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ABSTRACT

During late Pleistocene time two ice advances affected parts of
sastern Sheridan County, North Dakota. The first advance deposited
the Burnstad, Streeter and Orace City drifts, and covered the whole
eounty, The second advance deposited the Martin drift and ocoupied
only the northern quarter of the county.

mmm,mmwm—mumvuw
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large partly collapsed outwash plain on the distal side of a proucunced
end moraime, The Grace Oity drift, charecterized by a low relief
ground moreine and poorly integrated drainape, is separated from the
Strester drift by the Lincoln Valley end moraine and the Missouri
Coteau escarpment.

Total ablation of the Orace City ice in this ares must have
occurred before formation of the Martin end moraine because large
portions of outwash from an uncollapsed outwash plain were incorporated
into the Martin end wmoraine north of Lincoln Valley. The Martin drift
is characterized by bigh relief ground moraine, wonintegrated drainmage




and a slightly sandier lithology than that of the Streeter and Grace
City drifte. North of the Martin end moraine several "shear® moraines
and a small avea of dead-ice moraine are present, The ice retreated
fren Sheridan County less than 12,000 years age.

Seversl large potential sources of ground water are present in
cagbern Sheridan County; four large cutwash plaine esch comtain large
quantities of shallow ground water. The buried chaunel of the ancient
Knife River may also contain large amounts of ground water.

Future economic growth of this area will depend partly on effective
development of ite large ground water resources and to a lesser degree
on development of ite abundant sand and gravel deposite.
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Thie report describes in detail the glacial geolegy and chronelogy
of the eastern half of éheridan County, North Dakota (FPig. 1). Plate 1l
ghows the areal distribution of major glaciel landforme and location of
bedrock cuterops. Since there are only & limited mumber of bedrock
outerope in this half of the county, the bedrock is deseribed only
briefly.

The beuefits which may be expected from this study ave: (1) a
map, which may serve as the basis for future ground weter and soils
studios, and which will sid in the location of construction materials,
future highways, and construction sites; and (2) an interpretation of
the glacisl history which will incvease the overall knewledge of the
regional glacial histery.

FIELD TECHIQUES

Bvery passable road in eastern Sheridan County was traversed by
sutomobile., Section limes without roads were traversed on foot when
necessary and in some cases before fimal conclusions were made even
more traverses were comploted to determine the exact areal extemt of
the landforme, ILithology checks were made at 0.2 mile intervals along
roads and section lines and othervise wherever mecessery. Till, out~
wash, and lake sediment samples were collected for subsequent laboratory
analysis in order to provide information concerning till compoeition
and, in the case of stratified sediments, to determinme if fossil mater-
ial was present. Fourteen pebble counts were made to determine the
composition of the larger detrital particles, Field mapping wae done

1
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ou serial photographe, scale 3.1 inches to the mile, cbtained from the
United States Dopartment of Agriculture, Commodity Stabilisation Gervice.
Topographic coverage of eastern Sheridan County is not complete (Fig. 2)s
but, United States Geological Survey Sopegraphic maps, 15 and 7.5
minute series, were used to supply topograpbic information whenever
posaible.

Deta plotted on aerial photographs were subsequently transferred
to the Getersl Highway Map of Sheridas County, scale oue inch to the
uile, prepared by North Dakota Department of State Highways, State Wide
Highvay Planaing Service, in Cooperation with the United States Depart-
mont of Commerce, Buresu of Public Roads.
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- from well cores taken in eastern Sheridan County,

PREVICUSLY PUBLISHED WORK

Regional Studies
Portions of eastern Sheridam County have been ineluded in four

existing regiomal studies. Androws (1939) discusees the development
of several spillways that drained waters from Lake Souris into the

Sheyenne River, He concluded that the Kruger Lake and Bewtly Lake

spillways, which include Kruger Lake in western Sheridan County and

Guyes Lake in esstern Sheridan Ocunty respectively, emptied imto the
Sheyenne River about five miles north of Limcoln Valley, Ae the ice
sheet retreated these waters were diverted through the Wintering River
epilluay to the preseni-~day course of the Souris River,

Leake and Colten (1958) published a comprehensive summary of the
Pleistocene geology of Nerth Dakota. They indicate the presence of
four drift sheets in Sheridan County, the Burtstad, Streeter, Grace
City and Mertin drift sheets. They state that all these drifte exvept
the Burnetad are Post~Uary maximum, They believe that the Burnstad
is Post Tasewell pre-Twe Creeks.

Lenke (1960) disagrees with Andrews interpretation of the Kruger
lake spillway. lemke shows that a divide existe at an altitude of
1,680 feet in the vieinity of Druger lake. This suggests that there
are two chaunels, (presumably outwash channels) ove which draine north-
mwmmmmmumm-{m
Sheyenne River. He also points out the existence of a deop chanmel in
the vicinity of Ouyes lake which coincides with Andvews (1939) Bewtly
lake Spillway.
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Colton, Lemis and Lindvall (1963) published a preliminary glacial
mep of North Dakota. On as eerlier umpublished version of this map
(1958), Lemke and Colton were the firwt werkere im North Dekota to map
stagmation or collapse moraine (dead-ice moraine), lamy of the larger
glacisl landformw of Sheridan Oounty are portrayed on these maps which
have served as & uwseful reference for this thesis,

2 ’ . . b § ,Q.‘ & r Wi ‘ .* ke e

Brophy (1962, wipublished report, Horth Daketa State University)
studied a portion of central Sheridan County, iume and Hansen (Worth
Daketa Oeclogiesl Survey Bulletin) mapped Burleigh Cousty, Sherrod
(1963, unpublished Naster thesis, University of Herth Daketa) mapped
western Theridan County, and Paigle (1963, umpublished Master thesis,
University of North Dakota) and Kresl (1963, uspublished Msster thesis,
Undversity of North Dakota) mapped Vells County.

Lecetion snd Sise

Sheridan County (Fig. 1) encompasses 1008 square miles and is
located in the conter of North Daketa. It is approximately 180 milee
west of Ovend Porks, North Dskots, 55 miles morth of Bismavck, North
Dakota, and 20 miles cast of Carrison Reeervoir.

i i L

Kaveck and Redd (1962, p. 630) veport the 1960 population of
fheridan County as 4,550 end the populations of each of the four towns
in the casters half of Sheridan County ae Goodrich, 392; Demhoff, 16Ly
liveoln Velley, 903 and Mertin, 1L6,
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There are three paved highwaye in eastern Sheridan County, North
Dakota State Highwaye 7, 1L and 52. In addition, there are many hun-
dreds of miles of unpaved section line reads which vary considerably in
their adequacy.

Sdmste
Sheridan Gounty, situated in the center of the North Amevicsn in-

terior plaine, has & climate typical of continental aveas. Thers are
mwmmmu'wmuuwumw
climate. Thus, Sheridan County is subject to repid deily weather changes.
mummmmquwm(m.p.m).
the mean Janvary temperature is 6.2 F. The average yearly precipitation
is 16,47 inches and the average mumber of frostivee daye im & year is
109, The average wind is from the northeset at sbout ten miles per
hour, Thorwthwaite (1948, pl. 1) classifisd the climate of Sheridan
County as dry eubhumid and mesothermal,

Soll
The ma jor zomal seils of Sheridan County, cheruosem soils and
chestout soils, have been mapped and classified into seversl sub-units
by Cuodt and others (1961). The sub-unite are based on organmic content,
grain size, and topographic position. The following soils are presents
1. The Barnes Svea soil, a loem and clay leam, is developed on
~ nearly level to gewtly rolling land. It comsists of cher-
vozem soils with very limy subsoile (caloarecus solomchak),
2. The Maddock Barnes soil ir a sandy lcem and loam with a sandy
substrate similar to the Barmes Sves soil.
3. The Barges Buge soil is a loam developed on rolling tepography.




s ¢
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It consists of chernovem solle develeped on steeply rolling
topography with a thin sw'iece layer (regescl).

L. The Buse Barnes is developed on hilly and steeply relling
land and cousiste of a thin surface layer (regoscl awd lith-
osol) and eoils with a thisck surface layer (chernosem or
chestout) .

on ground moraine, lake plain topogrephy, and low-relief dead-ice moraine
of medium relief. The Buse Barmes eoil is developed on highwrelief
dead-ice moraine and end moraines which exhibit high loocal relief,

The primary land uses in Sheridan County are farming and stock
vaising. The mejority of the tillable land is used to grow cereal
graine, sun flowers, flax, or coru. The stock that is relsed consiste
of various breeds of eattlo and sheep, and turkeye. The matural vegeta-

 tion comsists of various types of grasses, weeds aud bushes snd a fow

trees which are found in protected areas near permanent bodies of water.
Additionsl trees have been planted around farm houses, towme, and fields
as vind shelter belts. GSagebrush and several typee of cacii are abundant
in a few areas.




Bastern Sheridan County lies partly withinm the Glacisted section
of the Missouri Platesu of the Orest Plaine province and partly within
the Western Lake section of the Cemtral Lowland provinmce (Femmeman,
1546). The southerm half of eastern Sheridan County, including portions
of towmships T. LS-148 W, R, 76-7h W., liee within the Missouri
Coteau pertion of the Glaciated section of the Missourl Platesu. The
porthern half of the veportiares, vhich 1ies iu the Westers Laks section,
" has been divided into the Sheyenne River area, and farther north, the
Mertin area.

MISSOURI COTEAU

Gensral
The Missouri Coteau, bounded on the west by the Missouri River

and on the east by the Western Lake section, extends in North Dakota
from Divide County in the northwest to MeoIntosh and Dickey Counties
in the southeast. This physiographic unit ranges from fifteen to

m»mmnmmumg.qm

repetition of humocks and hollovs (dead-ive moraine) and by lack of
integreted drainage. Some of the hills exceed 300 foet in relief.
Locally lacustrine deposite are nearly horisontal and extend for more
than four miles in one direction.

According to Towmeend and Jenke (1951, p. 8L8-849), the topo-
graphy in the northern part of the Missouri Cotesu is bedrock controlled
and the bedrock is covered by a thin layer of drift. In the northern
part of the Cotesu Hscarpment, it is esseutially an erosional bedroek

9
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escarpment, but to the southeast the Cotesu is esseutially a depositional
feature formed largely of drift (Fig. 3). The buried bedrock escarp-
ment counterpart is 20 to 30 miles west of the topographic escarpment
(Clayton, 1962, p. 27). In eastern Sheridan County, however, on the
western boundary of See. 30, T, 18 N., R. 7h W., 0,2 milee vorth of
section 31, an outerep of slightly plastic, poorly indurated, black
shale ocours less then 0.2 miles south of the topogrephic escarpment.
This material is probably part of the Canmonball Formation. Therefore,
the escarpment in Sheridan County is at least locally bedrock comtrolled,
End Moraine

An end moraine is a topographic feature that is the result of
deposition by thrusting, shove, and, or dumping of glacially trans-
ported debris at the margin of an sctive glacier, The moet important
characteristic of an end moraine is its linearity, either an overall
linearity of the end moraine as a unit, or linearity expressed by the
aligment of depressions and ridges within the moraine.

Streeter Moraine.--The Streeter moraine extends from Dickey
County in the southeast, through Melntosh, Logaw, Kidder, and Wells
Counties, to western Sheridan County. The end moraine of the Streeter
drift (Plate 1 and Fig ) is also present along the southern boundary
of eastern Sheridan County. To facilitate discussion, this end moraine
has been divided into fowr unites

1. The voodhouse Lake Loop is the eastern-most segment of the

Streeter moraine (named by Rau, Balken, Chmelik and Williams,
1962, p. 29).




11

Pigure 3.--looking south-west acroes portions of the fheyenns River
Valley to the escarpment of the Missouri Cotesu (T. 18 W., R. 7L wW.).




Oc
/2 Mile

\ )
Figure l.,--Two meltwater channels (Mwc) beginning in dead-ice moraine
(D), transecting the Streecter end moraine (Es) and entering collapsed
outwash topography (Oc) (See. 27, 28, 33, 34, T. 15 N., R. T4 W.).
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2. The Sperry lake Loop, in the central portion of the end moraine,
is named herein for Sperry lake (See. 20, T. 148 N., R, 75 W.)
which lies betweon segments of the loop.

3. The Salt lake Loop, in southwest porticn of the report ares,
is mamed herein for Salt Lake (See. 31, T. 14§ N., R.T5 W.)
vhich is found near this portion of the end moraine.

