upham called it the Shey-
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enne delta, but it seems to lack definite conmnection

with the Sheyenne River. The dune area does not
border the river closely, but sets in 3 to 4 miles east of

M‘T 850
R48W

it, as may be seen by refer-
ence to the Wyndmere topo-
graphic map. Possibly the
sand is largely a contribution
from the ice sheet as the ice
border was melting back to
the northeast, with later
wind action to produce the
dunes. Tt is doubtful if the
waters of Lake Agassiz pro-
duced much shifting of the
sand or other modification of
the deposit.

The Herman beach seems
to be about 1,080 feet above
sea level at the place where
the Sheyenne River entered
the lake in the southwestern
part of Shenford Township,
Ransom County. The west
bluff catches the 1,080-foot
contour in sections 8, 17, and
20 of that township, but the
lake plain east of the river
opposite these sections is be-
low that contour, with alti-
tudes recorded on the Wynd-
mere map as 1,065 to 1,077
feet. Near Sheldon Junc-
tion, in the southeast part
of the Tower quadrangle,
there is a smooth "surface
about to the 1,100-foot.con-
tour, but Willard reports the
general level of the Herman
beach in that vicinity to be
about 1,085 feet. In the
Casselton quadrangle the
beach is near the 1,100-foot
contour clear to the northern
limit of the quadrangle, at
latitude 47°. It is 30 feet
lower here than in the same
latitude on the east shore of
Lake Agassiz, as appears be-
low. Upham found the in-
terval between the highest
and lowest Herman beaches

on this west shore in latitude 47° to be about 15 feet.
He put the ordinary lake level for the highest beach
at 1,090 feet, though he found the beach in places at

1,100 feet.
67665—32——10

It was determined by Upham that the rate of rise
of the Herman beach on the west shore increases from
south to north. The highest Herman beach rises 8%
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FIGURE 22.—Map of moraines and shore lines of eastern part of Lake Agassiz Basin, Polk and

adjacent counties, Minn. Revised by Frank Leverett from Upbham’'s Plate XXVI.
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Modern'lake

Marsh
ited on land

altitude in feet above sea level

boundary.*®

feet in the first 75 miles, 60 feet in the second and 80
feet in the third, which ends near the international
The shore has a trend west of north,

4 Upham, Warren, U. S. Geol. Survey Mon. 25, p. 476, 1896.

Lake beaches - Moraine depos- Mo
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making about 65 miles west in 225 miles north. Of
this 65 miles about 42 miles, or nearly two-thirds, is
made in the southern 75 miles, and this is probably
an important factor in giving a low rate of uplift, as

QUATERNARY GEOLOGY OF MINNESOTA AND PARTS OF ADJACENT STATES

rate in passing northward. As interpreted by Upham
the splitting of the Herman beach amounted to but 5
feet in the southern 75-mile section, 25 feet in the
second, and 45 feet in the third, the northward ascent
of the highest Herman beach

“being 175 feet and of the low-
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est 130 feet at the international
boundary. The amount of
cutting at the head of the out-
let during the Herman beach
stage he estimated at 10 feet.

Eastern shore in Minne-

sota.—As indicated on Plate
1, the east shore of Lake Agas-
siz in Minnesota has a north-
ward trend for about 140 miles

from the south end of the lake,
followed by an eastward trend
for about 175 miles and a
northward turn into Canada.

Throughout its course in Min-
nesota the highest shore ap-
pears to have been developed
in the Herman beach stage, but
whether the earliest ridge of

the Herman series of beaches
extends clear through to the
international boundary has not
been definitely settled. The

northward-trending part of
the shore shows a marked
northward rise (figs. 16, 18,
20, 22), and the eastward-
trending part a marked east-
ward rise as well as a north-
ward rise.

There is only 10 feet rise
on the east shore in about 28

miles in a direction east of
north from the south end of
the lake bed to latitude 46°,
at the north edge of the Her-
man quadrangle, or from 1,065

to 1,075 feet above sea level.
The tilting may not extend to

the south end of the lake bed.
There is about 20 feet rise in

9

Modern lake Marsh

in North Dakota and Manitoba.
above sea level

the trend is farther from the tilt line than in the two
75-mile sections to the north. As the trend in the

second and third sections is about the same, the differ-
ence there represents more accurately the increase in

Lake besches Moraine depos-
ited on land

FicUure 23.—Map of western shore lines of glacial Lake Agassiz near the international boundary
From Upbam’s Plate XXX. TFigures show altitude in fect

the same distance from latitude
46° in a course west of north,
or farther from the supposed
direction of the tilt line than
in the part to the south.
Between latitude 46° and 46° 30’, about 35 miles, there
is a rise of 30 feet, the beach being 1,105 feet above sea
level where crossed by the Northern Pacific Railway
between Rothsay and Lawndale. To reach a similar -
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altitude on the west shore one must pass to latitude
47°. An isobase connecting these points trends nearly
west-northwest. In latitude 47° on the east shore,
near Muskoda, Minn,, the highest beach is 1,130 to
1,135 feet above sea level. A similar altitude 1is
reached on the west shore near latitude 47° 30’. The
altitude on the east shore in latitude 47° 30’, near
Fertile, Minn., is about 1,175 feet, or 40 feet higher
than on the west shore. This altitude is reached on
the west shore a little south of latitude 48°. Thus
far the isobases are about parallel, and the tilt line
trends north-northeast. But farther north the tilt
line appears to trend more to the east. The altitude
of 1,230 feet reached by the highest beach on the
west shore at the international boundary is reached
on the east shore near Trail, Minn., the beach
being 1,237 feet above sea level where crossed by the
Minneapolis, St. Paul & Sault Ste. Marie Railway
midway between Trail and Gully. A line connecting
these points runs nearly northwest. W. A. Johnston
reported to the writer that the tilt line bears still more
to the east in Canada. The tilt lines thus show a
convergence toward a high area east of Lake Winni-
peg. This feature'may have considerable significance
in showing where the ice sheet had great thickness.
The bearing of striae, as given by Upham,* indicates
that from this high area the ice had a pronounced
southwestward movement into the area covered by
Lake Agassiz. The radiation of ice from the so-called
Keewatin center west of Hudson Bay thus seems to
have been of much less extent than is commonly repre-
sented on maps that aim to set forth the limits of the
dispersion areas of the Laurentide ice sheet.

The Herman beach shows a remarkable rise east-
ward from the turn in the shore in Polk County, Minn.
(See fig. 22.) From about 1,190 feet above sea level
at that turn it rises to 1,270 feet at Redby, on the south
shore of Lower Red Lake, and 1,300 feet at the cross-
ing of the Minnesota & International Railway north-
east of Gemmel. This rise of 110 feet is made in a
distance of 110 miles east and 24 miles north—that is,
in an east-northeast direction. It is thus fully as
great an eastward rise as the northward rise in
the part of the shore that comes up to Polk County
from the south and supports the view that the tilt
lines in northern Minnesota trend northeast rather
than north-northeast. In the region to the east of
the Minnesota & International Railway in eastern
Koochiching County and northern St. Louis County
there is considerable difficulty in determining what
beaches and other shore features pertain to Lake
Agassiz and what to the ponding prior to Lake Agas-
siz noted above. It is thought, however, that a shore
line at about 1,360 feet above sea level on the northeast

®© Upham, Warren, op. cit.,, pl. 16,
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border of the plain drained by the Littlefork River
was formed by the Lake Agassiz. waters, as it is too
low to connect with the outlet across the Mesabl range.
This beach also encircles a prominent ridge south of
Net Lake. A delta on the Sturgeon River in the south-
ern part of T. 61 N., R. 20 W., in western St. Louis
County, at an altitude of 1,320 feet, seems to mark the
highest shore of Lake Agassiz there. A delta on the
Bigfork River in sec. 27, T. 63 N., R. 26 W., in south-
ern Koochiching County, is thought to mark the high-
est shore at 1,300 to 1,310 feet. It is possible, as
already indicated, that the highest member of the
Herman series of beaches does not extend to the east-
ern limits of the lake, but the amount of rise of the
shore there seems to favor its being one of the higher
members of the series.

On the crest of a morainic ridge at Gemmel there is
a narrow ridge of sandy gravel which bears some
resemblance to a lake bar, but it stands about 30 feet
above the definite beach crossed by the railroad 4
miles northeast of Gemmel and seems more likely to
be due to local conditions of ponding in connection
with the recession of the ice border than to the waters
of Lake Agassiz. It was not noted elsewhere.

The highest beach of Lake Agassiz shows a remark-
ably higher rate of rise in the vicinity of the place
where it turns from a northward to an eastward course.
It rises 20 feet, from 1,175 to 1,195 feet, in 12 miles
north from the Norman Polk County line. The shore
there turns eastward and makes a rise of 20 feet more
in 12 miles to Erskine. The distance on a line run-
ning northeastward from the Norman-Polk County
line to Erskine is only 17 miles. As indicated above,
this seems to be about the direction of the tilt line.
The rise of 40 feet in 17 miles is about double the
usual rate in this shore line. The cause for such an
exceptional rate of rise is not apparent, but it may
have some relation to the border of the ice sheet and
show a combination of uplift and ice attraction.

Lower members of the Herman series of beaches.—
At a few places in northern Minnesota the altitudes of
lower members of the Herman series of beaches have
been accurately determined from railroad profiles or
from topographic maps. These are listed below in
succession, from a point near the turn in the shore in
Polk County eastward into Koochiching County.

