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Midwestern Friends of the Pleistocene . .. . - -9th Annual Field Conference

_East-Centr_al_ North Dakota - May 17-18, 1658
Sponsored by North Dakota Geological Survey
Introduction
by
Wilson M, Laird, State Geologist and
Miller Hansen, Assistant State Geologist
It is a pleasure-to welcome the Friends of the Pleistocene to North Dakota

for your 9th Annual Meeting. We wish to thank the State Survey Stafi and all those
who have helped to make arrangaments for the field trip and especially to those who
have contributed papers for the guidebook. Among these are Morris M. Leighton,
John A. Elson, Roger Colton, and D, R. Moir. Richard Lemke in particular has
contributed several papers, and also wrote a large portion of the road log. We hope

that the meetings and the trip will contain something of special interest to each one

of you,

Objectives
There are only a few areas known in North -Dakota where tills cah be

differentiated by age, and for this reagon the attention of the conference will be
directed chiefly to the general distribution of drift sheets and associated glactal
lakes, The e#tggt of the last lobes of ice as shown by the land forms they created
will be emphasized, as well és directions 6f ice movement and differentiation of the
several ice lobes. : |

~Due to t-he;low relief many land forms are not easy to pick out on the ground.
Washboard moraines for example are difficult to see on the ground but can be seen
distinctly on aerial photographs. Photographs have been used e:;tensively by Colton

and Lemke in glacial mapping irn Montana and North Dakota.




Route of Field Conference

As can be seen _from the maps the general 'rou_te of the field trlp is from Grand
Forks to Minot via hlght;ay 2, and Af.ronx»Mlno:t_back to Grand Forks via Highway 52,
county roads and Highways 7 and 81. In th"e_.oocke,t of your guide book there is a
North Dakota highway map and the_ronte of_t':he fleld trlp is shown on Plate 2 in the
pocket. Plate ] in the pocket shows a portion of the route on a larger scale.

. The first day of the trip we wlll travel about 245 miles, Part of the time there
will be many glacial feature,s within a few 'tenths of a mile and then tnere will be .
distances of se{reral miles ’over relatlvel.y:f:evatureless ground moreire.. Due to the
fact that we have to do most of our travelling on main hlghways, we will not see some
of the bestvexposures .. With that thought in mlnd the road log has been expanded to -
provide information.on some of_ the features that we 'willf_not see, Additional papers
in the guide book also help in this respect. .. . |

During the first day we will cross many of the beaches of Lake Agasslz‘and
our first stop will be at a stream cut in glacial till about twenty miles west .of.Gra,nd
Forks in thke Turtle River State Park. After leaving the old lake bed we wlll pass |
through areas of end moralnes and ground moraine before reachlrg the outcrops in .
the Devils Lake area where tlll overlles Pierre Shale. | I

Ou. lunc‘x stop has been chosen off the highv*ay ina wooded area contalning
many kettle holes. hboard moralnes and old sbore llnes of Devl.ls Lak° are the :
next features to be seen, followed by till and reoesslonal moralne of the Leeds lobe. |
Farther west we will cross the old lake bed of glacial Lake Souris with assoclated
kames and conupicuous dunes as well as nnmerous outwash chanrels cut in ground
moralne. | h - V R

Our flrst stop on the second day wlll be at the southeast outsklrts of Mlnot

to inspect till of the Sourls lobe after whlch we will see some rather well developed

2.
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terraces along the Souris river which contain comparatively large deposits of gravel
for this area. Along the river we will afsosee landslide topograrhy, kame terraces,
diversion channels, kamee:,,._apc_l an outcrop of the Cannonb_all marine formation of the
Fort Union group (Paleocene).

The next prominent feature is ;he _'Max mo;*é;ne -~ a vast complex of end
moraines which as you can see from the vstate‘ geologic map, arcs across North Dakota
from the northwest corner to the sogth central paﬁ of the state.'

The linear drumlins are unusual in their iength and regularity and we think
you will find them thought provoking and worth close observance..

The rest of our return trip to Grand Forks will be ‘acljos‘s moraines, oﬁtwash
channels, terraces, eskers, and finally back to the Lake Agaésiz beache‘s which are
much less distinct than those about 30 miles to the north which we saw on the {first
day of the trip.

We want to mention the material that you will find in the pocket of your guide~
book. There is a glacial map (Plate 1) of North Central North Dakota which takes in
the areas of the Souris Ri‘verrloop and Dévﬂs Lake bsr R. ‘W. Lémke. | Plate 2 is a
portion of a g}acia_l map of No;th Dakota by Roger_Colton e;nd R. W Lemke on which
the route of the ﬁgld_tnp is shown. The_ﬂm{este_m portion of tvhle route is als&shown
on Plate 1. R. W. Lemke also qontribt;xted his relief mép of the \.Ioltéi‘x'é.quad.rangle
and a paper on the linear drumlins in the Velva area. John Elson's paper on Lake
Agassiz and the Mankato-Valders problem is also to be found in the pocket, along
with a North Dakota highway map contributed by the State Highway Department and

the North Dakota Geological Survey geologic map of North Dakota.




The lead car in our convoy 1s markéd with a large number 1 on the
trunk lid. Please do not pass the lead car. Please try to maintain about'
100 yards between vehislos., We will usiially be travelling slower than
other.ira‘fiic ah& alOO yard ihterval will permit other cars to pass. It is
to our advantage to avoid piling up traffic within or behind our convoy. The
last car in our group is marked with a red flag on the radio aerial The driver
will maintain his position in last place and is ready to help you if you have

e

car trouble of any kina. RSN

" ROAD LOG MILEAGES

In checking mileage between points we have noted that our cars
record from 15 to .5 miles more than actual mileage ovér a measured ten

mlle course. Most cars should check the listed mileages between points

within 1 of a mile, except perhaps for distances exceeding 10 miles .

Padian
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Mileage

.75

1.75

3.05

8.65

12.35

13.05

14.75

15.35

15.756

18.20

.75

1.00

1.30

5.60

3.70

.70

- 1.70

.40

2.45

ROAD LOG

MIDWESTERN FRIENDS OF THE PLEISTOCENE FIELD TRIP .

Assemble on Columbia Road between 2nd Ave. North and University

Avenue, with cars heading north,
Highway No. 2 turn west {left) .

Railroad crdssing. 'Proceed wastward across floor of Lake Agassiz.

See papers in guldebook by Leighton and Elson on Lake Agassiz.

e

Lake Agassiz silt tn road ditch to north.

Bridge .. ,Till—f outcrop to north.in coulee. -

Kelly Slough alkali flat.:

. Leave Kelly Slough.

Road to Emerado to left. -Ke,ép_‘.{on I-_;_J.Q}iﬁay No. 2.

Emerado Beach. Elevation 900 feet. Sand and gravel pits to south,
Railroad crossing.

Hillsboro beach. Elevation 930 feet. .Note the gradual increase in

beach elevations to the west.




18.45

18.95

19.15

19.45

19.80

20.35

20.75

21.40

22.10

.25

.50

.20

.40

.35

.55

.40

.65

.70

Second ‘Hillsboro beach.

Blanchard beach. Elevation 940 feet.

Second Blanchard beach. Elevation 950 feet.

Third Blanchard beach. Elevation 960 feet.

Roa@» to Gilby..

McCauleyville beach. Note mearider scar. Elevation 980 feet,
Campbell beach, elevation 1000 feet. Gravel pits to north.
Entrance to Turtle River Park. Turn north (ri.ght)' .

Stop #1 in parking area. Cut in glacial till near picnic grom& .' Note
oxidlzed zone and laminated till near top. This section was measuréd
in July, 1957.

Top soil (leached) 2' 0O"

Sub soil-sandy(partially leached) - 276" -

Sand, brown, medium grained 2' 9~

Clay till, with pebbles of lime~-

stone, shale, granite, and

metamorphic rocks. Till is in
alternating layers of brown and

" gray sbout 1’ thick. © 48 Q" .

55] 3"
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22.75

23.15

23.55

24.15
24.60
25.20
26.90

27.15

27.65

.65

.10

.30

.40

.45

160

1.70

.25

.50

Climb to the top and walk to other side of the hill, Note meander

scar oh plaiii béiow.

Turtle River bridge.

McCauleyviile beach, |

Campbgll .beach, note ?ld gravel pl_ts .

]‘uncti_on with Park Road going west near caretakers house. Note

second Campbell beacﬁ 10" ﬁighér fhan other one.
Highway #2 turn west '(iiéh;) .

Cross Turtle River,

Boulders, Wafér cut ‘gro.i‘md lx.rnotéi‘ne‘ .:

Boulders.

Tintah beach. Elevation 1050 feet, Note the boulders along the

beach ridge. This is the Apptbximate outér marglh of an ice lobe that
advanced from the northeast; margin marked in places by the Edinburg

moraine (see paper "Summary of Pleistocene Geology of North Dakota”).

Edge of Elk Valley delta,




28.05

28,25

28,35

29,50

30,60

31.10

32,25

33.05

33,95

.40

.20

.30

.95

1.1

.50

1.15

.80

.90

.50

- 34,45

$36.20

37.15

L1

Norcross beach, Very sandy, Elevation 1080 feet,
Turtle River bridge,
Upper Norcross beach, Elevation 1090 feet,

Lowe st Herman beach,

Approaching ‘road junction,‘ kée;) to right .on H;ghway #2.
Lowe st Hérmag .§g§?h_‘ lndlstlnct

Recrossing lowest HermaQ {b_eéch'. o

Note terrace on Turtle River .

Crossing lowest Herman'ﬁéach, thﬁ'& time,

Middle Herman beach.

Mtddle Herman beach Note cross beddtng. Stop #2 10 minﬁtes.

\‘ o
+

No more rest stops for 80 mues

Railroad crossing.

Town of McCanna to east (right).

ay
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39,65

41.85

43.35

45.05

48.55

49.45

57.15

68.25

76.05

Z.SO

2.20

1.50

1.7

3.50

.90

7.7

11.1

7.8

Probable highest Herman beach elevation about 1150 feet. Leaving

. Lake Agassiz and proceeding on ground moraine characterized by

swell and swale topography, youthful tepography with unintegrated:
drainage. This drift was deposited by ice that advanced from a

generally northwest direction.

Channel in till trending east to. Turtle River.

- ‘Approaching indistinct end moraine trending north-south. Probably

equal to Fergus .Falls moraine of Upham,

. Niagara corners.

Good till outcrop to right. Chiefly ¢round moraine from here to:Devils
Lake. The indistinct arcuate washboard moraines, best seen on aerial -
photos indicate that the Leeds lobe retreated to the northeast.

BRI U S

Overpass, Petersburg ahead on right.

Entering town of Michigan.

Approaching town of Lakota.

Stratified ice contact deposit. Kame or esker on left side of road.




78.50 -

83.25

86.40

87.65

89.45

92.40

95.00

95.40

95.80

98.25

100.35

2.45

4.75

3.15

1.25

- 2.95

2,60

.40

.40

2.45

2.10

Old. shore line behmd.-houses on west.,

Road north (right) to Doyon. From the vicinity of Doyon and for some

- distance west, topography is more end morainic in character,

“Road to north to Crary. From here west route can be followed on

Plate 1 in pocket.
Small end moraine trending north and northwest.

View to southwest ‘(lgft)- of Devils Heart Butte and other hills of

glacial material blanketed over bedrock highs. -

Unevenly crested esker; contains poorly sorted sand, gravel, laminated

silt, and till,
View of east Bay of Devils Lake to south.
Road right to Dévﬁs:'igke‘, keep on U. S. Highway #2.

1' -
Turn south (left) on Route #57.

Old shore line of Devils Lake. See sufnmary of papers on Devils lake

area in guidebook.

Route 20 turns east. Proceed south on route #57.
10.




101.05

103.05

104.05

104.75

106.05

106.75

107.65

109.45

.70

Pole showing various lake levels.

1870 -~ 1438' 1910 - 1420’
1880 - 1435’ 1940 - 1402’

.. 1890 - 1425 .. 1950 - 1415’

2.00. oo

1.00

'70

.70

Concrete sectional Culvert Co. cement block & pipe plant.

Cut on south side of road. Till overlying Pierre shaleI g‘ravel,
Stop #3. Outcrop of Pierre shale overlain by till,

Top - Stony clay-till containing ghale, limestone .

and granite pebbles, and a few boulders. 47f
Pierre shale- 20'
' e o YA

Near the top is a small slump scarp. No leached zones were found

in the tﬂl. RS SR

.- Outcrop of Pierre ghale.-overlain by gravel and till,

.60

.70

1.80

Good outcrop of till, Pierre shale in road cut.

Good outcrop of Plerre shale and Plerre derived gravei.

AT 1 A .
+ - Acoara :

Road left to Ft. Totten, keep on highway 57.

Start Tokio (?) end moraine.

11.




110.65

1.20

Turn south (left) on gravel road.

.40

111.05

111.90
113.55
1;4.10
115.10
116.00

116.50

117.20
121.15
121.85

123.10

Stop #4 -~ Lunch stop. Shérply ‘é:;'ééted mofémlc'ridges and steep
sided kettle holes of North Viking mbni'a.ine. 20 minute stop.
.85
Kettle hola to south.
1.65
Turn north .(.right) .
.55
Kettle hole (?) 9!i gfx‘:i:a'liiéd depression to wgs’t". :
Route #57 turn west (left).
Kettle hole on north.
.90
Gravel pits to north probably outwash, consisting chiefly of Pierre
.Shale, . N
.70
Junction, ‘turn right on #281.
3.95 -
lallie to west. Keep right (north) on #381.
.70
Kame td west about 1/2 mile.
1.28

Several arcuate washboard moraines.

12,
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124.25

124.75

125.45

126.00

127.60

128.40

130.20

131.70

132.70

133.10

134.80

1.15
Washboard moraines arcuate to northeast washboard moraines indi-
cating retreat of this part of the Leeds lobe to northeast. One of a

series of several such moraines present in this area,

.50
‘Round Lake :to'wev'st'.' Part of giéaéial distributary. -
' Kame moratne to west.
55 -
| Old shore liﬁe of Devils Lake to northeast (right) . Elevation 1453'.
- Enfer'iﬁé l;rﬁ'nnewaukan: ;
.80
© Old shore ltne of Dévils Lake, Elevation 1453'.
Note s'hor'e" liin'er (I-:ljévatlbvri{'145:3') to left near red barn. We are
travelling on lake botiom here. '
1.50 N
4‘ Ivunlétion with ‘r»c;uﬂte?‘#vls'v.' Gontinue north. indiét‘iiic':t *Brinsmade *
| mora.irie to east in lake and fo west for many miles.
- Lake sediments of Devils Lake in road ditch to the east.
.40
o I-ngh'lev'e'l (1453" shoreltne of Devils Lake. Till of Leeds lobe
exposed in roadcut . o |

1.70

Ralilroad crossihg. 1’3




1.56

~Road to Brinsmade to the west,

Iod.i‘sttn.ot washboatfd' tnora_tn_es ofi Leede lobe. “I'hesevr_no'raines, whick
can be seen more clearly on aerial photographs, are mostly arcuate

to the northeast and tndicate recession of the Leeds iobe in that
direction in this area. (See paper on " Narrow ltnear drumlm near
Velva, North Dakota“" for d.iscusston of washboa_x_‘d tt;oraines and

related features as indicators of direction of ioe movement,)

Junction with Highway No. 2. Turn west. We are travelling on ground

moraine of Leeds lobse.

East limit of town of Leeds. Note on Plate 1 (in pocket) that north
of Leeds there are linear drumlins that trend southwest and al.:o
numerous wa‘e_h__poardmmoratnes that are arcuate to the ‘northeast.
These features 1ndtcate tt:at the tce{‘,ot tlte Leeds -lotte-in this area

advanced from the northeast and retreated in the same direction.,

.. These features are too indistinct to be seen from the highway and

East limit of York,

can best be seen on aerial photographs.

Approxtmate proxlmal edge of a relatively small recessional moraine

of the Leeds lobe (see Plate lin pocket)

136.35
... 2,08
138,35
C 4040
142.75
10.20
152.95
6.55
159.50
1.70
161.20 -
1.25

162.45

Distal edge of the recessional moraine.
Si T 14"0 K




2,40
164.85 Proximal edge of a narrow sharply defined recessional moraine of the
- Leeds lobe. |
e85

: 165.40 Distal edge of the recessional moraine.

165.65 - - Knox. ..
2.50 -
168.15 ~ Proximal edge of termh?a%_morame of the Leeds lcbe.
.80
168.95 Kame to the south (not shown on Plate 1), The kame“consists chiefly
- of sand and. fine gravel. Granitic and gneissic rock types are most
. abnndant”fo,ll_\owed_by_ carbonate rocks. There are ,some. js'hale chips
i but no lignite chips.
. - 1.50

170.45 . . Approximate distal edge of terminal moraine of Leeds lobe. In this

area and to the north and northeast it is difﬂcult to separéte the drift
of the Leeds lobe from that of the Souris River lobe. Sepatation is
made mostly on the basis of the orientation of the arcuate washboard
moraines and of. the linear drux;lllns and on the basis of the slight
difference in composition of the till of the two lobes.. The washboard
moraines of the Leeds lobe in this area are mostly arcuate to the north-
~east and the trend of the linear drumlins is to the southwest. The till-
of the Leeds lobe is clayey and contoins numerous chips of Pierre
shale, but f_ew lignite chips. The washboard moraines‘ of the Souris
’ - River lobe, on the other hand,_ are mostly arcuate to the northwest and

15.




171.28

171.50

.80

.25

- 9.70

157‘ ;20' '

3,45

180.65

‘1obe.’

the linear drumlins trend southeast ‘indicating that the ice of that

" lobeadvanced from the northwest and receded back’in the same

direction. The till of the Souris River lobe contairns only a few shale
chips but contains numerous chips of lignite derived from the:Fort
Union formation over whick the glacier passed.

Northeast of the area we are now riding over there was apparently
some overlapping of the deposits of the Leeds and Souris River lobes '
as indicated by the conflicting pattern of washboard moraines and
linear drumlins (see Piaté 'l in pocket). Thus the boundaries of the
two lobes as shown on the map are somewhat arbitrary.

Broken Bone lakes: Outcrop of Fox Hills sandstorie (?). This out-
crdb ;of 'bedibt;k is found in 'a rarrow strip presumably lying between
the terminal moraines of the Leeds lobe and the end moraines of the
Souris River lobe where only a small amount of drift has been deposited.

Elsewheére-in this area‘the drift cover in most places exceeds 100 feet.

Approximate distal edge of end moraine of Souris River lobe. The

~ proximal edge’ of this morainie £s not well defined arnd grades
" imperceptibly to the west into swell and swale topography of the

~  ground moratine of the Souris River lobe, = =

‘Crest of small discontinuous recessional moraine of the Souris River

ol

Rugby. Mériiimézit-”marking geographical center of North America.

GAS STOP
16.




185.85

191.85

192. 45

199.95

. 204.95

5.20

6.00

.60

7.50

5.00

- East shoreline of glacial lake Souris.

Road' to Tunbridge.

Note flat topography of the
lake bottom to northwest. Most'of;the next 40 iniles ‘will be on the
lake floor. For glacial history of the lake refer to paper on "Glacial

history of the Souris River area, North Dakota ',
Berwick.
Tovmer.

Souris River. The Souris River flows into the United States from
Canada about 60 iniles northwest of Minot. Thence, it flows south-

east nearly to Velva where ‘it bends northeastward and then northward

..., to again enter Canada about 60 milés northeast of Minot in the

- vieinity of Westhope.

----

Its waters ﬁnany empty. into Hudson Bay. The

Sourts River and- 1ts tributary the Riviere des Lacs were cut in Pleisto-

. cene time and were ice marginal streams to as far downstream as

Verendrye during recession of the Souris River lobe. In the vicinity
of Verendrye the meltwaters of the Sdﬁﬁs R!.ver during deglaciaﬂon. o
of the Souris River lobe drained into glacial Lake Souris. ‘It was only
during the final drainage of the lake: xidﬁhward'-a':i& SUbsequenf.ly' that .
the -segment of the river downstream‘fi'éﬁiﬂvaéhdrye' came into existence.
This accounts for the lack of well‘-‘,def'iried.".w'r‘ai_l“a):r ‘'walls in the lake area
in contrast to the river being entrenched in a valley 100 to 150 feet

below the upland in the segment upstream from Verendrye.
17.
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ice contact depostt (not shown on Plate 1) ldid down in the laks;
This deposit was probably laid dowm in shallow waters of the lake

and spread out by wave action as a nearly flat-topped north trending

" ridge that is 5 to 15 feet high, less than a mile long and 1/4 mile

wide. The deposit consists chiefly of fine gravel and sand but also

contains medium size gravel and cobbles,

Beginning of dune area (not shown on Plate 1). These dpnes are
most prevalent in the southern part of the bed of glacial Lake Souris.