L. The Demhoff moraine, which trends morth from the junction of the
Sperry lake and Salt lake Loops, is herein mamed for the town
of Demhoff, North Dakota, which lies slightly to the morth of
this segment of the moraine,

The Sperry lake Loop segment of the Streeter moreine is conwected
to the Woodhouse Lake Loop on the east and to the Salt lake Loop on
the west. It is narrow, ouly locally exceeding one mile in width,
and its greatest relief ravely exceeds 70 feet. This loop, along with
the rest of the Stroeter moraine, is comspicuous on aerial photographs
in that ite linear featuree are well developed.

The ridges, hills and valleys are sub-parallel, simucus, or
randomly oriented in map view, (Generslly, the linear features are
about 250-500 feet wide and variable in length. Boulders are ot
conspicucus on this loop, but they are more abundant than on the dead
ice moraine to the north. The redius of curvature of this loop is
about eight miles. The topography becomes coarser to the north, where
it loses its limearity and grades into dead-ice movaine,

The Woodhouse lake Loop is topographically similar to the Sperry
Iake Loop. The region of junction betweom the two loops is an ares
through which great amounte of ocutwash-laden meltwaters formerly issued.
This is ovidenced by large areas of collapred cutwash between the two
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loops, and extending farther south into Kidder County.

The Selt Lake Loop is almost thres miles wide. The topography
is coarser and stesper than other portions of the ewd moraine, and the
relief incresses northward to more than 130 feet. The slopes of
several of the hills approach 15 degrees. Idke the Sperry lake loop,
4t exbibite lineations, but they are wuch lese distinctive, The
linear featurss diminish to the north vhere the Salt lake Loop merges
with the Demheff moraine.

The Dethoff moraine, extending southward from Dewhoff, is the
moet consploucus landform in eastern Sheridan County., It is approxi-
mately six miles long and two miles wide and is elevated as much ap
‘mmmmmmmm The topography is
very coarse textured and hills with slopes exceeding 15 degroes are
feirly comson, There are vo linear features in this wmoraine and it
grades into dead-ice moraine to the east and west., Boulders are
conspicuous, mere mmerous thaw im any other portion of the report area,
and they range up to 10 feet in diemeter, although the average diameter
is obout 1.5 feet., The Demhoff moraine may reflect & bedrock high or
it may be esimply an interlobate moraine.

Much poorly sorted, fine, silty sand ocours in the vicinity of
Soc, 1, 2, T, 145 N, R, 76 ¥. This materisl appears similar in
texture to recent dust storm deposits in Ovand Forks, therefore it is
probebly an eolian deposit. The Denhoff Hills were mapped as ivker-
lobate moraine but further imvestigation may revesl that this is actually
& bedrock high,

Todd (1896, p. 18, 3h) was the firet o recognise the Strester
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' movaine and he called it the "Autelope Valloy loop® of the "First,

Outer or Altamout moraine” in Melntosh County. In Logan Coumty he
applied the name of "Hluwe Lake loop™ of the "Second or Cary woraine”.

Lenke and Colton (1958, p, L9, Fig. 5) proposed the name Streeter.
Because Todd applied the term "Elue Lake” to both the Burustad and
Streeter moraines, and because correlation with the type Gury or Alta-
mout in eastern South Dekota is wot possible at this time, the name
"Strester” is used in this report.

Clayton (1963, p. 3L) indicates three possible correlations with
the moraines in South Dakotas

1. The Strecter moraine may bend scuthwest and correlation with

Flint's (1955, Pig. n)lmmw.mmmmm

prominent locped-ridge form that is typical of the Sirester.

2, I% may be truncated by Flint's "Bl Mankato®. |

3. It may Yeorrelate with another moraine with a different form

east of the Missourli Coteau.”

South of the Streeter moraine is a fairly large outwash deposit
vhich, in turn, is bordered to the south by dead-ice moraine of the
Burnstad drift, The outwash is collapsed in the interlobate areas
between the wWoodhouse lLake Loop and the Sperry lake Loop on the east
and betwsen the Salt lake Loop and the Sperry Lake Loop on the West.
Between these two areas, however, liss a small deposit of uncollapeed
outwasgh . MM‘M“WWIQMMW
up %o elightly more than ouve mile wide. The presence of uncollapsed
cutwash way interpreted in two ways: 1) in order for the cutwash to
remain uncollapsed in froot of the Streeter moreine, sufficient time
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must have slepsed pricr to deposition of the Streeter drift for the etag-
sant ice of this portion of the Burnetad ice sheet teo have ablated, or
2) daposition of the Strester drift cscurred earlier and deposition of
cutwash on the distal side of the Streeter end moraine was restricted to
the interlobate aress until the ice scuth of the Sperry lake loop shlated.
In either case there is no significant time break betweon the two drifts,
in for Jones lake (See, 15, 16, 20, 22, 7. 17 N, B, 75 W,), ave two
minoy “shear® movaines (Bishop, 1957) which havo little importance in
the interprotation of the geologic history of the erea, but, for the
seke of complotenees, they are described have.

These two moraines which trend perth-south ere located two miles
sorth of Dewhoff. Their lincar foatures are cloarly seen oo serial
mzmas),mwmmmm’nmmam
ground.  Both moraines are convex 1o the vest. They eshibit & fime-
grained topograghy with o total relief of spproximately 50 feet. These
Mm\”hﬁ%mﬁuumm“mum
~ they mey be slightly collapeed.

These featurss ware formed in one of two wayes

1. Ghear plance developed in sctive ico as it moved over aw

obetruction, (hetructed flow caunsse ice to move upward
along shear planes frequently bring lodgoment till into the
ice and perhape to the upper surfase (Nye, 1952). Subssquent
stagnation and sblation csused the debris to sccumilate in a
| form sinilar to au end moraine.
Vs 2. After stagnation of the peripherisl pertion ef the Streeter
| ice ghoot, the lce shoet may bave reached & wew point 1
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Pigure 5,-~The Jones Lake "shear” moraines (5j1) surrounded by deadeice
moraine (D) (7. 147 N., R. 75 W.).
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2, After stagnation of the peripherial portion of the Streeter
mm,imuomwm‘mu;mm
of equilibrium and deposited the Joues lake meraines as
ond moraines. Their shape suggest deposition by ice
lobes that advanced to the west, 1If this were the case,
howsver, outwash deposits would be expeoted along the distal
side, but they are found only to the south separated from
~ the seuthermsost "shear® moraine by move thas 0.1 mile
of dead-ice moraine.
Lineoln Valley Mevaine.~-The Lincoln Valley moreive (Fig. 6)
(T, 178 M., R, 76 ¥.) 4o hevein named for the town of Liseoln Valley
(See. 13, T4 148 W., R, 76 W.). This movaine, trending hortheast~
secthwest, 15 striking in the develepment of ite linesr festures.
The nearly parallel ridges ave extromely elongate and rounded, and
exhibit @ loeal relief of sbout 60 fest. The undrained depresedons
betwoen the ridges contain mmercus large sloughs and ephemeral ponds.
Interprotation of the significance of this moraine in the history
of this srea is discusesed with the Limcoln Valley ground moraine (Page )
under Glacisl landforms of the Sheyenne area of the Western Lake

Dead-Ice Moraine

The terms "dbdismorsu® and "totelismorfine” have been used for
several years in northers Burepe (Hoppe, 1952, p. 1-3 Lindquist,
1959, p. 193 Voldstedt, 195k, p. 52). Clayten (1962, p. 3k) defives
dead-ice moraine as "...a type of moveine vhose topography .is primarily
the result of large seale glacisl stageation.” In addition, he
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Figure 6,-«Iincoln Valley end moraine (Elv), bordered to the east by
dead-ice moraina (D), eshowing the nature of its well developed linear
ridges (Sec. 2, 3, 10, 11, 7. 147 K., R. 76 W.).
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discusses in detail the evolution of terminology for this landform
(1963, p 34=35). |
Two of the most Lmportant problems confromting workers who
study dead-ice landforws ave: what is the ovigin of the drift of the
landforne and how did it come to ite present position, A discussion
of these problems is presented below,
e erigin of dand-dos Grift. They sre semarised bedew
1. Hoppe (1952) and Stalker (1960) feel that englacial amd
superglacisl debris are unimportant, and that nearly all
the drift originates from below the ice.
2, Flint (1955) states that thin terwminal ice may exist in
valleys or other tepographic lews in frout of the sctive
ice sheet and that subsequent overriding will deposit a
thin layer of lodgement drift on the ice. With renewed
wasting the buried ice blocks melt out and the overlying
drift collapse.
3. Flint (1957, Pig. 5-1k) and Bishop (1957) illustrate the
prosses of 1oe Wirusting vherety basal debwis 1a brought
f up into the ice and seme cases onto the surface of the ise.
Subsequent ablation concemtrates the drift in depressions
' on the surface of the ice. Complete ablation again results
| in collapse of the drift, h
L. Clayton (1963, p. 37) states “that nonglacisl alluvium
from east-flowing streams and some glacial outwash and lake
sediment may be acoumulated on top of a west-sloping
glacier,”

R R,

B
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Features formed according to the "ice-preseing” theory of Hoppe
(1952) and Stalker (1960) arve wecessarily comprised of lodgement drift.
Collapse foatures are mostly comprised of drift brought to the surface
by shearing. In some cases, it is not possible to tell comslusively
whether disintegration features were formed by collapse or by ice-
preseing., Until some means to distinguish between deposits of the
two processes is developed both processes must be considered important,

Drift deposited on overridden ice may be importamt in other
areas but, there is no indication that any of the features in cestern
Sheridan County were formed by this process. Of the four proocceses
meutioned, this process is probably the least significant. |

Approximately 10 percent of the collapesed drift area of eastern
Sheridan County is comprised of stratified drift. Thus, glacio-
mmmmmrwuwmmormm
associated with dead-ice.

Origin of Relief.--Humerous hypotheses have been proposed to

éxplain the formation of dead-ice moraime (Fig. 7). They are sumariszed
as follows:

1. Origin of Ablations |
As the glacier wastes, the debris within the ice

accunulates on the surface. The relief of the ice causes
the surficial drift to collect in depressions in the ice.
Clayton (196L) shows that karst topography may develop on
stagnent ice. The karst solution features could provide
excellent basing for large seale drift sccumulation. With
contitmed ablation the irregular accumlations of drift arve
‘1ot down to the ground to form "sblation moraine® (Flint,
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Figure T.--Typical dead-ice moraine showing mumerous undrained depressions
and closed disintegration ridges (Sec. 19, T. 1L7 N., R. 7h W.).
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| 1957, p. 120). Oravenor (1955, p. L77) believes that

b "humooky moraine” (dead-ice moraine) is probably the
reflection of irregular acoumulatione of debris on the ice.

2. Origin by Pressing:

Hoppe (1952) and Stalker (1960) advocate that dead-ice
features were formed bemsath the ice by pressing of water-
saturated drift into cavities in the undersurface of the

| ice. The ice provided the necessary weight for foreing

_. the drift into the openings. They do wot explain how the
cavities origimated, but state only that the ice must be
largely stagnant to prevent filling of the cavities by

3. Combination Theory: , _ |

Grevenor and Kupseh (1959, p. 60) state thet the processes
of ablation and till squeesing are not mutually exclusive
and that in the formation of desd-ice features both processes
may have been operating to varylng degrees.

Gravenor and Kupsch's combination theory is the most cogeut
theory presented to date. Certainly a block of ice resting on water-
saturated drift would tend to force some of the drift inmto cpenings
in its base of out arovmd its periphery, and surficlal drift would

“ certainly move towards basins of acowmulation, The unauewered

| question is which of the processes supplied the major portion of the

| pelief. Derhape detailed til) fabric studies will shed some light on
this subject, Until such information is available, the combination

theory remains the most emceptable.
Disintegration Ridges.--Disintegration ridges are one of the most
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. chevacteristic features of dead-ice moraine, Three generel types
ave found; closed, and linear disintegration ridges (Cravemor and
Bupsch, 1959), and brokew rim vidgee (Stalker, 1960), The term

~ and as such is purely descriptive., Modifying adjectivee such as

eiveular, eliptical or oval may be applied to the mere regular forms.
Acoording to Graveuor and Kupsch (1959, p. 53) most authers agree
that these foatures formed arcund blocks of stagnant ice, even though
they do not agree as to the mechamics of depoeition,

The breken rim ridges sve commonly called "puckered lips” im
North Dakots and ave thought 0 have formed at the edges of simk
~ holes or other depressions in stagnant ico (Clayton, 1962). The
~ bresches probably ocourred when buried ice melted leaving the two low
seddles. Noither of these terms implics that the ridge material wes
limited to sources on the glacier. They may be partly or wholly

Linear disintegration ridge (Gravenor and Kupsch, 1959, p. 5h)
is & useful ters implying only that the lincar feature vas formed
during stagnation or near stagnation of the ice sheet.