The highest beach at this turn is 1,195 feet above
sea level, and lower ones are reported by Upham at
levels 8, 15, 30, and 45 feet below.

On the Minneapolis, St. Paul & Sault Ste. Marie
Railway near Trail the beaches referable to the Her-
man series are 1,237, 1,215-1,220, and 1,189 feet above
sea level, giving 48 feet as the amount of splitting.

At Redby, on the south side of Lower Red Lake, the
railway profile shows beaches at 1,270, 1,246, and 1,220
feet, thus giving 50 feet as the amount of splitting.
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Along the Minnesota & International Railway north-
east from Gemmel beaches are crossed at 1,303, 1.265,
1,258, 1,248, and 1,237 feet, thus giving 66 feet as the
amount of splitting.

On the Minnesota, Dakota & Western Railway in
Koochiching County beaches are crossed at 1,315, 1,303,
1,277, and 1,265 feet, thus showing 50 feet of splitting.
Perhaps the entire series is not embraced in this
interval. '

On the Duluth, Winnipeg & Pacific Railway i
northwestern St. Louis County beaches were noted at
1,365 feet near Kinmount and 1,348 feet 2 miles north
of Cusson, which are probably lower members of the
Herman series of beaches.

On the high area north of Upper Red Lake, which
Upham * supposed stood above the Lake Agassiz
waters and to which he applied the name “ Beltrami
Island,” there are beaches at several levels up to about
1,300 feet. The highest points in the area are sand
dunes and these rise slightly above 1,300 feet. Grav-
elly bars standing above 1,290 feet are found in secs.
18,19, and 20, T. 159 N., R. 33 W.; secs. 10, 11, 14, and
15, T. 159 N., R. 34 W.; and secs. 7, 8, 9, 16, 17, and 18,
T. 159 N., R. 35 W. It is probable that these bars are
at about the highest level reached by the Lake Agassiz
waters, for they lie near the probable position of the
isobase for 1,300 feet, extended northwestward from
the highest Herman beach near Gemmel.
beaches encircle this high area at levels lower than the
bars above noted. Those between 1,290 and 1,250 feet,
and possibly a beach at about 1,230 feet, are thought to
pertain to the Herman series of beaches.

There is a very prominent gravel bar running north
from the west end of Lower Red Lake, which in places
has a relief of about 50 feet above bordering swamps
and whose highest points catch the 1,250-foot contour.
This bar falls within the range of the Herman beaches,
but it is difficult to account for the development of so
high a ridge by lake action, as it does not connect with
higher land from which the material could have been
derived. The writer did not have opportunity to ex-
amine the ridge but obtained knowledge of it from the
topographic map and from descriptions given by set-
tlers in neighboring areas. It may prove to be a
glacial feature, an esker rather than a shore line, which
was covered later by lake waters.

In the northward-trending part of the Lake Agassiz
shore a splitting of the Herman beach is found nearly
as far south as latitude 46°. The interval between the
upper and lower limits of the Herman series of
beaches is only 10 to 15 feet there, but it increases

- gradually northward, and in southern Clay County,
between Barnesville and Muskoda, it reaches 25 feet.
This increases to at least 45 feet in Polk County, where
the shore turns eastward.

Gravel
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Character of the Herman shore lines—There are
but few places where either the highest shore line or
any of the later ones has the form of a cut bluff. - The
common feature is a gravelly ridge, standing several
feet above the land on the lakeward side and 2 to 5
feet above the land on its immediate outer border.
The encroachment of the lake on the land was so
slight, compared with that of the modern Great Lakes,
that Upham inferred that the shore lines were formed
very rapidly and that the whole duration of Lake
Agassiz was equivalent to but a small fraction of the
time the present Great Lakes have been developing
their shores. It is probable, however, that he under-
estimated the duration of Lake Agassiz, for the work
done by the outlet in cutting away the rock barrier
hetween St. Paul and Fort Snelling by a receding
cataract would probably require several thousand
years, and this recession occupied only part-of the life
of Lake Agassiz. .

There is a great amount of swamp land in the bed
of Lake Agassiz in northern Minnesota. In places
the peaty growths have extended over the gravel
ridges as well as the intervening flat tracts. But
more commonly the ridges are still exposed and sup-
port a vigorous tree growth, while the swamps are a
muskeg, with only stunted trees. In the General
Land Office plats the courses of the dry strips mark-
ing the beaches are represented for the greater part
of their length, notably in Koochiching County (see
fig. 16) and Lake. of the Woods County.

In western Minnesota, where the shore has a north-
ward trend, there was but little forest land, and the
prairie was fairly well drained between as well as on
the gravel ridges. The ridges there stand out so
clearly as to be readily mapped, and the character of
the lake bed is well shown. The extent of clay and
of sand is set forth on Plates 1 and 2.

NORCROSS SHORE LINES

The second beach of Lake Agassiz was named Nor-
cross by Upham,®* from a village situated on it near
the south end of the lake. In its southern portion,
south of latitude 46°, it is generally less than 1,050
feet above sea level; but it catches the 1,050-foot con-
tour just south of Norcross and also east of the head
of the outlet. In the southeastern part of the White
Rock quadrangle the beach turns south in sec. 85, T.
127 N, R. 47 W., and four parallel bars are developed,
three of which are just above the 1,050-foot contour
and one below it. In the part of the White Rock
quadrangle north of the outlet the beach is very near
the 1,050-foot contour but usually just under it. There
are places in the Chokio and Herman quadrangles
where it is nearly down to the 1,040-foot contour.

% Upham, Warren, Am. Geologist, vol. 11; pp. 423425, 1893,

51 Upham, Warren, U. S. Geol. Survey Mon. 25, pp. 383—-896, 1896.
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The ordinary altitude of the lake in this south end
may thus have been not far from 1,040 feet. This is
10 feet higher than Upham’s estimate but is more
nearly in accord with the levels afforded by the re-
cent topographic maps.

Upham’s data for the west shore make the Norcross

beach 1,055 feet above sea level in the latitude of
Fargo, 1,090 feet in the latitude of Grand Forks, and
1,145 feet at the international boundary. A lower
member at the international boundary stands at 1,130
feet.

On the east shore the beach rises above 1,050 feet in
the southern part of the Wendell quadrangle, just
north of laitude 46°, and shows a rise of about 70 feet
from that place northward 120 miles to the point
where it is crossed by the Great Northern Railway
near Tilden, in Polk County. There are three gravel
ridges crossed by this railroad which Upham classed
as Norcross, and their altitudes are given as 1,092,
1,114, and 1,120 feet. The lowest of these rises above
1,100 feet at Delorme, 5 miles farther north, and runs
northeastward from that place to the Clearwater River
at Terrebonne, as the strongest of the Norcross series
of ridges. Weak ridges thought to belong to the Nor-
cross series are found 10 miles farther east, up the Lost
River, about 4 miles west of Oklee, Red Lake County.

From the Lost River the course of the Norcross
series of shore lines is directly away from that of the
Herman series. Instead of running eastward they
take a course west of north A weak ridge, probably
the highest Norcross, comes to the Minneapolis, St.
Paul & Sault Ste. Marie Railway about 2 miles south-
east of Plummer, and several ridges with northward

“trend are found west of Plummer between the Clear-
water and Red Lake Rivers. These are all somewhat
above 1,100 feet.

Thele was a bay extending up the Red Lake Rlve1
beyond St. Hilaire, west of whlch the Norcross shore
lines set in along the crest of the Holt water-laid
moraine. These radiate out into the bay at their
south ends. The highest ridge rises above an alti-
tude of 1,150 feet directly west of Thief River Falls
and reaches 1,166 feet where crossed by the Minne-
apolis, St. Paul & Sault Ste. Marie Railway at the
line of Pennington and Marshall Counties. ILower
ridges of the Norcross series, at about 1,130 feet, are
crossed by this railroad at and west of Rosewood. A
disjointed set of ridges was developed along this water-
laid- moraine entirely across Marshall County to Ho-
molka, in southern Roseau County. A strong ridge
with radiating bars at its southwest end sets in 4
miles west of Middle River village and runs through
to Homolka. It is 1,177 feet above sea level where
crossed by the Great Northern Railway, a mile north
of Middle River, and 1,190 feet in the vicinity of Ho-
molka. The ridge is double-crested much of the way
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from Middle River to the Roseau County line. The
outer ridge there turns east, but the inner one con-
tinues northeast about 4 miles, hooks around to the
south, and dies out. For several miles east from
Homolka the altitude is too low for this shore line,
but the surface rises high enough to catch it about 2
miles northeast of Thief Lake, and a network of shore
lines is found thence eastwald past Randen to the line
of Marshall and Beltrami Counties. Some of them
are above 1,200 feet and one point near Randen is 1,214
feet above sea level. There is another low marshy
tract between these ridges and the South Fork of the
Roseau River, but north of that stream, from Skime
eastward nearly to Penturen, there is a double ridge
standing above 1,200 feet that seems to fall in the Nor-
cross series. Another ridge, also above 1,200 feet, runs
northeastward from Skime to the N orth Fork of the
Roseau River. - West of this area are ridges below the
1,200-foot contour which may fall in the Norcross
series.