Individual dune groups range in areal extent from small patches a few

i, ¥

hundred yards long to large tracts several miles long and 1 to 2 miles
wide, Each dune group consists of clds\e_ly.s__paced or partly c,;oales,ced
individual dunes. Both individual dunes and dune groﬁps are elongate
in a northwesterly direction. Individual dune_g range in height from

barely perceptible rises to features as much as 50 feet high. The

‘dunes, theé ‘naterial of which was derived from the floor of glacial

Lake Soﬁrié"-,: probably began to form soon after the lake drained. Most

are now fah‘ly stable but are slowly migrating southeast.

"I-.nghé'r“dunes to the north about 1/2-mile. -

' »Blowout* area. :Source of some of the dune material, Most of the

"blowout" areas are confined to sand size matertal from toward the

“western shoreline of glacial Lake Souris.

18,
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Kames to the north. - These were deposited in the lake but were not

. completely submerged.

Conspicuous dunes to the south.
Denb;gh. '
Sandhills Experiment Station to the south. Studies are being

conducted at this station in connection with dune stabilization. An

auger hole in this area penetrated 73 feet of sand and ended in bluish

_gray unoxidized till of unknov»fn thickness. - No lake: clays or silts

were encountered,

Hills to the north are kames (not shown on Plate. 1). One of these,
Buffalo Lodge Butte, is a kame 125 fegt hl_gh,. :The presence of an
indistinct shoreline about 35 feet above the base gf._._the deposit shows
that the \ka_me was deposited :_1n;thei;_1ake but was for the most part not
submerged. A gravel pit on the crest of the kame exposes poorly

sorted sand.and gravel. The beds are tilted nearly parallel to the

- slope of the hill and are cut by small faults and other collapse features.

Till is exposed along the bottom 25 feet of the eastern side of the

feature; possibly the core of the hill also consists of till,

West shoreline of glacial Lake Souris. Although not very conspicuous,

- this is one of the best defined parts of the entire shoreline of the lake.

19.




In most other piaces tﬁere is an almost imperceptible change from
lake floor to surrounding ground moraine arid the limits of the lake
can be determinéd only on thé l;aaSLs of change in- lithology - ftom
sand of the lake deposits to till of the ground moraine.

From here nearly to Minot we will be riding on nearly ievei éround,
moraine of the Souris River lobe modified by numerous relatively
small bifurcating cutwash channels. The ground moraine in the
Souris River area, in most places, is unusually't'iuék in comparison
with other glsciated areas in the Great Plains. In general it is
thinnest near the Max morairiev ahd ‘thickens prbdféséi;/ely to the
northeast. In the area we are now crossing it is 100 to 150 feet
thick. North of Mohall it is about 250 feet thick and in some buried
chanr:u:als;it exceeds that thickness. - .

The numerous bifurcating outwash chanﬁels are relgigd to a.serles -

- of long rough parallel southeast draining outwash channels (see. .

- Plate 1 in \po.cket) that were formed in-sﬁccessiw ice-marginal posi~
'tibns.along’the' southwest flank of the northwest .réée;ling Souris River
lobe (see paper "Summary of glacial history ofrvthe':Souxis River area,
Ndxlthi Dékot'a“) . -The re‘gioria‘l slope. 15 this area»'.' 15 to the northeast

- so-that the méit(v‘atei*s in the channe;'-.\;. weré'fcrce:é;- to flow normal to
the regtonal éiopé’. .These large ice-marginal cﬁannels are commonly
40 to 70:'milaé'16n‘g*, half a mile to more than a mile wide, 10 to 30
feet éee-p, and ar2 mostly flat-foored or havé gently rounied bottoms.
Channé:i segments that are flat fioored generally contain 5.to 15 feet
of sand and gravel whereas segments having gently rounded bottoms .
are mainly incised in ground moraine and are f!éored with only a thin

t

veneer of outwash.

20.
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Granville,

Surrey. (Not shown on Plate 1)

East c‘ity limits of Minot.

- Highway No. 2 and Main Street

GAS UP HERE TONIGHT -~ DINNER 7 30 <..t the CLARENCB PARKER
HOTEL.

SECOND DAY

Gorner of Main Street arid Highway No. 2. Go east.

BEERES LR DN PRSI

Tum right on Highway No. 52 at west end of overpass.

STOP #5 Cross railroad and stop at till outcrop. Th*s is till of the

Souris River lobe. Note that the tﬂl is not very .,tony. About 25
percent is of cley size, 40 percent of sllt size, 30 percent sand size,

and 5 percent gravel sj.ze or larger. Carbonate rocks predominate and

granitic and gneissic rocks are next in order of abundance. Lignite
chips are fairly abundant in contrast to the till of the Leeds lobe in

A which ngnite chips are rare. Intercalated lenses of sand and gravel

and silt are present _tn the till. The till in the exposure is oxidized

P

but unleached. 'The oxidized buff till ger;erally extends to depths of

30 to 50 .fe‘et. AThe underlying unoxidized till 13 hluisl_x gray. Note
vertical prismatic fractures, characteristic of till with a fairly high

21.
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clay content, See paper "Two tills in the Donnybrook area" for

comparison with an older till, Upon leaving the till outcrop we

~ will be proceeding down the valley of the SOurls River, a valley cut

in Pleistocene time but prlor to the last glaciatlon as shown by the
fact that till mantles the betlrock walls and underlies valley fill more

than 100 feet in thickness.
Coming up onto a glacial terrace.
Cross new Highway No, 52.

STOP #6. Tum left into Soo Llne gravel plt 1n large glaclal terrace.
This is oneof a number of terrace remnants along the valley walls

of the Souris River upstream from Verendrye and also along the valley

x~’

of -the Riviere des Lacs. The terraces were formed by lce—marginal

streams flowing along the southwest side of the northwest receding

-..,._

Sourls River lobe and they range 1n altltude from about 1800 feet along

.the upper reaches of the Rivlere des Lacs to about 1470 feet in the

vicinity of Verendrye Some grade to the three large dlverston chan~

nels southeast from Velva. Some terrace surfaces are completely
studded with boulders concentrated by eroston of t"he'uupper surfaces

of the terraces by late meltrvaters"that 'remored the'ftner rnaterlal and
left the boulders... However, the terrace here at the Soo Line gravel
pit is nearly flat and containsg few boulders on the surface although
boulders as much as 8 fe'et m‘leng;th are found 1n the tieposits. Pieces

of lignite are found throughout the deposits. A terraoe,deposlt 2 miles

22,




| w'e‘s;t:‘.oful\:/iixjibt contains éé;iéﬁicﬁoﬁs'ly‘lafée ghﬁnké, many 1 to 4 feet
:lon'!g.; One '6hunk welghed 2 tons and was burned as fuel, Nearly all
. chunks are roughly tabular and have relatively sharp edges and show
little evidence of transportatl"oﬁ for mo-e than short distances. The
marked angularity of the lignite chunks, the large size of the boulders,
and other evidence: (to be discussed orally) su'gge:st that all or parts
of the deposits may be kame terraces. On the other hand there is
little or no evidence of collapsed bedding characteristic of kame
terraces. |
.60
249.35 Cross new Highway No. 52. Keep on old highway.
.60
249,95 Coming off terrace into valley bottom. Upper two-thirds of valley
B walls consist of till underlain in most places by 1 to 15 feet of sand
’ and gravel representing a buried kame térracé characterized by
collapsed bedding. The kame terrace deposits are underlain by 20
to 50 feéi of tiH identical in general appearance and composition to
the till overlying the kame terrace deposits. It has not been deter-
mined thether the underlying till belongs to an older substage of
 glaciation or whether the kame terrace was formed during & minor
‘recession of the last substage of glaciation., The lower one-third
of the valley walls consist of the Fort Uﬁion formation thinly veneered
by till in moét places.’
v 1.30
251.25 Pit on the right exposes partially exhumed kame terrade:deposit of
sand and gravel that exhibits éxtreme deformation of bedding due to

23.
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| .collapse of one or more :suppo‘r:ting_‘lce walls. Deposit is overlain

by till. Building to the east is the Buffalo Steam Plant.

Join new Highway No; 52,
Route to Logan.

Small landslide on valley wall to the right. Landslide formed by

sliding of till on bedrock.

North limit of Sawyer.

Turn left (northeast) .

Railroad crossing.

Bridge across the Squtis River. Ten ton load iimit.

High level diversion channel through whic‘ﬁ thg rye_ltwaters flowed
when the Souris River valley at Sawyer was still blocked by ice and

water was diverted out of the valley for a distance of about two miles.

Turn right at cemetery. Riding over typical ground moraine of Souris

River lobe .’

Look to the South, Due south one-half mile is a conical-shaped kame

24.
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(knoWn as Black Butte) that is 115 feet high, about one-third mile
in diameter, and consists of poorly sorted sand, gravel, till balls,
and'inte’rcalaféd till lenses. The bedding of the sand and gravel is
roughly parallel to the slope. “A small undrained depression at the
top of the kame shows that the feature has not been lowered to any

extent by erosion. This may be a moulin type of kame.
Turn around in farm yard and return to Sawyer,

Cemetery at right. -

" Ratlroad crossing.

Turn 'le'fi”on Hiéhway No. 52.

éan'noxibéll member of the Fort Union formation poorly exposed on the
rig'ht; This member was first recognized by R. W. Brown and R. W,
Lemke i{n 1947. Prior to this time the northernmost known outcrop

was along the Missouri River in the vicinity of Washburz, North Dak-

“ota. The presénce of sharks teeth and other marine fossils, inciuding

diagnostic foraminifera distinguish it readily from the continental

Tongue River member of the Fort Union formation.

.C'i'ty Hmits of Velva.

Rising out of the Souris River valley and riding into the Velva diversion

25.
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channel. The channel was formed by meltwaters that ﬂdwed down

- the valley of the Souris River and were diverted out of the valley by

ice of the Souris River lobe that still covered the valley below Velva.
The water was diverted along the southwgst flank of t__he ice lobe and
into the southern part of Glacial Lake Souris which was just coming
into existence. Upon further melting back of the southwest flank of
the ice lobe, the Velva diversion channel was aband.onec} ‘and the
slightly lower Lake Hes.ter’ diversion channel (see Plate 1 in pocket)
came into existence marginal to the ice. Upon still further rec;ession
of the flank of the ice lobe the Lake Hester diversion channel was
abandoned and the somewhat lower Verendrye diverslqn chanﬁel was
incised. During the early life of ih;s,last channgl, the mel@waters
drained sputheastward into the southern part of glacial Lal;g—:' Souris.

During the later life of the _charmel, __the wat_er_sAdrained eastward into

- the lake which had by this time expanded northward. Still later the

‘Verendrye channel was abandoned and water flowed directly down the
Souris River valley and emptied into the lake about 7 miles northeast

of Verendrye.

The east wall of the Velva diversion channel is due east about 1/2

mile where the whité house is located.

Turn righi at Central Power Electric Co-op steam plant. This plant
furnishes power for 8 REA Co-ops in central North Dakota. Up to
660 tons of lignite is burned to make the peak production of 44,000

KW per hour.

26.
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Railroad crossing.

Outwash channel to left., We are now driving over a ground moraine
plain that_ is rising 60 to 80 fe,et-tq the mile toward the Martin
moraine (about 8 miles to the south and just berely visible on the

skyline).

‘Turn right (west),

Turn left (south). - -

Three miles.to the:west is the Truax-Traer Coal Company Lignite

“strip mine. Forty to seventy--feet_ of overburden is stripped for about

13 feet of lignite. This is one of the largest lignite mines in North

Dakota. North Dakota produces about 90% of the total lignite

" producticn in the United States.

- Escarpment of the proximal edge of Martin moraine, about 1 mil

southwest. -

Starting up proximal edge of Martin moraine. To the right is a

‘re-entrant that marks position of a buried channel of probably pre-

Pleistocene age. For about the next 15 miles you will be driving on

the Martin moraine. Townsend and Jenke (1951, p. 842-858) have
designated the conspicuous morainal belt, 10 to 25 miles wide and

27.
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extending from the vicinity of Bismarck to several hundred miles
northwestward into Canada, as the. Max moraine; Throughout its
length the moraine is the surface deposit of the Coteau du-Missouri.
In the past the moraine has been referrad to variously as the Altamont
moraine, Altamont terminal moraine, an end moraine, a terminal
moraine, so-called Altamont moraine, and Coteau du Missouri. It

is also known locally as "The Hillg" or "Coteau”, . Townsend and

Jenke (op. cit.) introduced the name "Max moraine” to avoid genetic

connotations and to leave room for future differentiation. The

moraine is not continuous with the true Altamont moraine in South
Dakota and the two are not believed to be coirelative. See paper.
"Summary of the Pleistocene geology of North Dakqta.“ B

The’Martin moraine:in this area rises 230 té.300 feet above the ~.

- surrounding-ground moraine plain, The proximal edge is marked by

- a fairly abrupt escarpment wiereas the distal edge tends to merge

rather imperseptibiy into ground moraine.  Much .cf the altitude of
the Martin moraine is due to the greater height of bedrock under the

moraine than under the surrounding ground moraine. As a result in

" most-places the drift composing the moraine is prcbably not any .

thicker than that composing the ground: moraine to:the north.

Souris River lobe, ‘the last phase of tlds glaciatiocn, is interpreted

- to have extended in‘places onto the Coteau du Missourl and, there-

fore, deposits of that lobe, locally, constitute part of the ‘Max

moraine, -

“Crossing into McLean County.
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Town of Ruso.

Railroad crossing.

Turn left (east).

Turn right (south).

Turn left (east).

At right 1s Dogden Butte, a conspicucus morsinai coverad hill which

has a bedrock core.

Start down akrupt escarpment of proximal edge of Ma2x maoraine.

Sandstone of the Tongue River member of the Fort Union formadioa in
road cut to the right. This bedrock exposure together with numerous
bedrock exposures. high up on the Coteau du Missourl indicates that

the Max moraine owes much of its elevation to underlying bedrock.

Base of escarpment. We are now driving over ground moraine of tiie

Souris River lobe.

Turn left into Butte. REST STOP. .
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Turn right.

Turn left.

Crossing southeast trending esker.

Series of coalescent kames on both sides of road.

Steep-walled kettle on ieit.

Cottonwood Lake on left,  Lake probabl? o::supias '3 kettls bola,

Kame one half mile to left (west).

We are now in a shallow southeast trending meltwaicr charael that

is about i mile wide that has very indistinct walls,
Entering a glacizal meltwater channel that flowed to soutiizast.
Crossi.ng a southeast trending lirear drumiin.

Entering a southeast trending diversion channel that is about orne-
haif mile wide. This channel was first incised by water flowing down
the Velva diversion channel and later was used by water flowing down

the Lake Hester diversion channel. The lakes fill depressions left

30.



318.90

319.40

319.50
321.60

322.50

.70
50
.10

2.10

.3.10.

325.60 .

20

325.80 .

326.30.

50

. by.chunks of 1c,e,;v,st:va'_nde’d" and partially buried in the floor of the

: ghq,xmél.- and. melting after the channel was abandoned.
Junction with Highway No. 52.. Turn left.

' Turn right.

Nbrthéast_ wqu:_.gf diversion channel,

" Turn left (west). .
 Turn right (north), -

'l‘um-rlght‘_(ea‘_st)i;._,_:_i .

i

Q;osgig§.3'3 _southeast trending sinuous esker. Deposits of the esker

- consist of poorly serted gravel and intercalated till lenses.

; .STOP #7. We are now on crest of tha longest and most conspicuous

... linear drumlin, - This drumlin extends in a straight line southeast

from the Souris River valley at. Verendrye for.a distance of 13 1/2

miles. It is breached in two places near Verendrye by gaps eroded

.. :by m'eltwg__teru flowing down;the. Verendrye diversion channel and in ons

~ place by a small tunnel valley (half a mile northwest. of where we now

are) cut by a subglacial stream that formed the esker that we just

e v. crossed. .The drumlin decreases in height from. about 50 feet near its

31.



it grégs end (Horthwést-end) to 1688 than’s féet riear its lee end.

- Thioughout rruch:of‘its length it 15 about 30 feet'high, is evenly and

sharply crested and has a remarkable symmetrical cross-‘:i'r'oﬂle . It
resembles nothing so much-as’ a large'ratirad’ or highway grade., It
average base width is about 300 feet which gives it a length to width
ratio of about 240 to 1, At the southeast end of this drumlin and -
slightly an echelon to it is a second ridge, about 3 miles long, which
extends to a point about 1'1/2-miles ‘southeast of Balfour. The drumlin
we are now on appears to consist predominantly of stratified sand and
incorporated irregular bodies of till, Till"also forms'the flanks of the
ridge and in some segments the upper 2 or 3 feet of the crest. The
incorporated till bociies and the till forming the-surface deposits -+ -
range from compact till similar to the adjacent ground moraine to a
predominantly sandy till that contains jist' énough ¢lay to bind if.

Some of the till has an indistinct fissile pressure structure: -

'~ Figure 5°'of thé papef éntitied *Narfow' lMnear ‘drumling near Velva,: - -

"7 North .Dakota® (if pocket’sf'guidébook) showsa cross section of the

S0 T

327.80.

drumlin at our present location as reconstructed from 11 auéer holes.

' ‘THe ‘paper alss'diBcusses the Telationof the linear drumlins to the- -
© “linear§rooves'and to the drcuate‘washboard foratnes as well as the

- problemCof the drigih ‘of thé drumifags =15 -

L - A |
2 EE i

UL T

Ll e B P 3 U S I I DR A
Crossing a@’low Hneat drumlifi; - Drimliris lé's§ than 5 feet high in this

-, R I T I LI T TR B P
area appear to‘consist entirely of till' similar'in composition to that

of the intervening ground morainé. From here eastward we will be

~ crossing ‘somé ‘Very ‘shallow lindsr grooves that are ‘parallel to the

32,
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drumlins. Most, however, are too indistinct to see without the aid

of aerial photos.

Crossing a low linear drumlin.

Entering a bx"ai_‘nch of the Vererigi_rye di\fersiqn channel,
Turn ri'ght (south).

Outwash gravel of diversion chénne;.

Note large linear drumlin to west about one-half mile. This is same

drumim as at ‘p:i'evious st'op;
Note small linear drumlin on flank of larger drumlin.

Crossing continuation of large drumlin of Stop #7. ‘Note that ridge

b

here consists of éémd and ﬂn? Vgrén‘/el. '
Turn left.

Railroad crossing.

Highway No. 52. Turn left (east).

Turn right (south) .
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Turn left (east).

STOP #8. LUNCH STOP. Road cut through linear deumlin, This
drumlin is about 3 miles long and is the one that lies slightly en
echelon to the conspicuous drumlln of the last stop. Figure 4 of the
paper on linear drumlins shows a cross sectlon of the ridge as exposed
in the southeast side of the roadcut. The northwest side of the road-

cut is poorly exposed but appears to consist almost entirely of sand,

Balfour. Continue eastwai'd on Highway 52. You may proceed with

the group from this point on, or at your own pace as you may prefer.
Verendrye diversion channel. Glacial meltwaters flbWed southeast.

Confluence of Velva-Lake Hester diversion channel (to right) and

Verendrye diversion channel (to left).
Bentley Lake to right.

Drake on the left, We are travelling on ground morai‘n"eviof the Souris

River lobe,
Southeast draining glacial channel of Souris River lobe.

Town of Anamoose. We are now starting up proximal edge of Martin
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moraine which 1s the terminal moraine of Souris River lobe. We will
be on this moraine for the next 10.7 miles. Esker complex to the

left about half 2 mile away.

Martin,

Distal edge of Martin moraine which marks outer limit of advance of
Souris River lcbe. From here eastward we will be driving over ground

moraine deposited by ice that advanced from the northwest prior to

the advance of the Souris River lobe..

Harvey _city._li,mits._ GAS STOP.
North Fork of Sheyenne River -~ first incised as an outwash channel,

Note proximal edge of the Coteau du Missour! ahead and_t,o the right

- about six miles.

Junction with Highway No. 3.

Pessenden city limits. A few washboard moraines can be seen south

of Fessenden.
Low kame with gravel pit to left (east).

Crossing Rocky Run, and outwash channel. Meltwater flowed east-

ward. . 3s.
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Junction with Highway No. 7. Proceed east on 7 and 52.

Crossing an outwash channel that is a tributary of Pipestem Creek.
Sykeston to left.

The Goteau du»Mi's'sc'Jurl‘ is 8 to 10 miles to the south.

Crossing Pipasteni Creek outwash channel which drained southeast

to James River,
Carrington city limits.

Turn left.

Turn right v(east) on Highway No. 7. The land surface is ground

moraine of the Leeds lobe.

Starting up onto low end moraine which becomes higher to the east,

Starting up onto more distinct end moraine bordering the James River

on the west,

Recessional moraine. Begin to cross glacial outwash channel of the

" James River. This channel was incised by meltwaters draining from
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the Leeds lobe.

Terrace along James River. Only a thin veneer of outwash..

.. Coming off terrace end starting up onto ground moraine, and then

onto the Keansal moraine . There are many 'jvéll deve;oped wagkboard

moraines in thié 'area.
Railroad crossing.
Glenfield. Junction with Highway No. 20.

