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SURFICIAL GECLOGY OF NORTHERN GRIGGS COUNTY, NORTH DAKOTA

LaVerne C. Rude

ABSTRACT

Griggs County, situated in the Western Lake section of
the Central Lowland province, covers an area of 72 square
miles in east-central North Dakota. The surface of the county
is mantled with three, or possibly four Pleistoceme drift
sheets, separated by outwash deposits. These drift sheets
lie unconformably on the Cretaceous Pilerre Shale which is
exposed in the Sheyenne River valley and the Binford Hills.
Because the drift sheets have similar lithologic and physical
characteristics, and are all late Wisconsin in age, they
fulfill the requirements for a lithostratigraphic umit and
are being considered for designation as part of the Pleistocene
Lostwood Formation.

As the late Wisconsin glacier receded and thinned in
east-central North Dakota, it became controlled by topographic
highs, and lobation occurred. One of these lobes, the Leeds,
retreated across Griggs County, depositing the McHenry-I,
McHenry II, Cooperstown, and Luverne end moraines during
temporary stillstands. When the Leeds lobe retreated from
the Cooperstown end moraine position, a large block of ice

became detached and a complex of eskers, kames, and kettles




was Zormed. A2 the ice terminue reached the Horth Viking
end moraine position, the Girard Lake spillway of glacial
Lake Scuris came into existence, causing meltwater to flow
into Griggs County and excavate the Sheyenne River valley.
In western Griggs County, a large buried valley, the
Spiritwood aquifer, occurs at the base of the Lostwood |
Formation. It is filled with outwash sediments that are

a potential source of large quantities of zround water.
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Northern Griggs County, situated in the western Lake
section ¢f the Central lowland province, covers an ares of
320 square miles in cant-central North Daketa, The surface
of the sounty is mantled with three, or possidly feur,
Pleistooene drift sheets, separsted by cutwash deposits,
These drift sheets lle unconformably on the Cretsceous
Plerre Shale which 1s exposed in the Sheyenne River valley
and the Binford Hills., Beasuse the drift sheets have
similar lithologic and phyeical characteristics, and are all
late Wisconsin in age, they fulfill the requirements for a
lithostratigraphic unit and sre being considered for designa-
tion s part of the Pleistocene Lostwood Pormation.

As the late wWimconsin glacier receded and thinned in
east-central North Dakota, it became controlled by topograph-
jec highs, and lobation occurrved, One of these lobes, the
Leeds, retreated across Origgs County, depositing the
NoHenry~I, MoHeury II, Cooperstown, and Iuverne end morsines
during temporary stillstands. Vhen the Leeds lobe retreated
from the Cooperatown end moraine position, a large blook of
jce became detached and a complex of eskers, kamses, and
kettles was formed. As the ice terminus resched the North




Viking end moraine position, the Girard Lake spillway of
glacial Lake Souris came into existence, causing meltwater
to flow intc Origgs County and excavate te Shevsnne River
valley.

In western Origgs County, a large buried valley, the
Spiritwood aquifer, occurs at the base of the Lostwood
Pormation, It is filled with cutwash sediments that are a
potential source of large quimtities of ground water.
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SURFICIAL GEOLOGY OF NURTHERN GRIGGS COUNTY, NORTH DAXOTA

Laverne ¢. Rude

INTRODUCTION
Purpose
The purpose of this paper is to describe snd discuss

the glaclal geology and the Pleistocene stratigraphy of
northern Origgs County, an area covering 360 square miles
in esst-central North Dakota. The research was conducted
under the auspices of the North D kota Geological Survey
during the 1965 field sesson. This report, when combined
with a study of mouthern Griggs County, which is inm prepars-
tion, will be published as a Bulletin of the North Dakots
Geslogisal Survey. |

 Primary objectives of this atudy were: (1) te provide
a detalled geologlc map of the area, (2) to descride the
glacial history end the Pleistocene stratigraphy, (3) to
exapine the relationabilp of the glacial geology to ground
u:tcr'@endatiaan, (4) to determine the location sad-ixtant
of gravel, i&hﬁ, aﬁa a%ht? natural resources of ths.iyu!@
and (5) to construct a 11%5&1051@ aﬁ# which both delineates
the sediments and 1llustrates the topographic and drainage
conditions of the county.