The Norcross series may also embrace ridges in
northern Marshall County that are 20 to 30 feet lower
than the strong ridge running from Middle River to
Homolka. However, as indicated below, these may
prove to be Tintah beaches. Two of these ridges
come into Rosean County east of Strathcona and run
northeastward past Benwood, becoming united before
reaching that place, and attaining an altitude of 1,170
feet there. About 3 miles east of Benwood the ridge
swings around to the south and sends out radiating
bars into a swamp east of Homolka.

From the North Fork of the Roseau River a set of
strong gravel ridges runs northward several miles into
the southern part of T. 161 N., R. 37 W., where they
reach an altitude of 1,250 feet. An abrupt turn is
there made to the east, and a ridge, double in places,
runs past the village of Clear River along or near
the Lake of the Woods-Roseau County line nearly to
the east end. Thence disjointed ridges standing be-
tween 1,200 and 1,250 feet above sea level extend south-
eastward on the northeast slope of the high tract that
Upham called “ Beltrami Island.” It is thought that
the ridges below 1,250 feet may pertain to the Nor-
cross series and those above to the Herman series.

The Norcross series may be represented on some of
the islands in the great muskeg that lies north of
Upper Red Lake, as the altitude 1s about the same as
they should have (slightly above 1,200 feet), but the
writer has not examined any of these islands. The
Norcross series is also probably represented in strips
of dry land running eastward from Upper Red Lake,
near the line of Tps. 153 and 154 N., Rs. 30, 29, 28,
and 27 W., whose altitude is a little above 1,200 feet.
A more prominent strip of dry land a few miles far-
ther north, in Tps. 155 and 156 N., Rs, 29, 28, 27, and
26 W., is also of favorable altitude to carry the Nor-
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cross series of beaches, being a little above 1,200 feet.
The delta of the Bigfork River at the Norcross beach
stage appears to have been at Big Falls, where there
is a plain of sandy gravel at about 1,220 feet. The
Norcross series of beaches has not been definitely iden-
tified by the writer east of the Bigfork Valley.

The difference in the altitude of the highest and low-
_ est members of the Norcross series at the northern-
most places where they are found in Minnesota ap-
pears to be somewhat less than 50 feet, and the highest
altitude reached by a Norcross beach in the State is
not far from 1,250 feet. That altitude is reached at
the line of Tps. 160 and 161 N., R. 37 W., and it may
be reached or exceeded in eastern Koochiching County
or northwestern St. Louis County. The line of Tps.
160 and 161 N. is about 210 miles north of the south
end of Lake Agassiz, and the increase in altitude is
210 feet. The eastward component is only 65 miles,
so the average rate of 1 foot to the mile between the
points named may not fully represent the rate on the
tilt line, as that presumably runs farther to the east.
It appears also that more than two-thirds of the up-
lift is found in the northern half of the 210-mile inter-
val. It should be borne in mind, however, that the
easterly component seems to be much more influential
in the northern half than in the southern half.

There is even less cut bluff in the Norcross shores
than in the Herman. They embrace some of the most
prominent gravel ridges developed by this glacial lake,
the relief being in many places 10 feet and locally 20
feet above bordering or -intervening strips. From
northern Marshall County eastward the bordering
land is largely swampy, but to the south it is nearly
all good agricultural land.

TINTAH SHORE LINES

The name Tintah was applied by Upham 52 to shore
lines that stand third in the series, the name being
derived from the village of Tintah, in northeastern
Traverse County, Minn. There was considerable deep-
ening of the outlet during this lake stage, and beaches
are found near the head of the outlet at several levels
between 1,020 and 1,000 feet above the sea. At this
lake stage the Jim’s Valley outlet, in northeastern
South Dakota, was abandoned, but the waters dis-
charging from Lake Agassiz surrounded a large island
cast of the north end of Lake Traverse and covered a
shallow channel about 4 miles wide on the east side of
the island. The Mustinka River comes into Lake Trav-
erse through this channel. The highest part of this
island carries a bar of the Norcross beach stage, with
an altitude between 1,040 and 1,050 feet. Most of the
island stands between 1,020 and 1,030 feet. A low
bluff that was cut during the Tintah beach stage bor-

52 Upham, Warren, U. S. Geol. Survey Mon. 25, pp. 396-406, 1898.
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ders the channel east of it, extending from the 1,020-
foot contour down below the 1,010-foot contour. The
deepest part of the channel, where it connects with
Lake Traverse at the south end of the island, is down
to the 990-foot contour. A series of gravel ridges was
developed at the north end of the island, the highest
about 1,020 feet above sea level and the lowest 1,000
feet. ‘

The Tintah beaches show marked variations in
strength, there being well-defined gravel beaches in
certain sections, whereas in neighboring sections there
is scarcely a trace of shore action at the same level. It
is probable. that these differences depend mainly on
the slope or rate of descent of the plain on the lake-
ward side, there having been but little wave action
where_the descent is very slight.

Upham put the altitude of the highest Tintah beach
at the outlet at 1,015 feet, and of the lowest at 1,000
feet. He found a rise of 20 feet in the highest Tintah
beach at the latitude of Fargo and of 17 feet in the
lowest. '

In the latitude of Grand Forks he found a rise of 50
feet in the highest Tintah beach and 45 feet in the
lowest; at the international boundary, 90 feet in the
highest and 80 feet in the lowest. On the east shore
at Barnesville Upham found the highest Tintah beach
to-be at 1,030 to 1,035 feet above sea level and the low-
est at 1,015 to 1,018 feet. His notes on the arca far-
ther north are very meager, but he states that the Tin-
tah beaches are at 1,060 to 1,073 feet near the line of
Norman and Polk Counties, about 60 miles from
Barnesville. He also interpreted as Tintah a series of
beaches on the moraine southwest of Thief River Falls,
whose crests were reported to him to be 1,050, 1,086,
1,088, and 1,092 feet above sea level. It is a question
whether the highest of these should be put in the Nor-
cross series or in the Tintah, but the one at 1,050 feet
is probably Tintah. There is also some question as
to the correctness of the altitudes here reported. The
higher beaches on this moraine appear to be above
1,100 feet in that vicinity.

The difficulty of distinguishing between Tintah and
Norcross beaches at certain places crossed by railway
Iines will appear from an inspection of the following -
data taken from the railroad profiles.

On the Northern Pacific Railway from Fertile, in
Polk County, northwest to Crookston the beaches
crossed between Fertile and Kunkel have the follow-

* ing altitudes, starting at Fertile: 1,150, 1,145, 1,147,

1,128, 1,097, 1,088, 1,077, 1,067, 1,027, 1,017, 1,022, 989,
and 975 feet. The beaches at 1,017 to 1,027 feet be-
long to the Campbell series, those at 1,067 to 1,097 feet
are probably Tintah, the one at 1,123 feet is probably
Norcross, and those at higher altitudes are Herman
beaches. '
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On the Northern Pacific Railway from Fertile, in
Polk County, westward to Burwell the following
beach altitudes are found, the highest Herman beach
being just east of Erskine at 1,216 feet, and the next
beach, 12 miles west, at 1,172 feet: 1,216, 1,172, 1,156,
1,138, 1,123, 1,115, 1,103, 1,101, 1,096, 1,087, 1,076, 1,002,
1,000, 978, 972, and 932 feet. Burwell is 920 feet above
sea level. In this series there is a cut bank back of
the 1,002-foot Campbell beach extending up to 1,018
feet. Then comes a rise of about 60 feet before a
beach is found, at 1,076 feet. But from that beach
upward the shore lines show but little vertical spacing
or grouping to differentiate the Tintah from the Nor-
cross and that from the Herman series. The Tintah
may embrace the shores between 1,076 and 1,103 feet,

and the Norcross may be represented by the 1,115 to |

1,188 foot beaches, for the beaches from 1,156 to 1,216
feet seem likely to be in the Herman series.

The Minneapolis, St. Paul & Sault Ste. Marie Rail-
way from Thief River Falls westward through south-
ern Marshall County to Radium crosses shore lines at
altitudes of 1,166, 1,152, 1,144, 1,137, 1,130, 1,128, 1,115,
1,112, 1,064, 1,032, and 1,002 feet. Radium is at 921
feet. The Campbell beach is at 1,082 feet. The beach
at 1,064 feet is weak and may fall between the Camp-
bell and Tintah beaches. The beaches from 1,112 to
1,166 feet do not seem separable into two distinct
series, yet they probably include both Tintah and
Norcross beaches.

On the same railway from Thief River Falls north
to New Folden beaches are crossed at altitudes of
1,160, 1,163, 1,143, 1,139, 1,136, and 1,127 feet. The
Campbell beach is crossed at Karlstad at 1,056 feet,
a beach 2 miles northwest at 1,018 feet, one near
Halma at 1,000 feet, one 2 miles southeast of Lancaster
at 921 feet, and one southeast of Orleans at 855 feet.
There is thus an interval of 50 feet or more above the
level of the Campbell beach that has no definite beach,
so the Tintah shores here may set in above 1,100 feet
and together with the Norcross embrace the series up
to 1,163 feet.