Bald Hill Creek outwash channel which flowed southeaéf into Shey-

enne Rlver.

Outwash .

Junction ivith Highway No. '1‘. A

Starting up indistinct distal edge of Cyocﬂ:peArstown moraine .
Indistinct esker.
Esker - mostly removed for road material.

Small indistinct esker. For a number of miles between here and

37.




477.90

478,55

478.85

480.00

480,70

485.35

489.80

492.30

494.75

499.50

500.05

1.35

+30

1.15

.70

4,65

4.45

2.50

2.45

4.75

e

Cooperstown there are numerous stratﬁied .1ée’;-:c£o;1;.act'deposits.
STOP #9 .- Approxiinate brékin;al édgé of .C:‘obp.ers“towri‘ moraine;
Junction, Hl'ghway. 1 goe's éédth .' .Cor‘ntix;xile.h'eavst on }#7.

Kame,

Kames to left (north).

Cooperstown,

Sheyenne Valley. Note Pierre shale outcrop on both sides of Valléy.
Also note high terrace about 50' above present valley. This channel
drained Glacial Lake Souris down to an elevation of 15 IVO'V.
Ascending Alta ridge, (Fergus Falls moraine of Upham)..

Leaving Alta ridge.

Turn left (north).

Entering Finley.

Turn right. (east) on Highway 7.
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508.95

510.25

514.20

516,90

517.55

520,85

522.15

524.35

532.00

536.90

537.95

8.90

Middle branch of the Goose River.

4,95

2.70

.65

3.30

1.30

2.20

7.65

4.90

1.05

Edge of Glacial Lake Agassiz, Herman shoreline. Upham's map

shows this as part of Elk Valley delta.

Exposure of lake silt.

Tintah Beach (?) according to Upham.

Junction with Route '18 continue on #7 south éujxd east,

Branch of Googe River, Campbell beach crosses near here according

to Upham map.

Entering Portland.

Entering Mayville,

Gravel pit in Blanchard beach, We are now back in the area of the
ice lobe that advarced from the nortl.east. Leverett mapped a
moraine in this vicinity.

junction Route 81. Turn north on 81.

Road west to Cummings.
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539.95

- 543.85

549,15

556.25

565.45

2.00

3.90

5.30

7.10

9.20

Gravel deposits associated with Hillsboro beach. Configuration

here suggests bar or spit extendiag eastward into lake.

Hillsboro beach indistinctly shown here, Road to Buxton to left,

Road to Reynolds.

Road to Thompson.

South city limits of Grand Forks.
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Summary of the Pleistocene geology of North Dakota L/

by Richard W, Lemke and Roger B. Colton

INTRODUCTION

All of North Dakota, with the exception of the southwestern corher, was
glaciated durihg’v‘ the Pleistocene epoch. No definite evtdenoe of pre-Wisconsih
glaclation( has been foimd in the state but glacial deposits tentatively identified
as ranging in aoe from the Iowan substage of the Wisconsin to at le.ast. the Two
Creeks mterstadial have been recognized, Because of the difficulty of differentlatlng
the glacial drift sheets on the basis of lithology, color, or degree of weathering,
the absence of loess deposits interbedded with the drift sheets, and the paucity of
radiocarbon dates, it must be emphasized that the Pleistocene chronology expressed '
in this paper is tentative and subject to revision as more data become available.

. The facts and interpretations presented here are based in part upon glacial
studies by numerous wor_kers in and adjacent to North Dakota,; as well as upon the
results of mapping about ;0,000 square miles by the writers.- Although the writers
have drawn freely upon these many other sources, the responsibility for the final
interpretagions rests with the writers. Of the 10, 000 square miles mapped in detail,
Lemke mapped approximately 6,000 square miles in the Souris River area and Colton
mapped about 4,000 square miles in northeastern Montana which contributed to a
better understanding of the glaciel history in North Dakota. In addition, the writers
made numerous automobile traverses across the State and made aerial photo interpre-

tation studies in connection with the compilation of the glacial map of the State,

" PHYSICAL SETTING
The eastern and northern parts. of ;Nox;th Dakota'-ne in the Western Lake section

of the Central Lowland; the remainder of the State lies in the Missouri Plateau section
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of the Great Plains province (see fig. 1). The northeastern strip of the Missourt
Plateau is known as the Coteau du Missouri. Its prominent northeast-facing escarp-
ment rises 300 to 500 feet above th‘e‘adjacent Central Lowland. The Coteau du
Missourl in most places owes much of its prominence to topographically high under-
lying bedrock that acted as a buttreés to advancing ice sheets and 1nﬂuen§ed the
areal distribution and land form characteristics of the drift deposited on and beyond
it. The Turtle Mountains, aA drift-covered mesa-like bedx‘ock-cqred highland, lying
partly in Canada and partly in North Dakota, co.ntrolléd the direction of movement of
the last ice sheet thét advahced into the area. The Lake Agassiz basin, the ﬁevils
Lake basin, the‘ Souris River basin, and. the Lake Dakota basin are topographically

low areas that served as catchment areas for glacial lakes.

PREGLACIAL DRAINAGE

Flint (1955, pl. 7) has demonstrated by his work in South Dakota that the
Cheyenne River and all streams_’_norftjﬁl of it flowed into 'Hud‘s‘on-Bay in preglacial time.
Work in North Dakota_has' subééantigéed this interpretation. Figure 2 shows the
preglacial drainage pattern in North Dakota as interpreted from studies by Alden
(1932, map, pl. 1), Benson (1952, p. 165-175), the writers, and otﬁers.

Drill-hole data and de;aued geologic mapping indicate that the ancestral
Missoﬁn and Yellowstone rivers flowed northeastward across the northwestern corner
of the State. They were deeply incised where they cut through the Coféau du»Mtssouri;
the bottom of the buried channel of the preglacial Yeuowstoné n:ea} Crbsby i:s more -
than 500 feet below the presgnt_surface. Meneley, Christiar;s;en, and Kupsch (1957,
p. 441-447), believe that the two rivers joined about 15 miles northeast of the Inter-

national Boundary. Downstream from their confluence, the flow of the combined

streams was to the east and northeast.
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The ancestral Knife Rlyer and its tributaries headed in the southwest part of
the State. The indicated course of this stream was northeast across the Coteau du
Missouri through a deep valley. A low sag, known as the Lincoln Valley sag (see
pl. 1, in pocket), marks the buried channel. Beyond the Lincoln Valley sag, the
channel is completely obscured by ground moraine and its trend has not been deter--
mined. It may extend eastward to join a buried valley under Deﬁls Lake or it may
extend northwestward to become the ancestral Souris River.

The ancestral Souris River, which flowed northward and probably joined the
ancestral Missouri~-Yellowstone River a few miles north of the International Boundary,
trended roughly parallel to and a few miles west of the east loop of the present Souris.
River, | |

The tributaries of the ancestralRed Rlvar probably consisted of the ancestral
Grand, Moreau, and Cheyenne ri vers that headed in northem South Dakota, and
possllalf the anoestral Knife and Cannonball rivers 'ln North Dakota. The combined
trtbutarios, as pointed out by Flint (1955. pl. 7, flowed eastward to the James River
lowland and then northward lnto the southeastern corner of North Dakota. The Red
River then flowed northward (its channel location not accurately known) beneath the
present floor of Lake Agassiz and entered Canada along a course probably comcldent |
with the present channel of the Red Rlver. Work by Horberg and Anderson (1956
fig. 1) and Elson (unpublished Ph, D thesls, Yale Untverslty) show . that the rlver
probably joined the ancestral Mlssouri-Yellowstone River 1n Manitoba about 75 miles
north of the International Boundary.

PRE-WISCONSIN DEPOSITS

North Dakota might have been glaciated in pre-Wisconsin time. A fow scat-

teredv granmc boulders have been found several miles beyond the Iowan drlft border

as mapped by W, E, Benson (written communication). However, the presence of
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some of thase boulders can be explained by ice rafting in.a lake west of the Iowan
ice, ‘or by having been brought in by man. ‘Boulders in other locallties whcze prezease
cannot be explained by either of the above two methods might have been derived from
the White River formation of Tertiary age which, according to Benson, -contains a few.
granitic rocks from the Black Hills.

- Evidence of Illinoian stage glaciation in South Dakota was presented by wWarren
(1952, p. 1143-1156) and accepted by Flint (1955, p. 30) who placed the-illinolan
drift border along the east side of the Missouri River in that State. If this interpreta--
tion is correct, at least the southeastern part of North Dakota also was glaciated in-

Illinoian time.

W'SGONS'N STAGE
General Statement
_ A re'riew of recently published l rature of the Pleistocene of themidwest
indicates that there is considerable divergence of opinion on correlating and dating -
vV‘iscon in drift sheets. Moieover, recent changes in nomenclature and changeshin
stratigraphic position of forme y accepted termnology have added to the problem o
\table 1) Because o‘ the paucity of radiocarbon dates in North Dakota ard the o
uncertainty of being able to accurately correlate drift borders mapped in that State.-
over long distances eavtwaid and southeastward to type or dated localities, the V_ -
writers feel that many of these problems cannot now be properly evaluated in the. B
State.‘ Thus, tbe presence-or.absenc'e of Parmdale loess in the State, esoeciall;—in |
view of the present uncertainty of whether it is pre-Iowan or post-'owan as sugges.ted?
by Ruhe, Rubin, and Scholtes (195/ P. 671-689) caanot now be ascertained, .Like-

wise, the writers can only speculate on the validity of adding another substage, t1~e

Mankato as used by Leighton (1957 p. -2) between the Cary substage and the Two
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reeks interstadial, Moreover, discrepéncies still remain to be resolved in the
dating and the lateral tracing northwestward frorh Wisccnsin of the Valders drift
border to Thwaites (1943, P. 87-144) and in determining its equivalency with drift
formerly mépped elsewhere as Mankato (post-Two Creeks interstadial). Part of this
problérﬂ is pdinted up by the following differences in interpretation: (1) Leighton
suggests (1957, p. 1-2) that the Big Stone moraine in west-central Minnesota marks
the outer border of the Valders of Thwaites (1943); (2) Wright (1957, copy of a paper
presented at Fifth Congress of the International Quaternary Association, Madriq)
indlcates that the Valders border extends: via the Superior lobe to Mille Lacs Lake in
central Minpesota .and, thence, toward northwest Minnesota as the margin of the
St. Louis lobe--presumably north of the drift border suggested by Leighton; and, (3)
Elson's (1957, p. 999-1002) interpretation that the Valders ice border never reached
Minnesb’;a but _extended northward across Lzke Superior, past the west side of Lake
Nipigon, north-northwest to Sachigo Lake, and thencé west to the Pas moraine in
west central Manitoba. Apparent inconsistencies in radiocarbon dates for the age vofb
Iakg Agassiz and the lack of knowledge of the age of the glacial deposits in north-
wesfern .Minnes'o»ta further complicate the problem of using midwestern nomenclature"
in North Dakota. However, a number of strong énd moraines can be correlated between
North Dak_ota and adjacent States and also northward into Canada. Thesé COrrelatibris
will be discussed under appropriate. headings.

Figure 3:-—2-/, shows the outer margin of Wisconsin glaciation as tentatively
interpreted, and the limits of major ice advances within that stage in North Dakota,
South Dakota, and northeastern Montana, Seven distinct advances of glacler 1cé are
1hdicated in North Dakota (fig. 4) on the basis of positions of prominent end moraines
and ice marginal channels, of crosscutting relations of washboard moraines, drumiins,

and eskers, and on the relative development of established integrated drainage.
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Figure 5 shows the bromi_nent end moratnes of these advances Because of the prob-
lems already expressed in correlating drift sheets in North Dakota with present'
midwestern nomenclature, the drift sheets‘will be discussed under the follotning‘ :
headings: (1) Iowan (?) drift; (2) T.azeweiill (?) Crift; (3) post-Tazewell - pre-Two
Creeks drifts; and, (4) -post-‘Cary-maximum.drifts. This method of presentation is
intended only for _discnsston purposes and in no way constitutes a proposal for a new

terminology for subdividing the Wisconsin.

Iowan {?) drift

The outermost border of Wisconsin drttt, »the position of whicn is b_ased targely
upon the work of Benson (_1952, P. 184-194) and A. D: Howatd (written comrnunicatton),
is drawnin most places ubon tbe southe’mmost-ltmit of giacial -erratics Which are
sufficiently abundant to fix fairly accurately the position of the drift border. I. "his
driit, accordlng to Benson is Iowan in age. It co"relates with the Iowan drift as |
interpreted by I-'l.nt (1955, p. 95) in South Dakota and by Ruhe 1n southwe.,tem Minn-
esota and in Iowa (rlint 1955 p. 95; Ruhe, 1952 Pig. 1, Ruhe Meyer, and Scholtes,
1957, p. 672). In Iowa,' aolocarbon dates support this assignment. |

The Iowan ('-’) driit sheet is exposed in North Dakota in:a“ nortlfwest-trending
belt, interpreted by the writers to be in most places 20 to 40 miles wide, that lies
mostly south of the Missouri River._ The till:over most of this belt is t‘un and patchy
owing to eros‘orx and nondeposition. The advance of the ice over much of. the area
can be attested to only by the presence of erratic boulders and scattered stratif'ed
: ice-contact deposits. The orientation of the drift border and the position of the

ice-marginal channels suggest that 1ce of this substage advanced from a northeucsterly

direction.
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Tazewell (?) drift

The area of exposzd Tazewell (?) drift in North Dakota, as tentatively inter-
preted, lies mostly north and east of the Missouri River and forms a belt 15 to 30
miles wide in most places. The ice of this drift sheet seems to have advanced from
the northeast except in the northwestern part of the State where the advance 1is indica-
ted from the position of moraines to have been from the north and northwest. A thin
to moderately thick blanket of till covers most of the area and integrated drainage is
fairly well established.

Benson (written communication) did not attempt to separate the Tazewell drift
from the Iowan drift. The writers suggest that the Krem moraiﬁe (fig. 5) mapped by
Benson in Mercer County and the moraine mapped by A. D. Howard (written communi=-
cation) in northern MdKerizie County might represent end moraines of the Tazewell
substage. This interpretation is based on the tenuous evidence that these hummocky
morainal areas have a less integrated drainage patfern than drift further to the south.

As now inierpreted by the writers, this drift is complétely overlapped a few
miles north of the North Dakota-South Dakotz boundary in McIntosh County by drift
of one or more younger ice advances. Flint (1955, pl. 1) shows no exposed Tazewell
drift on the western side of the lobes that moved down the James River Lowland in
South Dakota, However, he does show a band northeast of the Sioux River in the
northeastern pért of that State which has been correlated with the Tazewell drift ¢n
Iowa (Flint, 1955, p. 95; Ruhe, 1952, fig. 1; Ruhe, Meyer, and Scholtes, A1957,

p. 672). Whether this is the same drift that the writers interpret to be Tazewel! in

North Dakota is conjectural but the correlation seems reasonable.

Post-~-Tazewell -~ pre~Two Creeks drifts
A serles of prominent northwest trending end moraines (includes the Burnstad,

Belden, White Earth, and Alamo moraines shown on fig. 5), that extends from the
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south-central to the northwestern part of the State, mark the margin of a drift sheet
whose youthful topography is in marked contrast to the Tazewell (?) drift to the
southwest. The hummocky moraines and-associated ground moraine deposits of this
drift show little integration of drainage in contrast to the well integrated drainage
established on the Tazewell (?) drift, The drift border, thus established can be
easily differentiated on aerial photographs and when traced into South Dakota forms
the outer margin of the drift sheet mapped as belonging to the Mankato—a-/ substage
by Flint (1955, p. 95), which correlates with the Altamont moraine in northeastern
South Dakota, southwestern Minnesota, and with that moraine in the Des ‘Momes
lobe in Iowa (Flint, op. eit.; Ruhe, Rubin, and Scholtes, 1957, p. 672). Ruhe,
Rubin and Scholtes (op. cit.) show by radiocarbon dates that the _Alt_amont moraine
in Jowa marks the margin of the Mankato as used by Leighton (1957b, p. 1037-1038)_.
Flint (op. cit., p. 78) states that the Mankato in South Dakota was identiﬂe_d by
tracing it from Mankato, Minn. The drift at Mankato, Minn,, on the basis of radio-
carbon dating (Ruhe, Rubin, and Scholtes, op, cit.) in Iowa, now appears to be of
Mankato age as used by Leighton and no incompatibility in correlatiqn hetween the
states of Iowa and Minnesota seems to exist. Thus, there is evidence that the ar:it
sheet 1n North Dakota, whose terminus is marked by the Bumstad and assocl=ted
moraines, is correlative with the Mankato drift (as used by Leighton) in Iowa (Ruhe,
Rubin, and Scholtes, op. cit ) If this is so, then the equivalent of the Cary duift
as used by Ruhe, Rubin, and Scholtes, (op. cit._) in Iowa is not exposed in Ifqrth,
Dakota but is overlapped by the Burnstad moraine and associated drift, This suppo-
sition is supported by the fact that the Cary as used by Ruke, et. al. wt‘ose termaiaus
in Iowa and Minnesota is marked by the Bemis moraine, when traced into South Cakota,
correlates with the Cary'drift of Flint (op. cit.) which, when traced northward along

the west margin of the lobe, is overlapped by drift of the:Burnstad moraine before

48,



reaching North Dakota. Presumably this overlapping continues throughout North
Dakota.

'V‘I‘he outer margin of the drift associated with the Burnstad moraine lies about
20 miJ:e_s southwest of a radiocarbon locality in Kidder County (Moir, this guidebook)
dated as of Two Creeks age. The till underlying the dated material is believed to
belong to the drift sheet associated with the Burnstad moraine and, therefore,

antedates the Two Creeks interstadial.

Post-Cary maximum drifts

Advance No. 1.-- The Streeter moraine (fig. 5) a few miles northeast of the

Carbon 14 locality in Kidder County, and associated moraines to the northwest rtlark:
the drift border of a .major 1ce advance. The drift of' thls ice advance 1's. expose.d in

a northwesterly trending belt 10 to 15 miles wide in the central ahd eoutheastem part
of the State. The positione of end tnoraines and washboard rhoraines 1ndicate that
the ice advanced from a 'northeaSterly direction but local lobations deviated consider-
ably irom this trend. Bedause of the present lack ot knowledge of the stratigraphic
relations of the deposits' overlying the radiocarbon dated .material to the southeast,

it cannot now be ascertained whether this drift sheet antedates or post dates the Two
Creeks interstadial. However, 1nasmuch as at least the drift of the Cary maximum

as previously discussed, does not seem to be exposed at the surface in North Da.cota,
it can be assumed that the drift of the Streeter moraine is younger than the Cary
maximum. This drift, when traced northwestward, is found to be overlapped by the
Martin moraine of the Sourls Rlver lobe (see fig. 5) . When traced southeastward,
it correlates with the B~1 drift of Flint (1955, p. 119) which he indicated as an
important readvance within Mankato time. In carrying Flint's B-1 drift into south—

western Minnesota, it apparently correlates with the Gary moraine of Leverett (1932,
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p. 1) which, when projected into Iowa fall within the Mankato (as used by Leighton)
and lobe outlined by Ruhe, Rubin, and Scholtes (1957, p. 672) and possibly ties to

the prominent moraine at Algona.

‘Advance No. 2.-- A major readvance of ice, following the one that deposited
the Streeter moraine; is indicated by a discordance in the trend of the Grace City,
Kensal, and Oakes end moraines (fig. 5) .:of this drift sheet with those of the previous
advance.- The drift of this advance extends in a belt, 15 to 40 miles wide, from the
vicinity. of Harvey, in Wells County, to near the: southeast corner of the State. The
positions of the well-defined Grace City and Kensal moraines and of numerons- wash-
board moraine's su'ggest that the 'lce came as two sublobes, one from the northeast
and the other from the northwest. Whether these two 'su-blobes were exactly -‘contern-
poraneous is not known but they were probabiy essentially so inasmuch as no cross-
cutting relations between the two lobes are indicated Tracing of the Grace City
moraine northwestward shows that it 1s overlapped by the Martin moraine of the Souris
River lobe. Tracing of the Oakes moraine southwa*d into South Dakota indicates
that it ls correlative with the prominent moraine at Britton which when traced into
Minnesota is tentatively correlated with the Big Stone moraine of Leverett (1932 pl. 1)
It will be recalled that Lelghton (1957, p. -2) suggests that the Big Stone moraine
marks the maximum advance of the Thwalites' Valders ice. If Leighton's interpretations
are accepted, and if th.e lateral tracing of moraines into North Dakota is correct,
then ther"l‘wo Creek-s' interetadiai separates the drift of the Grace_ City,_ Ke‘n.sa'll, and
Oakee mora.ines.from the Streeter re'advance. Elson (1957, p. 999-1002), however,
.believes that the.Valders ice oi.Th-waites (1943) never reached northwestern Minne-

-sota or North Dakota, and thus, according to him, this interpretation would not be

possible, The writers cannot at present c_ontribute toward the solution of this problem.
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Advagqg No, 3.-- The next major readvance of, lce following the lobes that
deposited thg Gra_ce City, Kensal, and Oakes moraines was that which deposited the
Martin, Héimdal, Cooperstown, and Wahpeton moraines. The Martin moraine marked
the terminus of the Souris River lobe, the Heimdal moraine the limits of the Leeds
lobe, and the Cooperstown and Wahpeton moraines the border of.the lobe that pushed
down the Lake Agassiz Basin into the southeastérn part of the State, The Coopers-
town and Wahpeton moraines correlate well with the Erskine moraine of Leverett
(1932, pl. 1) in western Minnesota.

