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ABSTRACT

The Iake Johanna Region, encompassing an area of
625 sqﬁare miles in west-central Minnesota, includes
ma jor portions of Swift, Pope, Kandiyohi and Stearns
counties. The area has experienced a complex glacial
history; all of tﬁe surficial deposits'are ascribed
to-depositional events of the Wisconéin stage-df'the
Pleistocene Epoch. If deposits of older glaciations
exist in the area, they have ejuded recognition., Bed-
rock is not exposed because of the tﬁick mantle of
glacial sediments.

The landscape of the Iake Jchanna Region is com-
posed of three major elements: a rolling-ground moraine
of low relief to the south, that is separated from an
extensive outwash plain to the north by a long, linear,
hummocky, stagnation moraine complex that runs diagonal-
ly in a northwest-southeasterly trend through the area.

1

Numerous hypotheses havé been presented during the
past century 1in an attempt to .interpret the depositional
history of the drift in the ILake Jonanna Reglion., All

previous woxkers have based their interpraetations on tne

spatial distribution of the various drift units through-

out th= entire state of Minnesota. This study provides

e

detalled stratirraphic and Jitholoyic descriptions of
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great’ volumes of outwash material to the northléﬁd“south
of the ice masses until mantling by this debris slowed
the ablation process. The main sheet of ice to the north
continued to melt, bhack through Minnésota, leaving a
compiex mixture of outwash material and ablation till.
in phecse three, the Lake Johanna Region, including
the buried dead ice, was covered by.an advance of the
Des Moines lobe. Becausge the Des Moines lobe crossed the
eastern edge of the Cretaceous Pierre Formation, it
deposited, in the study area, a ground moraine ccmprised
of buff to yellow, calcarecus, clayey, shale-rich till.
During phase four, both the thin Des Moines lobe
and the burlied Wadena lobe ice gradually wasted. Water
from this melting ice ponded to produce numerous small
oroglacial lakes along the nortiueastern margin of the

stagnant ice. ILergse volumes of water poured throuch







" INTRODUCTION

The Iake Johanna Region, ﬁest-central Miﬁnesota,
contains glacial~sedimenﬁs and landforms that have been
variously iﬁterprcted wvithin the context of the Pleisto-
cene history of glaciation 1n Minnesota.'.This contro&ersy
,has focused on the origin bf the long, linear, hummocky
cbmplex of hills that runs diégonally in a northeést—
southwest direction across the area, and oh the deploy-
ment of ice lobes in this part of Minnesota.

This study utilizes detailed stratigraphic descrip—
tioh;, lithologic comparisons of the various drift units
and the spatial distribution of the major geomorphic
featureé to re-interpret the Séquence of events that
resulted in the fofmation of this portion of the
Alexandria moraine complex; Hereﬁofore, such.detail
has been genefally neglected, despilte the.numerous
implications that have been made over the past centuries
concerning.the stratigraphy and lithologiles of the

various drift units.

Location

The Lake Johanna Region, as defined herein, includes
portions of Pope, Swift, Kandiyohi énd Stearns counties,
Minnesota (Figure.l).'-This recion is about 120 miles

west-northwest of Minneapolis and 15 miles south of









































































































































































The macterial in these eskers consglisets of poorly gorted

sands and gravel wich rumerous intersnsrsed boulders.

\D

Bedding is generally very lvregular and often abegen
Stones vary from rounded o gubangular,.

Eagkers are formed in several diff

most commo: acceptad theory is that thsy were Foraed
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¢ composed entirely of shale-rich ti11l1l and

C

( o
Yot
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the moraine
ig extrenely filne-textured, having a clay content of up

to 29 vercent. Marther to the north, thils ground mo-

Rl

s older till of the BAlexandria moraine

i

raine btlanke:
complex, and because of the later collapse of the comple:
the landforms arve very chonvhy, The ground moraine algo

pacomes wuch sendiler, A few lecolated patches o

moraine counnosed of ghale-rich €111 are found in the

northeast porvion of tha Iale

NI H PR Y PN . g ~ - .
C the Deg Moineg 1obe extended northe-

Preggure melting of the flowing ilce frees drift por-
ticles and allows them to be plastered, one by one or

in aggresates as lavers, under pressure onbo the sub-

glacial ©leoor and there lodszed in the accuwnulating

vt o . . e e e
arift. o glze gorting ig involved, but gtlones tend
To with theilr Jong axis varallel to flow. The

TiL1lodg thug compact with a definita figesile structure.
mder thiz mechanisn, civen anoush tine, creat thicke
yesseg on L1 cenld be bullt un.

Ablation tL11l, in contrast, is
arift 1n Lransgport unon or vl hin of
& molbinsg ~lacicr 1571).  As the ice nelts
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e
(Van Voast, 1971). Test drillin@lin'tlls plain {Van
Voast, 1971) has shown that, locally, thisg outwash
material reachce a thicknezs of 100 feet.

Generally, thege outwash sediments underlie a low

1 igure 24) that is broken only by
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featureliess pi
the abandoned channels of tTwo meandering weltwater

river gystenmg. The plain hag a regional gradient to-

uv

e
n
Sl)
5
'..-l
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=
o
it
{
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werds che southeast. . The avarage slione
five feet per mile and grades from a maximun elevation

of 1350 feet above sea level north of the village of

3

eaglt corner of the Mount Tom Quadranzle. The plain

also hag, Imprinted uwon this major regional gradient,

a minoy localized slope alonz 168 southwest edge that
grades to .the no*tnga L avay from ﬁhe centralized linear
stagnant 1ce complex The channels of the two abandoned
rivers follow this localized slope in a northeasterly
direction into the plains.