On the Great Northern Railway from Thief River
Talls north to Greenbush a beach at Holt is at 1,163
feet, a series of bars north of Middle River at 1,174
to 1,177 feet (see fig. 18), and two bars south of
Strathcona at 1,144 feet. The Campbell beach at
Greenbush is at 1,076 feet. There is thus an interval
here of nearly 70 feet above the Campbell beach with-
out a definite beach. The vertical space between the
bars at 1,144 feet and those at 1,177 feet is no greater
than might be covered by the Tintah shores in this
high latitude. But the higher set of bars, if not the
entire series, seems to fall about as naturally into the
Norcross series. It remains to be determined whether
the wide space between the Campbell beach and this
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higher series may not be the natural place for the
Tintah shore lines, they being obscure in this district.
In support of this view it is found that shore lines
are well developed south of the Lake of the Woods
and south of the Rainy River, in Lake of the Woods
and Koochiching Counties, at levels but little above
the Campbell shore. These may prove to be Tintah
beaches. The Campbell beach in that district is 1,120
to 1,180 feet above sea level. The shores next higher
are but little above 1,150 feet. Their position from
Roosevelt eastward past the Wayland settlement, in
northwestern Koochiching County, is shown on Plate
1. The Norcross series in that region, as stated in the
discussion of the Norcross shore lines, seems to be
entirely above the 1,200-foot: contour.

CAMPBELL SHORE LINE

The Campbell shore line stands fourth in the series
of beaches of Lake Agassiz and was so named by
Upham ** from the village of Campbell, in southern
Wilkin County, Minn., near the head of the outlet.
The highest ridge in the vicinity of the outlet is about
984 to 990 feet above sea level. There are weaker ones
below it down to about 980 feet. This beach, as well as
the Tintah and Norcross beaches, swings around the
northeast border of the “ Sheyenne delta” in south-
eastern North Dakota, but the level of the lake prob-
ably had very little to do with the development of the
so-called delta at any of these stages, for the “ delta ”
apparently antedated the lake occupancy, as indicated
above (pp. 126, 132). .

The Campbell beach has been more definitely identi-
fied than the Tintah and Norcross beaches throughout
its course in North Dakota and Minnesota and has been
mapped on the west shore of the lake far to the north
in Manitoba and to some extent on its east shore east of
the Lake of the Woods and around an island west of
that lake in southeastern Manitoba. It has been inter-
preted by Johnston % to mark a return of the lake to
a discharge through its southward outlet after a lower
stage in which there was a discharge eastward, the
cause for the return being referred theoretically to a
readvance of the ice sheet to a position that blocked
the eastward outlet. Johnston cites an observation
made by G. M. Dawson many years before, of lami-
nated lake clay over a gravel beach near the south
vorder of the Lake of the Woods—that is, lower than
the Campbell beach. The exceptional strength of the
beach may also be due to its having been formed dur-
ing a rise in the lake level, the beach material being
rolled up the slope by the advancing lake. The beach
of glacial Lake Whittlesey, in the Huron-Erie Basin,
seems to owe its strength to such an advance.

8 Upham, Warren, U. S. Geol. Survey Mon. 25, pp. 407—426, 1896.
& Johnston, W. A., The genesis of Lake Agassiz; a confirmation:
Jour. Geology, vol. 24, pp. 625-638, 1916.
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The beaches standing at 990 and 980 feet above sea
level at the head of the outlet were found-by Upham
to rise on the west shore to 1,045 and 1,022 feet at the
international boundary, about 210 miles farther north.
At Cowan, Manitoba, a similar distance north of the
international boundary, these beaches as determined
by Johnston 5° are 1,205 and 1,165 feet, respectively,
above sea level. The average rate of rise in Manitoba
is thus about three times as great as in North Dakota.
A rise of 44 feet is made in about as many miles from
Ethelbert to Cowan, Manitoba, on a line trending west
of north. The direction of maximum uplift is prob-
ably considerably east of north, and Johnston esti-
mated that the rate might be as much as 2 feet to the
mile in that district.

On the east shore the higher Campbell beach is 995
feet above sea level where crossed by the Northern
Pacific Railway at Everdell, Wilkin County, Minn.
It holds about this altitude as far north as Barnes-
ville, Clay County, nearly 50 miles from the head of
the outlet. It is only 1,004 feet where crossed by the
Northern Pacific Railway west of Muskoda, 15 miles
farther north. The branch of the Northern Pacific
Railway that runs northwest from Fertile crosses
ridges which are thought to be in the Campbell series
at 1,027, 1,017, and 1,020 feet. The distance north
from Muskoda is about 55 miles. Surveys across the
beaches a little farther north show a slightly lower alti-
tude. Thus, west of Red Lake Falls the highest beack
is at 1,015 feet, and the lowest, at Dorothy, Polk
County, is at 1,005 feet. In sec. 30, Red Lake Falls
Township, the highest beach is at 1,013 to 1,020 feet.
Tt is at 1,022 feet where crossed by a line of levels a
little farther north, near the line of Pennington and
Red Lake Counties. This is about 140 miles from the
head of the outlet, and the rate of rise thus averages
less than 3 inches to the mile.

From the vicinity of latitude 48° northward the
Campbell shore shows a markedly greater rate of
rise than in the part to the south. Near Viking, 15
miles north of latitude 48°, it is at 1,038 feet; mnear
Karlstad, 25 miles farther north, it is at 1,056 to 1,063
feet and shows exceptional complexity. (See pl. 1.)
At Greenbush, 16 miles northeast of Karlstad, it is
at 1,076 feet; near Badger, 10 miles farther northeast,
at 1,086 feet; and. near Fox, 9 miles farther, at 1,094
feet. The northward-trending part of the Campbell
shore generally consists of two or more ridges, differing
a few feet in altitude, but on turning eastward near
- Karlstad the shore is mainly represented by a single
prominent ridge that stands several feet above border-
ing plains, outside as well as inside. There is, how-
ever, a small outlying gravelly ridge south of Badger,
of the same altitude as the main ridge, and north of

5 JTohnston, W. A., Canada Geol. Survey Mem. 128, pp. 11-14, 1921,
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Fox there is a weak beach at 1,065 feet, 29 feet lower
than the main ridge.

A bay extended southward up the Roseau Valley
past Malung, and the beaches turn southward for sev-
eral miles, on both the west and east sides. (See
pl. 1.) Where the beach on the east side bears away
from this bay, near Goos, it rises above the 1,100-foot
contour, and it remains above that altitude eastward
to the Canada line. It is about 1,120 feet above sea
level from the line of Roseau and Lake of the Woods
Counties east-southeastward to the Rapid River, a dis-
tance of 35 miles, and this is about the trend of the
1,020-foot isobase. On turning northeastward, in
northwestern Koochiching County, it rises to 1,182 feet
on the south border of the Rainy River Valley near
the Manitou Rapids. The part eastward from the
Roseau River is generally a single strong gravel ridge.

On entering Canada the beach runs northward on
the east side of the Lake of the Woods, but its position
has been mapped for only a few miles, to the limits of
the farming settlement, by W. A. Johnston. A large
island west of the Lake of the Woods, covering 500 to
600 square miles (see fig. 15), was found by Johnston
to be bordered by the Campbell beach and to carry
beaches and bars of higher lake stages up to an alti-
tude of fully 100 feet above that reached by the waters
at the Campbell stage. The altitude of the Campbell
beach is between' 1,100 and 1,150 feet. At certain
points on the south and west shore the altitude was
found to be about 1,115 to 1,120 feet, one place being
near Menisino, only 6 miles north of the international
boundary. A similar altitude was found at Bedford,
20 miles farther north. As this region seems likely to
have suffered northward differential uplift, the shore
at Bedford was probably formed at a slightly lower
level than that at Menisino and represents the last part
of the Campbell beach stage.

Apparently bars were formed at the Campbell stage
at places where there was but little land above the lake
level. Two of them are in northern Roseau County.
One of these, on the south side of the Great Northern
Railway, 8 to 4 miles west of Warroad, has an altitude
of 1,120 feet. Another east of Pine Creek, just south
of the international boundary, reaches 1,105 feet. On
the north-south line between Manitoba and Minnesota,
about 6 miles south of the northwest angle, there is a
gravel bar at 1,137 feet, rising a few feet above the
level of bordering swamps. A long gravel bar ex-
tends about 4 miles north from Gravel Pit spur on the
Canadian Northern Railway, in the southeast corner of
Manitoba. The south end is about-11/4 miles north of
the international boundary. This bar rises slwhtly
above 1,100 feet in its highest part.

The data on altitude of the Campbell shore line in

. Lake of the Woods and Roseau Counties, Minn:, and of
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the south border of the island in southeastern Mani-
toba, indicate that an isobase for 1,120 feet above sea
level has a bearing between 20° and 22° 80’ north of
west, thus indicating a tilt line in a direction bear-
ing between N. 20° E. and N. 22° 30’ E. This tilt line
thus seems to bear less toward the east than the tilt
line indicated by the Herman beach in that part of
Minnesota, as the eastward rise-of the Herman beach
1s nearly as rapid as its northward rise. The Camp-
bell tilt line also seems to bear less toward the east
here than in the district to the west. Thus, if the iso-
base for 1,090 feet, which cuts the east shore near Fox,
Minn., is connected with the point of similar altitude
on the west shore at Arden, Manitoba, a trend of 30°
north of west is obtained, Arden being 150 miles west
and 100 miles north from Fox. The corresponding tilt
line would bear N. 30° E. This is about the same as
was determined for the Herman shore in the part of
the basin along the Red River farther south.