The Souris River lobe and the Leeds lobe, which are believed to be essentially
contemporaneous, had a common ice source in Manitoba and Saskatchewan. This ice
advanced from the northwest and split into two lobes when it reached the north flank
of the Turtle mouhtains just riorth of the International Boundary.

The Sduris RWér ldi)é-g/occupied the Souris River area west and south of the
Turtle Mpuntainé. "The ice of ‘this' lobe moved southeastward as indicated by south-
east~trending .linear drumlins and gfbdves southeast of Vel{ra‘s"‘/ , and formed the‘ '
conspicuous Martin end moraine"s—/ (see pl. 11n pocket of guidebbok); Washboard
moraines, arcuate to the northweét, ' indicate a northwestward fece'ssion of the ice
front. The Leeds lobe, advanced around the east flank of the Turtle Mountains and
spread out radially. The Heimdal moraine (see pl. 1 in pocket of guidebook) was
formed as the end moraine of this advance. Probably during a slight readvance of
the receding front of this Iobé, the N'orth‘Viking”moralne was formed. The trends of
linear dmmliﬁs, end mor;';unes;, and arcuate washboard moréines provide a good record
of the direction of ;dvance and retreat of the Leeds lobe,

buring the time of ma;dmux_n advarice and early deglaciation of the Souris River
and Leeds lobes, meltwater flowed for a short time from these lobes into the James

River and dréined'event\iailly into the Gulf of Mexico. Upon further deglaciation,
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topographically lower outlets» were uncotrered and the melt water for a considerable
period of tine then drained down the Shevenne River and into Lake Agassiz. Glacial
Lake Sou. is was lo vered at Lnis time down to' an alti*ude of 1, 510 feet by drainage
down the Sheyenne River into Lake Agassi... The forning of the .,outhem part of

Lake Agassiz at this time apparently antedates the Lake Agas siz I interval of Elson
(1957, p. 100 1. Dunng the time'of major dra nage down the Sheyenne River the ice
iobe that had pushed down the Lakre; Agassiz Basin and built up the Cooperstown |
moraine vnaintained a front Just northeast of the Sheyenne deJta. Thi, i., indicated by
the abrupt ice ccntt.ct face c..t 1e northeast edge of the deita and by the fact that the
Lake Milnor Beach (20 feet mgher than the highest Herman Beach) doe<' not continue

......

north of the Sheyenne River delta and was probably formed when ice covered all the ..
Lake Agassiz Basin north of the Sheyenne Rive see Leverett; ‘1932. pe 121 127) |
As the 'nargin of the Souris River lobe receded into Ganada, glacial Lake
Souris which by then occupied only a small area in North Dakota, expanded into |
southwestern M anitoba. I-'urther deglaciation north of the Turtle Mountmns permitted
the draining of the lake down the Pembina trenf'h in Manitoba and into the northern
part of glacial Lake Agassiz. According to Elson (this guidebook figs. & ar.d 6) the
ice front at tnis time lay in the Lake Agassiz Basin just northeast of the outlet of t‘ze

Pembina trench, the Dariipgford moraine markad its southwest margin.

Advance No.“4 - The location of the last lobe of ice to occup 1 No*th Dakota

!_is outlined by a looping discontinuous end moraine in northwest Minnesota and north-
east North Dakota with continuation northwestward into Manitoba .‘ The segment of
”vthe moraine that lies in Minnesota was designated the Holt moraine by Leverett (1932
p. 117) and the segment in North Dakota has been designated the Edinburg moraine

by the writers. The Darlingford moraine of Elson (1955 unpubl'shed Ph D T‘iesis
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at Yale) in Manitoba is believed by the writers to be a. continuation of the Edinburg
moraine, The position of ths end moraine segments shows that a southward moving

iode of ice pushed down tire Lake Agassiz Basin to as far as Hillehoro, about 35

miles south of Crand Ferks., As shown by Leverett {1232, p. 130-2311, the Falt

&L

’moraine and, the Edinburg moraine to near the nortiiern limite of Giand Forks County,

were submerged by Lake Agassiz. Several beaches sre shown as craszing the

_Edinburg moraine in Grand Forks County but, in southern Waish County it is ehown

as surrounded but not completely covered by lake deposits.
Elson {this guidebook) indicates that ice stood along the nerthezst edys of
the Darlingford moraine and along the north border of the Pembina ceita Guring the

time Lake Souris was draining down the Pembina trench into glacial Lake Agassiz.

‘He (this guidebook, figs. 1-6) shows that the ice had stood at essentially this

position for a considerable period of time prior to the draining of Lake_ Souris down

the Pembina Rivier.- If so, the Edinburg and Holt moraines would probably represent
merely a halt in the recession of the ice lcbe outlined by the Wahpeton moralne in

the southeastern part of the state. However, the Edinburg moraine definitely truncates
a series of washboard moraines (arcuate to the northwest) in the vicinity of the
Pembina delta.  Thus, a definite readvance of the lobe is indicated but the distance
and leﬁgth of time of the readvance cannot be ascertained. . Melting of this 1§e sheet
back to‘the north end of the Pembina Mountains in Manitoba marks the Lake Agassiz

I interval of Elsoﬂ {this guidebook, fig. 10). During this interval, -according to

Elson, the Campbell 1 strandline was formed at a time when deepening of the southern

outlet of the lake was retarded by bedrock. He further suggests (man_uscript»of a

paper read at the Fifth Congress of the International Association on Quaternary

Research, Madrid, 1957) that ice :recession north of Lake Superior during the Two

Creeks interstadial opened low-level eastern outlets so that Lake Agassiz I subsided
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and may have drained. Then, according to Elson, the advance of Valders ice of
Thwaites (1943) and perhaps crustal uplift, closed eastern outlets of the basin and
formed Lake Agassiz Ii.

By Elson's interpretation, Valders ice of Thwaites (1943) never reached North
Dakota. By this 1ntetpretation the ice lobe outlined by the Edinburg and Holt moraines
would be pre-Two Creeks in age. However, if Leighton's interpretation (1957b,

p. 1037-1038) is accepted {that the Big Stone moraine marks the mazimum limits of
the Valder's advance of Thwaites), then the lobe would represent an advance that’
followed at least two earlier and further advances of Thwsaites' Valders ice. It is

not clear what relation the lobe bears to Thwaites® Valders ice margin as interpreted
by Wright in Minnesota. His belief, however, that the Valders maximum of Thwaites
was marked by the St. Louis lobe whose margin extended toward northwest Minnesota
(1957, paper presented ‘at 5th-Congress of the International Quaternary Association, -
Madrid), suggests to the writers that his Valders drift border: might possibly correlate
with the position of the Holt and Edinburg mcraines.

Raéibdérbon dates ;n'Lake'Agassiz'sediments and associated delfat'c deposits
are not helpful in determining the age of this last ice lobe that occupied North Dakota.
The dates rangé from ]_.2, 400 # 420 yeats (Sample Y-165, dating by acetylene method
is accepted as most ‘écbufafe) to 8,020 # 100 years: (Sample Y-416) and, thus, span
stadials of glaclation elsewhere that range from Cary glaciation in Iowa (Ruhe,: Rub_in,
and Scholtes, 1957, p. 685) to well into Thwaites' Valders ‘glaciation in the weste';;h. |
Great Lakes region (Wright, 1957, paper presented before Sth Congress of the In;er-
national Quaternary Association, Madrid). ..

The radiocarbon dates of 9,930 1‘ 230 years (Sample W-388) and ‘1 1,283;_‘

700 years (Sample C-437) for wood underlying Lake Agassiz deposits at Moorhead, -

Minn. also do not ‘accurately-date the ice lobe that deposited the ‘Holt and Edinburg
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moraines whose borders lay 40 miles north of ihe radiocarbon locality. The cated
inaterial, found beneath 25 feet of varxied lake deposits (1,800 varves) and at a
depth of about 45 feet below the lzke plain (Wright and Rubin, 1956, p. 626; from
Rosendahl, 194§, p. f'-28'9), obviously dces not date ’the surface deposits of Lake
Agassiz in this area. | Even if the dating of the 'gtir‘.x.'ace deposits was found to be
reasonably close to that of the aate of wood at;the carbon-14 site, only a minimum
date would be furnished for the lobe th_at .depo'sited the Holt and Edirburg moraines
inasmuch as these moraines stratigraph:icaily underlie the surface deposits. The
exact stratigraphic relation the moraines bear to the carbon-14 site is unknown.

It might be pos‘t'ulated that the pr‘esénce of deltaic deposits of glacial Lake
Agassiz in the 'Assiniboiné"'val'.l'ey-,near Roae.ndale, Manitoiaa, which have nct been
overriddea by ice and which are inierpr'etéd .fro‘m radiocarbon dates to be of Two
Creeks age (E“l.scn, 1957, p. 999) ,,}ldo'eé. noivne.cﬂessarily préclude the ice lobe ihat )
deposited the Holtj and Eciinburg mcraine from being Thwaites' Valders ice. If
Thwaites' Valders ice moirac southwestward and south acrcss southwestern Ontarlo
and southeastern Manitoba, it is possible that the northwest margin of the lobe did
no‘t. extend sufficiently far west to cover the dated deposits in thc Assiniboine Valley.
Thc writers make no attempt to defend this hypothesis; it is presented merely for

speculation and future investigation. '

)/ Publication authorized by the Director , U'.' S. Geological Survay.

2 /' This figure is an abridgment of detailed maps that have been compiled in
connection with the preparation of a glacial map of the United States east
of the Rocky Mountaing by the Flint, et al; Committee.
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_3/ Flint in his mapping in South Dakota (1955, p. 5%) divided the Wisconsin stage
into the Iowan, Tazewell, Cary, and Mankato substages. In this fourfold sub~
division, the Mankato as uesed prior to 1957 by Wright (1956, p. 19) and othe:s
was regarded as younger than the Two Creek... interstadial and equivalent to the
Valders of Thwaites (1943, p. 87-144}, 'Leighton 11957b, 1037-1028) proposed
that Mankato be made a new substage (no longer equivalent to the Valders)
antedating the Two Creeks interstadial and following the Cary. This revised
classification was accepted by Wright (1957, p. 3-6). To avoid confusion,
henceforth in this paper the new proposed substage antedating the Two Creeks
interstadial will be referred to as the Mankato as used by Leighton.

4/ The glacial history of the Souris River lobe is discussed in gxeater detail by
Lemke f 1958b thls guidebook)

5/ See separate in pocket of guidebook entitled * Narrow Linear dyumlins near Velva,
‘North Dakota" by R. W. Lemke for a detailed description of the drumlins and
grooves and their slgniﬂ_cance to t_l_;e _igla‘clal history of t_h__e area.

_6/ As the Martin moraine is traced northwestward up onto the Coteau du Missourt,
its position becomes increasingly obscure in the very hummocky morainal "dead
ice” topographythat characterizes the surface deposits of much of the Coteau
du Missouri, These surface deposits, which were formerly known as the Alta-
mont moraine and later designated the Max moraine by Townsend and Jenke
(1251, p. 842-858), are believed to be stagnation features or "dead ice’ moraine
in many places, rather than distinct end morainés and represent mcre than one
major ice advance., For this reason they are differentiated from the end moraines

on figure 5. - : I S - ,
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Table 1, Partial history of classification of the Wisconsin stage in the Hidwest.»

Leverett : Leighton Thuaites Brets Flint Wright & Rubin
b Yright Elson
1915, 1929, 1932 | 1933 1563, 1946 1951 195 [1956; Lunborge P T foer 1957
& Wright 195
L4ATEs
StheBig Stone
Moraine Sthedankato VAIDERS (Big VALDERS (Lake VALDERS
Lth-Port Huron; MANEATO (or Valders) VALDERS HANKATO VALDERS Stone maraine) Agassiz) (Lake Agassiz I1 formed
Bemis; red ti11 hth-Valders (red GLACIAL
in NE Wisconsin t11) NB Wisc, SUBAGE
INTERSTADIAL INTERSTADI TWO CREEKS CARY-MANKATO TWO CREEKS (Lake TWO CREEKS TWO CREEKS
AL? TWO CREEKS TNTERVAL TWO CREEKS Azassiz I) (Lake Agassiz) Lake Agassis
Part Late MANKATO (Port HANKATO ( MANEATO
HIDIE Huron (Mankato) Burcnj (Altmpnt stane, Eﬁm; Mille Cowan moraine on Duck Ntn, formed
3rd-Kalanazoo CARY 3rd-CARY CARY | Lake Barder| CARY CARY moraines) Laos, Highland; Port Huron moraines) Tintah & Norcross levels L.Agassiy
noraine & older GLACIAL T TERSTADTAL TRTESTADTAL Lake Agassiz I farms,
ncraines SUBAGE Maxinmum Altamont and Part Huron moraines
) CARY (Lake Border , CARY (Bemis, St. Croix; I).slcs Border formed,
& older moraines and older moraines
INTERSTADIAL INTERSTADIA INTERVAL
_ INTERSTADIAL
EARLY
2Znd=-Eloomington TAZEWELL
moraine TAZEWELL, 2nd-Tazewall QLACIAL 'AZEWELL
ls'b-shelby'vi_ua SUBAGE T.
PEORTAN INTERSTADIAL INTERST
INTERGALCIAL INTERVAL 'ADIAL
IOWAN
INTERSTADIAL
IOHAN IOWAN 1stelowan TOWAN
FARMDALE

* Talen from Wright, H, E, Jr,, 1957, Fig. 1,

Additions of Elacm and Flint made by the writers,

Paper presented before the Fifth Congress International Quaternary Assccistiom, Madrid, 1957
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Some ‘Reflect_iqns on .
Certain Aspects of the Problems of the ‘

'Des Moiries Lobe and Lake Agassiz '

In planning for this field conference Dr. Wilson M. Laird has Suggested that
I give my views conceming some p;oblen ; of the Des Moines lobe a.,d Lake P.rass“.,
Inasmuch as I am preparing a formel paper..with some new dates_ for pab!icat;qn on
this subject, I cffer the following in an "6ff the cuff" spirit, hopiz_zg thét ;t wi_ll pro-
mote discussioa during the ccurse of the field trip. |

It is clser to most of us ihat the Des Moines !':}be‘i.s more .comp'licated than
we had ti*xought and thst the older deposits. bér.éafh t.he drift of the Destoilnés lcbe
hoid an intriguing record of events that took place prior ‘toithe_ last gladia'l 'transgres?
sion. 'I‘E:e recogniticn of the proble =ms 1m'olved in th“ part of the classk Pleistocene |
area of the world sihculd stirrulate a high mterrwt, especiaily sint 0 tbe wide deploy-_ o
meat of phenomena offers superior advantzges to those of other arcas. There is great .
need for a systematic program of researcﬁ under auspices that will insﬁré‘ devoted
and continuous attentioﬁ. _When Qhe i‘eg.al.'zg the .e‘aﬂyl ;qséafch' acttvitiesof the 70_?5'.
80's, 90's, ana the early pait" of the.pr-es;nt- cestuwry, we s’hiould Le x_no_ved to a sqale .
of effort commensurate v}rith present large means and personﬂel . If a measure were =
teken of present ex‘o*tq and o.esen* prog ams, the nced for a more ef ect've program ’
by state,; tederai, univc.r&t:r, or foundation agencﬁie,s z_md prga_niz;tl'lons woulg:l be
apparent. o |

An ex.ar'u!natlon of some of our scisntif:‘-.c points of. ﬁew m-s;y' also b'e‘f'_‘iq blacé. |
Processes and resulting phencmena, rather than criterla, nead emo asis. More

atiention might also be given to an appraisal of the relative 1mporta‘-nce of évents' in

the natural history of things, as a basis of classification. Thé ezﬁrioyment'of the
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various sciences--no one of w'iich is Singled out by l\taturee_—siiould be 'marshaned
to the achievement of a better under starding of things, iessl to the development of
specialties exclusive of the other. Hand in hanr‘ with the fo;ego.ng is the matter of
character and quality of pt'.blications, rnarshalling and weighing of the evidence as
a whole, not just a pert of it.” i‘he evillof unduev haste is hardly a part' of science.
“"Suspended jud¢ment is the gr.e‘atest triumph of inteilectnai disc}ip’line, * says W. K.
Brooks., | | | |

Returning to the speoifio topic of the Des Moines lobe, is it posesible that it
and the Lake Michigan lohe are -count‘er-parts in' two differ‘ent» ice €elds, expressive
of the same succession ofv clirnatio controls that prevaiied duﬁnd-the Cary,' Iv’evtkato,
and Valders ? Inasmuch as the Laice Michigan iobe h kad nro*"ccted sjstexrzw‘ |
study, with good coverage by topographic rraps, a field review of 5 {sa:ures, i |
believe, would be good strategy on the part of those vrin wiil st \ ov wi‘r" .t*: e
to study tne Des Moines lobe Not only dr es the La«e N'it e, "an lee2 presant 2
record of the Cary, Mankc.to, and Valders substs ges, but it .dii::::\';sretri'cing evi.:nce
of variations of climatio control during the Cary substage a firm basis for divicing
the Cary into early, mxddle and iate episodes . Are these possibly rep'esented in
the Des Momes lobe‘? - | .

Besides then' similarities, the Des Molnes and Lake Mic,higan lobes have
thelr differences. The Des Moines glacier had greater opportunity for deployment
The Lake Michi gan lobe was opposed in its lateral movements on both sides by the
opposing forces and the resisting masses of the Green Bay and Saginaw lohes, the
.resuits favoring excavation of the Lake Michioan basin.

Unfortunately the morainal sequence on the floor of Lake Michigaz canr st be

observed We know little or nothing about the form or topography of the floor ol Lake
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Michigan when the Mankato ice protruded into it, neither do we know how much the
Mankato ice modified it in favor of a greater protrusion of the’ Valders ice.

If my readers were to regard these reflections as an epistie to the profession
I could not dissent. But before I close I wish to refer to Leverett s work. No one
today in the field of g'acial geology can match his record of profound and extensive
field studies, He did his mapping on the ground Douotless if aerial-photoaraphs
had been available they certainly would have been of ald, but I am quite sure that |
he would have used them with caution.  In the period since the First World War, we

have had a rash of enthusiasm over aerial-photographs. 'l‘his was foliowed by similar

‘.,.

e r“-‘

or greater enthusiasm for radiocarbon dating. There is reason for some elation in
regard to either, but there is no substantial reason for that which goes beyond good
science, o

As long as we are human, no one dare risk absolute confidence in the work N

of a coileague even though his respect for him is high My regard for the work of .

!

B ..' S

Leverett is of suc‘m an order of assurance that when someone proposes a revision I
desire to know whether or not the new worker possessed a close knowledge of Lever-
ett's area and product, and has strong evidence with which to oppose his views.
Esoecially is this my feeling about I.everett s mapping and interpretation of the Big
Stone moraine. He has given us a complete description of it and plausible reasons
for regarding it es Substage 5 of the Wisconsin stage My own field obﬂervations,
such as they have been, accord with- Leverett S. " His classification of the Wisconsin
stage is shown on the accompanying map, which is figure 5 from Leverett s" Moraines
and Shorelines of the Lake Superior Basin " U S Geol Survey Prof. Paper 154A, -

1929,

Radiocarbon datin ng. -~ Radiocarbon dates it is believed should be regarded

for the present as radiocarbon years, provided of course that they are good dates

60.
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The question as to whether or not they represent solar vears should be left for the
further development of our knowledge of the character of the Pleistoc;ene epoch,

The question as to whether or not dates determined by the solici carbon method
should be used as scientiﬁ_c evidence until they have been re-checked by the gaseous
method is deserving of .serious consideration. Most or all laboratories have abandone:
it, There are some solid carbon dates from the Des Moines lobe _a'E critical pléces
that have not been checked. This applies to datés'from the Cook Quarry, Story
County, and from Lizard Creek, Webster County, Iowa, The writer has developed a
feeling of confidence in the dsterminations made by the Washington laboratory apd
feels that this laboratory should not let the Iowa situation rest where it is. |

In the literature, the two instances Where dates have been re~checked, boih
the older and the newer dates are included. This is inexcusable. In anothef case
where the date by the solid carbon method is indeterminate, a “greater than"' date,
the latter continues to bé used alongside the new g_iate_, as if the former had specii}c
significance.

A critical point of view should also be cultivated in another aspect of the
matter, Howevér good the-d..ate may be‘, if it is the date of a peat bo§ that overlies a
drift deposit it should be used as the date of the peat énd '1'1otdta-s the date of the drift.