Civeular disintegration ridges are not well developed on the
Missouwri Coteau in eastern Sheridan County, but, some of the larger
linesr ridges ave clearly defined. The linsar ridges revely exvesd
one mile in length and ave rarely move than several hundred foet wide.
Their lithology includes till and stratified drift, and combinations
thereof, Although difficult to identify on the ground, they sre
fairly obvious op serial photographs. The ridges are visible as




25
 light~toned areas surrounded by dark flat areas. The shade differences
- arise from the fact that runoff removes dark organic debris from the
ridges and concentrates it in the depressions. The increased moisture
" in the depreseions also allows & heavier growth of vegetation seen as
& davker tone on the photos (Pig. 8),

'mm

Collapeed outwash (Fig. 9) is similer topographicslly to dead-
ice moraine except that it is composed of sand and gravel. These
deposite result from valley traime or outwash plains being deposited
~ on stagnant ice. During subsequent total ablation, the strate ave
 disturbed by slumping.

On the Missouri Cotesu im eastern Sheridan County there are

sbout 15 square miles of collapsed outwash deposits. Oenervally,

this material is composed of sand and pebble-size detritus; locally,
however, silt ecbble, aud boulder beds are found. Although on the
ground there is no distinctive landform associated with collapsed
outwash, the relief, soil texture, and lithology usually confirm

photo interpretation, Minor folding and slumping obeerved in sand
and gravel pite aleo aided in indentifying collspsed outwash, The
most characteristic features of cellapsed outwush, as identified ov
aerial photographs, are disintegration tremches and the light tone
- ———

Collapsed cutwash is arbitrerily defined as having more tham
50 percent of its ares collapsed (Clayton, 1962, p. 17).

" In searly every exposure of outwash, whether collapsed or not,
with varylng percemtages of orgamic debris were observed in
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figure 8.--Dead-ice moraine (Sec. 29, 30, T. 14§ N., R. Th W.) showing
vane ol the lincar disintoegration ridges (Idr) indicated by dark lineg.
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‘P o 9.,~-Collapped outwash topography (0c) surrounded by dead-ice moraine
(D) (Bec. 36, T. Wb M., R, 7L W,). Disintegration trenches are ghown
ap dark obligque lines in the diagram.
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E thicknesses ranging from less than an inch to several imches: This
mterial appears to be finely divided organic debris intimately mixed
with fine sand, The upper and lover contacts of these beds are sharply
- defined and their lateral extent is usually limited to a few hundred
Three poseible sources of this materdal ave: 1) lignitic debris
within the drift or ice sheet, 2) finely ground plant debris picked

wp by the advancing ice sheet which may have been comcentrated in the

outwash and subsequently carbonized, and 3). plante grewing on the
drift may have provided the necessary organic debris. The major

source, however, was probably lignite fragments from within the drift,
- The light finely divided material wes probably concentrated by flotation
_ in aress of stagnant or slovly moving water vheve it settled and wvas

| siheogeently covered by additios) cutwash,

Disintegration tremches are probably the mee* distimetive feature
# sollapsed outwash (Fig. 10). Clayton (1962, p. L2) has deserided
n a8 "...s sort of very long kettle.® They are probably best
fined as the result of the felloving sequense of events:

1. A channel, trench or crevasse im the ice is filled with

arifs,

2. Ablation causes imversion of topography leaving the channel

drift as the mantle of an ice coved ridge.

3. The ice cored ridge is buried by outwash,
ke The ice core melts and the overlying sediments collapse

to form the disintegration ridge.

These features occur only in collapsed outwash, and they are
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Pigure 10.-~Collspsed outwash topograpky (0Oc). In dead-ice moraine(D),
gshows mumerous disintegration trenches, a few of which sre indicated

by dark diagt)mal lines (See. 6, 7, T. 1h6 H., and Sec. 1, 12, T, 16
H-, ila 76 i.."-" .
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present in most of the larger areas of collapsed outwash in Sheridan
County. They are roughly parallel or polygomal in ocutline and are
mmcumumm.utwwumm
graphe. The trenches appear a¢ dark jagged "gashes"™ bordered by areas
of lighter tome.

Collapsed Lake Sediment Topography

This tepogrephy is similar in origin to dead-ice maraine and
sollapsed outwash topography but it is move subdued (Figs. 11 and 12).
If there are mo exposures where distorted bedrock may be cbserved,
it 1s difficult to determine whether the relief of a lake plain is
due to collapse, differential deposition, subsequent erceion, the
reflection of buried topography, or a combination of causes.

Collapsed lake sediment topography is formed of clay and silt
originally deposited on stagnant glacial ice which subsequently melted.
~ In comparisen to collapsed outwash, the bedding is usually folded
instead of feulted and the surface is free of cobbles and boulders,
. Undrained depressions ave present because of the mere impervious
mature of the fimer sedinents. On aerial photographe lake sediment

~ topography appears as cultivated patchee of very low relief, even

~ when the lake occurs within high relief end moraine. Some of the
collapsed lake sediment topogrephy in eastern Sheridaw County is ele-
vated slightly above the swrrounding drift and, or exhibits & rim.
Thus, the lakes were also ice-walled prier to collapse.

Ise~Walled-lake Plain
"Joe-walled-lake plaine (Fig. 13) are elevated aress of smooth
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Figure 11.--Collapsed lake plain (Le), surrounded by dead-ice moreine
(D), showing ice-contact faces on the east and sonth, with a small rim
of t111 oa the southeast margin (3ec. L, 5, 8, 9, T.(’.!ILQ,,EE., e 79 W.)

¢

*
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Pigure 12,~-Elevated collapeed leke-plain topography along the horison
L~L' ghowing an ice-contact face (1) on the right (See. 4, 5, 8, 9,
T. 29 H., Re 75 W)
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Figure 13,--Former ico-walled-lake plain topography (Ipi) survounded
by dead-lce meraine (D) (Sec. 27, 3L, T. U6 N., R, Th W.). The
feature displays & till rim.
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 and vearly flat topography underlain by horisontally-bedded silts and
_ lays that vere depostted in a glacial lake that was move than one-
. palf walled by stagnant ice” (Clayten, 1962, p. 39).

A fow niles north and east of Goodrich, & mumber of mall, rimed
 foowmlled-lake plaine ocour (Pig. 1), There are about twenty laices
40 this complex, a1l less then one-helf square mile in eres, Bsch

18 surrounded by & t411 rim frem one to five fest high,

~ The langest lake plain in Sheriden County, lake Geodrish (. 16
Ny Re TheS ¥W.), pamed herein for Goodrich, North Dakote, is about
 geven square miles in ares and was ice-walled on portions of its

' sastern, western, and southern eides (Fig. 15). The depth of lake
 sedinent 1o not known but the farmer lcovalled surface reaches

- heighte wp to 15 fest.

% lame 15 & prouinént and consploucus hill of ise-contact sand
and gravel” (Clayton, 1963, ps 10). Ouly one defimite kame ocours
10 eastern Shoridan County on the vest flank of the Demhor? Moraine
{8e0, 1, 7. 15 K., R 76 W., and Sec. 36, T. 16 B, R. 76 W) (Pig.
16), e lane has frem 90 to 150 feet of local velief and consists
af two clongate oval hille trending weet northvest-cast southesst.
It represcnts the highest elevation in eastern Sheridan County and is
Motled by & coarse grevel, locally & boulder gravel, interspersed
With pocicsts of sand.

Fettleos are the depressions remmining in glacial drift after wholly
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Figure 1li.--Elevated former ice~walled-lake plains (Ipi) in dead-ice
moraine (D), Low rims of ti1) exist around each plain (Seec. 2, 3,
Tq 1!,\!} No, Ro 7!.' -‘1‘4‘0)0
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Figure 15.--Lake-plain topography (Ip) and dead-ice moersine (D) (Sec. 25,
26, 35, 36, T, 16 N., R. 7Th W.). The lake plain is elightly elevated
apd chows a elight rim elong the southesst wargin., This is the south-
vast end of glacial Lake Goodrich.
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Pigure 15.-«large dissected kane (K) on top of the Demhoff intarlobate
moraine (D) in T. US-6 N,, R. 76 W.
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blocks of glacial ice have melted, In deadwice
ﬂmmmmtmmmwummnu
mmmmmwsm Other
sione in dead-lce moreine are the result of imversion of the
','ﬂmwﬁmmoammnm'muw
‘ Only & few unquestionable kettles were identified
Mm

mnm-nmmammmm

“ Sheridan County ocour in the Streeter end moraime. A

ten of meltuater chamnels ocours in the castern partion of the
.."”u(’l.wl..n.ﬂv.)mwhhww
or both (Fig. 17), It is a series of elongate depressions
nmummﬁmmmunnw
the nerth. The chamnel contimues north for abount two miles and
deeper before heading east and ending at the margim of the
end moraine. At ite northern end are two distributaries,

sding eastwest, which also terminate at the scuth-east margin of
# Salt lake Loop of the Strecter ond moraine,

A drop in slevation of about 50 feet in & distance of L miles,

o the southern extremity to the Dorthern end of the meltvater

fopel indicates the former direction of the water movement. The
Jor of the cliannel 1o obsoured in many places by sloughs, but in
“mﬂmw.m,mmmm
."'-Q“mm“mwmmﬂawm.mm
y t9o short meltwater chennels occur which are lese then ome<hal? mile
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Plgure 17.~-Crevasge fillinge {CF) extending through collapsed outwash
(Oc) and intersecting the east margin of the Streeter cnd moraine (Be).
The crevasse fillings have also truncated the mouths of thres melt
water channels (Mwe) (Bec. 29, 30, 31, 32, 7. 145 N., R. 75 W.).
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the Sperry leke Loop (Fig. L). The floors of these features comedst
 of sands and grevels vhich locally heve a high percentage of beulders.

Discuseion of the Relationship Between Disintegration Ridges, Crevesee

i —
s
 Pillings, and Eskers

| 18 1s appavent, after s curwary veview of the litereture pertain-
- ing to disintegration ridges, crevasse fillings, and ewkers, that the
© tams, crevasse f1llings and eskers, have at timss been confused and
'mammmmwﬁummum
~ called the feature an esker, To add to the confusion, many EynoRywOus
~ and sinilar terms have been proposed for these features. Consequently,
 the terminology is discussed bere and definitions of the terms as
 used im this report are presented. _
._ The term “disintegration ridge"™ or more specifisally "linear
. dlsintegration ridge® as preposed ty Oravemor, Grees, aud Godfrey
] (1950) s, by their definition sywonomous with crevasse filling,
. Oravevor (1996, p. 10) suggested that the term "till @revasse £illing"
"uwumwmmmmuw
| 4rifs called Scrovases £illings® by Mt (1928, p. 11S). In 195,
' Gravonor and Kupsch redefined linear disintegration ridges as &
 goveral torw which implies that only the ridge origimated during
stagnation of the ice-sheet.
. -The tern erevasse fillings® was introduced by Flint (1928,
e 415), and includes ouly those flat~topped, short, steep-sided,

IWW#WMMM,MﬁM
-in fissures or crevasses, at the edge of stagnant ice,
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Stone (1899) described ss reticulated eekers, features which
were composed of material deposited in crevasses., le defined an
mn'...m-mnmpéan¢mnmm«
genotic classification® (1099, p. 87). Dryor (1901) in discussing
several irregular and discounccted "heaps” of sand, grevel, boulders,
and till postulated that they were deposited im crevasses or ice-
walled canyons, formed whem roofs of sub~glacial tusnels cellapeed.
These features were simply called pesuldar eskers (Dryer, 1501, p. 123).

Armotrong and Tipper (1548) discuse in detail seversl features
which thay refer to as "oompound eskers.” They indicate that portions
of the features were formed by materia’ repped into crevasses. They
state that deposition of the upetrean emnd ocourred in crevasses, the
central portion in a sub-glacial tummel and the termimus arcund ice-
blooks from the collapsed roof of the tumnel,

In 1959, Leighton reviewed Leverett's (1899) work on the ridged
drift of the Kaskaskia Besin in soutimwestern Illinods.  lLeverett
desoribed some of the landforms as ridges”, “ridged drift® or systems
of drift, but did mot call them woraines. znmmumu‘
he was able to show thet the ridges were related to trenches and the
trellis stream pattern of the area. The trenches demote areas of
erosion by streams flowing through crevasses where the crevasses
resched the base of the glacier. He deseribes the crevasse fillings
as exhibiting the following characteristics:

1. Marked aligmment of ridges, cccasionally offset.

2, Harrow, linear, steepeided in outline.