McCAULEYVILLE SHORE LINE

The McCauleyville shore line, named by Upham %
from a small village near Kent, in' western Wilkin
County, Minn., stands next below the Campbell beach
in the series of Lake Agassiz beaches. Upham inter-
preted it to hdve connection with the southward out-
let, though its altitude is a little lower than the head
of the outlet. He assumed that there had been either
an upward movement of the land since that time at the
head of the outlet, or a downward movement in the
adjacent area to the north.” There should be a cor-
responding northward descent in the Campbell beach,
if this assumption is correct, but none has been noted.
In the present writer’s opinion it is extremely doubt-
ful that the lake had a southward discharge at the
McCauleyville stage.

Upham states that his most southern observations of
the McCauleyville beach in North Dakota are in the
latitude of Wahpeton, at the eastern edge of the
“Sheyenne delta” near Mooreton, 25 miles farther
north than the head of the outlet, at White Rock,
S. Dak., and this is as far south as the present writer
could trace it. But Upham’s maps erroneously repre-
sent it to continue through to the outlet. On the east
side of the basin the southernmost definite develop-
ment of the beach appears to be about 3 miles north of
Kent, where a gravel ridge coming in from the north-
east makes a southward turn, forming a hook that dies
out in a sandy plain at the south. This is about 40
miles from the head of the outlet. Its position farther
south is stated by Upham to be based upon altitudes
taken from a survey made by the Red River Valley
Drainage Commission in 1886, and he gives it there a

s Upham, Warren, U. 8. Geol. Survey Mon. 25, pp. 427—442, 1896.
57 Idem, p. 428,
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southward ascent sufficient to carry it into the outlet.
The altitude of this gravel beach is between 960 and
970 feet. That of the bed of the outlet near White
Rock is 972 to 976 feet, and that of the shore on the
west side near Mooreton is about 970 feet in the
highest places. :

Upham reported the altitude of the McCauleyville
shore to be 983 to 987 feet near Wheatland, N. Dak.,
996 to 998 feet near the Park River, and 1,006 to
1,007 feet near the international boundary. There is
thus a rise of 85 to 40 feet in about 200 miles on the
west shore. He estimated the altitude near McCauley-
ville to be 965 feet, near Glyndon 983 feet, and in
section 33, Liberty Township, at the south side of Polk
County, 990 feet. In Marshall County there are two
well-defined gravel ridges west of the Campbell beach,
one just above the 1,000-foot contour and the other
just below it, which are probably both referable to the
McCauleyville stage of Lake Agassiz. The lower one

rises above 1,000 feet near the south line of Kittson

County and continues as a distinct ridge past Halma
to the South Fork of Two Rivers, east of Bronson.
The higher ridge is less continuous but is traceable
to the Minneapolis, St. Paul & Sault Ste. Marie Rail-
way between Halma and Karlstad, where it has an .
altitude of 1,018 feet. Farther north the shore may
be represented in a gravel bar at 1,025 feet that runs
westward from Juneberry across the northern part of
T. 162 N, R. 45 W, in eastern Kittson County. It is
probable that a gravel ridge along or near the interna-
tional boundary east of the Roseau River, near Cari-
bou, Minn., at 1,089 to 1,043 feet, was formed at the
McCauleyville lake stage.

There thus appears to be a rise of about 70 feet in
the McCauleyville shore on the east side of Lake
Agassiz in a distance of about 200 miles, or nearly
twice as much as on the west shore in the same interval.
The trend of the isobases and the tilt line seem to be
about the same as in the Campbell shore. From the
international boundary on the west shore the isobase
for 1,006 feet would make about 40 miles south and 60
miles east to strike the east shore in central Marshall
County, or a trend 30° south of east. The bearing of
the tilt line is thus N. 30° E.

LOWER SHORE LINES IN MINNESOTA

A few observations on lower shore lines were made
by the present writer, which supplement to some de-
gree the scanty notes on these beaches given by Upham
in his monograph. It appears that Upham did not
examine these shores north of the latitude of Grand
Forks, N. Dak., nor between the latitudes of Moor-
head and Crookston on the Minnesota side. He per-
haps made fuller observations on the west or Dakota
side of the lake. He grouped under the name Blan-
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chard several shore lines having a vertical range from
928 to 950 feet above sea level in the latitude of Fargo,
from 935 to 960 feet in the latitude of Grand Forks
on the west side of the lake and up to 974 feet on the
east side, and from 947 to 975 feet at the international
boundary.®

One of the Blanchard shores Upham interpreted to
follow the weak morainic ridge that runs southward
from Sabin, Clay County, Minn., known as Pleasant
Ridge, the altitude of which is 925 to 935 feet. This
is strewn with boulders and seemed to him to have a
wave-washed slope. Its highest part is 15 feet lower
than his estimate of the highest Blanchard level in
- that Jatitude. The position of the highest Blanchard
beach in that area is not indicated on Upham’s maps,
but a weak beach of sandy gravel was noted by the
writer in the southwestern part of Deerhorn Township
and northwestern part of Mitchell Township, Wilkin
County, the altitude of which is close to -950 feet.
Northward from this locality for about 15 miles the
border between sandy and clayey lake bed follows
nearly the 950-foot contour, but a definite beach ridge
was not observed.

In northern Norman County, in Tps. 145 and 146 N.,
R. 45.W., weak beaches were noted that stand above
the 950-foot contour, but if differential uplift is taken
into account they seem to fall in the place of the
higher of the Blanchard series. The Blanchard series
seems to be well displayed in southern Polk County in
ridges west of Melvin at several levels, from about 970
feet down below 950 feet. A few miles farther north,
between Dorothy and South Euclid, Minn., the North-
ern Pacific Railway crosses a series of gravel ridges
thought to be the Blanchard shores at 974, 960, and
952 feet. These ridges are in the latitude of Grand
Forks, N. Dak. The beaches are well developed for
about 15 miles north and 6 to 8 miles south from this
railroad. Notes on these beaches farther north are
very scanty, but a ridge about 6 miles long at an alti-
tude close to 950 feet was noted in the northern part
of T. 155 N. and southern part of T. 156 N,R. 46 W,
in Marshall County.

Upham *° gave the name Hillsboro, from a village
in Traill County, N. Dak., to a beach with an estimated
altitude of 918 feet in the latitude of Fargo, 923 feet
in the latitude of Grand Forks, and 935 feet at the in-
ternational boundary, as developed on the west shore.
The writer found nothing that seems to be correlative
with such a shore on the east side of the lake in Min-
nesota. Shore features were, however, noted at a
slightly lower altitude along and east of the Great
Northern Railway from the vicinity of Crookston
northward past South Euclid, at altitudes ranging

from 900 to 916 feet, the hlohest being at South Euclld

5 Upham, Warren, op. cit. (Mon. 25), pp. 445-449.
% Jdem, pp. 449—454,
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A beach standing a little above 900 feet has nearly con-
tinuous development from South Euclid northward
for more than 50 miles, across northern Polk and Mar-
shall Counties into southern Kittson County. What
is thought to be a continuation of this shore line is
crossed by the international boundary at an altitude of
953 feet about 18 miles east of the Red River. This
shore seems to be a little too high to be correlated with
Upham’s Emerado beach, which is given an altitude
of only 890 feet near the village of Emerado, west of
Grand Forks, and 902 feet at the international bound-
ary. Upham may,; however, have underestimated the
height of the Emerado shore, for the writer noted that
its altitude near Honeyford, N. Dak., only 6 miles
north of the latitude of Grand Forks, is about 910 feet.
This seems to be correlative with the beach at 916 feet
on the east shore at South Euclid. Furthermore, Up-
ham’s descriptions of the Emerado beach in Minnesota
apply to the shore above noted and give altitudes more
nearly correct than on the west shore.

A lower shore to which Upham gave the name Ojata,
from a village west of Grand Forks, N. Dak., is repre-
sented by gravelly bars at 880 to 882 feet directly
northwest of Crookston, Minn. It probably also em-
braces a sandy ridge about 10 miles south of Crookston
that stands a little under the 880-foot contour. Short
strips of this beach were noted west of Shirley and
southeast of Angus, Minn. This beach is not so well
defined as the Emerado shore line.

The Gladstone beach was named from a village west
of the south end of Lake Manitoba. This beach, as
noted by Upham, is well developed for a few miles
south of the international boundary in Kittson County,
Minn., where it was followed by the old St. Paul Trail.
Its altitude there is stated by Upham to be 858 to 863
feet. It is 855 feet at the Minnesota-Manitoba line, as
determined by the international boundary survey. It
has the form of a gravel ridge for only a few miles
into Minnesota. Farther south it is cut in the lake
silt, which forms a thick coating on the borders of the
Red River, and presents an inconspicuous bank. Its
altitude is not far from 850 feet throughout its course
in Minnesota. Upham estimated its altitude on the
west shore to be 845 feet in the latitude of Grand
Forks and 857 feet at the international boundary. It
is 875 feet at Gladstone, Manitoba, about 84 miles
farther north. This beach has been identified by
Tyrrell near Kettle Hill, Manitoba, 150 miles north of
Gladstone, where its altitude is 920 feet. It thusshows
a rise of 75 feet in about 300 miles on the west shore.

" CLASSES OF LAND ON THE BED OF LAKE AGASSIZ

In the foregoing descriptions attention has been
directed chiefly to the shore features, but these pertain

-to only a small part of the area covered by the lake.
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Wide expanses of lake bed separate the shore lines,
and in these the character of the land varies gleatly
from place to place. The following distinct classes of
land are represented:

Lake clay and clay loam, bordering the Red River.