In concluding, I recall the time when the date of 11,283 ;f 700 (solid carbon)
was accepted for wood occurring at the base of a serles of Lake Agassiz sedfmt'ents
at Moorhead, Minnesota.v A recheck by the Waslhington laboratory revised it to
9,930 # 280 yeers. The conclusions which were previéﬁéiy drawn ‘must also be
révisec; . The latter date lends plausibility to the view that the Big Stone moraine

may be Valders. A setting up of this alternate view should be made for critical

consideration along with Elson’'s interpretations.

Morris M. Leighton
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Pleistocene History of Southwestern Manitoba 1/

by John A, Elson 2/

Introduction

| This }s‘ummary of the Pleistocene history of the area between Latitude 499 -
50° north and Longitude 98° - 101° west is a revised abridgment of part of a guide
book prepared for a ﬁeld‘ excursion sponsored by the Geological Survey of Canada in
October, 1954. The mabping was a project of the Geological Survey of Canada; a
detailed account of the geology .13 being prepared. The writer is grateful to the
Geological Survey for permission to present this advance report of,»;t:xe results, to
Dr. R. C. Anderson for his assistance in preparing the original guide book while in
the field’, and to Jeanne B. Elson for editing and typing this revision.

Eariy work was done on thié area by Warren Upham (1896) who thought that
the ice receded generally northeast over the whole area, rather than mainly northwest-
ward, Sub"se‘quently the area was rémapped by W. A. Johnston (1934) who apparently
accepted Upham's hypothesis without question as far as southwestern Manitoba was
concerned, but postulated ﬁmo phases m the history of Lake”Agassiz (Iohhston, 1916,

1946) .

Preglacial features.

A large preglacial valley (the ancestral Assiniboine) trends east at Brandon
and probably extends northwest from Brandon and then west along the present
Qq 'Appellé valley in Saskatchewan. The former Mfséoun River valléy enters Canada
near Estevan, Saskatchewan (Meneley, Christ‘ilan.sen,'and Kupsch, 1957) and trends
east and northeast to join the ancestral Assiniboine valley west of Brandon. A
tributary from North Dakota (the former Knif_é kiver) flowed north 1'past the west end

of Turtle Mountain and joined the ancestral Missouri Valley near Oak Lake, Manitoba.
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Turtle Mountain was divided near the center by a small valley which extended north

to Whitewater Lake, east to Killarney and southeast across the International Boundary.

Early Jc;laciatibns .

The early Pleistocene rivers from the west carried gravel derived from the
Rocky Mountain érea. Most of the stones are well-rounded quartzites and argillites
from the Belt Series. Such gravel is exposed one milé east of the town of Souris;
Meanitoba. The presence of granite stones, which were not derived from the Cordillera
but which probably were carried south from the Canadian Shield during an early
Qlaciation, 1ndicatés that some of this gravel may be early Pleistocene in age. Other
quartzite-argillite gravels contalnirig higher proportions of granitoid stones from the
Canadian Shield occur at Qu'Appelle, Saskatchewan and in the Souris Valley east of
Estevan, Saskatchewan. The increase in the proportion of granitoids may represent

redeposition after an increasing number of giaciations.

The last glaclation.

There is sparse evidence of Wisconsin substages other than the most recent
ones in southern Manitoba. Widespread boulder pavements separating an upper
sandy till from a lower clayey till suggest a period of subaefial erosion, but weather-
ing of the lower till has hot been observed. Probably the boulder pavement is the
product of sub-glacial erosion, Spruce cones on Turtle Mountain and a piece of wood
east of Holmfield have been reported in situations similar to that of the buried boulder

pavement, but properly documented evidence is lacking.

Deglaciation.

Probably southern Manitoba was not deglaciated during the Wisconsin age
until the final retreat of ice from the Port Huron-Altamont moraine system of Mankato

age. The boulder pavement may représent the Mankato-Cary interval or an earlier

interstadial. 63.



| The recession 'vof thé ice sheet was influenced by a general eastward shift
of centers »of oUtfiaw in northern Saskatchewan, Manitoba and Ontario so that the
direction of ice movement acroes southern Manitoba shifted from scutheast _t_q south
to southwest. As the glacler thinned uplands such as A'l‘urtle Mountain, Moose
Mountain, Riding Mountain and the Pembina Mountains split it into lobes that
occupled the low areas and deposited marginal and interiobate features.

Figures 1 to 12 are sketch maps showing. the deglapiation of southwestern
Manitoba., For s,;mplicity only the r_nora.ine_s, lake basi_ns,‘.and meltwzter channels
in use at the t_ime,arez sh_own .- The_,tpwn_s of Vi_{dep, Brgndon, Portage la Prairie,
Melita, Killarney, and Morden, the International Boundary, and Turtle Mountain are

located for refetence.

Figure 1: wWhen the 1<;é iharéin rél:éde"d to the ’Intei'rit‘a:ti'éﬁél: ﬁoundary ‘southwest of
Morden it trended southwest, as is indicated by washbozrd mordines south of
Pembina River. East of the Pembina Mountains the trend is unknowr_l but it seems
likely that the margin ‘gxtend.ed southeast along an 1ce lobe ‘wm’.c‘h‘ rpq§e§ southward
in the Red River valley.. As the southeastffloxv}ng 1c,e:_ shrank the Red_ River valley
lobe was more or less static or else‘ adyanged slightly, but diq_ not obstruct the
Pembina Valley fqr very lqng.

As the northwest_en; ice between Turtle Mountainr and Pembina Moun_tains |
withdrew it Vuncqygred pgrt of the Pembina valley west of the Manitoba Escarpment
and deposited an outwash train in it. This now forms the highest terraces. During
a pauce in retreat the ice margin lay on the west and north sides of Turtle Mountain
and extended east and southeast from Boissevain to Cartwright, and northeéSt to meet
the Red River lcbe near Cardinal. Extensive outwash fahs were débésited along the

ice margin, and there was some ponding of meltwater and depoSition of end moréine.
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Meltwater passed through the Pembina valley for the eastern two-thirds of this portion

of the ice margin, and séutheast across an outwash plain west of Cartwright for the
western third.

By the phase ‘shown in Figﬁre 1 the ice mafgin had withdrawn from the position
just described and extended east from Killarney and northeast along end moraine on
the north side of the Pembina valley. Meltwater discharged through the Pembina
valley and its western tributary, Whiiemhd Creek. Minor moraines were deposited
east of Killarney and north of Cartwright.. The margin of the Red River valley lobe lay

along the Manitoba Escarpment.

Figure 2: The splitting of the vigorous Red Rivef \;éiiey lobe from the shrinking north-
western lobe became more pronounced. A bedrock..kn;b south of Bréndon split the
southeast moving ice north of Turtle Mountam.. South of it the ice withdrew westward
leaving a series of minor moraines, while east and soﬁtheas;t of it the ice withdrew

northward very slowly and formed a major moraine on the east éidé of Pelican Lake.

vy

The Red River valley lobe advanced slightly to the position of the Darlingford moraine
~on the Pemblné Mountains. ‘South of Brandon an :1nterlobate moraine, comprising the
Brandon Hills and the ridge e'ﬁctending 15 miles sg;utﬁ, was deposited. Later, as the
northwestern retreat continued thlé became the e-nd moraine of the Red River valley
lobe. During the recession to the position showﬂ, drainage ;\)vas concentrated in the
re-entrant between the two 1ce' lobes and this rétréating re-entrant determine the
position of the Pembiné valley. |
| A small glacial lake fbrmed in the Whitewater Lake basin nqrth of Turf.le
Mountain and,_disg.harged eastward past Killame.yvthrough Pembina Riyer; Ekténsive

P

outwash was deposited on the north side of the Pembina valley.

Figure g_ The margin of thé ked Rivef'valley lobe fluctuated little during the next

phases of the withdrawal of the northwestern ice. Southwest of Turtle Mountain, in
' 6S5.



North Dakota , Lake Souris. had been_. in existence for some time, discharging south~
westward through Sheyenne River (Lemke, 195 . A slight withdrawal of the ice |
marcin caused it to expand into Manitoba west of iurtle Mountain and also opened
lower western outlets fer the small glacial lake north of Turtle Mountain. The eastern
outle_t of t‘zis small lake was abandoned |

South of the Brandon Hills mterlobate and end-moraine continued to accumulate.
The division between the northwe.,tern ice and the Red River Valley ice became more
distinct, the latter taking the form, of 2 s_ub-iobe ﬂowi-ng westward up the re-entrant |
in the Manitoba Escarpment created by the ancestral Ass‘iniboine valley. ‘At the head
of the Pembina trench a glacial lake formed in an interlobate position,
(Note: ‘the deep, ﬂat-bottomed valley that extends eastward from south of Brandon
to the Manitoba Bscarpment is referred to as the Pembina trench The Pembina River:
system occupies most of the trench,-l but the upper part-of the trench is part. of the - -

Souris River sys'tem) .

I-‘igure 4: The northwestern ice receded to a north-facino escarpment at Dand, about
15 miles north of ‘I‘urtle Mountain. The smail gracial lake north of Turtle Mountain
became a non-glacial feature. Glacial Lake Souris expanded north of the International
Boundary; its deposits west of Turtle Mountain now have an altitude of about 1, \)60
feet. Antler River, Gainsborough Creek and Graham Creek ]’ackson Creek and
Stony Creek were successive. ice—marginai streams on the west side of. the ice-lobe )
in the Souris bas,.n, all deposited large quantities of outwa.,h in the basin of glacial
Lake Souris . Ice-margin drainage along the escarpment north of Turtle Mountain near
Dand ﬂowed northeastward .nto the glacial lake at the head of the Pembina trench

As the ice margin moved north iower channels were opened The lowest one became

an outlet of glacial Lake sOuris which Subsequently. abandoned,i.t’s SOuthern ou’tiet.
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The lake at the head of the Pembina trench expanded westward and northward.
The northwestern ice probably separated from the Assiniboine sub~lobe which
expanded westwérd but did_ not keep in contact with t.he' retreating northwestern ice.
It overrode sediments deposited in the lake betweeq the two lobes,

The 'margin of the Red}River Valley lobe along the Tiger Hills and Pembina

Mouatains was essentially unchanged.

Figure S: ~ Further retreat of the northwestern ice caused the glacial iake at the head
of the Pembina trench to merge with Lake Souris. By this time Lake Souris had '
subsided so that it occupied only a fraction of the driginél lake basin south of the
International Boundary. Lake Souris, at its maximum extent in Manitoba, stood af
an altitude of about 1500 feet at the latitude of Melita, Because of posf-glaciél
tilting which probably amdi:nts to rore than 2 f'ee't"per. 'm.ile, and 'théulack ofv Wéll-'
defined strandlines, the lake levels are not w’eil'.knov.vri. |

Rock knobs northeast of Virden caused gre.vas"st'i'ng of the thinniﬁg northwestern
ice and in the crevasses the stratified drift of the Arrr’ow'H}-ﬂls "was deposited.

The southwestern margin of the retreating'né‘rthwest' ice was matkéd in
succession by’ ]'ackson Ci'eek, Stoney C'x;eek, Pibeétohe Creek,‘ Gophér Créek and |
smaller unnamed streams, Lake Sourls, now.mostly within Canada, discharged
through the Pembina trench.

Except in the vicinity of Brandqn whare the A_ssinib_oine ,sub-lobeA advanced a
few miles westward, the margin of the Red River valley lobe was stationary. In the
re-entrant between Red River valley ice and the Manitoba Escarpment the debris

eroded from the Pembina trench collected in an alluvial fan or delta.

Figure 6: As the northwest ice withdrew from the Souris basin successive margin

positions were marked by Arrow River and Niso Creek, by Minnewashta Creek and by
67.




numex;ous xﬁinor moraihes. ' Méitwatef from this fce discharged into Lake Hind through
Pipestone Creek and Assiniboine River. 'P'roglacial‘ Lake Hind is named for Henry
Youle ‘Hind who explored southwestern Manitoba in 18.5"8 and who made several
contributions t:o glacial geolégy'inc‘luding' the ‘anticipation of pebble fabric studies
in till, :Lake Hind began when erosion deepened the Pembina trench and lowered the
level of Lake Souris so that the basin became dry south of Melita. Several braided
channels carried drainage from the southern part of the basin northwaid .fr.om the
International Boundary to Melita, Sediment erod_gd frqm thece channels accumulated
to form a deita at Melitq, and jsub_sequentlyr, younger del_tas at Napinka and near
Lauder as erosion lowered the Pembina trench outlet, The_gug_cess,ive levels of Lake
Hind represented by these deltas were a_l;out 1470, : 1460, and 1435 fe'gt' res_peqtively.
Terraces reﬁesenting ‘the Melita and Lauder phases occur in the Pembina t;ench.
During the Melita énd Napir?};g phgsgs of Lake Hind the ma;gin qf the_ Red
- River valley ice was almost stationary. A Ial_cg‘ponded_no;_th__of' the Tiger Hills at the
west end spilled southward across the moraine through what has since become part
of the Souris Valley. Another small gla;lal lake formed north of the eastem part of
the Tiger Hills and discharged across them through the Dry River valley into the

Pembina trench.

Figure 7: The Assiniboine sub-lobe retreated northward from the Brandon Hills and
a iake that had formed soutthe;t of Brandon merged With the lake at the east end of
the Tiger Hills; this largér lake discharged southward through the Souris Valley and
Pembina trench. Then the ice further east withdrew and all the lakes north of the
Tiger Hills merged to f&rm the Brandon Lake (Upham, 1696). The Souris valley outlet

was abandoned for the lower Dry River outlet. Assiniboine River flowed into the west

end of the Brandon lake.
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Farther west, in Saskatchewan, the ice sheet still extended south of the
Qg'Appelle velley, and discharge from gléctal Lake Regina flowed through the Souric
| valley across the dry bed of Lake Hind and through the Pembina trench.
In the east the Red River lobe was retréating northward across the basin of
Lake Agassiz. However, Lake Agassiz apparently did not stand at its highest level
at this time; probably an eastern cutlet kept the lake at a level lower than its southern

outlet at Lake Traverse, Minnesotia.

Figure €: Continued ice-margin retreat enlarged the Brandon Lake and opened an
outlet channel eastward around the north end of the Pembiha Mountains that was
lower than the Dry River outlet. The resultant lowering caused the west margin of
the Brandon Lake to shift eastward, |

In the east the Lake Agassiz basin continued to enlerge as the ice shrank
northward. In the west, north of Bréndon, end moraine was deposited near Rivers
and a body of ice became detached and stagnated in a basin that later became pert

of the present Assiniboine valley.

Figure 9: The ice margin retreated north from the Pe_mblné Mountains and the Brandon
lake was drzined., The present Assiniboine Valiey west of Brandon was established.
lake Agassiz appears to have risen during this phase, possibly when a minor ice
advance or crustal warping in western Ontario closed a lower outlet and shifted the
drainage south to the higher Lake Traverse channel., _3 / Assinibolne River began
to deposit a deita in Lake Agassiz.

By the end of this phase the northwestern ice margin in Saskatchewan stood
north of Qu'Appelle valley, and glacial meltwater west of the Manitoba escarpment
passed through Assiniboine River. As a resLilt, the disch_as'ge of S'ouris Rﬁrer was

greatly reduced.




Figure 10: Assiniboine River deposited large quantities of gravel, sand, siit, and

clay in Lake Agassiz east of Brandon, fotming the Assiniboine delta:. High-level
strandlines (scarps and b°ach ridges) of Lake Agessiz also formed. The Assiniboine

and Qu'Appelle valleys were eroded to .tneir nresent deptlus and the Assiniboine delta
attained its present extent before tne:level of ’Lake‘ Agassi_z fell mueh below 1250 feet.
As the southern {Lake Travarse) outlet was cut down the lalke subsided forming a
sequence of strandlines (Johnston, 1946l. When bearock stopped further lowering of
the Lake 'I:raverse outlet and the lake level remained constant, the Campyell strand- "
line, generally a scarp with a large beach deposit at the toe, was formed. Ii represents

a former water level of about 1040 feet above sea level at the _nternational Boundary.

Figure 11: Opening of an eastern'outlet | .oansed by. ice revces.sion during the Two
Creeks interval lowered the level of Lake Agassiz to 830 feet or less in the vio*nity
of Portage la Prairie, and the lake may have been drained Vallevs were initiated in
the comparatively steep foreset slope of the Assiniboine delta, and Assmiboine River
cut deeply into the delta. This delevel.ling gave impetus to the heaaward growth of
a small tributary of Assiniboine River t‘1at grew southwestward towards the channe‘ |
across the Tiger Hills moraine that was eroded early in the history of the Brandon
Lake. The Pembina valley was deepenad west of the egcarpment and a valley cut
through the Pembina delta (alluvial fan?).

At this time, about 11,000 (plus) years ago (Elsonﬂ. 1957; Moir,- 1957), the
climate was such that modern freshwater and terrestrial gastropod fauna entered the
region [Moziey, 1934); the flora suggests a climate similar to the pres'ent one (71.

Terasmae, Geol. Surv. Canada, personal ¢ommunication),

Figure 12: Advanci.ng Valders ice closed the eastem outlet of the Agassiz basin and
Lake Agassiz II was formed, Undoubtedly crustal warping also affected the eastem

outlets and was partly responsible for the formation of this lake. The ice margin :
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probably advanced no farther than The Pas moraine on the west side of the Agassiz
basin. Radiocarbon dates of alluvial fills in Assiniboine and Pembina valleys
(Preston, Person, and Deevey, 1955; Barendsen, Deevey, and Gralenski, 1957)
indicate that the lake attained a level of about 1140 feet about 8,000 years ago.
Probably an alluvial fan deposited in the Lake Traverse outlet during the Lake Agassiz
L - II interval caused the lake level to rise higher than the bedrock sill (and the
Campbell shore), but once overflowed the alluvial dam was rapidly swept away and
the lake subsided to the Campbell level.

Increased precipitation acgompanying the Valders ice advance caused the
small tributary of the Assiniboine at the west end of the Tiger Hills to erode headwrard
through the spillway across the Tiger Hills moraine and capture Souris River. After
this capture, alluvial fans of the majox_' t;ibutaries of the Pembina trench dammed it
to produce the present lakes.

Early man hunted on the shores of Lake Agassiz II. Agate Basin (Long site)
projectile points, dated at about 7,000'. §ears, are found around but not witlﬁn the
basin. Older projectile points (Plainview, Folsom, Scotts Bluff) alsc havé been
found west of the Campbell strandline (R. S. MacNeish, unpublished). Younger
_preceramic points of a type dated elsewhere at about 3, 400 years have been found in
the Pembina trench (Vickers, 1948) and within the Lake Agassiz II basin (MacNeish,

unpublished) . Hence, Lake Agassiz II existed until perhaps 5,000 years ago.

Postglacial History.

Retreat of Valders ice in weStem Ontario again opened io_\‘w outlets, Lake
Agassiz subsided intermittentlf, énd its area décreééed'; Ultimately a 'n.é;"them outlet
opened and the lake was drained. During pauses in subsidence many strandlines were
formed at levels lower than the Campbell shore. These were tilted southward as the

land in the north recoiled from glaciation, but the tilting is much less than that of the
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strandlines higher than the Campbell. L )

Assiniboine River and Pemoin_a River eroded their valle_y fills, leaving_ pai_red
and non-paired terraces. Eclian sand derived from.the Assiniboine delta drifted across
some of the paired tenaces in the Assiniboine vall_ey..

Postglacial phenomena include the accumulation of alluvium \still taking
place) on river flood plains and on alluvial fans wherever there is an abrupt change
of slope; Assini'ooine River eest cf Portade la Pra_irie, several small streams flowing
down the Manitoha Escarpment {Pembina Moun_tains) ' Cxpress River, and Pipestone
Creek all are depositingvalluvial fars, | Several buried scil profiles_representing
periods of stability between periods of wind erosion and -deposition have been
observed in sand dunes. An azonal soil was, buried in the Cypress River alluvial fan
approdd.mately 3, 000 years ago (Preston, Person, and Deevey, 1955) Several lakes
in the Tiger Hills lack outlets and their basins have mult,.ple st__randvl_ines_that reflect
changes in climate of the region. Lake lsvels are now comparatively low but not as
low as they were p_rior to settlement of the region _1n_‘ the 1660's Sm_au invo;uti_ons
and fossil ice wedge forms occur, b‘nt these may form under the present climatic
conditions. Humifiedqul:vgonal patterns in.the B horizon.in _cla_ye_y silt may originate
either as frost or as dessication features, and also, ma‘y'be produoed by the present
climate. More data are necessary before these phenomena can be integrated into a

coherent history of postglacial events.

1/ Presented with the permission of the Director, Geological Survey of Canada.
_2/ Department of Geological Sciences, McGill University, Montreal, Canada.