3. Oriented in the genoral direction of ice movemewt.
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L. Aseociated with crevasse controlled chamnels.

| Deane (1950, p. 1h) proposed the term "ice-block ridges®. He
mwmummﬂnﬁmmﬁnm“
 stagnant lce composed of 111 and closely associated with ground
Stalker (1960, p. 11) used "maraine ridges” for crevasse deposits
10 doad-ise moraine and "plaine ridges" for corresponding features

_ by t411 squeesed from bemeath the ice sheet imto systems of open

. evovasses.

i Glose (1867), in Ireland, used the term “esker® in veference

. %o ridges of stratified drift as distinguished from hills of 4411

~ which he called “drusline®. Chamberlin (1883) propesed the Swedish
e "ss® (plurel aser) for ridges of stretified drift parallel to
e divection of ise movement., Stons (1899) and Trovbridge (191h)

~ used the term "osar” (derived arbitrerily from aser). Stome (1899,

P 359) defined "csar® as & longitudinal gravel "system® which represeuts
- duternal drainege of the ice, and “esker® as "...awy mase or ridge
 of glaclal gravel irpespective of gemetio classifieation.” In Ireland
 %esker* refers to all mound or ridge-like sscumilations of stratified
',muwa.mm-u'umuammm
fesker® is bedng superceded by "ese® (Charlesworth, 1957). At preseut,
‘hhmwsm,ﬁ.mwuwumnm
pidges of stretified drift deposited by & glacial stream.

Trowbridge (191L) believes that eskers ave essentially elongate
;Mmammmmwnwmn
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. the lce sheet, Winchell (1873), Hwmel (187h), and Charlesworth

~ (1957) suggested that eskers were actusl casts of glacial streams,

_ Others have postulated a subglacial, englacial or superglacial origin

~ for the eskers, The subglacial theory is perhaps the most widely

| soepted. Tiis theory is supported by Lewis (1949, p. 314) vho

p. reported an esker in the process of fermation, in Scandimavia, issuing

~ from & subglacial tunnel.

For the purposes of this paper each of the features discussed

. above are defined as follows:

ummummmm&mu
crevasses or at the edge of a block of stagmant ice, by
mumammwmmm.uwm
of drift from the ablating surface of the ice. These
features vary from straight to sinuous and from irvegular
to even~topped. This term is preferved for the ridged
featuree in dead-ice moraime whem it camnot be determined
whether deposition oceurred in crevasses or at the edge
of isclated walls or blocke of stagmant ice.

2. Qrevesse fillings are composed of stratified drift and, or
111, Sediments were depoeited in crevasses by squeesing
of drift frem under ‘the ice, by mase movement of drift
from the ablating surface of the ice or by glasio-fluvial
processes. Mwumuwmwm
ridges. Crovasse fillings arve distinguished from eskere
by their rectilinear pattern with occasiomal offsets and
intersections and sometimes by their composition, which
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may be 100 percent till. In crovasse fillings of the
stratified drift type, s flat top is gemerally characteristic.
3. Bekers are composed emtirely of stratifisd drift deposited
by & glacial stream; however, they may be mantled by drift
let down during ablation of the roof ice. They are gemerally
simuous and exhibit a patters similer to that of a terres-
trial stream, Although they tend to follow the topographic
lows, they may alsc be found on elevated areas, thus indi-
cating that the streamn was probably enclosed and under the
influence of & hydrestatic head. Eskers may merge with
either erevasse fillings or disintegration ridges,

Grevasse Fillings

The ridges thet trend borth-south through the vest snd of the
Sperry lLake lLoop, are ill-defined laterally (Fig. 17). Although
called crevasse fillings in this report, the former evgeke in the ice
in vhich the material was deposited may not have been true crevasses,
Wt interblosk separations. At their northern extremity they appear
 to be associated with a small collapsed outwmsh deposit, MNidway
 along their length they transect the topographically higher Sperry

| laks loop. In the aves of Sperry lake two meltvater chamnels are

| Sruncsted by the crevasee fillings. Farther south the hree distri-
. utory meltwater channels described above are truncated by the crevasse
. fillings.

. The characteristic topogrephic festures of the crevasse fillings
"mmmmuuuzmummtw,mm,

| #imous, discontimucus ridges. The lithology of the ridges i varisble.
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: Some are composed emtirely of till, some entirely of sand and gravel,

uwm.ummmmumnmm.

j The lithology of the ridges and their relation to the other features

WﬂMﬁummW«uwmhm

; and that the ridges were formed when the ice walls of the crevasses

e~

Farther to the ¢ast, in the interlobe area between the Sperry

' mm'wmmmug,awmﬁtmmﬂm

ocour which exhibit the same characteristics as the crevasse fillings

Iragiacial lsndforms
Outwash Plain

There is ome nonpltted cutwash plain, south of the Sperry Lake
loep (7. 1S K., R. 17h-5 W.) in the Missouri Ooteau portion of esstern
fheridan County (Fig. ). The deposit consists of sand, silt, gravel
and & fov scattered boulder beds. The cutwash plais is extremely
flat, exhibiting & local relief of less than two feet. It rises
slightly to the uorth as it comes in comtact with the Sperry Lake Loop,
A% this margin the relief increases slightly due 0 & minar amount of

'm.n

Pitted Outwash Plain
Directly west of the Sperry lake Loop ocutwash plain deseribed
 shove is @ small aves of pitted outwash. Pitted cutwash is less
than 50 percent collapsed but more than 5 percent eccllapsed (Clayton,
1962, p. bS). The pitted outwash is contemporansous and gradational
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 with the collapsed outwash plain to the weet and with the outwash
 platn to the sast.

' lakoe and Sloughs |

* The most apparent features of the Misseuri Cotesu are the mumercus
 sloughe and lakes. The lakes that ccour in outrmsh uewslly ave a sur-
- fave vepresentation of the true water table end they remain fairly freeh
. because of the circulation of vater. The fresh water lakes have &

_ epeciss of auimal 1ife and vegetation. lLakes and sloughe vhish are

| Wl1-flcered, on the ctbor hand, have & high salt concentration and their
wster lovels vary grestly with the amount of evaperation snd veinfull.
In sddition, they support fewer musbers of plants and animale,

. Streans and Gullies

| Ouly & fow ehimeral streams oxist ou the Missouri Coteau. Mest
 of these drain norUmurd to the Sheyoune River, Theve ave aleo a few
. shevt streams vhish are tributeries t0 soue of the larger undreined
Gullies ave well-developed along the eastern third'of the Missouri
| Gotesu Gecarpment (7. 146 M., R 74 W.) (Pig. 26). Hove of these

§ gullies, however, are wore then one mile in length.

The Sheyenne River aroa in North Dakota is bordered on the south




/2 Mile

Figure 15,-~The photo shows gullies doveloping southward from the
Miesouri Coteau Eecarpment into dead-ice moraine (D) (Ses. 15, 16,

T. 38 B., B, Th W.). The arcas north of the escarpment are compozod
of outwash (0) and lacustrine sediments (Ip).
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7 the Missouri Cotesu escarpment which marks the northern limit of
e Miasours Gotesu district (Fig. 1). To the north, the Sheyemne
ver aree 1o bordered by the Nartin end moraine and by the borthern
481t of outwmsh plaine derived from the Fartin ond moreive. The
River sres extends from western Sheridan County to Wells
sty vith the eastern boundary st the drsiage divide betwoen the
flayonse River and the James River. It covers uearly 150 square
iles in ssstern Sheriden County, The drainage system is linited
0 the sheyenne River and its tributeries, most of which draiw the
Missourt Coteau oscarpment. In gewerel, the Sheyeune River avea
.-mwwmmmmwmw

ey
By

| The Shayoune Lake B0d Neratnes (2. 1409 K., R Thes W.) ave
Mned horoin for Sheyenns lake which is sbout one mile north of the
. The meraines are characterised by an oven surface and by
of lineations. They are elongated in a northwest-southeast
and protrude about 140 feet above the surrcunding ground
: Boulders are not couspicwous and bedrock outerops are
parently aboent. Thelr oven surface and the lack of assooiated
wash suggests that they were formed and then over—ridden by the
408 City lce sheet.

i

. The ground moveine deposited north of the Linccln Valley end




b9

moredne (p. 21) lies within two topographic units, west and southwest
' of Lincoln Valley and north and northeast of Lincoln Vallay. In the
mvmau, west and eouthwest of Linceln Valley, the ground
~ morelne is characterised by irregular to gemtly rolling topography.

D Bvth and neriheast of Limsels Yalley the relief is low, he surfuce

i1t and has a promounced lack of particles larger than cosrse send.
© fhe drift in this sves excesds 5O fost in depth (Pig. 19-22). The
#ilt and sand rich sedimeut s prebsbly dus to modificstion of glaeial
dobris by glacio-fluvial processes in fact, the eutire topographic
unit way be & poorly developed lacustrime deposit. An alternate
explanation ie that the tepogrephy may be a reflection of a huried
alluvial fan-like deposit laid down by the pre-glacial Knife River
shere it flowed out of the NMissouri Cotean.

A Brephy (1962, wnpublished report, North Dakota State Univereity)
mapped these two unite and reported a lag deposit betwesn washed and
wivashed drift. The existemce of this lag deposit is doubtful,

In one outerop exposure of this feature only a few small boulders
roughly alipwed in a horivontsl plane were observed. Farther te the
northeast, south of the Sheyenne River, the sandy ground moraine
graden into & large outwash deposit. DBast of the water modifisd

 drift avea, the ground morsime is normal in composition although

 losally 4t contains a high pevcontage of silt and sand, Here, the
topography is gently rolling, but with loss loocal relief then the
ground movaine in the southwestern portion of the Lincola Yalley Sag.
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‘f'mam, Brophy has interpreted the ground moraine in the south-
,.;mmmamm;hvmqmummmawamw
Bl fron the leots Lobe, He iwterprets the weter-modified materisl
_‘Amwmmu,w«mdmmmm.
e leeds Lobe moved into North Dekota around the east flank of the
. furtle River Mountairy while the Souris Lebe advanced around the west
 ‘side of the mountains. The drift northeast of Lingoln Valley may

B hoen dorived frem Ssuris Lebe, but the loods Libe €14 Net eater
 Sheridan County.

Colton, Lemke, and Lindvall (1963) show the Grace City end moraine
Mgmmnt,umMumw.mm.am@.
Bisseurs Outenn 16 the Linesln Yalley ond meveive iu cewtrel Mioviden
Gounty. Fadple and Kreel (1964, orel comunicstion, University of
North Dakota) iuummu»m_cxvmmmmta'
Sykesville, in Wells County. There is alseo no correlative moraine
1 sast of Lincoln Valley end moraine in eastern Sheridan County. Because
"6t the break between the two segments of end moraine in abeut £ifty
niles, it is felt that cerrelation betwsen them is not justified at
this time.

The ground moraine north of the Missouri Coteau sscarpment is
mu&mmexwmmmaﬁomciw
end moraine in eastern Wells County and is, therefore, considered to
be Grace City ground moraine.

The boundary between the Grace City drift and the Strweter drift
~ is arbitrarily defined as coinmciding with the Missouri Coteau escarp-
ment because:

1, Segments of end moraine are present along the Missouri
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Coteau cscarpment and they may represent the southers limit
of the ice sheet that deposited the Orace City drift,

2. There ie & definite difference in the typé of landfore
found to either gide of the escarpment. Disintegration
features, present to the south, are not found north of the
escarpment.