The most recent published sumsary of North Dakota
Plelstocene geology is by Leske, Laird, Tipton. and Lindvall
{1955). A wore gomprehensive study was publiished by Lemke
and Colton in 1958 and a Preliminary Glacial Map of North
Dekota was completed in 1563 by Colten, Lemke, and Lindvall,
In the latter study the drift in Griggs County is concluded
to be post-Cary maximum in age and to correlate with Flint's
{1955) Mankato subatage in South Dakota.

NHo detailed geologic work has yet been published for
Griggs County. but Bluemle (196%) has described the glasial
geology of Bady and Poster Counties immedistely west of |
Griggs County, snd Block {unpublished Dootor's thesis. :
University of North Dakota) has described the glacial geclogy
of northern Barnes County which lies immediately to the socuth,
Other studies in the ares include those by Branch (1947),
Easker (1949), and Tetrick (1949) which describe the glacial
geology of three f'it’em-mimw quadrangles that exiend into
northem Eddy County., The glacial geology of the Devils lake
region and along the Sheyenne River has been described by
Arenow (1957, 1963). The glacial geology ¢f Stutsman County,
south of Pester County, hss been describsd by Winters (1963).
Studies in nearby areas ymamtiy in preparation ineclude
those by James C. Merritt on the glasial geology of wouthern
Griggs County, by John ¥. Biuemle on ‘t!an glacial geology of
Traill County, and one by Jack Kuwe and D.E, Hansen on the




glacial geclogy of Grand Porks County,

Mathods of Study

Northern Origgs County was mapped during the 1965 field
sesson by making automobile traverses along each section road
and noting the composition of the sediment from sugered holes
and rosd cuts; whers no roads were present, the section line
Was tanvawacd on foot. The augered aéies ranged from 2.5 to
6.5 feet in depth, with an average depth of about 4.0 feet.
7.E. Kslly of the United States Geological Survey in Grand
Porks, North Dakota, supplied the well logs and John P.
Blueanle of the North Dakola Qeolegical Survey suppllied the
missile site data.

Auger holes were drilled and the sediment was exanined
every one-half aile, while samples for detailed lithologic
analysis were collecied on & two-mile grid, Where 8 iitho-
logic or topographic chonge was obvious, additional sawmples
were taken., Complex areas, aress with unusual features,
gravael pits, and aptificial excavations, were eritically
examined and sampled.

The collected data were plotted direetly on 1963 ocounty
road maps, scale 1:63360, prepared by the North Dakota State
Highway Department. Aerial photographic stereopairs, scale
1163360, taken in 1952, were used extensively in the mapping,
in additicn to these stereopairs, kavial photographs, scale
1128000, and United 3taten Qeological Survey quadrangle maps,
scale 1:28000, with a sontour interval of five feet, were used




26 an aid in refining boundaries, idensifying landforms,
and delineating drainage basins.

The determination of #aﬁim@nt color, pebble lithology,
and grain size wes accomplished in the field as well as in
the laboratory. The wet color of the sediment was determined
in the field by comparison with the Standard Rock Color
Chart {Goddard, and athérm, 1951)., The dry color was
deterained in the laborstory by eomparison with the same
solor chart, Pebble lithology data were determined by either
of two wethods., In the first method, a coarse and a fine
pebble fraction were separated by ﬁé? sieving in the field,
using sieves with one-half and one-fourth inch openings.’