3/ The writer's eerly hypothesis (Elson, 1955) of a low level or dry phase in the -
history of Lake Agassiz I was based on a mass of permissive evidence and now takes
second place to a hypothesis of Lake Agassiz I having a generally falling level with
fluctuations. The evidence, still not conclusive, involves stra..’igréphy in the lake
basin, the character of the Assiniboine and Pembina deltas, alluvial fills in the .

Pembina and Assiniboine vr-'lleys, and probable eastern outlets and is too detailed
for presentation here.
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Lake Agagsiu Lasip, Noruy Laaoial/

by

IS S R ST

Tr. 1948, Leland Horberg spent a month studying a system of low intersacting

- . '_ » N} - E o e e ._)r- \
1a t.e basin of forirer Lake fgassiz in eastarn Noich Dakecta (tioiberg, 18531 .

[
[l S
I'.’.\n_ rad kI !

)
“he he'r of i.dges as deseribed by Horberg is 10 to 25 miles wide and extends nortn—
werd fom Frrgo neacly o Wirnipzeg in the lowest and flsttest part of the besin alon
tha2 B¢ Riyer, These ridges are described in the abatract of. his paper as follcwe:
"Low. Intersecting ridges, 3 - 10 fest high and 75 - 500 fe=t wide, with
‘atarvening Jeoressions form a fracture pattern which is strikingly revesled on alip's ne
yhoncs of the flét ILake bAgaslsiz slain. The ridges occupy the axial part of the old
;ake . «in an@ are known ic extend from Fargo, Nortﬁ Dakota, northwerd to weil
hevord the Canadlar boundary. Be@ause the ridges are composed entirely of the
U.F;fﬁ-:;i"igf'f?.'\.g 1ake clays _and surface goils, thay cannot be explained by ordinary agerts,
such L wind, waves and currents, or gléciers .
“It is propesad that the ridges représent frazen—-ground s_tructures formed
¢uring retreat of the late Wisconsin ice. This is supported by thg occurrence i
perig.acial lavolutions, fossil ice FWedg‘es, and polygonal and network soil patte:ns

in the lake sedimen:s”.

coiorcd strips anvi tke intervening demessions as angular dark-cclored areas; thé
conwi st i3 due to mc.*.sturé and vegetation (see figure 1),

Horbery mepped on U, S. Dept. of Ag.icuiture 1:20,000 scale aerial photcs.,
I vsed part of this same coverage in 1951 while studying somewhat similar features

in no.theastern Montana. After studying the photos in the office (fleld werk in the
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area has not been possible) I agree with most of Horberg's paper except for the state-
ment (1954, p. 4) which indicates he foﬁnd no evidence of superposition., On the
aerial photos of Pembina and Walsh Counties I found abundant evidence of ridges
cutting across previously formed ridges. An interpretation of one such area is shown

in figure 1. Other cross~-cutting relationships are shown on aerial photos covering

the following localities.

Photo No. Year County Section Township Range
ZX-2E-68 1948 Pembina 5 : T. 162 N. R. 51 W,
ZX-ZE-],a? " . " 17 [1] 1
zx_zE_lae " B 9 ‘ " oW
ZX-ZE-las . " 11} 21 ) "
’m-23-148 11} “® 28 Bl . .l'

Horberg's theory (Horberg, 1951, p. 15) that the ridges might have formed as
fracture fillings tn lake ice seems to be more in accord with the evidence than the
theory that the ridges are tundra polygons (op. cit. p. .1'7) produﬁed by ridging aloh§ |
a system of ice wedges in the frozen ground, Such a pattetn of cross-cutting ridges
could have formed in a shallow lake whose depth fluctuated greatly each year.
Horberg suggested (op. cit. p. 15) that the pattern of 1ntersgct1ng ridges appears td'
be the pattern of open fractures and leads which form at an eafly stagé in the breakup
of sea ice. "The open fractures result mainly from fnovement by the wind after initial
melting near shore, but narrow fractures are caﬁsed by contraction at low tempera-
tures...." Horberg stated "fractures in the ice may have been enlarged Sy lake
water and ridges produced by movements of the ice blocks or deposition along the
enlarged fractures. . . . . the hypothesis breaks down by its fallure to explain the
fact that at several places the ridges continue without interruption across shore liues

and therefore are younger than the shore lines."
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The writer believes that in a fluctuating lake covered by several feet of lake
ice, in which are numerous long'narrow leads, long narrow ridges would form when
the lake level fell avnd the ice lay on the un'derlying soft lake Sediments « The weight
of the ice vﬂ'vould:.force the soft sediments up into the cracks in the ice. These cracks -
would be of varying width and thus the great range in widths of the ridges can be
explained.. The squeesing of the laminated lake sediments up into the cracks would
account for some of the disturbed bedding. The hypothetical e‘vents must have |
occurred during the last .ﬂuctuations of Lake Agassiz during a slight readvance of the
ice front in.Canada when the lake lev‘el rose slightly above the preyiously formed -
Assowa Beach. In this way, the presence of the ridges across the beach could be
explained. The cross-cutting relationships displayed on the photos formed during |
successive years as the lake rose and fell each summer and winter. New leads
formelwd.and their outline was ‘irnpressed across older lead impressions as the lake
level fell This process also accounts for the poor preservation and irregular outline |
of some of the older ndges . The weight of the ice pressing down on the older ridges
would tend to ﬂatten and subdue them. In places:at least 5 generafions cf ridges
can be seen. . o

| _. One of Horberg s conclusions (op. cit. p. 16) 1S' "The rrdge pattern“ can be
explained most directly byinheritance from irregularities due to fractures in the lal'e
ice; ’ In this case fracture systems from nore .t‘han one. ffeeze-over of the lake could
- have been superposed to form the complex intersection, but the con..istent trends of

the ridges and their continuity across shorelmes remain major objections. " The

writer believes the field evidence supports the first half of this statement but that

the two objectlons are not valid

1/ Publication authorized by the Director, U, 8% Geological Survey.
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Figure 1.

Stereopair and sketch showing Colton's interpretation
of crosscutting relationships of minor ridges in
northeast part of secs. 5, T. 162 N., R. 51 W., Pembina
County, North Dakota. Photos by U. S. Department of
Agriculture, Commodity Stabilization Service, Photo
7ZX-2E-58 (to right) used by Horberg (1951, pl. 1).
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Use of Photogrammetry in Mapping Beach Ridges of Glacial Lake Agassiz
in Traill County, North Dakota

By J.W. Bro@kbart..l_/ ,

In 1957 the U. S. Geological Survey, in cooperation with the North Dakota
State Water Conservation Commission and the North Dakota Geological Survey,
started an investigation of the ground-water resources of Traill County, North Dakota.
Earlier ground-water studies by Dennis-g/ and Dennis and Akin—g/ and a preliminary
reconnaigssance by the author indicated that the only source of relatively large
amounts of ground water of good gquality would be the beach deposits of glacial Lake
Agassiz, and that a detailed map of the beach ridges would be needed. There is no
topographic-map coverage of the county. Upham's mapy shows the approximate
location of the beach ridges but is not sufficiently detailed for locating well sites.
The beach ridges can be identified easily in the field at some locations, but at others
postlake erosion and cultivation have masked the ridges to the extent that they can
be detected only by running & level line across the area, or by drilling test holes.

Aerial photos of the county were studied, but they were of little help except
where the beach ridges vrere topographically prominent. It was decided, therefore,
to try photogrammetric projection to see if the beach ridges could be detected.

The U. S. Geological Survey made diapositives for a Kelsh projector from
U. S. Army photos taken at 20,000 feet. When a model was set up, about 26 to 30
square miles could be seen stereoscopically. Twenty-eight models were used to
cover the western and central parts of the county where the beach ridges occur. By
céreful study of the model it was possible to trace the beackh ridges in areas where
otherwise they could be found only by running level lines or drilling. Where the
beach ridges have this subdued topographic expression they can be detected on the

model by slight differences in vegetal growth and in color of the topsoil. The
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differences in the growth of vegetat.ion are probably due to soil differences which in
turn are due to the greater percentage of sand in the beach ridges.,

At this writing, only about 15 percent of the area mapped by photogrammetric
means has been checked in the field by leveis, augering, and test drilling, but,
wherever a check has been made, the subdued ridges have been found as mapped
from the photogrammetric model. Should this method prqvg successful in thg rest of
the area and in others on the Lake Agassiz plain, the big advantage would be in the
amount of time saved. It took about 5 working days to map all the bezch ridges in
Traill County by photogrammetry, whereas it would take at least 50 working days to

do the same job in the field.

District geologist, Ground Water Branch, U, S. Geological Survey, Grand Forks,
North Dakota. '

Dennis, P. E,, 1947, Ground water near Buxton, Traill County, North Dakota
North Dakota Ground Water Studies No. 5

Dennis, P. E., and Akin, P. D., 1950, Ground Water in the Portland area, Traill
County, North Dakota: North Dakote Ground-water Studies No. 15.

Upham, Warren, 1896, The glacial Lake Agassiz: U. S§. Geol, Survey Mon, 25,
pls. 28 and 29. .
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" A Summary of the Pleistocene and Recent History of the 'Devils Lake Ared
' by
Miller Hansen -
Assistant State Geologist

Abstract

Retreating glaciers deposited end moraines and outwash south of the Devils
Lake area, De’vilé Lake was formed when the ice front withdrew still farther, freeirg
of ice the pre-glécial channel north of the till-mantled Sully's Hill and Crow Hills
areas. Devils Lake received a flood of meltwaters which overflowed to the zouth
through several channels into the Sheyenne drainage. When inflow diminished so
that the lowest divide was no longer topped by the lake watérs’,‘ Devils Lake became
an undrained basin. Since that time the lake level has generally declined, and the
lake waters have become increasingly mineralized.

If present plans materialize, water ffom the Missouri River Basin project v.\ri'l'l_
be divertad fﬁ;oﬁgh a serles of canals to restore Devils Lake to the 1425' level, and

an outlet will be provided via Stump Lake to the Sheyenne River.

Introduction

Devils and Stump lakes occupy a portion of a pre-giacial drainage system
which during glacial time was scooped out by the ice in some places and filled with
glacial debris in others.

The severzal papers available on the Devils Lake region of North Dakota are
shown in the bibliography. Since not all of the reports are accompanied by maps,
the reader is referred to the numerous topographic and geologic maps of this area.

This paper is intended only as a review of existing publications and no new material

is presented.
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Last Glaciation in the Devils Lake Area

Outwash deposits, glacial spillways, and end moraines are conspicuous in
the Flora, Obérbn, and Tokio quadrangles just south of Devils Lake. All these fea-
tures were formed during the final withdrawal of the glacier. South of the Sheyenne -
river the Heimdal moraine marks an ice front which was maintained for some time with
advance and wastage of the glacier nearly at equilibrium. North of the.Sheyenne river
the ice front was again stabilized {orming the North Viking moraine after-a recession
during which the ice melted very rapidly. Between these two prominent end moraines
the main area covered by outwash lies north of £he Sheyenne River. An exception to
this statement is noted in the western part of the Tokio quadrangle where the Heimdal
and North Viking moraines are separated only by the él;annel of the Sheyenne,. There |
is a large outwash area south of the river and southeast of the Heimdal moraine in
the Tokio and eastern Oberon quadrangles.

There are prominent spillways in each of the three quad_rangles mentioned
above, which carried meltwaters into the Sheverne drainage. Since the elevations of
the divides of most of the spillways are about 100’ higher than the highest known - -
level of Devils Lake, i seems likely that these watercourses were used only while
the ice front was at or near the line of the North Viking moraine. In the north-central
part of the Oberon quadrangle, Crow Hills coulee with.a divide elevation of about

1470' probably continued to drain meltwaters to the south for a longer period.

Oricin and Early History of Devils lake

As the ice front continued to recede to the north away from the Sully's Hill-
Crow Hills area in the northern part of the Tokio and Oberon quadrangles, a portion
of a pre-glacial river channel was finally freed of ice and in this loﬁg {rregular basin

Pleistocene Devils Lake and Stump Lake were formed, resulting in a chain of lakes
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which exceeded 40 miles in length. ‘I'rendmg east southeaét: .vth}isvgroup of lakes
consisted of the West Bay of Devils Lake (now dry) Main Bay, East Bay and Lamoreaux
Bay which is now called East Devils Lake, From East Devils Lake aﬁ outlet cairied .
overflow from Devils Lake to Stump Lake which in turn overflowed at various times. .
through three different channels into the Sheyenne drainage.

As the flood of meltwaters declined the various channels were successively
abandoned. It is probable that the last spillway to be abando_ned,waé the one which
flowed from the south end of the west bay of Stump Lake into the Sheyenne through .
Big Stoney Coulee.

Wwith the abandonment of the last spillway the Devils and Stump-lake area -
became an undrained basin and the water of the lakes has become increasingly. . .-
mireralized. |

Various figures, most of which vary withinlre:azonable_ limits, have been given.
for the elevation of the highest strand line of thé. lake, It appears that the 1450°
contour can be taken as a rough average and considered the highest level at which
. the lake maintained itself long enocugh to develbp a well defined strand line which
can be traced around both Devils and Stump-lakes. A second strand line, best devel-
oped around Devils Lake, is found at 1445’ and.below this elevation are several more
which are not easily traced for more.than short distances. .

Ciiffs were develcped along the strand lineé on the south shore of Devils -
Lake, where the beaches consist of Pierre shale fragments and lesser amounts of sand
and gravel from tlgg drift. Along the greater portion ofv ‘the sk'loré‘lihe however, the
beaches were cut 1n till, and revslduz'al bo;ldé-rs i)ave:the old 5;écﬁes in isé\.rerall areas.

The higher of the two old stréﬁd lines éan be seen just west of Stafe Highway
20 about half a mile south of the junction of h‘i;ghw.ays-z and éo souf'h; of the city of |

Devils Lake. At that place sevefal buildings afe built on and near. the old beach.
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About thre? miles south of the same Junctlon mentioned the old- s'hoire"-lme ts.well » .
shown near a group of houses west of the 't‘oad.-

| Whehthe_‘lake stood at the 1450 .elevatiOn 1t covered an area more than three.
times as greatas at present,'_and the area c'overed by the lake when ltstood-"-at the " ¢
1445" elevation was not aporeclabl'y' less. |

With the final wastage of the glaciers 'so'that inflow:was: dépendent upon

annual precipitation alone the lake le'vel'declined-'.- At least one wet cycle resuited:
in inundation of stands of timber which ehcroachedion the oldrlake floor duringdry '
cycles. During a decline in the lake level prlor to 1900 stumps still standing as
they grew were exposed by the receding waters in the shallower areas of both Devils
and Stump la.ces. Logs-in great numbers had been wasl'-ed up on the beaches of Stump.
Lake and had been used for fuel and fence postsi From annular rings it was deter- N
mined that some of the logs had grown for 120 years or more and radlo carbon deterr'hln-

ations on one speclmen showed tha.t the tree had been dead for from 3 to 7 hundreo T

; years. - S SN

RecOrded- History of -I.evels of 'De‘vi-ls 'Lalce ’

Slnce records have been maintained the 1rregular but steady decline of the
lake level is shown by a high at an elevation of 1438 feet in 1867 which receded to
a low of 1401 feet in 1940, The wet eycle which began about 1940 resulted- ln a rlse
of the lake level to an elevatlon of about 14‘ 8 feet 1n 1956 Barrlng unusually wet |
or dry cycles it may be assumed that the level of Devils Lake will continue-to decllne

if nature is allowed to take its course.

Proposed Reclamation Project for the Devils Lake Area

The U. S. Bureau of Reclamatlon has plans for supplylng water to Devils Lake

rom the Garrison reservoir of the Missourl River Basin Project, A serles of canals
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is contemplated which will carry water from Garrison reservoir to Devils Lake,
Accdrdmg to preSent plans, water will be féd into D_evils Lake via Round, Stoney,

and Long lakes south of Minnewaukan and the lake will be restored to the 1425* level.
‘A feeder canal to Stump Lake and an outlet canal from Stump Lake to the Sheyenne
drainage are also to be built as part of the proposed“project. If these plans material--
ize, the mineralized water in Devils and Stump lakes wi.lf be freshened and evenfually
flushed out altogether. The city of Devils Lake will bé able to use the lake water for

domestic purposes and the recreational facilities of the area will be improved.
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Glacial history of the Souris River lqbe, North Dakota'—l/
By Richard W, Lemke |
INTRODUCTION |

The Sourls River ice lobe covered sll of the teirain now drained by the Souris
River and its tributaries in north-central North Dakéta. This paper discusses the
glacial history of this lobe and its relation to the‘ c§ntemporary Leeds lobe io the
east. Plate 1 (in pocket of.g:uidebook) shpws the rélétion of these two lobes to each
other and the major glaciaglfffqatures formed by them., |

The Coteau du_Mis,spuri, a topographically~high glaciated part of the Great
Plains Province, forms the southwest margin of the Souris River lobe area. All of the
remainder of the area lies in the Central Lowland Province. The escarpment of the
Coteau du Mis;souri,‘ abc;yit '300 feet high in this area, forms a well-defined boundary
between the two phys"iogréphic divisions. Northeast of the escarpment the surface

" in most places slopes gently to the northeast towardvtr}e floor of glacial Lake Souris.

The highest point on the Coteau du Missouﬁ that could have been covered by the
Souris River lobe is at an altitude of about 2300 feet. The loWest point in the area
is in the Souris River valle& at the International Boundary and is at an altitude of
1410 feet, The Turtle Mountains, a drift coveredr mesa-like highland northeast of
glacial laké Souris which separated the Souris River lobe.and the Leeds lobe,
locally exceeds 2500 feet, The Souris River flows southeastward into North Dakota
from southeastem Saskatchewan. Below Velva it turns northward and enters Manitcba
to drain intc Lake Winnipeg. The area within this bend is known {nformally as the
Souris River loop area. The Riviere des Lacs, the main tributary of the Souris Rive;,
heéds in Saskatchewan about 2 miles north of the International Boundary and joins

the Souris River about 7 miles northwest of Minot.
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It is not known whether the area covered by the Sourisziv_e’r lobe in North
Dakota was glaciated in pre-Wisconsin time. However, at least three and possibly
four perlods of glaciation of substage ranx occurred in Wisconein time in the area.
(see paper in this guidebeok "Sumrnery of the Plebi.stocene geology of North Dakota").
The drift of the Souris River _Lobe everywhere 1n the Souris River area forms the
surface deposits except near Donnybrook (about 35 miles northwes'r 'of Minot) where
exposed till of a probable clder substage underlies the drift of the Sour!s River lobe
(see paper in this guidebook "Two tills in the Donnybrook area").

The Souris River lobe and the Leeds lobe, both of which had the same source
of ice nourishment in Canada, advanced into north-central North Dakota from the nortii-
west, The Leeds lobe moved around the east flank or the Turtle Mountains and spread
out radially to the south, ’ll‘he,iHezimd‘a-l moraine marks its maximum advaace. The
SOuris.River lobe moved southeastward from southeestern Saskatchewan and covered
the Souris River area. Its culmination is marked by the Martin moraine. North of
Knox the Souris Riyer apparently truncates or overrides end_ nxora;nes of the Leeds,
lobe. In this same area there are randomly oriented sets ofA nras_hboard moraines that
probably represent overlapping by the two lobes during ;ninor fluctuatiqns_ of their. -
ice fronts. Thus 1t has’ been necessary to make an arbitrary separation of the drift

of the two lobes in this area.

Comperieon of the tills of'the Souris River and Leeds l‘obes
The tills of the Sourls River and the Leeds.lobe are nearisi‘ identical in
appearance. Both are light gray to qrayish tan where oxidlzed and dark bluish gray
where unoxidized Oxidation generally extends to depths of 30 to 50 feet but leach-
ing does not extend below the B horizdn of the soil. Both tills typically consist of
about 25 percent clay size, 40 percent silt, 30 percent sand, and S percent of

particles larger than sand Size. Both are highly calcareous. More than 50 percent
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- of the pebbles longer than half an inch are of carbona*e rock tvpes, Graniils sne
gnelssic rocks are next most abundant, Two materials, lignite chips and limonite
blebs, are minor but characteristic constituents of the till of the Souris River iobe,
but are rére or absent in till of the Leeds lobe. The till of the Leeds lobe, on the
other hand, in many places examined, contzins a much larger proportion of shale
chips than does the till of the Souris River lobe. Whether the_se differences in
mino:r constituents can be used»successfully in differentiating the tills where the

two lobes overlapped has not yet been ascertained.