‘These obvious differences do not negate the poseibility that the
Streeter and Grece City drifts are the deposits of a single contimuous

. ice cheet. Sherrod (1963) considers the Grace City drift to be part

of the Burnetad drift,

The lincoln Valley and Grace City end moraime (T. 147 B, R. 76
W, T. 145 H., R, 60 W.) could be "shear® movaines developed as the
mamwwmmmw.‘ The difference in land-
forme 1s at least partly due to more debris being prssent in and on
the late Wisconsimam ice south of the escarpment. Thus, the land-
form differences may have been initially comtrolled by buried bedrock
vere deposited by a single ice sheet, but he vetains the use of Orace
0ity drift and Lincoln Valley end moreine until more detalled mapping
%o the cast shows whether or not the Grace City drift is a valid mor-
phostratigraphic unit, '

Rskors and Crevasse Fillings

A small indistinct esker was observed along the Wells County-
Sheridan County border. It trends north-west-goutheast from Sec. 2k
to See, 11, T. 149 W, Rs Th W, Its maximum relief i¢ about seven
feet. The feature is discontinuous and is paralleled by low areas
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‘“M An ephemeral stream ocouples the southern linear
Lm Several other low ridges of stratified drift were
-'Muu.v.m.uuwr.ml..n.mw, Some were
j',,._macmmummwmwmm

| Two kettle chadue were mapped in 7. UB N., R, TS-6 W, " In
 both cases, they are sites of contemporary sloughs at least partly
' yimed by foruer ioo-coutact slapes. They are bounded to the south
by the Missouri Coteau escarpment snd are floored with eilts and
slays thet ave vich in orgaslo debris, Both kettle chains merge
into outwash plaine related to former tributaries of the Sheyemne

Twb etresm chamvels enter the Sheyewse River from the south,
ene at the point where the Sheyemwe River enters Sheyemue lake and
one about two miles south of Coal Mime Lake (Plate 1), At present
both streams are ephemerel, but in the past these streams carried

large amounts of water aud debris, That the origisal streams were
affocted locally by ice daming is particularly evidest in the stream
that enters the fheyemve River mear fheyonne lake. The chamwel of
this strean is a tronch 90 feet deep in the southwestern unit of the
overriden Sheyenve lalke and movaine. In order for this tremch to

have been cut, meltwaters at least partly demmed by ice must have

collected south of the moraive. The ponded waters vose and flowed

J




10 the north through the lowest point in ite margin and out the
,mmmmm.

': ‘The stream that enters the Sheyenne River mear Coal Mine Lake
. flow roughly northeast and parallsls the escarpment of the Missouri
- Cotesu. Bverywhere along its length the ooutheast benk is about L0
| fost higher than the northwest bank, The difference in the helght of
 the banks and the fact that the stream flovs to the sast on lend that
 glopes to the north suggests that the stream originated at the margin
of an dce sheet which lay to the morthwest. This stream also exhibite
 sverel terraces of stratified drift which 1ie some 70 o 50 feot
 above the present-day Sheyemne River. The elevation of the terraces
“ucmmmwwfmm.mmum
mles. Thus, the gredient of this stresuwas st least 20 fest per
~ uile to the northeast. The present-day siream gradiewt is aleo
approximately 20 feet per mile, so crustal rebound dus to deglaciation
.gtmm not alter the stream gradient significantly, presumsbly
because the stream was parallel to the ice-fromt. The strean gradient
_and the elevation of the terraces suggest that this stream flowed
i8%0 & body of water in the vicinity of Sheyeune River, whose surface
w8 about 50-60 feet above the present Sheyenne River. This budy of
wter vas bounded to the south by the Missouri Cotesu escarpment and
wWs ics-valled on the north.

 In See. 13426, T. 148 N., R, 7h W., the Missouri Coteau escarp-
mut is about 125 feet high, From the lower limit of the escarpment
% the odge of the Sheyeune River outwash plain, the land is flat sur
faced and sloping to the north at about 50 feet per mile. Drift
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" fren this aves contaios & high percentage of silte and few cobbles and

 boulders. A few patehes of clayey t111 protrude through what appesrs

© % be lacustrine deposite subsequently altered by alluvial action.

, The sequence of events that produced the featuree in this die-

";_Muvboumutm-m

1) The lce sheot that deposited the Orece Oity drift formed
the Linceln Valley end moraine either near ite terminus
or as & “"shear” movaine where 1t passod over the Nissourd

2) As the ice north of the escarpment began te ablate, a
channel developed in the ice near the Missouri Coteaun
escarpment in the vieinity of the Sheridan-Wells County
barder. This cheunsl developed as sn ice-marginal stream
which is represented by the preseut-day tributrary te the
Sheyenne River two miles south of Coal Mive lake.

3) Subvequent ponding of meltwaters and deposition of lacus-
mmmmenmm
River in eastern Sheridan County and western Wells County.

L) The ponded waters drained to the southeast and the Sheyemne
River doepened its channel where it crosees the Sheriden-
Wells County berder. The chanmel reaches bedrock heve,
vhich is probably Cannonball Formation, about 90 feet
below the surrounding ground morainme,

_ 5) later, the Cheyeune River extended hesdward farther to the
northvest as the Orace City lce sheet contimed to ablate
E to the northwest,




Along the northern limit of the Sheyeune River area, south of
’f};hwmm.mummmmum
platn, e sediment, deposited on the distal eide of the Martin end
woraine, was derived from the Sourds Lobe and is transected by a
' large meltvater channel which extends from Wells County to morthern
 Shoridan County, This outwash plain is charecterized by uwp o 15
fost of velief and by & retisulste patters suggestive of deposition
by vetwork of distributaries or by a braided stresm (Pig. 23)
| Sxtensive deposits of stratified drift ocowr north snd south
- of the Sheyenune River. This is an outwash plain composed in part of
{mmmmmmwmm,m;-memm
derived from the Martin drift. Mo effective boundary can be drewn
gab the two unite, but most of the stratified drift east of the
western ond of the Sheyeune Lake is derived from Martin drift while
;"hmmmummmmmawm
. The southern edge of the Martin end moraine is composed of welle
sand and gravel. Stratification is still observable in this
mberisl and the lithology is identical to the stratified drift of
®. 15, 16, 17, 21, 22, 7. IS N., R 75 V. in which the end moreine
» Apparently the Mertin ond moraine has incorporated out~
 deposite that were formed as the Oracc ©ity ice sheet ablated or
§ the Martin dco advanced. Swsll portions of this aves are slightly
aud they have been wapped as pitted outwash. | '




Pigure 23.~-Outwash plain topography located in See, 34, 35, T. 150 N,
R. 7Th W. The feature displays & depositional pattern that could
have been coustructed by a system of distributaries or a bralded streanm.
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' Tuo meltwater channels are present in the Sheyeune River ares.
" Both channels heve a greater portion of their length in the Martin
~ avea and therefore, discussion of these features is undertaien as

m of the desoription of the Martin ares landferms (p. ).

T S—

 The Sheyenne River exhibits mmerous vell-developed terraces

 along ite north side and several poarly developed terraces above the

014 river channel occupied by the present-day Sheyeume River (Fig. 2L).

~ The three levels may be seen slong the eection line between Hee, 3
and b, 7. B N, R, 74 W, The two lower levels are floored with

| stratified drift while the upper level is in ¢111, The two upper

~ levels can be traced across sastern Sheridan County.

~ lakes and Sloughe

‘ There are three major lakes in this area, lone Tree lake, &

- mturel lake, and Sheyenne Lake and Cosl Mine Lake which are man-made
. lakes. All three lakes are floored by stratified drift and are there-
- fore fresh water lakee whose surfaces are an exteusion of the ground
wter teble. Ooal Mine Lake s a wildlife refuge and Sheyenne Laie
48 a recreation area with beaches and mmerocus cottages.
mwaﬁhmmmumumw
',umwmmm m.wmmm
and not as well defined. This is because the draimage is better
integrated and the topography has less relief than the Missouri
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,ﬁl/2 Mile

Pigure 2l.--Terraces (T) are preseht along the northern edge of the
Sheyenne River outwash plain (Sec. 33, 3L, T. 1L9 W., R, 7k W., Sec. L,

S5, 6, T. 18 N., 2. 7Th W.). Grace City ground moreine lies to the
north (Gge).
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HARTIN AREA

The Martin area, comprising approximately 8l square miles, is

1 %o the northern cue-Fifth of castern Sheridan County. The
. southorn 1init of the area is defincd as the boundary between the Martin
e0d moraine and the Grace City ground moraine or between the Martin
' od moraine end the outvash plains derived from it, There are bo
 gtreans ophemeral or otherwise in this portion of the Martin ares.
s, the dreinage of the arves is not integrated. During ablation
’Aﬂ}mwm.m.uxmm—nmm.mm
%o the south. The undrained depressions and isclated hills are

| geoasslly lerger, bub 1ess wwsarous than on the Missowrd Cotesn
 district, Although there are areas of high relisf ground moraine
 with many undvained depressions, there is only one emall ares neer
Martin, North Dakota, that exhibits features characteristic of dead-
 Glacial Landforms

 Bod Horaine

| Lemke and Colton (1958, p. 50) named the Martin moreine for the
town of Martin which lies in the northéast corner of Sheridan County.
The Martin end moraine trends eastnortheast across the northern portion
| of the report erea. The ond moraine is eepecially well defined at ite
J sestern and vestern limite vithin the report ares. Gaod linser
features, ridges and valleys trending northeast, and a sharp break
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~ in topogrephy at its southern limit define the western portion that ig
| west of North Dakota Highway li. The eastern pertion that is east
" of Vol Lake 15 defined by its overall limearity, & lack of linestious,
thammummmmms.
L e southars 11nit of the sontval pertien of the end noveins 1s less
 well~dofined. mmmuw»uw
. break that coincides with the northern limit of the outwash plains
. derived from the Martin érift (p. ). The vestern porties is chavas~
 farised by high velief, up to 175 feot per square mils, large mumbers
. of surface boulders, aud a sandy t411 that grades inte stretified
 drift in the southern portion of this ares. The contral and castern
| partions of the end movaine ave cheresterised by & elay 111, few
"_Mm,mamﬁ»hﬂvmm“hm
The northern limit of the Martin end moraine is marked by a
 series of "chear” moraine segments which form two interlobate and
thres lobate aveas. The elevation of thess segmente ranges from
30 to 60 feet above the surrounding gruund moraine, ALl the segmewts
"ﬁawrmnummmnwmwnnm
festures. Oround movaine separates the segmeuts of the "shear"
‘moraine from cach other and from the main mase of the Mertin end moraine,
Which 1dee & fow miles %o the south,
 The Martin end moraine mavks @ stage in the retveat of Souris

which moved into North Dakota from Canada around the west side

-

the Turtle River Mountaine. The southeast tremding linear grooves
#nd slongated drimline southeast of Velva, Nerth Daketa, along with




Ohristisnsen (1956) considers the Souris River Lobe o be &
| pertdon of the Maninto 1os advench. lewke asd Oclbos (1958, p. 51)
 consider this usit, vhich extends frem the Tirtls Noustains to the
 ldveoln Valley Sag, as post-Cary in age. Undoubtedly, more comclusive
sstimates of the age of this unit will be make a5 soon 85 more radio-
carbon dates are obtaived.

Dead-Ice Maraine

| A small, sbout L square miles, ares of dead-ice moraine covurs
| in the northeast cormer of the county. The presense of closed die-
~ integration ridges, linear disintegration ridges and broken rim
 ridges distinguishes the dead-ice moraine from the Martin end moraine
_ to the south. local relief is approximately 25 feet and irvegular
~ hills and undrained depreseions are mmercus. To the worth, the
dead-1ce moraine gradee imto ground moraine, The topographic break
between the two landforme is the result of ground moreine haviag

~ lower relief and fewer, though larger, undrained depressions. Com-
position is gemerally a clay $111, but lecally the drift is mainly
sand and gravel, but still eshibiting definite desd-ice features.

Ground Horaine

The Martis ground moraine has an irregular topogrephy with
mmerous hills end low areas, Locally, the relief exseeds 70 feet
ﬂmu-miﬂm Tovarde the northwest corner of the report
ares, along the mortherm limit of the Yartin end movaime, the ground
‘Boreine loses ite clay till charscter and becemes distinctly silty
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 and sandy, and eventuslly grades into pitted outwash. This sandy
and silty drift probably consists partly of eelian sediment derived
losally and from the Souris Lake basin to the north, and partly of
 valley train deposits leid down by vaters draining southward from

Three possible crevasse fillings ocour in Sec. 6, 18, 19, T. 150
Ny R. Th W,  They are poorly defined deposite of stratified drift
~ vhose linear trend and angular relationship to one another suggest
that they were formed frem material deposited in & systes of former
erevasses. They may, howsver, reflect deposition betwesn isclated
- blocks of stagmant ice.