In the second method, the gravel was separated from s given
111 sample by standard wet-sleving in the laboratery. In
both cases, the pebbles were sxamined and identified as to
roak type in the laboratery. Detalled lithologie studies
(zravel, sand, s11% and clay ratic) uarnkaamgletod by pipette
analysis, using the North Bak@ha Geologisal Supvey Standard
Procedurs A-85, Novemwber 1565 {ﬂﬂpﬂb&isﬁﬁd}*
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GEOGRAPHY
Ganuzal

Northern Griggs County is located in esat-central Nerth
Dakota; it is bordered on the west by Eddy snd Fosier Coun-
tise, on the north by Nelson County, and ¢on the eaat by
Steele County (Pigure 1).. It containg 360 square miles in
townships 146 to 148 north and ranges 58 to 61 west, Most
of the county is situated between 98°00° and 98°30' west
longitude and ﬂ?elﬁ' and 4750 nowth latitude,

In 1960, the population of Origge County was 6,317.
Cooperstown, the county seat and largest town, is located |
in southern Origes County and had a 1960 population of 1,424,
Only one village was given individual census status in the
nerthern one-half of the county; this was Binford, with.a
population of 261. 'The wvillages of Jessle and Mose were not
listed, OF the total 1960 county population of 6,317,
approximately 1,800 resided in the northemn half of Origgs
County. This figure rapweaenta a population density of about
five persons per square mile and s a decreagse of about
sight pereent over the 1950 census figure.

The only hard-surfsced roads in northern Origgs County
are State Highways 1 snd 32 which mun north-south, 3tate
Highways 45 end 65 also crgss the ares and even though they
are classified as all-weather gravel reoads, scattered segments
become nearly impasssble when wet, Hxcept whevre sloughs and




hilly topography exist, gravelled gectlonm roads are fairly
svenly distributed throughout the area. ‘These roads range
from excellent graded roads to tractor trails and sost are
passable by field vehicles in dry weather. A spur or branch
line of the Northern Pacific FAailway crosses the sounty,
serving the villages of Jassis, Binford, and Mose,

Climate

Thornthwalite (1940, plate 1) classifies the climate of
Northern Griggs County aa dry subhumid, first (cool) meso-
thermal, with short 00l summers and litile or no water
surplus in any season, At Cooperstown, the average annual
temperature iz 40P, while the average Janusry and July
temperatures are 3°F and 68°F respectively. About 70 percent
of the average annual precipitation of 18.12 inches falls
2s rain during the period April through August. The greatest
agnual rainfall ever rescrdsd at Cooperstouwn was 2B.63 inches
in 1941 and the lesst was 9.85 inches in 1817. In 1618,

3.08 inches of rainfall fell in one 248-hour pericd (Braven~
disk, 1952}, %haigraains,anaann averages about 124 days at
Cocperatown,

The prevailing wind §1@§atiaa is from the northwest in
alil monthe except June and August when ﬁaﬁthgastaﬁly winds
predominate, Average wind movement throughout the yesr 1s
10 =miles per hour and i3 atrongsst in the winter months.
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Soil

All soils in northern Grigegs County belong tc she
Chernozen graat #0ll group. The penerslized solls map
{plate 3) divides those mells into slx major categories,
but ignores the thickness of the soll layer and the associ-
ated slopes. The catezories include (1) loams and alay
loams, {2) sandy loams asnd loams with sandy sudatrate, (3)
{(3) sandy locama and loams with gravelly substrata, (3) loams
and clay loams with alkali subssil, {3) soils of valley
sides and associated bottom lsnda, and {6) freah water
sarsh. By far the most prominent of these solls are the
loams and olay loams, Very little alksll soil is present
in the area and the soils are ususlly very produsiive when
sulficient molisture i8 avallable and the slopes are not too

ateep,

Hatlve Vegetation

The area is part of a transition sone in whiech tall
grasses of the more humld east and short prairie grasses of
the westarn steppe oacur, Oak and goistonwond Lrees are
present along stresms, partisularly in the vallay of the
Shayenne River. Buckdrush or Wolfdervy (Symphoricarpcs
occldentalis) is adundant in the northwest poriion of the
area and is aspecially characteristic of the colilapsed end

moraine deposita.