History of Souris River lobe

Work by Christiansen (1956, p, 1-35) in the Moose Mountain area in south~
eastern Saskatchewan sl;ows that the advance of the Mankato ice sheet, which
produced the Souris River lobe in Morth Dakota, moved across southeastern Saskatch-
ewan from a northwesterly direction, As it movéd into North Dakota, it occupied all
the area between the Coteau du Missourl and the Turtle Mountains and may have
extended up onto the Turtle Mountains themselves. Its terminus is marked by the
Martin moraine that extends southward from the southgas't end of the Turtle Mountains
to the vicinity of Lincoln sagv and then up onto the Coteau du Missourl where the
identity of the Martin moraine westward becomes lost in the hummocky morainal
topography that includes earlier drif_t. This moraine is distinctly concave to the north-
west and suggests an advance of the ice lobe from that direction, Mc;i'e convincing
| proof of the direction of ice movement is afforded by éoutheast-trending linear drumlin:

1958)‘2/

and grooves in the Velva area (Lex_nke, . These features were formed at the

base of the ice parallel to the direction of movement. Low, arcuate washboard
moraines, concave to the northwest in the same area, mark still stands of the 1ce

front during its retreat to the northwest.
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During déglaciatlon,’ the areas on top of the Coteau du- Missouri and along. ..
the V\;est ‘zla'nd“soujt’h flarikéi ‘of the Turtle Mouhtains were probably the first strips of
land to éme}g:;e'ffbm- beneath the southwest and ‘northeast flanks of the melting Souris
River lobe. As the.nértheast flank of the lobe withdrew from the Turtle Mountains,

a kame terracé; especially well developed in the vicinity of Dunseith, was formed
along the southwest edge of the'Mou'ntains. Whén the lobe had melted back several
miles from the escarpmént of the Coteau du Missourl, southeast-trending, ice~
marginal channels were formed along the southwest flank of the lobe. After further
rececsion of this side of the lobq, the vglley of_ the Riviere des Lacs and the segment
of the Souris River valley from its confluence with the Riviere des Lacs to Velva were
used as;‘ice-marginal__channe,l_s_, but.b‘elgv«,_r_ Velva, the Souris River valley was still
blocked by ice and the meltwater was diverted southeastward. The diverted rr_xeltvyater
carved the Velva diversion chamel (gltitude of floor at head of channel is ’1,590 féét)
and then emptied through the Aylmer d_iversion channel into the southern part of
glacial Lake Souris, which was jgst cpming znto existence as the ice front melted
back from the Martin moraine. As the southwest flank of the ice lobe receded further
to the northeast, the Velva channel was abandoned in favor of the lower Lake Hester
channel (altitude of floor at head of channel is 1,575 feet). The Lake Hester channel
first dralned southeastward thrqugh the Aylmer diversion channel, and later through
the Antelope Valley diversion channel into glacial Lake Souris. Later, afterﬁvfurlther
recession of the southwest side of the ice lobe, meltwater flowed through the Véreﬁ-
drye diversion chgngel'(altitude of floor at head of channel is 1,555 feet) and into
glacial Lake Souris, ﬁrst_down the Antelope vaLley diversion channel and later
through a broad flat watercourse northeast of Karlsruhe. Later, when the front of

the ice lobe had receded to a line just north of the Souris River east of Vefendrye,

the Verendrye diversion channel was abandoned and meltwater flowed directly down

the Souris River valley into the lake which was expanding northward as the ice receded.

88.




When the southwest side of the lobe was recéding in the vicinity of Velva
and Verendrye, meltwater was diverted from the Souris River valley in Canada
through a shallow trench {floor altitude of 1,850 feet) into the Riviere des Lacs
valley (see fig. 1). This diversion occurred when a bend in the Souris River at about
102° meridian in Canada' 'was still blocked by 1cé. The volume of water dis_gharging
through this shallow trench seems to have been large for a short time and éécording
to Christiansen (1956, p. 28) this large discharge may have taken place when glacial
Lake Arcola along the south flank of ‘Moose Mountain in southeast Saskatchewan
drained southward info the head of the Riviere des Lacé. The lower segment of this
watercourse, from the shallow trench to the vicinity‘of Velva, was about 100 miles
long and had an average gradient of about 3 feet to the mile,

As the southwest side of the lobe melted back in the vicinity of the Internat-
ional Boundary, the bend of the Souris ﬂver In Canada was freed of ice. The shallow
trench between the gouris River and the Riviere des Lacs was abandoned and water
flowed down the Sc;ﬁﬁs River into North Dakota, According to Christiansen {1956,

p. 25) the Souris Ri';rer valley during its late-glacial phase was used as a drainage-
way to partly drain glacial Lake Regina in Saskatchewan. Because of the difficulty

of correlating terrace remnants in thg Souris River valley, it is not knqu whether
this lake water discharged into one of the diﬁéfsion channels between Velva and
Verendrye or whether it all emptied directly ir.1to glaéiél Lake Souris east of Verendrye.

During early deglaciation of the lobe only the southeast end of glaciéi Lake
Souris was in existence, Meltwater flowing down the Aylmer diversion channel and
‘off the ice front was ponded to a height of abc':n.:t 1,560 feet, For a short time lake
water probably overflowed down the North Poﬁc of the Sheyenne spillway (floor
altitude at head of spillway is about 1,550 feet), and thence, was diverted through

the Heimdal diversion channel into the James River valley to drain eventually into
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the Guilf of Mexico. As far as is known this is the only time when water drained
from the Souris River area into the Gulf of Mexico. Most of the flow down the Heim-
dai diversion channel, however, was probably from the front of the Leeds lobe which
" at that time was marginal to the channel. This diversion down the Heimdal diversion
channe_l was possible only because the front of the Leeds. lobe still stood at the
Heimdal meraine. Because all the lower ground to the north was still covered by ice,
water could not flow tirough the lower outlet later used by meltwaters flowing down
the Sheyenne River vallev-to glacial Lake Agassiz, The Leeds lobe, therefcre, was
still at or near its maximum extent after considerable shrinkage of the Souris River
lobe had al;eady occurred. The southwest side of the Souris River lobe at that time
probably had melted far enough back so that meltwater flowed down the Riviere des
Lacs valley then down the Souris River valley to.the.Velva diversion.channel.

- Ag the front of the Souris River lobe shrank, the edge of the lake followed the
ice front back and progressively increased.in size northward. By the time the Antelope
valley diversion channel was formed, the Girard Lake. spillway-was probably just.
beginning to come into existence, .f’l‘his_; ap’ulw_a_y__,_t_;pnt_ipue_d: tp be used until its
threshold was cut down to an altitude of 1,510 feet, By this time the lake extended
far enough northward so that mel@yafers flowing down the Squris River valley could
empty directly into the lake a few..:mi:l‘es east of Verendrye. This is indicated by the
fact that north of this point the high shoreline of the lake is at an altitude of about
1,510 feet; whereas, the high shoreline south cf this point rises progressively to a
maximum- of about 1,560 feet at the southern end of the lake. -

When the Girard spillway came into use, the-front of the Leads lobe had
receded to about the position of the North Viking moraine. The Heimdal diversion .
channel was abandoned in favor of lower ground to the north and the spillway waters,

together with meltwater from the Leeds lobe, incised the Sheyenne.River valley and.
drained into glacial Lake Agassiz, : ’
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When the southwest side of the Souris River lobe had shrank to a position
northeast of the Sourls River sbove its confluence with the Riviere des Lacs, melt-
water cut many outwash channels, some more than 50 miles in length, along succes-
sive positions mérginal to the southwest side of the ice lobe in the Souris loop area.
Their flow to the southeast into the constantly northward expanding glac1$1 Lake
Souris was transverse to the slope of the ground moraine surface. Thus, each channel,
as the ilank of the lobe receded tc the northwest, was abandoned successivel;,' in
favor of a lower channel closer to the ice margin and downslope to the northeast.

In the complex braided néi:wo:k bf outwash channels eést of M;.nbt, it appears that
several channels may have carrfed meliwaters simultaneously and that the meltwaters
flowed between numerous blocks of stagnant ice.

As the front of the Souris River lobe receded into southeastern Saskatchewan,
the low area along the Souris River in southwestern Manitoba was uncovered. Glacial
Lake Souris expanded into this arca and then drained eastward north of the Tuctle
Mountairs into glacial Lake Agassiz down the Pembina trench. By this time the
Leeds lobe nad receded completely from North Dakota and far enough northward in

southern Manitoba to permnit the eastward drainage of glacial Lake Souris in Manitoba.
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Two tills in the Donnybrook area, North Dakota-l/

By Richard W, Lemke
and Clifford A, Kaye

INTRODUCTION
Two tills, separated by a boulder pavement and believed to belong to.two
different substages of the Wisconsin stage of glaciation, are exposed near Donny-
brook in northwestern North Da.cota. Figure 1 showr‘ the location of exposures in
respect to the rest of the State. ’I'hese exposures are of particular interest because
they are the only places in northwest and north-—central North Dakota where tills of
two distinct glaciations can be differentiated. The purpose of this paper is to discuss

the stratigraphic relations, compositions, and ages of the two t_ills .

SETTING |

These tills are best exposed in a road cut of u. S Highway 52 | 1 1/2 miles
southeast of Donnybrook in the SN/4 sec. 24 '1‘ 158 N., R. 87 w. The exposure
is along the southwest valley wall of the Riviere de., Lacs a valley cut by glacial
meltwater pre-last glaciation and used again by meltwater during deglaciation of the
last ice sheet to cover the- area. The boulder pavement that separates the two tills
is discernible in several places about one-third of the way up the northeast valley
wall directly across from the road cut. Kk also is well defined for a distance of about
3 miles upstream from Donnybrook on the northeast side of the valley. The boulder
pavement is- less conspicuous on the southwest valley wall but is discernible from
the road cut upstream for about 1, 000 feet where it projects into a lime—enriched
bed in a gravel pit. |

.STRATI,GRAPI'-IIC RELATIQNS

' Figure 2 shows the stratigraphic relations of the materials exposed in the road

cut, A.maximum thickness of about 30 feet of older till is exposed. Intercalated in
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the lower till and contemporaneous with it are glaciofluvial deposlts. The zone of
boulders and cobbles separating the two tills is generally less than 3 feet thick. It
dips down-valley and apparently represents a lag concentrate left by erosion of the
lower till, as shown by the fact that it clearly truncates the olaciofluvial deposits

in that till. The younger till that overlies the boulder zone has a maximum thickness
of 50 feet., It contains no fossil soil horizons, or other evidence to suggest more
than one substage of deposition after formation of the boulder zone,

As mentioned previously, when the boulder zone in the highway cut iz traced
up~valley for about 1,000 feet, it ties into a conspicuous lime-rich zone about 6
inches thick in the southwest face of a gravel pit.  Here the younger till directly
overlies the lime-rich zone. Directly tmderlying the lime-rich zone is a thick section,
possibly as much as 200 feet, of steeply dipping and contorted beds. of gravel, sand,

and silt that apparently represent collapsed ice-contact deposdts . Although much
thicker and much more distorted, these deposits are similar in compositionto strati-
fied deposits intercalated in the lower till in the road cut and.ar-e.believed tc be pait
of the same deposits. None of the older till ie expolsed in this part of -the pit”‘ but,
in the northeast part of the pit, till that resembles in composition the older till in the
road cut overlies the collapsed ice-contact deposits . Apparently this is a mass of
the older till that intercalates wlth the ice-contact deposits and wedges out toward
the southwest end of the pit (see figure 3). The beds of the stratiﬂed ice—contg.ct
deposits are nearly vertical to slightly overturned, presumably owing to collapse as
a result of melting of supporting ice after depositlon. The direction of drag of beds
in contact with the till show that the overriding ice that deposited the till moveyd ln

a southwesterly direction. The orientation of lineations in the till also supports this

assumption.
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DESCRIPTION OF THE I'WO TILLS AND RELATED DEPOSITS

Superficially, the two tills are similar. The older till, howei_)er, is light gray
to light tan, whereas the upper till is considerably darker, The color difference
appears to be due to the fact that the older till is more oxidized although there has
not been sufficient weathering to decompose any of its contained pebbles. Both tills
are highly calcareous and show no leaching effects. The older ;cill i1s more compact
than the younger till but contains numerous small irreqular fractures 2 to 4 inches
apart coated with a thin orange-brown film of iron oxide, or less commonly brownish-
black manganese oxide. The few fractures in the younger till are not coated.

The two tills are nearly identical lithologically. They appear to differ only
in the amount of shale each contains, Of pebbles larger than half an inch about 60
percent from each till are-composed of limestone and dolomite.. Granitic and gneissic
pebbles are next most abundant and constitute about-15 percent. Shale chips, a minor
constituent in both tills is more than twice as abundant in the older till than in the
younger till. The shale chips presumably were derived from the Pierre shale, either
from Canada or northeastern North Dakota. Many of the pebbles in t"he.{qlder till are
speckled and mottled with manganese dendrites but such mottling is almost totally
absent in the younger till. As shown in table 1, mechanical analyses of the minus
six mesh fraction of both tills show a remarkable similarity in grain size., Both tills

also have a plasticity index of about 21.

Table 1. Mechanical analyses of younger and older tills.

Sieve (U, S. Standard) Younger till Older till

Percent passing

10 mesh - 94 96
30 mesh 90 90
40 mesh 88 ‘ 87
60 mesh - 82 81
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Womesh 76t aa
200 mesh 67 66
270 mesh -+ 64 - - 63

Grain size (silt and clay range " -
determined by hydrometer

method)
0.04 mm, ~  ~  61° 6T
.005 mm. 2-3 ' 24
.002 mm., - SRS |- TR - 160

.001 mm. _ 9 ' - 9

+ . Glaclofluvial deposits intercalated in the older ti’ll consist predominzntly of
cross~bedded sand beds and lesser amounfs of finely laminated buff-colored silt beds’
and poorly to well-sorted gravel beds. Many of the pebblés are’ mottled with dendrites
identical to those in the older till, The compositioh of the' deposits'is similar to that -
of theolder tili. The gravel fraction in both the highway cut and in'the gravel pit- i
contains aburidarit':s'hale'chips. Lignite chips also are abundant ih'both the sand'and "
gravel fractions in t'he".pi.t. - IR ST ey L

" The zone of boulders and cobbles that 'separates the two tills forms.a wells "/ "
defined pavement in‘some places. It contains boulders'4 1/2 feet long, although the"
average size is about 2 feet. Many of thesé ‘are polishied and striated: on their top -
surfaces .

- Th‘e'lime-'-erx'r'ichéd zone in the gravel pit consists chiefly of angular gray shale:
fragments embedded in a calcareous clay matrix} both the ehale'-- and the clay are.'White‘-‘-
when dry. Partly embedded in the lime-enriched bed arid extending slightly into the
overlying till are a few cobbles and boulders that are probabl 1 the continuation of B
the boulder zZone in the road cut. Itw is speculative whether t‘ie lime-enriched zZone
represents a poor11 drained surface where li"\e—rich sediments accumulated while the
boulder pavement was. being formed elsewhere or whether it is an eroded C horizon of

a soil profile and represents a considerable interval of time between de’po-sition of the
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two tills.

Speculation on the ages of the two tills.

As pointed out by Lemke and Colton (this guidehook) the Donnybrook area
probably was glu.,iated at least during the lowan, Tazewell, and Cary substages__of. .
the Wisconsin and may have been glaciated as late as post Two Creeks time. By |
tracing end moraines northwestward frem the carbon 14 site in Kidder County dated
as Two Creeks age {see Moir,_ thfs guidebook), it can be demonstrated that ‘the
surface till in the Donnybrook area is et leaVSt'oost early Cary and couid be as young
as post Two Crecks.

The surface till in the Donnybrook area was deposited bkyk the southeast

“moving Souris River lobe (Lemke, this guidebook) Inasmuch as the exposure in the
road cut extends nearly to the top of the Va.uey wali it is- reasonable to assume that
at least the upper part of the till overlying the boulder belt was deposited by the
Souris River lobe. The general overall homogeneity of the t' 11 section above the
Soulder pavement together with the absence of any fossil soils or erosionei surfaces
within it leads one to the conclusion that only one _substage of deposition is repre~
sented by this upper till although it may represent readvances within this substage .

The‘age of the till below the bould.ex.' pavement is aiso specniaiive(.'- Thet'tnie |
till does represent an older substage than the till above the boni;ien nevement is
supported by: (1) the greater oxidation of the lower till, (2) the markedly greater
shale content of this till than of the younger till suggesting a different direction of
ice advance or an earlier advance of some distance from the same direction, and
(3) the presence of the boulder pavement and possible partial soil profile. If the
lime-enriched zone in the gravel is, indeed, a partial soil profile, strong siipport is

furnished for the assumption that the two tills belong to different substages. The
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fact that the ice which deposited the lower till moved in a southwesterly directioﬁ,
as indicated from the exposure in the northeast part of the gravel\pit, is not helpful
in determining to what substage the t'ill belongs. As discusse;'l_ 'by Lehke and Colton
(this guidebook) the overall direction of ice advance of the Iowen, Tazewell, apd
Cary substages were all to the southwest., Moreover, the direction of ice advance '
within the Riviere des Lacs valley prdbeblf was centrolled by the valley walis and
had little or no regional signiﬁca_ﬁce. |

" 'In summary, there is good évd’deﬁcé that the till o“verlying the boulder belt
was deposited in post early Cary time and possibly as late as post-TWo Creeks . The
ti1! underlying the boulder belt p'robebly’:belongs to an elder substage and could be

as old as Iowan,

1/ Publication authorized by the Director, U. S. Geological Survey,
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Ice-crack moraines in northwestern North-Dakota and northeastern Montana-l/
by Roge'_r B. Co'lt.o.n
U. S. Geologiczl Survey
Denver, Golorado
Intfoductich' '

An unusual patterﬁ of long narrow till ridges characterizes drift of Ta:;e*.n;ell
{?) age in nonhwestern North Dakota and northeastern Montana. These ridges are
interpreted to be ice-créck moraines formed as subglacial crevasse fillings. The
purpose of th}s_ paper is to discuss the distribution, shape, and composition of these
ridges, to speculate-anew on theii origin, and to point out their significance as
indicators of the direction of ice nbvement’.

The pattefn of ice-crack 'morairies‘ was studied by several members of the U.
S. Geological Survey dﬁfing the course of detailed mapping in nortahwestern Ncrth
Dakota and northeastern Mont-ana. Colton's attention was called to these features
in 1949 by Fred S. Jensen who 'map'ped the Frazer, Nashua, and Glasgow quacdrangles
in Montana while Colton was mapping the C)tter Creek quadrangle south of Plentywood,
Montana. The pattern was then called “the waffle pattern" (fig. 1). A few of the
ridges of till occurred in the Otter Creek quadrangle but they were then thqught to be
recessional moraines. Both Arthur D. Howard and Irving J. Witkind mapped similar
features north of Medicine Lake but thought they were recessional moraines (written
communication) .

Mapping actually began at both ends of the Montana belt of ice=crack moraines.
Colton was assigned the area which remained to be mapped in 1950 and thus was in
the position of having the overall picture available because most of the mapping had
been done. However, it was not until 1956 when high-altitude photographs were

obtained that an overall map of the ice-crack moraines was made and the origin of

these features became apparent, 99
]



Distribution

The preglacial valleys of the Yellowstone and Missouri Rivers were the main
avenuves of advance each time glaciation of the area occurred. What aciuacly occour:od
was valley glaciation on a grand scale. The lobe of ice that flovred southwest and
westward up the ancestral Missouri River Valley in Montana probably was 25 milzs
wide and approximately'lso miies long. The lobe that moved up the ancestral Ycliow-
stone River Valley probably was ‘100 miles long and approximately 20 miles wide. Not
included in the above approximatiens are'the areas of slowly moving and almost
stegnant 1ce‘ albng the edges of these two main avenues of ice movement.

Four dttft sheets have been mappect in northwestern North Dakota and north-
eastern Montana. The oldest has been much eroded and cen'SISts of scattered patches
of till anct :a lag'edncentrat-e ef erra‘tic\s. This drift may have been deposited in pre=-
Wisconsin time er in ea_x"l:ies.t Wiseonstn titné » A mﬁch youn-g'efilooking drift, of
TaaeWell (?) age, is .characterized» 'by. len.g:.“nar.r'ow ridges of till called ice-crack
moraines . In tnel nottheastern part of th’esarea, this drift sheet is overlain by venf

'youthv‘ul dnft of Cary age.‘ Reconnaies;ance mapping elsewhe're in Nortn Dakota has
in.licated that an ice front advanced a short distance into the area in Valrlers (?)
time. The distribution of these drift sheéts 1s shown on plate 3 (in pocket).

~ Nearly Aval-l the 1ce-crack moraines arc in two discontinuous belts that roughly
follow the margin’s of the-;')reél‘acial valleys of the Yetlovtvstone and Missouri Rivers.
The belt in the ‘angestral Missouri River Valley is 110 mt.le.s‘ long and 'ext'end's from
Nasht.a to Coalr‘dge, Montana. Only a few gaps occur in the amazing continuity of
patte;n and these occur becaase the ridges have been e.oded ‘away or have been
covered by youpger deposits. The width of t‘:e Nashua-Coal'idge bedt ranges from
5 to 29 miles . The average width is 7 miles. Typical of this belt are the areas west

- -and northwest of Oswego, Montana .,howrv in figures 1 and 2,
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The belt in the preglaclal anrl present valley of‘ the Yellowstone is very
discontinuous and contains less than half as many ice~crack moraines as are in the
Nashua=Coalridge belt, The belt in the Yellowstone Val ey.extends from Eurns, Mont.
nearly to Alamo, N. Dak., a distance -of 85 miles . Nearly all the ice-crack moraines
in the Burns-Alamo belt are in three groups. The .southern.rvnofst' group, vetwear Burns
and Sidney, is only a few miles wide. T_he second group, ‘northeast of CanWﬁght,

N. Dak. is near the junction of the Missourl and the Yellowstone. 'l‘he third group,

10 miles northeast of Williston, covers S townshlps . Most of the third group is
outside of the Yellowstone River Valley. ',The 1ce-crack moralnes east of the margin

of the Yellowstone River Valley anrl north of Epplng 1n T. 155 N, and R, 99 W, are

on a plaln and the ice had probably stagnated over the whole plain qulckly. However,
the presence of the lce-crack moratnes there is somewhat anomalous and more work

needs to be done in that area.