Sandy, slightly pebbly deposits, not distinetly ridged.

Sandy to gravelly beaches, forming more or less distinct ridges.
Pebbly sandy loam, a lake wash on loose-textured till.

Pebbly clay loam, a lake wash on clayey till,

River deltas, usually sandy to stony loam.

Swamps, with peat cover over various classes of land.

The glacial maps (pls. 1 and 2) show in a general
way for the Minnesota part of the lake bed the extent
of each of these classes of land. There are a few places
where sand dunes have been formed on sandy parts of
the lake bed, but the distribution and extent of the
dunes have not been determined with sufficient accu-
racy to admit of mapping.

The first named of these classes of land is un1f01 mly
excellent farm land. A black soil several inches in
depth has been developed on it. In the southern part
of the lake area boulders are found on its surface,
which may have been rafted on floating ice of the
lake and dropped where it became lodged and melted.

The sandy land varies greatly in degree of fertility.
Parts of it have enough loam with the sand to hold
moisture through the dry seasons; other parts are not
thus favored. In some parts the water table is so
close to the surface that the crops can get the water
they need in seasons of drought. Farming has been
fairly successful over a considerable part of this sandy
part of the lake bed.

The beaches are generally of low value for farming,
because of the coarseness of the material and the dis-
tance down to the water table. They form excellent
sites for buildings and roads and in places yield gravel
suitable for road ballast.

The lake-washed till, where of loose texture, has a
rather sandy soil and only a moderate coating of peb-
bles and boulders. 'The clayey till usually has a pebbly
concentrate that coats the surface to a depth of 2 to 6
inches. It also usually carries a large number of sur-
face boulders. The stoniness is a serious handicap to
the cultivation of the land, though the soil is usually
rich. There is a large element of limestone both in
the pebbles and in the finer material, as the drift of
this part of Minnesota was derived from the Keewatin
part of the ice sheet, which came across the limestone
formations of southern Manitoba.

The extent of river deltas is not shown on the glacial
maps, as the borders are rather indefinite. The streams
extended their deposits with each lowering of the lake
level at their mouths. As noted in the discussion of
the Herman beach, the mapping of deltas by Upham
seems to need revision, the deposits brought in by the
streams being much less extensive than he has indicated.
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The areas marked as swamp usually carry peat
deposits of sufficient thickness to conceal the character
of the land beneath them. In some of these areas
ditches several feet in depth do not reach the bottom
of the peat. They are largely waste land, and their
conversion into profitable areas is one of the great
problems of future development.

PLEISTOCENE FOSSILS

Numerous remains of Pleistocene plants and ani-
mals have been found at various horizons in the drift
and associated deposits of the region under discussion.
Wood and also bones have been not infrequently found
in unmodified till, having been deposited there as
erratics, gathered from the original places of burial
and transported by the ice sheet. Bones have also
been found in glacial gravel in such widely scattered
positions as to indicate that they have been transported
from their original place of burial. There are a few
places where wood and- animal remains have been
found in buried soils and peat deposits in their origi-
nal place of burial. The loess deposits also are the
original place of entombment of molluscan remains
and in a few places of vertebrate remains. Remains of
extinct vertebrates have been found in bogs on the
surface of the Wisconsin drift and the beds of glacial
lakes. The oldest of the or gamc remains antedate the
invasion of the Nebraskan ice sheet and are on the
border line between ‘Pleistocene and Pliocene; the
latest are on the border line between the Pleistocene
and Recent.

The most complehenswe work deahng with the life
of the Pleistocene epoch in this region is the volume
by Baker.®* Two valuable publications by Hay ®* deal
with the Pleistocene vertebrates of this part of North
America. Prior to Hay’s report an important paper
on the remains of vertebrates found in gravel pits in
the Missouri Valley in western Iowa was brought out
by Calvin.®2 Shimek ® also discussed them in an offi-
cial xeport and in addition presented a report on the
molluscan remains found in the loess of the Missouri
Valley.®* As noted in the discussion of the loess,
Shimek has contributed a number of papers on the
loess which bring out clearly the terrestrial as opposed
to aquatic habitats of the characteristic loess fossils.®®

@ Baker, F, C., The life of the Pleistocene or glacial perlod Illinois
vol. 82, 476 pp., 57 pls., 1920.

ol Hay, O P., Pleistocene mammals of Iowa: Iowa Geol. Survey, vol.
23, 662 pp., 75 pls., 1914; The Pleistocene of the middle region of
North America and its vertebrated animals: Carnegle Inst. Washington
Pub. 322 A, 385 pp., 29 maps, 1924,

62 Calvin, Samuel, Aftonian mammalian 1emams Geol. Soc. Amrerica
Bult., vol. 20, pp. 341-356, 1909.

68 Shimek, Bohumil, Report on Harrison and Monona Counties: Iowa
Geol. Survey, vol. 20, pp. 315-347, 1909.

o Ideny, pp. 395-399.

& See especially The distribution of loess fossils: Jour. Geology,
vol. 7, pp. 122-140, 1899; and The significance of Pleistocene mol-
lusks : Science, new ser., vol. 37, pp. 501-509, 1913,
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The vertebrate remains brought to notice by Calvin
- were referred by him with some confidence to the
Aftonian interglacial stage, and the gravel was
thought to be Aftonian, but later studies by Kay ®
have thrown doubt on the correctness of this refer-
ence. The doubt, however, mainly concerns the age

of the gravel deposits in which the remains occur..

They may prove to be of Kansan age, but the fossils
belong to a fauna that flourished in that region prior
to the Kansan stage of glaciation and may thus be of
Aftonian age. Kay did not clear up the question of
the age of the gravel, whether Kansan or Nebraskan,
but he considered it the product of a glacial rather
than an interglacial stage. If the gravel is found to
fall in the Nebraskan stage, the fossils represent a
fauna that antedated the oncoming of the Nebraskan
ice sheet.

Hay ¢ gives the following list of species identified
in the collections made in the gravel plts in the
Missouri Valley: ‘

Mammut americanum (American mastodon).
Mammut progenium (long-chinned mastodon).
Elephas boreas (mammoth).
Elephas columbi (Columbian elephant).
Elephas imperator? (imperial elephant).
Aftonius calvini (extinct goat).
Symbos cavifrons? (extinct musk ox).
, Bison sp. (extinet bison).
Camelops sp. (extinct camel).
Equus complicatus (extinct horse).:
Equus niobrarensis (extinet horse).
Equus laurentius (extinct horse).
Equus excelsis (extinct horse).
Castor canadensis (beaver).
Megalonyx jeffersonii?
Megalonyx Sp. indet.
Mylodon harlani.
Ursus americanus. (American bear).
Alces shimeki (extinct moose).

Of the 19 species of the above list all are extinct
except two, the beaver and the bear, or about 90 per
cent of the whole number.

After assembling the various finds of remains in
what seem referable to the Aftonian interglacial stage
Baker finds 50 species of mollusks, 25 of vertebrates,
and an indeterminate number of insect wings. The
mollusks all belong to species now living, but 23 of
the 25 vertebrates are now extinct. He thinks that
the mammalian fauna resembles most closely the fauna
of the Equus zone or “Sheridan formation?” of
Osborn. Tt likewise seems to him to resemble the
fauna of the bone caves of Pennsylvania, as well as
the Hay Springs fauna of Nebraska. As to the cli-
mate of the Aftonian he remarks:

% Kay, G. F., Recent studies of the Pleistocene in western Iowa:
Geol. Soc. Amerlca Bull., vol. 35, pp. 71-74, 1924,
@ Carnegie Inst. Washington Pub. 322 A, p, 296, 1924.
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The Aftonian was a time of luxuriant forests, the climate was
moist, and the winters were not too severe for such animals as
the elephant, horse, and peccary. The types of mollusks indi-
cate a climate not essentially different from that of to-day.

Two types of climate are recognized—a warm tem-
perate climate, in which the naiads and other mollusks
and the larger part of the mammals lived, and a cold
temperate climate, in which a boreal flora flourished.
Shimek interprets the molluscan fauna as representing
aquatic or low-ground conditions, but the mammalian
fauna suggests upland or prairie conditions. It is
probable that both types of topography prevailed. It
is probable also that all the species were living

throughout the Nebraskan glacial stage in adjacent

territory outside the ice sheet and thus formed a re-

-serve fauna which migrated northward as soon as the

Aftonian climate became favorable.

The plants found in the Aftonian peat and soil in-
clude several species of moss of the genus Hypnrum.
The most common woods are spruce and cedar, but
tamarack and pine are also present and more rarely
elm and poplar. The writer collected wood from a
black till near Quincy, Ill., which is either pre-Kansan
or at the base of the Kansan and hence at least as old
as the Aftonian interglacial stage. The specimens
were carefully sectioned and studied by Walter W.
Tupper, of the botanical department of the Univer-
sity of Michigan, and found to represent a primitive
pine. Concerning it Tupper states, “ it is one of the
most primitive hard pines because of the piciform
pitting in its ray cells.”