Griges County 18 in the Drift Plains Distrlet of the
Western Lake (Young Deift) %ﬂa%&u&-gr‘the-ﬁanﬁ§az Lowland
Provinge {Penneman and Johnson, 1946, snd Blusmle, 1965,
Yigure 1). Physiographically, nerthern Griggs County can
be further subdivided into the northwestern hills, the
sguthwestern plaing, the central relling plains, the
Sheyenne valley, and the esstern plains (Pigure 2),.

Northwestern hills

This area 1s bordered on the south by the MoHenry-I end
moraine, on the sast by the Cosperstown end moraine, and on
the north and wast by the county line. The McHanpy-Coopers-
toun end moraine complex, which has slopes in exceas of seven
degrees, covers about two-thirds of this area. In sdditlion
t¢ linear and collapsed outwash features, the complex contalins
aany small kettles and & kettle chain. With the exception of
a seltwatsr channel and i{is asscclated Lervaces,. the remsin.
der of area is composed of ground moraine. DBecause of the
numerous kawss, eskers, valley trains, and ketile lakes, whioh
charsctarize the ground woraine, it has rolling to hilly

topography. The Bald Hill Creek drainage basin, with its few,

sapll tributaries and its steer vallay slopes, 1a the only
part of the area that hap integrated drainage. The remainder
has internal drainage. ‘

il
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Seuthwestern plains

This ares is bordered on the nosth by the MoHenwy-I end
moraine and on tha-aaai by the Cooperstown ond soraine., On
the west and south, 1t 15 arbitrarily boundsd by the county
line and North Dakcte State Highway 7, respeatively. Although
the area is typified by flat tc undulating topogvaphy,
poattered hills in the north 'mﬁ east have slopes in excess
of saven degrees. These hills are kames and sskers whish sre
surroundsd and eovered by outwash, Two exposures of ground
soraine sequr in the northwest snd the scuthwess corners of
thig area. The northwest exposure contains kases, eakers,
and ketile lakes, while the southwest is darr
features. With these few axaeptions, 1%t is a large fan-
shaped oltwash plain which containg nco censtructional features.
Bald Hill Creek, with its few assoctiabed tribularies and low
valley slopes, 1s the only part of the ares with integrated
drainage,

1 6 such

Cantral volling plains |

™his ares is bordered on the west by the Cooperstown
and movaine and on the esst by the Sheyenne valley. It is
bounded by the county line on the north and by Worth Dakota
State Hizhway 7 on the south, Covering sbout one-half of
nerthern Griggs County, 1t is the largest and most variable
of the physicgraphic-topographic units. It is an undulating
aves of ground worsine which contains numercus drumlins, vosk
drunline, kawes, eskers, esker swarms, kettle lakes, kestle
echaing, valley trains, and an outwash plain. In some parts
of the area, the constructional Features ars 8o sbundant that
the topegraphy is relilipg to hilly. Figure 3 shows the
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characteristic hilly Lop

graphy which exists in the southern
portion of this area. Aleng the éaueapﬁ margin, hordering
the Sheyerme valley, there is an extensive outwash deposit
which covers the ground moraine., At many lesations, however,
the buried censtructionsl features sesncissed with the ground
moraline are clesrly discernidle beneath the thin mantle of
sand. With the excepbion of two ephemeral stresms in the
northern one-half of this area whish draln narrow, low-relief
valleys, drainage i nonintegrated.
Sheyenne valley

T™his area acetuslly contains two physliographic-
topographic unite, One is the undulating flood plain and
ssgoclated teyrracess of the river and the other is the steep
valley sides. With the exception of the terraces and a few
indistinet weander scars, the rxﬁar flood plain contains
only one feature that merits specific attention. This
Peature is a large 1sland located in sections 23, 24, 25 and
28, T, 4T N,, R, 88 W, It rises very abruptly from the
fioed plain and resches 2 maxiwmum helight of 100 to 110 feet,
The feature is ﬁiﬁh&@ a2 bedrock ;alané in the ancestral
Sheyenne river, mantled with till, or it ia a large remnant
of %111 which may have been deposited in the valley at the
vime of glaclation,