Shape ancl cornposltion

The lce-crack moraines of the Tazewell (”) drlft are stralght rlclges coiﬁpoSed
of pebbly clayey till. They are 50 to 100 feet wide and as much as 20 feet high and
2 l/2 miles long. The longer ridges are parallel 650 to 1 200 feet apart and average
5 ridges per mile, Most of the rldges are long and parallel others are short and
intersect the long ridges at angles of 30° 450, and 90° In several areas the ridges
form a geometrlc pattern (informally called the waffle pattern") which resulted from
a set of conjugate fractures (fig. 1) o

Several mechanical analyses were. made of samples of tlll from the 1ce-crack
moraines near Wolf Point and Poplar, Mont. They indicate that 25 to 30 percent of
the till is clay, 26 to 37 percent of the till i_s__ms:tlt,__ZS:_to 40 .percent is ».Sand' and only

2 to 6 per cent includes sizes larger than sand_:
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Some ice~crack moraines west of Oswego look as if ,thé;;(lafe youxiger than
others. They were studied under the Kelsh plotter using high-altitude aerlal photo-
graphs (scalé 1:60,000). The stereo 1mage“ studied was at a scale of 1: 12,Q00. vao'.me
ice-crack moraines cut across and drape over older ones (ﬂg‘. 2). In avaew a»rea_s'
there were at least three intervals of i ce~-crack moraine formaﬂons. | These cross-
cutting relations are best shown a few miles west of Oswego, both north and south
of U. S. Highway No, 2. Details of this_ area are 1llustrated '1n figure 2.

Ice-crack moraines are easily seen on aerial photographs where cultivation
has occurred but are difficult to-see in uncultivated areas because in plowed ﬁelds.
the dark A and B soil zones have been blown or otherv)ise eroded off the ridges and
the white lime~enriched C Izone is exposed. This zone contrasts w‘i_th fhe surrounding
dark soil .and coﬁsequently shows in pictures as a wh;te 'ling__against a darker backf_-

ground (fig. 1).

?revious work

The term "ice-crack mo;aiﬁes" was first used b.jSprouAle (1939,_ p. 104) to
describe narrow, generally.sharp, ridges _of sand? moraine érqséing the cq_untr‘y at
right angles to the direction of ice movement in the Cree_ Lakes ér_éa, Sa_xskatchewan,
Canada. In that area, they are as much as 3 miles or mére in ’lengt};., The ‘wiath of
only a few is more than 100 yards and the majorifty are muéh garrovéri‘er. Thé h_lghe/st.
measured were 35 feet high. In most places, they are ﬁép;al_lel aﬁhoggﬁ s’e.pa:-'ate sets
converge at acute angles. | | o -

Ice-crack moraines in northeastern Montané .were first described by F. A,
Swe'nson (written communication, 1946). The same concluéiqns were pfesented in
1355 (Swenson, 1955, p. 27 and 28): "These low gravelly ridges very likely represent

fillings of crevasses that resulted from a system of joints developed in the fracture
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zone of the ice mass while it was still in motion. theh the ice sheet stagnated,
probably because the main ice mess wase no longer able to mbve southward over the
divide between Hudson Bay and the Gulf of Mex.co, it thinned mainly by surface
melting. Streams flowing across the surface of the ice sheet deposited their loads
into the existilng crevasses; as melting"conti'nued, these deposit_s were lowered onto
the land underlying the ice. The finer grained materials remained in suspension
longer and escaped with the water as it found its wayv beneath the melting ice sheet,
According to Flint (1947, o. 17), stagnation of én ice sheet o;:éurs when the rigid
upper zone (zone of fracture) of a glacier extends down to the subglacier floor. This
zone is belie\}_ed to extend down to depths of 100 feet to 206 feet, and thus we have
a rough measure of ice thickness at the time the materials were accumulating in the
crevasses. It is apparent that the ice mass was in a stagnant condition over a wide
area; otherwise, the ridges would have been disturbed by further movement of tke ice
sheet."

I agree with Swenson that the ridges repreSént fillings of crevassgs in ice.
However, the features are not gravelly, but are compose& ;;_>f till, No st_rgt}ﬂe_d driit
has been found in them and, therefore, they were not formed by _stré_éms which flowed
across the surface of the ice and washed their loads into the crevasses. Swenson's
idea on the approximate thickness of the 1c;:e at the Fime of formation of the ice~crack
moraines seerknsb reasonable but current thqught on the_ depth of ’crev.as‘ses (Se.ltgniah,
1955, p. 514) limits them to a depth of 160 feet. I agree with Swenson (1955, p. ';28)
“that the ice mass was in a stagnant condition over a wide area." Swenson goes on to
say, (1955, p. 28) "otherwise, the ridges would have been disturbed by further move-
ment of the ice sheet." In a previous paragraph, I have explained that some of the

ridges have been slightly disturbed by later movement as well as being superimpoé.ed

on each other.
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Cclton and Jensen (1953, p. 1542-1543) indicated erroneously, that the long
axes of the long ridges (over 90 percent of the ice~crack moraines) are normal to the
direction of ice movement, The orientation of the drift borders and the general shape
of the ancestral Missouri Valley indicate that nearly everywhefe the direction of ice
movement was at an angle of- 45° to the long axes of the long ice-cfack moraines.

The pattern made by the ice-crack moraines is comparable to the herring
bone-like lateral shear crevasse patterns in many valley glaciers (fig, 3). Nye
(1952, p. 89-81) 1f1dicated that if lateral stresses were negliéible the principal axes
of stress are everywhere at 45° to the edge. Hopkins (1862, p. 706) arrived at a
mathematical conclusion that in a simple case of a valley g"laci"er, marginal fissures
should make angies of 45° with the axis of the glacier. Cloos (1929, p. 68) discussed
the distribution of crevasses alongthe edges of valley glaciers and illustrated the
fact that such cervasses are usually oriented approximateiy 45° to the valley wall
and the direction of the flow of the glacier (fig. 3). Charleswofth (1957, p. 46}
stated that crevasses “point obliquely up the glacier from the edge, usually at 45°
but actually at an angle which varies with the glacier's thickness and v'eldcity."

These relatidnships are shown in figure 3,

Suiﬁmary
Ice~crack moraines or subglecial crevasse filllngs are believeda to have .'b‘e”en
formed under the followlng ci;-::umstances: Ls *he lokecs of ice moved s‘ou"chwes.t aﬁﬁd_.
west up the preglacial Mis soﬁri and Yellowstone River valleys, they blocked the rivers"
and lakes formed upstream frem the iobes. The damming effe,ét of the lcke -W;S present
west of Poplar, Montana, in the Miscouri River Valley and northwest of Bréckton, |

Montana, The edges of the ice floated in the lakes, The lake levels fluctue.téd and |

the floating ice broke along planes of weakness previously developed by valley wall |
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confinement~~somewhat regularly spaced shear crevasees. When the lake levels
were high the blocks of ice floated but during low stages lthe blocks pressed down
on tae soft saturated basal ablation till which was squeezed up into the crevasses,
In some areas, patterns were stamped on patterns as the lake lebvel» fluctuated seireral
times while the ice front was in that area, Examples of such features are in the center
of sec. 17, T. 27 N., R, 45 E., Montana; in secs. 29 2nd 33, T. 27 N., R. 45 E.,
Montana; and in sec. 36, T. 28 N., R, 47 E., Montana. The width of ice-crack
moraines depended on how far apart the blocks of ice drifted and accounts for the
fact that some ice-crack moraines are much wider than others and that .there had been
movement and offsetting due to drifting., Where no damming ‘of water was possible
and thus no movement through floating possible, few or no cross ridges were formed
as in the Homestead- Smoke Creek, and Coalridge areas, Mont., where only a
somewhat regular shear pattern developed (fig. 4). | |

In the Co:.lridge area, Mont., the crevasses formed as s-hear planes in the
ice (fig. 4). No lake existed in this area and thus the front part of the lobe of ice
did not float and fracture. Relief of pressure exerted by the weight of the stagnant
crevassed ice on the underlying till occurred along the crevasses as they widened
by melting; the plastic till was extruded from underneath the ice and forced up into
the crevasses. After the ice melted, the ‘ridges of till were. left. 'l‘he' situation is :
one analogous to the formation of clastic dikes'.‘ If the ice—crack rhoraines do. |
represent shear planes in the Coalxidge area, then the direction of ice nioueruent prior
to stagnation was nearly'tvest. | :

Conclusions

The pattern of ice-crack moraine.s which characterizes"the surface- of the

Tazewell (?) drift in Montana is apparently of regional significance. :Such a uniform

pattern extending from Wiota to Co'alridge, Mont., suggests a steadily warming
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climate over a long period of time.

The long ice-crack moraines indirectly indicate the direction of ice mbvement.
Their long axes are oriented approximately 45° to the direction of ice movement. This
fact can be demonstrated in the Frazer-wWestby areas because the till ridges are
confined to a valley bottom between driftless highlands a few miles to the north and
the outermost drift border 15 to 30 miles to the south. The topography of the area
has not been radically changed by erosién since the last glacilation in the area, and
itqan be safely assumed that the flow of the ice was controlled by the topography
and the greatest flow occurred in the deepest parts of the valley.

The similar pattern of ice-crack moraines characteristic of the .Tazewell (?)
drift mdicafés the same conditions affected t.he ice in the Yeilowstone and Mis.souri
River Valleys during the waning'of the Tazewell (?) glaciation. |

The fracture pattern represented by the ice-crack moréines indicates that a |
lobe of ice moved southwest from Westby to Poplar and then westward to F_razear up.
the Missouri River Valley. It also indicates the southwestward movement of the lobe
of ice that. pushed up the Yellowstone Vauey. |

Ice~crack moraiﬁes cén be used‘ to correlate the drift north and south of the
Missouri River. Their distribﬁtion indicates one nearly continuous glacial event and
the minimum extexit of one drift sheet. |

Obviously all the ahswers to these problems have not been found and more

work needs to be done. This paper is mérely a progress report,
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FIGURE 3.

IDEAL| ZED RELATIONSHIP BETWEEN ICE MARGINS AND CREVASSES AS THE FRONT AND
MARGIN OF THE VALLEY GLACIER IN THE MISSOURI RIVER VALLEY RETREATED NORTH-
EASTWARD, LAKES WHICH EXISTED DURING THE FIRST FEW RECESSIONAL STAGES

AGAINST THE 1CE FRONT HAVE NOT BEEN SHOWN, DRAINAGE.OF LAKE OCCURRED DURING
THE FIFTH STAGE. STAGES ARE ARB|TRARILY NUMBERED, AND MANY MORE COULD BE
PLOTTED 1F THE SCALE AND LEGIBILITY OF THE MAP PERMI TTED,
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Occurrence and radiocarbon date of coniferous wood in
Kidéer County, North ‘D'akc;ta v
'D. R. Moir ,
Department of Botany
North Dakota Agricultural Co_llege, Pa’;'gq, qufth Dakota
INTRODUCTION B

The value of radioéarbon déiér'mihations as an zid in the establishment of
late glacial chronologies has been demOnst_rated in numerous studies repoited in recént
literature. Relatively few such dates are available from North Dakota, so that the
dis;overy of ’a site with :buxb'ied cgﬁn_iferous \"r‘voo_dnin K}_dder County has been of consider-
able interest. . A |

This site wés exposed in the__f;iil' of 1955by a power-shovel operatof while
attempting to open up a possible water source in a pasture on the Wolt farfn about 10
_gg_le's §9_gth gf Tappen, North Dakota, The exact location is in a draw about 200 feet
southwest of the center of section 25, ’1‘ 138 N , R. 71 W, m 'K'i_d,c_ieruc;punt-y_.} This
draw carries intermittent surface drainage to the northeast from the gently rolling Iﬁlls
characteristic of this portion of the county.

At a depth of about 15 to 18 feet below the surface, the power shovei contacted
a large stump with a diameter of approximately 10 inches, in an upright position. The
base was embedded so firmly that it interfered with the operation of the power shovel
and could not be removed. Large pleces of the stump and root material were broken
away and brought to the surface with the wet sandy colluvium being removed from the
excavation.

Some time after the exczvation had been abandoned, it was observed that
through drying and slumping of the sides of the plle of material removed from the

excavation, coniferous cones were being exposed. Until this time the presence of the
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stump had not been considered to be of any significance, but the discovery of the

cones in an area far removed irom any native stands of coniferous trees attracted the

‘ attention of the land owner, who in turn brought the site to our attention,

| PROCEDURE AND RESULTS
Samples of wood and cones were obtained from the site and wood sections
were prepared for iden}tiﬁcation using standard sectioning teéhniques, The wood sec-
t_)ibné showed réinarkably good preservation of cellular detail, and have been identified
aé spruce. As there is little structural difference between white and black spruce,
identification as to spe.cies has not beendefinitely established. However, its

association with cones definitely identified as white spruce, leaves little doubt that

the wood is of the same species. The size of the growth rings indicate that environ-

mental conditions favored rapid growth.

LS

Samples of the sand and clay material from the level where the stump was
located were examined for pollen content. These samples were obtained from the

sandy debris adhering to the wood samples, and by using a soil augur to remove clay

samples at a depth of approximately elghteen feet below the surface of the undisturbed

valley floor in the vicinity of the excavation. Unidentified pollen and spores in low

concentration were observed, but as yet no contferous pollen has been found.
The stratigraphic column presented here represents the combined information
from a drill log obtained by Dr, G. L. Bell, and a set of hand augur borings to a

depth of 18.5 feet by the writer, both close to the excavated site.

From To ‘Nature of Material
. 0' 1 Turfy material in fine black matrix.
. 1 9!

Sand, black to gray, uniform, well-rounded; variable water
content. - _ . o : :
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9 10° Wood fragments, -unidentified plant remains suggesting aquatic
vegetation in a matrix of dark gray clay silt.

10° 15! Gray sand as above, with gastropod shelis and wood fragments
.from 12. - 15.0 Lo .

15 18’ Gray sand, fine, well soried, rounded, becoming more compacte:
and with higher clay content approaching 18'. Wood samples
obtained from this layef for radiocarbon determination (W-£42),

18* 34 Clay, light gray; top layer very qticky when wet, dryi“ig to a
: hard brick~like material (lowest level of hand-drilling 18. 5j.

34 - 40 Till, dark gray.

40 47" Gravel, pea size with gray sand lenses,

47" - 54 Gravel with cobbles, water, - . - .. - Ll

54" XA "Clay till.

57" 63' Fox Hills sandstonie,: . - -, . - .. o .0i

Radiocarbon dating of a wood sample from this site submitted to the U S
Geological Survey Geochrono'netri c Laboratory by R W Lenke of the U S Geological
Survey indicates an age of 11,480 years ;4 300 years. (Sample W- 4”) The signi‘i-

e Lot

cance of this dating is discussed in the fcllowing secnon. -

DISCUSSION OF RESULTS - -~ - i~
The approximate maximum advance of -the Wisconsin glaciation is:marked in-
the Dakotas and adjacent Canada by a terminal moraine complex, extending in North
Dakota from the northwest corner cf the state in a generally southedst direction and
passing !nto South Dakota-about 150 miles west. of the eastern’ botuindary of the state-
in Mcintosh County. This massive glacial feature forms a kelt of hills varying in wioth

from 10 to 20 miles, e.;sent*ally uninterupted through its entire length

.,\., LN

It has long been recognized that this mordine through its entire extent is not

necessariiy equivalent to the Altamont moraine at its type locality in eastern South
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Dakota. Various workers, including Townsend (1), Townsend and Jenke (2), Flnt

(3), Leverett {4}, and Chamberlin (5}, have discussed the complexity of its origin,
and even suggested alternat2 nomenclature for certain segments. A review of moraini
systems in North Dakota and their tentative correlations in adjacent states is 1nc1ﬁded
in the summary paper on the pleistocene geology of North Dakota by Lemke and Colton
(this guidebook). Their suggested nomenclature is being used for purposes of discus-
sion in this paper. The buried wood site lies in the drift area designated as Post-
Tazewell - Pre=-Two Creeks, limited to the southwest at a distance of about 20 miles
by the Burnstad moraine. (See Lemke and Colton, Fig, 4, this guidebook).

It is beyond the scope of this paper to review all reports on this moraine

complex except to point out its anomalous structure in some segments as compared
to the usual concept of a terminal moraine. In numerous places a bedrock high 1s
present forming the core of the moraine, In the vicinity of the buried wood site the

veneer of glacial till is variable, or even absent in some localities which show

exposures of Fox Hills sandstone, From the limited data available, the pre-glacial

topography of the area suggests a badlands aspect, with some very deep valleys, at
present filled with glacial debris, Successive advances of the Wisconsin ice have
greatly modified the pre-glacial topography, but it is not difficult to visualize earlier
interstadials of more rugged topagraphy than at present providing a great diversity of
habitats and striking microclimatic differences. This would be es.peclglly true during
the periods immediately following ice recession,

The.presence of spruce in this area, not necessarily as continuous forest cover
but more probably in scattered groupings in the more favorable habitgts, suggests a

climate cooler and moister than that experienced at the present time. The closest

native stands of spruce in the current distribution pattern are in the Black Hills about

200 miles to the southwest; along the edge of the coniferous forest in Minnesota about
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200 miles to the east; and in the Spruce Woods area of the Assiniboine River valley,
again about 200 miles to the north in Manitoba. It is interesting that in this latter
outlier of the northern coniferous forest the trees are not present as a continuous
forest cover, but rather in an open woodland of separate stands of spruce.

Rowe (7) argues that survival of boreal species during glaciation of the
western plains would be most likely along the borders of the complex of periglacial
ﬂ.vers and lakes formed successively as the ice advanced or retreated, rather than
on the upland sites. As evidence he used Wickenden's (8) "fossil" spruce (which
appears to be in alluvium and is near a periglacial .stream associated with a moraine) ,
Elson's (9) spruce and larch wood from early alluvium in Lake Agassiz, and the
distribution of spruce in river valleys of Alberta and Saskatchewan today. Rowe
(personal communication) points out an excellent example of white spruce growing
in an isolated valley cut out of sandstone with *"badland” topography near Castor,
Alberta, demonstrating how spruce can survive where local conditions are satisfactory.
This suggests that climatic conditions previous to the advance that terminated in the
Burnstad moraine may not have been strikingly different to those occurring at present
in such spruce outlets as meni;ipned above. A note of caution should be added
however in the use of spruce as cl_ix;nat;lc indicator species. In some localities, if
properly rooted, the species is very tolerant of exiremes of wind, heat and cold. A
(jodd example of this is found in the Spruce Woods forest of southern Manitoba, where
the forest mainfains itself exposed to a truly prairie climate,

A satisfactory evaluation of the significance of the radiocarbon date of 11, 480
years for the Tappen wood deposit and correlation with the Two Creeks interstadial
awaits a mare critical study of the deposits overlying the wood. Along with this is

the possibility of obtaining other samples of plant remains from the upper strata in
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sufficient quantity for radiocarbon dating. It is recognized that until the overlying
material 1is 1déht1f1ed as till, outwash or merely alluvial-colluvial material, it can
not be established that the trees were overridden or buried by materi_al' from an ice
advance in the immediaj:e area, although this 1s strongiy suggested., A careful
re-excavation of the site is planned for this spring as soon as weéther conditions
permit.

This find is of interest because relatively f_ew datings are available from our
region. A discovery discussed by Flint & Deevey (6) from a sewage d.isposal excava~
tion in Lake Agassiz deposits on the banks of the Red River at Moorhead, Minnesofa
revealed a great variety of plant materials, including larch and white spruce. The
first dating on this wood was 11,283 7_’ 700 years, but a more recent determination
1s 9970 years. It is suggested that this material was carried by the Buffalo River

from beaches 'and moraines some 20 miles to the east.

SUMMARY
Sainples of a coniferous tree stump and associated cones uncovered in an
excavation in a moraine in Kidder County, Northk Dakota, have beer identified as
white spruce. Radiocarbon dating of a sample of the wood, believed to be in situ,
yvield an age value of approximately 11,480 years correlating closely with the Two
Creeks interstadial, This materlal was evidently buried by sandy outwash or till
that may date the maximum advance of the I/ankato ice, and its presence here suggests

a climate cooler and moister than is observed at present.
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