Only one small aves of unpollapsed, unpitted eutwash oocurs in
the Martin ares. See. 12, 13 and 1k, in 7. 150 M., R. 75 W. contain
portions of an uncollapsed cutwash plain that is evidemtly sssociated
vith the Martin "shear® moraine. |

Pitted Outwash Topography
In the extreme corver of the report ares there is about five

square miles of pitted outwash, The sediment is composed of silts,
sands, and gravels and some small aress have high percentages of fime
sands and silts. Much of the surface material is a fine dark silt,
The origin of this material is thought to be a combination of eoliasn
naterial derived from lake Souris and glacio-fluvial deposits derived
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 from the ablating Souris lobe and the glacial lLake Sourds.

 Cellapeed Outwash Topography

| A large collapsed outwash deposit extends northward along the
western odge of the Martin end moraine. The depoerit was developed
‘mummunmﬁwnwmmmm
lake Souris into the Sheyenme River. It is composed of sande, silts
and gravels and is marked Ly vumercus lakes and ponds, some which are
kettle-hole lakes. The kettls holes are aligned parsllel to the
divection of drainage, indicating the poseiblility of & buried chaunel.
Lemke (1960, p. 109) reports that the depth of drift in the vieinity of
Ouyes lLaive ie 240 feet which supporte this conclusion,

Neltwater Channels

Two meltwater channels are present im this portion of the county.
The neltwater channel near the weetern limit of the report avea
extonds north-south through the southwestern portion of the Martin
ond movaine (Pig. 25). The chanmel is floored by $411 and colluvius,
and lies about 80 feet below the bordering end movaine at its deepest
part, The presence of this meltwater chanbel through the Martin ond
moraine suggests that waters were ponded behind the Martin end moraine
as the Souris Lobe ablated, High land masses to the sast and west
of the present channel partly coutained the waters. Ice blooking,
& large lov area between two portione of the Martin end moraine,
today occupied by two largs kettle-hole lakes aided im containing the
vater, mmm«mmmwum
and cut & deep channel as they drained southward into the Sheyemne River.




~1/2 Mile_

Figure 25.--Two meltwator channels (MuC) located in Seec. 17, 20, T. L6
N., R. 75 W. The upper channel trassects the Martin end moraine (Zm)
end joins the meltwater channel to the ancient Shoysnne River. The
preseni~day Sheyenne River flowe cast-west in the iower meltwater chanmnel,
Much of the lightor arca conzists of ocutwash (0) and pitted outwaeh

(Cp) of the Sheyenne River outwaeh plain.
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A second meltwater chamvel, perbaps partly buried, lies in the
1 portion of the report arsa. It itrends northwest-southeast
480 extends from the Sheyenne River in Wells Cousty iuto Sheridsn
Gounty through the Martin end moraine northwestward into Plerce and
ellonry Gountiss.  Although it emseods 25 fest in depth vhere it

| through the Martin end moraine, there is no present-day

strean in the channel, The chasnel is partly floored with stratified
drift and partly with a black, fine-grained organio-rich material,

lakes and Sloughs
| There are a large susber of permanent lakes im the Martin area.
Most of theso lakes are fresh water lakes associated with outwash

R . |

| Sloughe are mimercus and mey be partly filled by dense vegstation
providing an excellent habitet for the mumerous water fowl in the
ares.




Only & fow closely spaced water test wells drilled by the
Bureau of Reclamation (Figs. 19-22) and a few widely spaced petroleum
"wildcat” wells described by Nelson (195h), Hawer (195k), and Peterson
(1957), have reached bedrock in esstern Sheridan County (Teble 1).
mw,mmmumnmmm
of this area.
Wm.m.aummmmtmm
reflections of buried bedrock topography. For example, the Nissourd
Coteau escarpment strongly suggests a buried bedrock escarpment to the
south and bedrock outorops & few wiles south of the escarpment support
thie conclusion. The Dewhoff interlobate moraine south of Demheff
may be underlain by a bedrock high., Southwest of Lincoln Valley,
. the escarpment is broken by the southwesterly trending Lincoln Valley
sag. This seg is thought to be the topographic expression of the pre-
glacial Knife River Valley where it passed through the bedrock of the
Missouri Coteau. A%t the sorthenst end of the sag, the drift has an
extrensly flat surface and slopes at a constant rate to the northeast.
It i poseible that this area reflecte a buried alluvial fan-like
' deposit of the Knife River, Honih of the Lincoln Valley Sag, ground
' moraine and stratified drift cbecurs sxy further evidenee of bedrock
tepography .
Lemke (1960, p. 109) reports that a well drilled in Seo. 6,
7. 149 N., R, 75 W., penetrated 2LC feet of surficial deposits before
bodrock was reached, At present this area is covered with stratified
] drift and 1t is part of the floor of Bently lLake-Guyes lake spillway.
70




H.D.0.8, N,D.G.3, NeD.G.B,
Well £337 Well §665  well #735

Cretaceous System ,
Pierre Formation 10 ez 510
Nicbrara Formation 2013 g;“s 1681
Oreenhorn Formation - 212
Dakote Group 3andstones 2538 2597 2625
Jurassic System 26837 2915
Piver Limestone 3052 320 3220
Triassic Sywtem ,
Spearfish Formation 382 3Lks 3h20
Charles Formation 3305 3576 3470
" Bogleveod Pormation w—— h78® LS9l
Devouian System
Lyleton Formation L8111 Lé10
Nisiu Formation L8Lko h6e2
Duperow Formation L4890 L6sY,
Dewson Bay Formstion ————
eis Formation — Lose
Ashern tion 5555
Silurian System
Interlake Oroup 5878 5070
| 'Mmm 5772 5395
Red River Pormation 5962 5500
Winnepeg Formation 6560 6115

N.D.G.5, Well #337, ©

B 58
N.D.0.8. Well /665, G NS NE Section M.,
N.D.0.5. Well #735, Seetiou 16, 7. 16 W., R, 7h V,
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Lenke states that this great thickness of drift suggests the presence
- of a buried channel trending nerthward from the Lincoln Valley sag.

Fron the anclysis of these cursory data, it appears that highlaunds
and perhaps a2 few buttes were present in the southern half of the
report area prier to glacistion. The highlands were cut by the
vortheast trending pre-glacial Kuife River which may have contimued
%o the north near the area of the present-day Guyes Lake.




| Move than 6200 fest of sedimente lie between the bese of the

. Palsocene Cannonball Formation and the lower portions of the Ordovicisn
;lmmmmmrmmmuwm

mummmm The formations that comprise the

 bedrock of Sheridan County genarally thicken seversl fest per mile %o

_ the northwest towerds the center of the Williston Basin, The "Dakota
Grouwp Sendstones®, alse called the Pall River Famation, is between
W»mmtmmummmw(m,nm.
This is an important ground water aquifer in maiy perts of merth
contral United States, Table 1. gives the loocation of three of
three test wells drilled in this avea and the depths to the tops of
some of the formations emcountered.

PALBOCENS SERIES, CAMNONBALL PORMATION
Thers are only a limited mmber of bedrock outerops in the
report ares and they consist entirely of exposures of the Canuonball
Formation. The outerops occur both south (See. 30, T. 148 M., R, 7h
¥.) and north of the Missouri Cotesu secarpment (See. 12, and 13,
T 18 N, R, 75 W. and Sev. 12, T, 1B N, R, Th W.). In every
csse the lithologies are similar; they include poorly indurated,
slightly plastic when wes, silty to sandy black mudetons vhich fracture
inte emsll blocks, and unconsolidated buff to gray calearecus sandstones
. with discontimous lignitic stringers. lNo foesil evidence was found.
The sandatone outerope show considerable contortion of lignite
and sand bede due o overriding by the ice shest. Tis is gemevelly

b
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gvidenced by small folds overturmed and drawm out to the ascuth.

While studying the vedioci outerchs in the veport area residusl
concentrations of gravel were froquently found overlying the bedrock.
Collections of pebbles were made from each of the outereps and anslysos
were made for shape, rounduess, and lithelogy. Tvo sites were found
%0 sontain abundant well rounded quertsite petbles, vhile the other
three sites contained an abundance of rounded to subrounded carbonate
pebbles, '
| The carbonate rich semples probably were derived from the Paleocvoic
carbonate sequences ip southern Canada, The quartsite pebbles,
:m,mmmmmum
Jorth Dakota (Leonard, 1907-8), Heve quarteite gravels make wp the
lower member of the White River Formation expesed im White Butte.

It is the author's interpretation that the quartzite pabbles
terthuard by the Kuife River to the vietnity of the Lincoln Valley
Sag. The pebbles were deposited here and later picked up by an
ice sheot that carried them te the southeast. Sample sites south
of Missouri Cotesu escarpment and west of the Lineoln Valley Sag do
not contain any of the well rounded quartszite pebbles, which suggeste
that the ice sheet moved south-southeast, parellel to the Missouri
~ Coteau escarpment.
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Only two divisions of the Pleistocene Series apply to eastern
Sheridan County, the Wisconsinan Stage and the Post-~Glacial Stege.
Sub-Wisconsinan drift may exist below the Wisconsinam drift, but this
will not be known until North Daketa drifts ave more completely dated.
A suggosted correlation of Sheridan Gounty drifte with several eystems
of time-stratigraphic terminology is shown in Figure 26,

The geologic climate unit desoribed in the Code of Stratigraphic
Nonemelature (Avt. 39 and 4O) is not wsed because 1t is time trans-
gressive and because it would make a camplex terminclogy even more
camplex and awierd. '

The Recent Stage ie not used in this report because students
of the Pleistocene cannot agree on the lower limit of this wtage.

~ Some deposita, however, have besn interpreted as post-glacial because
of their stratigrephic position, These deposite, espeeially in their
lower pertions, may lie chronologleally mear one or the other of the
Wisconzinan Stage-Recent Stage boundaries as shown in Figure 26,

AC8 IA CAFPAINI A O=0GE DN OS WA LI ETEING LG L QL RCL O

All the drifts of easters Sheridan County sre mapped as wmorpho-
stratigraphic unite. This unit, propoved by Frye and Willmen (1960,
pe 7=8), is vedefined Wy Clayton (1962, p. 53) as "...a bedy of drift
that ie idontified hy ite surface form and position and consists of all
a sigvificant glacial advance, including the till of sssociated end
noraine, dead-ice moraine, and ground moraine, the washed drift of
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Figure 26,--Approxizate correlation of sastern Sheridan County drifts with various time-stratigrsphic
terminologies, Hodified from Clayton, 1962.
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associated lake plaine snd outwash plaine, and associated subsurface
drifs, "

The morphostratigraphic unit is preferred over rock stretigrephic
uoits becanse the similarity of lithology and surface fors dovs mot
facilitate division into rock stratigraphic units ae defined in the
Gode of Stratigraphic Hemenclature (Art. hs, o, d, e).

_ Clayton (1962) and Bonmeville (1961) report an ircu-cemented,
jointed $411 that, aceording to Clayton (1962, p, 55) is older thaw
the Napoleon drift which is probably lower Wisconsinen. If Claytonls
eotination of the age of this drift is correct, then it is quite
poesible that sub-Wiscowsiman drift is present in easterm Sheridan
County. At present, however, there is no ouggestion of this iron-
comonted, joined till below Wiscomsiman drift either in outerep or

in well cores,

1sconsinen 51
. lithology

There is little difference in the lithologiss of the three drifte
present io sastern Sheridan County. At the surface the tille are

| Wmem_wwmmmumm
 gramules or larger sise particles.
Pebble counts were made in each drift, and although few in pumber,

| lithologically identical (Table 2), The cousistently high carbonate
percentage ie a veflection of the Paleozoic carbonate soquences of
southern Camada, the metamowphic, gremitic and basic rocks are probably
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derived from the Cadadisn Shield, and meny of the sandstove, shale,
iron concretion, and lignite pebbles are presumably locally derived.