Terraces of the Sheyenne River scsur on hoth eides ef
the valley, They forwm a step-like progression irom the
river to the ecanyon walls and have average heighis of 50, 80,

70 and 100 feet above the pregent {leod plain, Ona of the
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APR . 66

Pigure 3, Esker swarm in Section 22 T. 146 N., R, 59 .
showing hilly tepography. View looking south-
southwest,
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terraces nct assoeliated siﬁh the valley walls 18 located en
the eastern side of the large island described previously,
It rises about 50 feet above the fleod plain, Another mid-
gharmel terrace 18 enly about 20 feet high and occurs in
sectlons 22 and 23, 7. 187 Y., R. 58 W. The sides of the
Sheyenns valley are very sieep and highly dissected, although
some talus ocours on the lower slopes, relatively undiaturbed
Fierre Shale orops out throughout most of the 140 vertical
fest of exposure, The entire Sheyenne valley has integrated
drainage.
Bastern plaine

Thia area is dbounded on the west and south by the
Sheyenne valley and on the north and sast by the county line,
It is characterized by undulating to rolling topography,
although 1t 1s hilly in a few sosttered locations. The

~area 1a falrly equally divided between ground moraine and

end woraine., Although the end woraine is lecally more hilly
than the ground woralne (Figure 4), the difference is slight
and the best way te delinsate the end moraine 18 by slough
density; the end moraine contains an average of 14 sloughs
oY square mile, while the ground moraine has less than one
glough per square mile, The area 18 characterized by an
aloost cowplete lack of constructional features and only
theree swall ocutwash plains and a few kettle chains are
present, With the exception of one ampll stiream channel,
which extends frem the northern county line to the $h¢¥0nﬁﬁ
vaiiay, the area has aeninﬁagr:%&d d#a;aaga
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Pigure 5.

99 L ydv

Roliing to bhilly surface of the Luverne end
moraine. looking east from the Southeast corner,
Sec., 18, T. 148 N., R. 57 ¥., Steele County,
North Dakota.
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Hydrelogie Unite

Introduction

Cne major streanm, the Sheyenne River, flows sovth
across eastern Griges County. t iz the only persanent
strean of the ares and iz e&#tain@ﬁ in 2o large valiey.

Deld HI11 Creek, which bifurcates in west-central
Grigge County, is the only other important stream in the
sreg, It 1s a small, ephemeral atreaw whish is situated in
4 relatively large valley. 3mall, shalicw ephemerzal streams
and giream channels are abundant and well digtributed
throughout the study ares.

Lakwes znd sloughs are prowinent in northorn Crigzs
founty but their distribution 1is generally random, The areas
of highest concentration are those underlain dy the loam
unit of the Loatweod Formation (ﬁage 40} whieh possesses
undulating {15 to 4° glopes) to rolling 4° to 7° slopes)
topography. Conversely, lakes and sloughs are character-
istically adbsent from the aand or gravel units of the
lostwood Formetion, regardiess of slope angle,

Streams
Sheyenne River |

The Sheyenne River originates in Sheridsn County,
flows eestward across Eddy County, then socuthward through
Grizes and Bammes Counties. In Ransow County, 1t curves
northesstwerd snd joins the Red River north of Pargo, It
is sntrenched 1n'g large, deep bedrock valley which aversages
three-fourths of & mile wide and 140 feet deep in northem

Griggs Coumty., ¥ithin this valley, the river fiows in a8
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mesndering chamnel which averages about 50 feet in width,
Normal summer water depth in the middle of the chamel is
six to eight feet,