Although the Yarmouth was a very long interglacial
stage, as shown by the erosion of the Kansan drift and
development of gumbotil prior to the Illinoian glacia-
tion, there are remarkably few identifications of the
life of this stage in the region under discussion. The
only vertebrate identifications are those of the rabbit
and skunk made by F. W. True from specimens sent
him by the present writer from peat deposits thrown
out from a well near Yarmouth, Towa, where the peat
lies beneath the Illinoian drift.*® Hay ¢ remarks on
this point:

Although other species of vertebrates have not yet been
identified from deposits recognized as Yarmouth, we may be
sure that there were numerous animals occupying these prairies
and forests. Ground sloths, elephants, mastodons, horses,
bisons, peccaries, besides other mammals now no longer exist-

ing, had not yet become extinct in Yarmouth times. Remains
of these, or some of these, will certainly be recovered.

Fossils in the pre-Illinoian loess in Rock Island

. County, Ill., differ from those of the surface loess in

carrying Pyramidule striatella and Pupa alticola.
They also contain a larger proportion of Helicina

% McGee, W. J., U. S. Geol. Survey Bleventh Ann. Rept., pt. 1,
p. 495, 1891, Leverett, Frank, U. S. Geol. Survey Mon. 38, pp. 42,
124, 1899.

% Hay, O. P., Carnegie Inst. Washington Pub. 8322A, p. 283, 1924.
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occulta and a smaller proportion of Succinea avara.
The following have been identified by W. H. Dall and
C. T. Simpson:

Helicina occulta Say.
Helicodiscus lineatus Say.
Limnaea humilis Say (var.).
Pyramidula perspectiva Say.
Pyramidula striatella Anth,

Pupa armifera Say.
Strobilops labyrinthica Say.
Succinea avara Say.
Succinea luteola Gould.
Vitrea arborea Say?

The plant remains in the Yarmouth peat and soil

appear to be of the cool temperate type and all of

species now living, though some showing varietal dif-
ferences. The pine, tamarack, and spruce suggest a
cooler climate than the present in localities where they
are preserved. But they probably were embedded in
the early part of the Yarmouth interglacial stage, be-
fore the greatest warmth had been reached. They an-
tedated the loess deposits, which appear to represent a
warmer and drier part of that stage.

The number of species of vertebrates that have been
referred to the time between the Illinoian and Wis-
consin glacial stages is surprisingly greater than that
of the species referred to the Yarmouth interglacial
stage. It may be found that some Yarmouth fossils
have been incorrectly placed in post-Illinoian time.
Thus fossils found in the Driftless Area beneath the
loess have been commonly referred to a time immedi-
ately preceding the loess deposition and classed as
Sangamon, though evidence as to the time relations
is not decisive. Vertebrate fossils found at the base of
the loess in the vicinity of Alton, Ill., may also prove
to be older than the Sangamon, as they were obtained
on an eroded drift that seems likely to be pre-Illinoian.
The fish and mammal bones found at Menomonie, Wis.,
are in a clay whose age has not yet been determined
with certainty. These are the localities which carry
the longest lists of fossil vertebrates that have been
referred to the Sangamon interglacial stage.

Hay " presents the following list of vertebrates from
the Driftless Area, found chiefly in crevices in the
Galena limestone:

Marmota monax.

Microtus sp. indet.

Geomys bursarius.

Lepus sylvaticus.

Anomodon snyderi.

Procyon priscus.

Canis nubilis (C. occidentalis).

Canis mississippiensis.
Canis latrans.

Megalonyx jeffersonii?
Platygonus compressus.
Tagassu lenis.
Odocoileus virginianus?
Cervus canadensis.
Cervus whitneyi.
Antilocapra americana.
Bison sp. indet.
Mammut americanum.

The collection of vertebrate remains made by Wil-
liam McAdams at the base of the loess in the vicinity
of Alton, Ill., now deposited in the United States Na-
tional Museum, includes the following species as
reported by Hay: ™ '

" Hay, O. P, Carnegie Inst. Washington Pub. 322, p. 343, 1923.
"1 Idem, p. 339.
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Bison sp. indet.
Mammut americanum,
Castor canadensis.
Marmota monax.
Castoroides ohioensis.
Geomys bursarius.
Ursus americanus,

Megalonyx jeffersonii.
Equus sp. indet.

Platygonus cumberlandensis.
Sangamona fugitiva.
Cervalces roosevelti?
Rangifer muscatinensis?
Taurotragus americanus.
Symbos cavifrons.

Of these 15 species only four are now living, but it
is thought by Hay that none of the others require an
earlier date than the middle of the Pleistocene. Con-
cerning the age of the underlying till and the time of
burial of these vertebrates Leighton "2 has expressed
the following view:

If the till proves to be Kansan in age, the weathering of
the drift may be credited to the Yarmouth interglacial epoch,
the mammalian fauna to late Illinoian or early Sangamon
times, the reddish loess (in which the fossils occur) probably
to the Sangamon, and the buft loess to the Iowan.

In the clay beds at Menomonie, Wis., a caribou
antler, bones of the Mackinaw trout, and a leg bone
of a mastodon have been found. Hay reports that
marks on the leg bone seem to have been made by the
jaws of a wolf. He says the explanation appears to be
that the mastodon had in some way broken a limb and
had died. The wolves then proceeded to devour him;
they could not have broken the limb themselves. The
mammal remains and also wood found in this clay are
in fragments, indicating transportation from the orig-
inal place of burial into the lake, but the fish remains
are sufficiently intact to warrant the interpretation
that the fish lived in the lake.

The bones and teeth of a reindeer were found by
I*. M. Witter near the base of the loess at Muscatine,
Towa, and named Rangifer muscatinensis by Leidy.”
Hay ™ quotes Shimek to the effect that the bones were
in the gummy clay developed on the surface of the
Illinoian drift—that is, the Sangamon soil, or Illinoian
‘gumbotil—and he also thinks that the remains be-
longed to a species quite distinct from any now living.

Hay states that the following species are referred,
with some reservations, to the Sangamon stage in
Towa: ~

Mammut americanum (masto- | Rangifer muscatinensis (cari-

don). bou).
Elephas primigenius (mam- | Cervalces rooseve'ti (moose).
moth). : Bison occidentalis.

Remains of plants are numerous in the Sangamon
soil, but identifications of species have been made in
very few localities. The range in kinds of plants is
rather wide, as indicated by the list given by Baker,®
which embraces over 50 species.

72 Leighton, M. M., Jour. Geology, vol. 29, p. 514, 1921,

"8 Leidy, Joseph, Acad. Nat. Sci. Philadelphia Proc. for 1879, p, 32.

% Hay, O. P., Carnegie Inst. Washington Pub. 322 A, p. 176, 1924 ;
Towa Geol. Survey, vol. 23, pp. 34, 278-281, 1914. .

7 Baker, F. C., op. cit., pp. 3835-337.
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Molluscan remains, mainly of terrestrial species, are
abundant in the loess that overlies the Sangamon soil
and Illinoian gumbotil. Fluviatile mollusks have been
found in certain localities in deposits that fall in this
interglacial stage. A conspicuous example is that of
the Florencia formation of Hershey near Freeport,
1L, in which he found 48 species of mollusks.”

Remains of several species of extinct vertebrates are
embedded in peat bogs on the Wisconsin drift in Min-
nesota, and also in river bars of post-Wisconsin age.
Three such species, Megalonyxz jeffersonii, Elephas
boreus, and Castoroides ohioensis, have been found
within the limits of the city of Minneapolis. A peat
bog near Crosby, Minn., yielded remains of Bison
occidentalis, Bison bison, a reindeer, probably Rangi-
~ fer caribow, and an antler of the moose Alces ameri-
canus. In river terraces in Wabasha County, Minn.,
have been found remains of the musk ox, probably
Owvibos moschatus, and Elephas boreus. River gravel
at Mankato, Minn., has yielded remains of Elephas
boreus and Mammut americanum. A mastodon tusk
has been found on a terrace of the Mississippi River
at Minnesota City. Other places in Minnesota at
which mastodon remains have been found are Fair-
haven, Stillwater, Northfield, and Albert Lea.

Some of the remains found in river bars may have
been derived from pre-Wisconsin deposits that were
in process of erosion by the streams, but those found
in the peat bogs are certainly post-Wisconsin. There
is thus clear evidence that the vertebrates whose re-
mains are thus embedded became extinct only a few
thousand years ago.

In a letter in February, 1928, Baker makes the fol-
lowing statement concerning recent determinations on
mollusks:

Intensive studies on the fresh-water deposits, as well as the
loesses, of Illinois, Indiana, and Iowa indicate that as far as
the mollusks are concerned there are many forms that differ
varietally from those living to-day. . In many aquatic deposits
the lineal ancestors of several species have been observed, the
difference between these and the recent forms being very
marked. In several instances the species of early.periods, as
the Yarmouth, are different from those of the later intervals,
as the Peorian. The early Wisconsin shows a large propor-
tion of recent species with a falling off, in the land forms, of
the peculiar Pleistocene varieties. It may be found that fully
25 per cent of the land fauna is extinct, taking into account
the recognized varieties. This compares more favorably with
the percentage of extinct forms found among the insects and

mammals and appears more in accord with laws which should
have affected one group as well as another.