The send-silt-clay diagrem for $ill samples from the thres drift
~ theots is shown in Pigure 27. The Orace City drift is represented by
& lack of a characteristic particle eize distribution indicating
 heterogencus source materials. The Streeter and Martin drifts, with
one exception each, are closely grouped and overlsp only slightly.
If the Grece City and Strester drifts are considered as the product
 of one major ice sheet, the pattern is somevhat diffuse, but it
definitely suggeste that, with respect to particle size distributionm,
the Grace City-Streeter drift is different from the Martin drift.
This suggests that the Orace ity and Streeter ice sheete may have made
~ pesses over bedrock of differing particle sise distribution.
The reported depthe of oxidation of till in eastern Sheridan
 Gounty renge fros 14.6 to h8.2 foet (Department of Interier, Bureau of
Reclamation, Report on Oarvisow Diversion Unit, Appendix VI - Geslogy,
~ drill holes 890 - 1010, SkA « 97A). The depths of oxidation for wells
- 9UA -~ 974, drilled in Orece City drift, range from 2L to L8.5 feet.
~ Oxidation depthe in drill holee 89C - 101C in the Streeter drift
range from 14.6 to Ll.5 fest. The depths of oxidation are similar
enough to preovent separation on this basis. No infarmation is
~ availsble oo the depthe of oxidation of the Martin drift.
All of the drift sheets ave erudely jointed locally, and fre-
quently contain gypsum crystale orisnted parallsl to the joint plame,
Stratified drift deposits include both outwash and lacustrive
sediments. The outwash varies from crudely sorted deposits, close
to related ond moraines, to well sorted sande that are generally




@ BURNSTAD-STREETER i :i_
® GRACE CITY |

A MARTIN |

Figure 27.--8and, silt, and clay percentages of till samples from the
Streeter, Grace Gity and Martin drifte.
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found several miles in front of the end moraines. The lacustrine
sediments vary from gray brown clays to yellow brown silts and buff
sands. Normally, the bede are & fow millimeters thick in the eilte
and elays, but they are locally severel centimeters thick. Varved
clays were not observed in eastern Sheridan County. Mo well-deve-
loped losss deposits were recognised although in several places the
drift appears to have been modified by wind-blown material.

Streeter Drift
| The Strester drift is considered to be part of the Burnetad
drift as defined by Clayton (1962, p. 62-3). By virtue of ite well

developed end moraine, the Streeter drift is an easily distinguished
morphestratigraphic unit in castern Sheridan County. The Streeter
drift ae used in this report is the morphoetratigraphic unit which
mmun-rmsmoum,mumw'm
deposits to the south, and all the drift to the vorth that was depesited
by the same glacial ice. The Streeter drift extends northward to the
Lincoln Valley end moraine. Vhere the Lincols Valley end moraine is
not present, the borthern limit of the Streeter drift has been arbite
rarily defined as coineiding with the Misesouri Coteau escarpment.
The Streeter drift differs from the Grace City drift only in
the type of landform development; dead-ice featurss are not present
~ in the Orace City drift,

‘wummmwummmwwmmm.
io central and southeastern North Dakota (1998, Fig. L).

Iime Stratigrephic Corvelation.--Clayten (1962, Fig. L, p. 68-9)
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discusees the significance of several radiocarbon dates whish vere taken
from material in Strester drift in Stutsman, logan and MoIntosh Counties.
If these rediocarbon dates are correct, the Strester drift is upper Wis-
coosinan in age. The time-stratigraphic correlation chart (Fig., 30)
shows the correlation of the Streeter drift with the time stratigrephio
units of other workers. It preswsebly correlates with either the
Two Creekan or Valderan of Prye and Willman (1960).

Fossil.~-Foseil material from this unit is limited to one misd (pele-
'mﬁ)mfwumwmmmm
Dakota Righway 1L about owe-fourth mile south of Nerth Dakota Highway 7.

Grace City Drift |
The Grace City drift occupies nearly the entire arsa of the Sheyenne ‘
area in eastern Sheridan County. Lemke and Colton (1958, p. 51) named \
the Orace City end moraine for the town of Orace City, North Dakota.
As used in this report the Grace City drift is defined as a morphostrati-
graphic unit comsisting of all the drift of the Lincoln Valley emd moraine,
the Grace City end moraine and other associated drift that was deposited
by the same glacial ice north of the Missouri Coteau eecarpment.
In eastern Sheridan County, excopt im the vicimity of the Limcolm
Valley end moraine, the boundary between the Orace City drift and the
Streeter drift is arbitrarily defined as coinciding with the Streeter
drift by the sbsence of dead-ice landforms and by the presence of a
poorly integrated drainage system. Lithologically, the two drifts
are identical.
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Valley end moraine and its assoclated drift (Sherred, 1963, p. 63).
To the east, it is equivalent to the drift asscciated with Lemke
and Colton's Advance o, 2 (1955,_ Pe 50) which formed the Grace Ciwy,
Kensel and Oakes end moraines. |
3, ~loighton (1957, p. 1-2) euggests |
S8 equivalonte of the Giese City drift eve Vuldees is age.  Mvesd
| ﬁm&,enncunmumuuuBubanﬂvetlnﬂnnmuu)mucwhﬂnd
~ from the United States Geological Survey a radiccarbon date, 9860¢
400 years B, P., (W-1369) for a spruce log that was found in the Orace
Gity drift. This figure, however, is a minimum date.
Generalized time-stratigraphic terminologies of other researchers
are shown in FPigure 26, The Grace City is probebly equivalent to
. sither the Valderau or Two Creskan of Frye and Willmen (1960).
Fossils,~~The only foseil material obtained from this ares are
from lake sediments just below recent organie slough deposite (Sec. 18,
AT K., R. 7h W.). They include fresh vater gastroped shells,
ostracoda carspaces and stonewort sygospera. The following is &
complete 1ist of the foseils identified from this deposits

Foseil Specimens Number
Fromenetus sxacucus 4
Ustracoda ) 3 (valves)
Chara 4
Helisoms sp. H. ef. H. smospe 5
Risidium ep. 6

Fhysa sp. 1

Lymoaca humilis 12
Yalvats tricarisets 18

an3933
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Martin Drift

The Martin drift cccurs primarily in the Martis area of the
Western lake Section, but partly in the Sheyenns area., This unit is
nemed for the town of Martin, which is in northeastern Sheridan Jounty.
The Martin drift ie here defined as morphostratigraphic unit consisting
of the t411 of the Martin end moraine and all the other drift origine
ating frem that glacisl sdvanos.

The Martin drift is recognived by ite topographis expression

" ond its inferred geoclogic history. In the vicinity of the Lineoln

Valley, the Sowris Libe incorporated parts of a previouwsly formed
Grace City outwash plain proving that the Martis drift is younger
than the Crauce City drift. The Martin drift contains areas of desd-
ice moreine and is somevhat sandier than the Grace Clty drift.

to the Post Cary meximum #3 of lemke and Oclton (1958, Pig. L). The
Martin drift extends from the vieinity of the Turtle Mountaine south-
vard to the Missouri Obtesu, vhere it then swings parallel to the
Coteau and extends northwestwerd into Canada,

dates made on material from the Martin drift. Its position indicates
only that 1t is younger than the Orace City and Burnstad-Streeter

@rifts. Time-stratigraphic correlations with terminologies of other

researchers iz shown in Figure 30, and the Martin deift probably

~ correlates with either the Valderen or Two Creeckan of Frye and Willman

(1960). The time lapse between the sblation of the Ormce City ice
sheet and the advance of the Souris Lobe can not be determimed because

g-wdmamﬁﬁ-m.




m‘m-mmmmm. ostrocod carapaces,
 and Stonewort (Chare) mygrospera cases wero found in & marl bed at

- Beos 1, 7. 150 M., B, Th W The marl bed wae exposed in a portion of
‘qmmmmmummmwuwmum.
A list of the foseils identified from this deposit ave as follows:
Fossil Specimen Ywsber

Heliseme sp, H. of. H. snoeps 11

Prowenetus exseuons n
Pisidium sp. 54 (valves)
Iyunaes humilis 3
Valvata triceriosts 2
Spaeriuwm sp. 1 (valve)
Gyraulus ep. i 15
Qyreulue parvis &
Vallonis gracilicosta 1
Aruiger orists 3
Ostracods 25
Chars 25




_ Mroughout the description of worphology of the glacial and
proglacial landforme in the physiographic units of eastern Shoridan
mmmww«mupﬁuﬁmmd
development were presented. Wndﬂhmm‘
were discuseed if they had been published or reported previously.
The following Anterpretation of the phases of glacisl history summam
'mwmmmummuumamu
poseibilities for certain of the phases,

Three mprphostratigraphic units, the Streeter, Grace City and
Martin drifte, are present in eastern Sheridan County and each of
mmmmmcuﬂmmmﬂm&
county. Soms glacial geologiste might consider that these particu-
lar ond moraines were formed by three distimetly separated ice sheets.
. There has beon some tendency im the past to imply that every signifi-
cant ond moraine was the product of an ice sheet that advanced an
undeterninable distence frem the morth and then ablated etme distance |
before the mext ice sheet advauced to form the wext end movaine.

Since most of the radiocarbon dates reported in North Dakota
mMMU.MmQ.L,”ﬂ&:MNMMM
as post-Tarwell (Claytom, 1962, p. Shj lemke and Colton, 1998, Pig. 5).
Noet of these dates give an approximate indication of the actual age
of the drift. They are minimum age dates because, for the mest part,
they were cbtained from material found in stratified drift deposite
formed during retreat of the ice front. m.ﬁmmtum

86
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for the ice sheets of North Dakota and Canada to advance and then to
shlate was ouly a few thousand years, making it diffioult to emvision
onch end moraine as the result of a significant ice advance.

The end moraines of sastern Sheridan County, with the poseible
'W«mmmm,mmmummu
‘less continmucus ice sheet. These ond moraines represent either
mut&mmmo:ummmmwum
peripheral zpne or minor advances. The Martin end moreine has incor-
porated imto its southern margin a large portion of uncollapsed outwash
derived from the Orace City drift or from the advancing ice that deposited
the Martin drift. If the outwash is part of the Orace City drift,
then a2 eignificant time break cccurred between ablation of the Orace
City drift and advance of the Souris Lobe during which the stretified
drift was depoeited.

PHASES OF GILACIAL HISTORY

Ire-Missonsisen Swge

o information is available concerning the importance of Pre-
Wisconsin glaciation in eastern Sheridan County. An iron cememted,
joiuted $411 in Legan County is considered to be pre-Wiscousinan by
Clayton (1962). Well loge in Sheridan County (Pige. 19-20) show
other tills present below the Grace City drift and, although it is
not probable, theso drifts may be pre-Wisconsinen.

¥isconsinan Stage
Fhase 1
According te Claytonm (1963, p. 70) a glacier advanced over North
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Dakota more than 38,000 thousand years ago and deposited the Napoleon
drift of Logan and MeIntosh Counties.

Phase 2 .

About 13,000 years ago glecisl ice ve-entered North DMakota and
deposited the Zeeland drift in Melntosh and Logan Counties (Claytonm,
1963, p. 70).

Phase 3
A third major advance occourred about 12,000 yesrs age, (Clayton,
1963, p. 70) and deposited the Burnstad drift in Burleigh County.

Phase L

The Burnstad ice sheet stagnated along its periphery, uncovering
lodgement till and depositing ablation till and outwash, The ice
shest then regained its equilibrium and formed the Streeter end
moraine and the Jones Lake "shear® woraines (Pig. 28).

Altervate Phase L |
Although it is simpler and probebly more correct to assume that

the Jones Lake "shear" moraines were developed by shearing well back |

‘from the active ice front, it is possible to interpret them as end

 moraines formed by the reactivation of the Streeter ice sheet.

 Phage S

While the Strester ice sheet stagnated along ite periphery and
vhile its associsted cutwash and lacustrine deposits were being laid
dowm, the ice sheet again reached a position of equilibrium and forwed
the Lincoln Valley end moraine and the aseociated Orace Oity ground

. J
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Alternate Phase 5
mumvmmmwmummmam
of the Strester ice sheet as it moved over the Nissowri Coteau escarp-
ment. The differemce in the type of landform found im the Strester
drift and in the Grace City drift could be due to the differing amounts
of debris present in and on the ice to either side of the escarpment.
By this reasoning, the Grace Oity and Strester drifte sre contempor-

aneous,

Phase 6 ,
was formed as an ice-marginal stream, A large stratified drift
deposit was farmed from the debris provided by the Grace City ice
sheot., The Sheyenne Lake movaines were uncovered ss ablation of the
Orace City ice sheet continmued.

Phase 7

Due to thinudng of the ice in the vicinity of the Turtle Meuntains,
two 100 lobes were formed, the Souris Lobe o the west snd the Leeds
lobs to the sast. The Souris Lobe advanced slightly to form the
Nartin end moraine and its associated “shear" mowaines (Fig. 30).

8

| The periphery of the Souris Lobe stagnated and formed the Martin
ground moraine and a small area of dead-ice moreine. With combimued
thlation, waters were ponded behind the Martin end moraine, The waters
wentually cut through the end moraime and formed a large meltwater
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‘channel,  Contimed ablation of the ice sheot caused outwash to be

transported south from Lake Souris resulting in the formetiocn of

 axtensive outwash deposits in.frost of the Mariis end woraine and

the Sheyenne River.

T —

. Since eawplete ablation of the ice shests and drainage &f their

 msltwaters, 1ittle change has cocurred in eastern Sheridan County.