The present Sheyenne tronch transects the Heimdal end
County, In addition, it crossres the Melenry end morsine in
north central Eddy County. For this reason, sither the init
fal tremch, or & pre-Wisconsin trench which had become filled
or partially filled with glaclal drift, must have been
carved in post-Heimdal-MoHenry time, Because dataz are lack-
ing elther to prove or disprove the existence of an earlier
channel, 1t will be assumed that the ancestral Sheyenne
River began in poat-Heimdal-MeHemry time. Aroncw (1963,
page 872) attributes the cutting of the Sheyenme trench to
the draining of glacial lLake Souris, He conmcluded that,
when the leeds lobe retregted from the Helmdal end wmoraine
position to the North Viking end moraine position (Pigure
20, page 88), the Girard Lake apillwsy of glacial Lake Souris

posed, This allowed meltwater to excavate the
Sheyenne trench. Lake Souris continued to drasin through the
Sheyenne River until the ice had retreated to 2 pesition
north of the Turtle mmm in southwestern Manlitoba,
When the ice front resched this point, glacial lake Souris
found & new outlet through the Pembins trench and its dral
age through the Sheyenne River was terminated, Although
there are no relimble C1¥ dates to determine how long the




ancestral Sheyemnne River eanﬁnuéd to flow, the sequence of
events listed above implies that both time and water supply
were sufficlent to evode the soft bedrock and form the
Sheyeome tronch. When meltwater cessed flowing into the
Sheysnne River from glacial Lake Souris, significant erosion
in the Sheyenne trench was terwinated snd the anceatral
Sheyenne River was reduced to the amall, meandering strean
it 1s today, |
Bald Hill Creek is a shallow, cphemeral Stream which
also occuples s rather large valley (Pigure S), This
valley averages about one-fourth of a mile in width and
ranges from about 30 to 60 feet in depth, 3ummer depths
of water in Bald Hill Creek vary greatly, but an average
in s fairly wet season might be 1,0 to 1.5 feet., The
stream chapnel is noramily about 12 to 15 feet in width,
This creek has two branches, one which heads in Seation 23,
T, 148 N,, R, 61 W., uorthweatern Griggs County, and one
which heeds neer 3toney Lake in northeastern Foster County,
The two branches merge in Seetiom 23, T. 146 H., R, 61 W.,
and continue on a southeastward course inte southern Griggs
County. Although they are not formally designated as such,
they will be called the esst branch (Griggs County) and the
west braneh (Poster County) in this report. The east branch
flows southward while the west branch firat flows eastward
into Grigge County and then southeastward to where the two
streams Join, Blueule (1965, plate 1) has called the west
' shamnel. Although he indicates that this

branch a melitwater
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Pigure 9. Loam unit with overlying disturbed profile (NE}
Sec. 23, T. 146 N., R. 59 W.). View looking
northwest; brunton compaas near center of
photograph for scale.
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channel heads near Juanita lake in northeasterm Foster
County. he beglins ancther channel north of Juanita Lake and
extends it northward to the Sheyenne River meliwater channsl.
The east branch presently heads in Origgs County but its
meltwater channel continues ﬁarﬁhsara, Joining the present
Sheyenne River valley in the vieinliy of Otiofy &akn, scuth-
sentral Nelsom County, A low drainage divide separates the
present east branch from a small, ephemeral stream which
rlows northward inte Red Willow lLaks and thence ints Nelson
County, | ‘

Aronow (1963, Pigure 3} indicates tha: the channel of
the more prouinent wesi branch was excavated when ice was
standing at the McHenry-Cooperstown position (Figure 19,
pege 87). He mapped the Heimdal diversion channel as follow-
ing the present course of the James River to 158 Junetion
‘with the west branch and thence along the west bramch
instesd of the Jawes River channel (Pigure 6). Because of
Bluemle's more recent work, however, 1t appears that the
Helmdal diversion channal followed zhe course of the present
James River in 1is entirety and that the west branch was
Formed at a later date. |

Both shannels of this sreek are incised in t111 deposits
of the Kensal ground morsine and in outwash sedimenis from
the MeHenry and Cooperstown and worainaes, the latter beilng
time-equivalent to the Heimdal diversion channel. PFor these
reasons. it iz likely %hﬁ% the channels were formed when the
1ge had retreated to the Nerth Viking-Luverne position,
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Pigure 6.