Leverett (1932) postulated that this outwash plain
was produced when the southeasterly advancing Deg Moines
lobe blocked a pre~existing zouthward drainage system,
cauging ponding along the northeastern flank of the ice,
which resulted in the subsequent deposition of silt and
clay interbedded with outwash sand and gravel in ths

old drainace system. In the early etages, mogst of The
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(1) thoge rivers that once drained northeast
into the extencive Bonanza Vallev outwash -plains to
the north of the central morainic complex; and (2)

thoce that drained gouthwest into the CGlacisl lake

Benzon and

a magelive block of lce that had occupnied the

hagin. of &
well-gtratified, alnogt verve-~like accumulation of g11¢,
gand and cley are found in

N3 A ) - R B EX) [yt
vnich 1g located in The S
Starbaclk Cuadrang iz, Thic
Tlanice oFf an e of outwach




Lopo# aDhLC troush, producing the present gystem of

dralna“e lines.

Presentliyv, the Chippewa River which ig assoclated
with ths Glacial Lake Benson-~Ilake Emily stream systen,
ig the only active drainage sgystem 1n the Lake Johanna
Region., This river normally has a maxlmum width of
avproxinately {five feet and, fills the the 3/ b4-mile~

wide channel in which it flowg only at peak floo

the great volume of water liberated
during the ablation process of the central stagnant ice

complex.
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A large proglaclal lake occupnied a major nortlon

ron

o]
ch
[

of the De Graff Quadrangle in the gsouthwestern por

5

of the Iake Johanna Rezion (Plate 1). This glaclal

lake 1g known as Glacial Iake Benson (Matsch and Vrizht,
1956), and it covers a total area of 35 square miles

in the study area, and has a total area of about 1500
gguare mileg. The highest shorsline of Glacial Iake
Benson was approximately 1050 feet above gsea level.

The floor has a regional gradient towards the south-
west. Generally, this lake plaih is f£lat and relatively

ted

U‘
O

undis Lv“bed, althouzh it has been glightly diss
by post-glacial erosion by the east branch of the Chip-~

pewa River. The material compriging this unit ~ 3 clay
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and silt; however, 1t does get notably coarser in the
northeastern extremities because of deltalc sedimenta-
tlon.

The orlgin of Glacial ILake Benson 1s intimately

cess of the Des Moines lobe

i~
6]
I_l
Q
ct
@
Qs
(2
Q
<
)
[©]
= |
»
w
CJ~.
',_J.
]
m
o]
L
Q

.

ted to a'pogition at the Big

=
1
=}
=
O
[
ct
]
)
!
!_! .
;L_'
1
@)
s}
o
2]
=3
[
e

con into the lake Jchamme Heolon. Here melfwaters
Liverated from the stacnant ice connlex wsre also nond-































Teons

Vs

0

TP A
IRSASRS

1

e













M
09}










TABLE 1

Stone Counts of TL11 in the lake Johanna Reglon (1 to 2 mm. size fraction). North Shore,

i

r Keyieenawan-type, rocks include felsite, red granovhyre, basgalt, gabbro and diabase.

ALTTY GRANTTIC CARBONATES CRETACIKOJS NORTH SANDSTONE IRON M. OTHER
COKS ' SHATLE SHORE RED & WHITE ROCKS

13-4 22 27 e 1 0 2 1
9-27 29 27 b1 1 ‘o tr 2.5
- 0A 23 23 37 3 2 1 6
14-73 36 20 37 1 1 3 2
32 26 36 3 1 2 0

11-2B 30 28 31 U 0 3 I
33 30 30 2 Y 3. 2

S 12-1 140 2l 30 0 0 6 0
2-15 38 27 29 2 tr 2 2
3l 29 28 4 1 It 0

Iy 23 a7 3 0 2 1

6 43 22 26 3 1 3 2

hs 2z 26 b tr 2 1




TABIE 1 (Continued)

LOCALITY GRANITIC CARBONATEE CRETACIOUS NORTH SANDETONE IRON EFM, OTHER

S SIIALL CHORLE RID & WHITE ROCIS
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TABLE 11 (Continued)

SAND SILT CLAY SAMPIE NO.  SAND SILT CIAY
L7 ,0 40,0 13.0 7-10 62.0 20.0 18.0
29,0 32.0 39,0 11-1 L., U L0.6 10.0
51.0 23,0 16.0 21-A 67.3 = L4 1.3

Lz, 0 2.0 26.0 7-12 85,5 11.4 3.2

48,0 32.0 20,0 20 50,0 31.0 9.0

50,0 23,0 17,0 8-61 55,0 22.0 13.0
54,0 22,0 3.0 9-7B 22.5 63.4 14,2
20.6 10,5 25.5 7-13A 59,0' 28.0 14,0
51,0 37.0  12.0 14-5 50.2 25,0  12.8
2.3 29,7 0,3 -2 61.0 22.5 16.8
62.0 22,0 i0,0 ; U1, 55.0 34.0 11.9