~ resulted in only minoer amounts of erosion. Most of the small amount

~ of sodiment that has been removed from the high areas has been immedi-

 stely deposited in undrained depressious. Minor eclism silts, the
sedinont in some of the undrained depreseions in the bed of presett-

~ day Sheyemme River are the only Post-Wisconsiman deposits in the

~ report avea (Fig. 31).
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Many of the landforms mapped in eastern Sheridan County have
characteristie soil types which restrict certain types of farming
practices. mmm“mmm,um
(mm)mmm:»ummwmm
lacustrine deposits, 10w relief doad-ice moraine, and ground mareine
are best suited for cultivation. Outwash deposits should be oulti
vated or grazed with great care becauwse of the shallow depth of the
soll, In wamy plases soils developed on outwash plaine have been
vearly destroyed by cultivating too deeply or Ly overgrazing., Where
blowoute vhich rebult in the immdation of the surrounding aveas by
sand end eilt. |
Yoet of the larger outwash plains have considerable ground
water in shallow depths and they therefore could be irrigated

- SURFACE WATER

There are two primary types of surface water, that which collects
in ti11-floored depressions and thet which 1s found in aseceisticn
with sand and gravel deposits. The avea covered by undraimed 411
anummuuumm but the dimensions
have wot been mupped sufficlently te estimate total acveage.

The mininal pefeability of the ti11 preclndes much mixing of the
wators of the t111-floored depressions with grownd water. The lack

95
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of girculation with ground water means that the percentage of total
dissolved salte remains high and is ot reduced by ground water dilution.
,mm-ummmwmmhmzmmmaum
salte that are carried into the basin in solution remain in the basin
%0 increase the salimity. The fluctuation in wuter content and high
total dissolved salt content meke the waters of till-floored depreseions
undesirable. |
‘ The salt content is often so high that locally white selt acowm-
| aticns surround the ponds. In these extreme cases, melther plant nor
| animal life can survive in the pond and the waters are avoided by
livestoci,
| water that sellests in depreseiens in cutwash or 15 stvesns 1o
best for 1ivestock watering and can ususlly be used for humen consusp-
tion, This water is a surface expression of the water table and does
sot have the high salt concontrstion that waters in the $ill-flobred
depressions have. Good sources of surface water are the Shayenne
River, Coal Mine lake, Sheyeune lLake, Ouyes Lake and Welf lake. HNorth
lake and Jones Lake are typical examples of permanent till-floored
lakes,

SAND AND GRAVEL

There are approximately seventy miles of outwash deposits in
esstern Sheriden County, IMuch of this materisl is several tens of
feot deep. At present, it is not knowd if the send and gravels
contaie enough deleterious material to make them unfit for the use
a8 concrete aggregate, Nevertheless, the materisl is still usable
as £ill and read base, The availability of this material iz attested

R T R T
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%o by the fact that most of the unpaved roads in the area are surfaced
with sand and gravel. If in the future s larger market develops for
this material, it will have & greater commericial value. At present,
the supply far exseeds the demand for this material and thus it has
little commericisl valus, except vhen emsll amounts are purchased to
surface cection line reads. ALl the cutwash deposite seme of the
ovevesse fillings and sowe of the meltwater chamnels have large
amounts of sand and gravel.

“GROUND WATER

The major part of the ground water of eastern Sheridan County
is dorived from outwash deposits. The surficial deposite of outwash
will in many cases yield ground water at a shallow depth., The lakes
and sloughe in the outwash deposits reflect the intersection of the
surface with the ground water table., In many areas buried lenses
of cutwash waters have & high salt content (Simpson, 1929) as well
uwmm.mw-wmmmmmum
stock. Unfortumately, there is no inexpensive way of predicting the
occurrence, extent or water quality of these turied sand lenses.

The most important potential sources of ground water are buried
or sbandoned channels, but it is bot lmown to what extent these water
sources are how being utilised in Sheridan County, Ons of the chamnels,
the ancient Knife River, extends through the Missouri Cotesu in central
Sheridan County. Lemke (1960, p. 109) reperte that a drill hole
sltusted about oleven miles worth of the Lincoln Sag in See. 6, T 148 W.,
Re 75 W. penstrated 2L0 foot of surfiefal deposits before reaching
bedrock. lemke states that this great thicknese suggests that a

- R VAR STP TR on
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ty of ground water in this buried channel should be imvesti-

The Bently Lake-Ouyes Lake Spillway, the ancient Sheyemne River
and the chashel oscupied im part by Wolf lake are all sban-
channels that mey yleld significant amounts of ground water.
The quality of the water i¢ in a general way dependent on

: | of the ground water. Acoording to Abbott and Voedisch
) mmaim(wnumwmmuum
| contain as much as 6,000 ppa. total dissolved silids,
|These depressions act as evaporating pans, since the floors are so
|ispermesble and there is essentially we contact or dilution of these

{500 ppm. totsl dissclved solide and arve generslly suitable for human
' |consumption. In any case, waters which contain too mch salte ar
; Wmuummmmmmu
|used for etock watering or for irrigation,

pG




SRNART AND OOWNSIIUN

Sheridan County has been divided into two physiogrephic units
1) the Missourd Cotesu to the south, and 2) the Western lLake Section
" 40 the north. The Western Lake Section has besn subdivided into the
: In esstern Sheridan County, the NMisscuri Cotesu is covered by
© the Strester drift which was probably deposited during & recessioval

| J00s of the Burnatad 100 sheet found farther %o the seuth, Desd-
* 40 landforms, well developed end moraines and & lack of integrated
 dreinage are characteristic of the Strester drift.

The Orace City drift which occurs in the Sheyenne area is
charactorized by relatively lov relisf ground moraive and by & poorly
integrated drainage system and is lithologieally very similar to the
mm An arbitrary boundary between the two driftes,

[ Werever the Lineeln Valley end moreine is 5ot presest, has beso placed
8% the Missouri Coteau escarpment, The chief differemce betwsen the
two drifte is the type of landform development. The Streeter drift
bas dend-dce featuree snd the Grace Uity drift doss bot. The twe
drifes vere doposited by the same ice sheet and thers was 1ittle or
no time break between them. The name, Orsce City, should be retalned
»mxmunamummav_mhm. |
The Martin drift, which ocoupies all of the Martin ares and &
~ emall portion of the Sheyenne area, iz found in the worthern quarter
of the county. The Martin drift in éastern Sheridan County is
characterised by high relief ground moraine amd by o totel lsck of

~ integrated dratwage. The Martin drift is similar to the Grece City
99
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© and the Streeter drifte in appesrance, but it is somewhat sandier,
There ie a significant time bresk betwesn the deposition of

' the Grace Oty drift and the deposition of the Martia drift, The

| 400 sheut that deposited the Gvuce City drift wes conpletely ablated
'.‘fummw«mwummwmwm

~ and it had provided materisl for a large outwash plain to the south
Wmmmmmumuwmmu

. outwash sands and gravels that were incorporated inte the Martin end

_ At appromimately the same time that the Nartin end moreine wae
~ being formed & large "shesr” moraine vas constructed & few miles to
'\hm. Locally, this shearing moved enough debris inte and onto
~ the lce to result in the formation of desd-ice woraime upon sblation.
The ecomomic comseoquences of this study are twofolds 1) sand and
gravel, and 2) ground water, A uearly unlimited smount of sand and
gravel is svailable for use in eastern Sheridan County. Unfertunstely,
the general sbundance of shale in the sediments restricts its use in
concrote, but it could cortainly be used far 7411 snd rosd censtrection.
Seversl potentislly important ground water squifers are also present
1 the report area, These are the buried chanbel of the pre-glacial
mm,mmm«mmm.mm,'
lake-Bontly lake Spillway, the chasnel occupied in part of Wolf Lake,
"umw-mmmm«uumm. The |
. futare of this area may be dependest on the development of these
squifors. Detailed imvestigation of the ground vater in this area is
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GLACIAL LANDFORMS

END MORAINE and “SHEAR" MORAINE: Composed of till; lines
represent crests-of moralnal ridges.

Es: STREETER end morainet A series of linear ridges; less
than 1/3 mile to 2 miles in width; relief 50 to 130 feet;
lobate in form.

Es,,.t DENHOFF interlobate moraine: Coarse textured topo-
g 3 less than 2 miles in width; relilef up to 270 feeto

E)1y and 5t JONES LAKE "shear" moraines: Two groups of
linear ridges less than 3 mile to one mile in widthj relief
up to 80 feet.

Elv: LINCOLN VALLEY end moraine: A series of elongate
linear ridges; less than 3 mile to more than 3 miles wide;
relief up to 60 feet.

Es, and ¢ SHEYENNE LAKE end moraines: Two morainal
,Mn_5°é§°9993 surface without linear features; relief up to 80
Iee °

Emy: MARTIN end moralnes: Irregularly shaped groups of
mhs; less than 2 miles in width; rellef up to 175 feet;
some segments without linear featureso. o

Em,: MARTIN "ghear" moraine: A series of elongate hills,
sofle with linear ridgesy less than 2 miles 1n width; relilef
up to 60 feetes

GROUND MORAINE: Composed of till; rellef up to 70 feets

Gges GRACE CITY ground moraine: Proximal side of the
Lincoln Valley end moraine; ground moraine topography with
less than 30 feet of reliefj covered locally by a thin layer
of sandy ablation or water washed till,

Gms MARTIN ground morainet Proximal side of the Martin
end moraine; ground moraline topography with up to 70 feet
of relief; ablation till, water washed till and eolian
sediments are present locallye. :

DEAD-ICE MORAINE: Composed of till and smaller amounts of
stratified drift; non-linear knob and kettle topography
with numerous lakes and sloughsj non-integrated drainage;

relief up to 100 feet. Ds: Streeter; Dm$ Martin moraine.

COLLAPSED OUTWASH TOPOGRAPHY: Composed of stratifiled
sand and gravel; stratification usually disturbed;
disintegration usually present; up to 70 feet of local
relief.

COLLAPSED-LAKE-PLAIN TOPOGRAPHY$: Composed of lacustrine _
silts and clays; medium local relief; formerly ice walled. '

ICE-WALLED=-LAKE PLAIN: Composed of lacustrine silts and |
clays; flat; surrounded by outward faclng ice-contact

slopese

KAMES: Prominent hills composed of outwash sand and
gravele

ESKERS and CREVASSE FILLINGS: Stralght to sinuous ridges %
composed of outwash sand and gravel and smaller amounts of

till,

DISINTEGRATION RIDGES and CREVASSE FILLINGS: Very narrow j
elongate ridges composed of outwash sand and gravel and
t111; straight to sinuous in form; relief generally less

than 20 feet,

REMNANT ICE-WALLED CHANNELS: Linear to sinuous
depressions floored with tillor outwash sand and gravel;

channel walls are ice-contact slopes.

KETTLE CHAINS: A linear series of kettles floored with
t111; walls are 1ce-contact slopese

ICE-CONTACT SLOPES: A steep slope formed in contact with |
stagnant i1ce; only the most prominent shown; arrowaaads

point downslope.

e R e e S e — e

GLACIAL LANDFORMS

OUTWASH PLAIN: Composed of sand and gravel; flat to
gently undulating topography with less than 15 feet of

z'?ellefo

PITTED OUTWASH PLAIN: Similar to outwash plain but pitted
with kettles; has greater than 5 percent and less than 50
percent of its area collapsed or pitted with kettles;

relief up to 30 feet.

LAKE PLAIN: Composed of laminated silt and clay; flate

MELTWATER CHANNELS: Channels formed by glaclal meltwaters;
underlain by outwash sand and gravel, till, lacustrine
clay and silt, or nonglaclal alluvium.

MELTWATER CHANNEL TERRACES: Terraces formed in melt-
water channels; composed of sand and graveles

NONGLACIAL LANDFORMS
BEDROCK OUTCROP: Tc: Tertlary Cannonball Formatlon.
PERMANENT LAKES, EPHEMERAL LAKES, and LARGE SLOUGHS.

PERMANENT STREAMS.

=

e e —— P—
7~ — EPHEMERAL STREAIS.

7

STATE HIGHWAYS.

FEDERAL HIGHWAY.

SAND AND GRAVEL PIT.

CONTACTS:

Accuracy generally greater than O.1 mile.
S gi> Accuracy may be less than O.1 mile.
"""""""""" Accuracy may be less than 0.3 mlle.

Arrows indicate position and direction of ice movement
at the time of end moraine deposition. _
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