Sketch map showing distal edges of moraines snd
spillways from glacial Lake Scuris in east- -
central North Dikota (from Aronow, 1963, Pigure
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Before the ancestral Sheyenne River had become deeply
entrenched, 1t is postulated that Souris lake meltwater
also found outlets scuthward through the two branches of the
Bald Hill Creek. Evidence for such an interpretation in-
eluden: (1) B&u@mi&*ghglgﬁﬁ, plate 1) representation of
a meltwater channel axt;nd:ﬁg northward from the west
branch to the Sheyenne valley, {2) both channels are incised
in Kensal ground moraine and must have been carved since
this sediment waa deposited, (3) the inecision of both
channels in Heimdal-MeHenry~-Cooperstown cutwash deposits
which ave younger than Aronow's (1963, Fizure 3) diversion
channel for the west branch indicates that the channels are
alsc younger than the McHenry-Cooperstown outwash deposits,
{4) streams rresently occupying the channela are grosaly
underfit, indicating a such greater flow of water in the
past, If the channels postdate the MoHenry-Cooperstown
deposits and 1f they are not the result of recent channel
erosion, then they must have been carved between MeHenry-
Cooparatown time and the pregent. Also, since the channels
are largse, they probsbly are the result of meltwater eresion
which oceurred when ice was stagding at, or in front of, the
North Viking ice. ZErosion in the Sheyerme trench, and/or a
dacrease in the amount of meltwater available, cauaed the
craek éhamnela to be captured by the ancestral Shayenne
River, and erosion in these valleys ceased,
Other streams

At least two of the mincr stream velleys in the
northern one-half of the study area were formed




penecontemporanecus with the Bald Hill Cresk meliwater
channél. These valleys contain ephemeral siresams which flow
from west to east., The valleys are wide and shsllow at their
western extreme but become narrow and deeply entrenched as
they approach the Sheyenne River valley. It is belleved that
thess valleys wers formed when water from the Bald Hill
Croek meltwater channel overflowsd its banks and found a
temporary outlet to the east. HSrosion in the valleys ceasad
when meltwater again became confined to the Bald H1ll Creek
chammel. ,

The sany othey a;ail strean chammels throughout northemn
Griggs County were probably formed by the meliwater f%am
a sheet of thin EQQyﬁxstaua iee or numerous hloeka of thin
ice that were lafi behind by the retreating Leeds lobe.

Lakes

Only three scatiered lakes in northern Grizgs County
contain water during extended droughts and cmn be Lruly
ealled permanent. These lakes probably all intersasct the
ground water table and derive at least part of their water
from avallable ground water supplies. The lakes are Hoot~
#-too Lalke, Red Willow Lake, and Lake Norway (Plates 1 and
2). |

Although no depth figures are available on ithess three
lakes, their topographic setting and permanent nature indicate
that they are relatively deep, All of the lakes are situated
in hilly areas where slopes in exaesa of seven dsgrees




predominate. In addition o graﬁnd water sgepsge, the lakes
derive 2 porticn of thelr water froam the surface run off
which cccursd on these slopes. Red Willow Lake is the only
lake in northern OGriggs County that has besn commercially or
privately exploited. A resort with a swimming beach, sabing
and boat rentals, and a ballroom i3 situated on the south-
east shore of the lake. Twe riding stables and 2 small
buffale herd are alsc attractlons of the area, In addition
to these commercial ventures, many privately cwned vacation
sabins surround the lake,

Although Red Willow Lske and Hoot-e-toc Lake may have
regsulted frowm the pending of wmeltwster in an initial
depregsion as the MeHenry ice mslisd, wmost of the lakes in
the ar=za are katiles raéuaé by the melting of buried bdlocks
of glascial 1ce. :