DEVELOPMENT OF PRESENT MISSISSIPPI
DRAINAGE 77

As the late Wisconsin Keewatin ice melted away
and its margin retreated northwestward it uncovered

76 Baker, F. C., op. cit.,, pp. 295-296.
7 Adapted from discussion by F. W. Sardeson in U. S. Geol. Survey
Geol. Atlas, Minneapolis-St. Paul folio (No. 201), p. 11, 1916.
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a surface whose former relief had been modified by
the deposition of the young gray drift and upon which
a new set of streams began to flow, finding such courses
as they could among the many knolls and ridges of
drift. At first they were swollen with water from the
melting ice- and flowed with strong currents, so that

they were able to cut broad valleys and do more work

in erosion and transportation than at present. They
were laden with débris, partly outwash from the melt-
ing ice, partly drift from places where they were
eroding, which was carried a long distance and spread
out for many miles along their courses and which now
forms the gravel floors of terraces along the valley of
the Mississippi. Probably all the depressions were
occupied by lakes and ponds, each of which discharged
through the lowest point of its rim to some neighbor-
ing lower tract, and thus the courses of many streams
became fixed. In time many of the lakes were drained
and streams flowed across their former beds, and so
by degrees the present system of drainage was
developed. :

The present valley of the Minnesota River must
have been even then a relatively low area, along which
one 0f the main lines of drainage was early estab-
lished. By the time the ice had finally disappeared
from the area two principal streams were established
in it—the glacial Mississippi and the glacial Minne-
sota. Both were fed by melting ice in areas on the
northwest, and both carried considerable débris and
were actively eroding their channels. These streams
joined a mile northeast of Fort Snelling, forming a
stream that flowed northeastward in a new course to
St. Paul and thence southward in an old valley. This
stream was swift and vigorous, and it soon cut a chan-
nel through the Decorah shale to the Platteville lime-
stone. Where it flowed off the limestone bed into the
old valley a low fall was soon developed.

The glacial Mississippi had much the same drainage
basin above Minneapolis as the present river, but it
carried a larger volume of water and in places was a
mile across, though shallow. Its bed was uneven and
was being cut down in some places and filled up in
others. As soon as the ice had melted out of its drain-
age basin the river shrank to its present normal volume
and began cutting the lower terraces in the old valley.

The glacial Minnesota appears to have been a larger
stream than the glacial Mississippi, being in places 2
miles wide. Like the Mississippi it flowed over an
uneven bed, formed the high-level terraces from out-
wash in the course of the recession of the ice border,
and began the excavation of these deposits. Unlike
the Mississippi, however, it did not shrink to its pres-
ent volume when the ice disappeared from its drainage
basin, for it was long the outlet for glacial Lake Agas-
siz and then carried an even greater volume than before.
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The River Warren, the stream through which Lake
Agassiz had its discharge by way of the Minnesota
Valley, was the main stream of the region, to which
the Mississippi above Fort Snelling was only a tribu-
tary, and it cleared most of the drift out of the old
valley south of St. Paul and cut terraces on the side
slopes. It cut the deep gorge between Fort Snelling
and St. Paul by the recession of the fall that had
formed at the lower end of the gorge. When the head
of the gorge passed the point where the Mississippi
entered, at Fort Snelling, a fall was formed on that
stream also and cut its way back to its present position
at St. Anthony Falls. The main fall receded only a
short distance up the Minnesota Valley beyond Fort
Snelling when it came to the eastern bluff of a buried
preglacial valley. On cutting away its limestone lay-
ers the fall disappeared, and the River Warren deep-
ened the Minnesota Valley rapidly.

For several thousand years after the River Warren
had begun the excavation of the gorge between St.
Paul and Fort Snelling the Mississippi River above
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the rock strata were not quite the same; during the
existence of the River Warren the Mississippi was
only a tributary, but since the subsidence of the River
Warren it has been the main stream. As-a result of
the combined influence of these factors both the older,
higher channel and the newer, deeper gorge of the
Mississippi above Fort Snelling are narrower than
those of the River Warren. The height of the falls
and the gradient of the stream both below and above
the falls have varied considerably from time to time,
and the manner of recession has been rather different.

The breadth and scope of the stream and the height;
and character of the falls at several stages in their
history are shown by terraces and remnants of fall
scarps at a number of places along the gorge. The
profiles of the falls at several stages of their recession
are shown in Figure 24.

The highest stage of the falls, about 75 feet, is
found just above the Lake Street Bridge in Minne-
apolis. It resulted in the cutting of the deep lower
gorge, now partly filled with rock waste, as shown in

SE g

Fort,
Snelling
~ - — 1/2Miles =~ — =
s

Decr Park, Soldier
Minnchaha Ravine
g Mile = — =

700 —

650 —|

Sy

dolomite

Fisurp 24.—Generalized profiles showing successive stages of St. Anthony Kalls from Soldier Ravine to the present falls below Nicollet
Island. The bluff at Fort Snelling, shown at the right, is not a fall scarp. By F. W. Sardeson

Fort Snelling was flowing on the bed of the glacial
Mississippi and probably had cut it down to the top
of the Platteville limestone between Minneapolis and
Fort Snelling. It appears that the River Warren en-
countered a small preglacial valley just below Fort
Snelling that extended northwestward up the present
course of the Mississippi for about a mile. The River
Warren quickly cleared the drift in the part of this
valley that crossed its path and then attacked the lime-
tone on the west bluff of the little valley. The Mis-
sissippi likewise rapidly cleared the drift from the
part of the little valley above Fort Snelling to the
point where it entered that valley over the rock bluff on
its north side. As the drift was scoured away a fall
was formed where the river plunged into the old val-
ley. This was the beginning of the falls of the Mis-
sissippi as distinguished from the falls of the River
Warren. This part of the Mississippi River was for-
merly called the St. Anthony River, and the falls were
therefore called St. Anthony Falls.

The history of St. Anthony Falls is in general simi-
lar to that of the River Warren fall, but differs in
several important details. The volume of the Mis-
sissippi was much less than that of the River Warren;

Figure 24. During the last 4 miles of recession of the
falls, above the Lake Street Bridge, the river while
excavating the gorge in that interval has been filling
up the gorge below the bridge, as shown by the valley
fill in Figure 24.

The recession of the falls has been in part contem-
poraneous with the deepening of the Minnesota Val-
ley by the River Warren and in part subsequent to
the subsidence of that stream. This subsidence ap-
pears to have taken place when the St. Anthony Falls
were in the vicinity of the Lake Street Bridge. It
appears to be in consequence of this subsidence that
the bed of the River Warren and the part of the gorge
below the Lake Street Bridge have received the filling
with river débris indicated in Figure 24, the amount
of filling at Fort Snelling being about 60 feet.

The rate of recession of St. Anthony Falls in his-
toric times has been determined by N. H. Winchell
from records dating back to 1680, when Father Hen-
nepin saw the falls, to be about 2.44 feet a year, or a
mile in 2,163 years. As the Lake Street Bridge is
about 4 miles below the present position of the falls,
the time since the subsidence of the River Warren ap-
pears to be between 8,000 and 9,000 years. It thus ap-



146

pears that the Keewatin ice was persisting near the
northeast limits of the glacial Lake Agassiz down to
within 9,000 years of the present time.

Eventually the recession of the ice front in Canada
uncovered a low outlet eastward for Lake Agassiz, and
the southward discharge ceased for a time. A read-
vance of the ice front closed this eastward outlet, and
the lake rose to the level of the head of the south-
ward outlet and again discharged through it. But a
subsequent recession of the ice front reopened the line
of eastward discharge and the River Warren sub-

sided. Since then the Minnesota River has had vir-

tually the same volume as at present.

Since the River Warren subsided the MlSSlSSlppl
has not been able to transport all the sediment brought
in by its tributaries. Its bed in places has been ag-
graded no less than 50 feet, the current has been slack-
ened by the raising of the river bed, and it has formed

a flood plain that is occupied chiefly by swamps and-

lakes. -

On the basis of the rate of erosion indicated above,
St. Anthony Falls started about 14,000 to 15,000 years
ago, the length of the gorge cut by them being about
7 miles. To estimate the duration of Lake Agassiz
it is necessary to add to the somewhat more than 6,000

years involved in the cutting of the part of the Mis-

sissippi River gorge between Fort Snelling and the

much exceed 10,000 years.
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Lake Street Bridge the time required for the opening
of the greater part of the rock gorge below Fort
Snelling by the River Warren. Earlier drainage had
probably made only a small start on this task. This
rock gorge is between 5 and 6 miles long, or nearly
as long as that cut by the Falls of St. Anthony. But
as the River Warren was a much larger stream than
the Mississippi River the excavation was probably ac-
complished in a much briefer period than the 15,000
years required for the work by St. Anthony Falls. It
might have been accomplished in less than half the
time, possibly in 4,000 years or less. It is necessary
also to take into account the period of interruption of
flow in the River Warren when Lake Agassiz had a
temporary eastward discharge. It is doubtful, how-
ever, if this covered more than a few centuries. With
all the evidence taken into consideration it seems prob-
able that the duration of the River Warren did not
By adding to this the esti-
mated 8,000 to 9,000 years since the river subsided,
the beginning of Lake Agassiz is found to have been
about 18,000 years ago. It thus appears to be a rather
close correlative of the glacial Lake Algonquin, as de-
termined by estimates made on the time involved in
the history of Nisgara Falls.™

78 Taylor, F. B.,, U. S. Geol. Survey Geol. Atlas, Niagara folio (No.
190), pp. 23-24, 1913; New facts on the Niagara gorge: Michigan
Acad. Sci. Papers, vol. 12, pp. 251-265, 1929.
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