Many ephemeral lakes are alsce present in norihern Griggs
County., Lake Jesale, 3ibley Lake and aevaeral other large
lakes in the area must be classified azx ephemeral because
they are all very shallow and become dry after only short
pericds of drought. Of the lakes mentioned thus far. Siblay
Lake is the only large body of water that 18 not situated in
the loam unit of the Lostwood Formation (page 40). This
lake is 4in the gravel unit (page 54) and has a dbotiom of
pacent lake clays. Although Sidley ILake 1s surroundad by
hills which have greater than seven dagrea slopes, and
derives Some water from surface run off, it is probably s
ground water table lake whose depth and area varies with the




ground water table, It is the site of a large wild-life
refuge and many migratory water fowl annually nest and
feed in the lake. The lake varies from zers to one square
mile In area but rarely exceeds 4.0 feet in depth.

3ibley Lake and seversl smaller lakes to the south are
in an cutwash deposit. These lakes are Sypical ketiles.
Acecording to Plint (1957, page 140), most of the kettles in
outwash, and all of the large ones, result from gradu

upsirean migration of the head of the ocutwash over a thin,
irregular terminal zone of the glacier, whioh subsequently
melts out. Because these lakes are 211 relatively large and
shallow, they weve probably formed in such a manner,

The line of lakes extending fyom Lake Norway southuward
to Lake Addle {south of lake Jesalie) are all situvated on the
sagstern side of the Cooperstown and moraine. Although these
lakes cover a eﬁnzzdawab;a»araa during seasons with normal
rainfali, they dry out during perioda af drought. During a8
normel seeson, the depth of water in thess lakes rarely
exceads five or six feet. '

These lakes are either kettles formed by the melting
of buried bhlocks of giaaial ice, oy they are ice marginal
lakes formed Ly the p@ﬂd&ég af ﬁaﬁar behind the Cooperstown
end moraine a8 the lc¢e withdrew.

The numerous, small lakes and sloughs sast of the
Cooperstown and moraine, as well as those south of Hool-e-

too Lake are kettles which were probably formed by slowly
ablating ice when the thin glselier terminus decame detached
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from the vetreating Cooperstown ice.
3loughsa

Figures 12 and 16 (pages 52 and 65 ) iilustrate the
slough density in northern Griggs County., Differences in
 slough density reflset differsnces in lithologic units that
underile the aloughs., In the Luverne and soraine portion of
the eastern plaina, the slough density is about 14 per square
mile (21)l Pigures sre based upon a count of four square wmiles).
This area is underlain by the loam unit of the Lostwood
Formatlon where slopes average about Bﬁ to ?” and whevre thers
48 no integrated drainege. In contrast, the entire 3heyenne
valley, which is bottomed with alluwial £1i11, contains only
one Blough in a four-square-unllie area, In the s@ﬁthefn part
of the sentral vol .ing plains, whaere slopes aversge about 3g
to ?ﬁ§ the slough density is 3ix per sguare mile, Thease
sleughs have & considerable sise range and several cover more
than 10 scres (Pigure 16, page 65). In the northwestern hills,
the slough #ﬁﬂ:ﬁ%y is about 2 per sguare mile., With the
sxception of Sibley Lake and a few small lakes to thae south,
snly one Slsugh exists in an avea of 55 to 50 square miles
in the southwestern plains,

DBecausa wost of the sloughs discussed in the preceding
 paragraph overlie the lomm unit (Bill) of the Lostwsod
Formation, many of them are probably keitles which have been
formed in the same samner 238 the kettle lakes previously
desceridbed. The central relling plains are belleved to have
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been coversd by a detached bloock or blosks of Cooperstown
1ce. This would account for the slough and lake density in
this area. Although some of the small sloughs present in the
luverne and aur#iae portion of the =sagtern plaina mey be
kettlas, it ia beligved that most of them were formed by ice-
marginal ponding of glacial meltwater as the luverns ice
ablated in depressicns formed by differentisl deposition of
drift,

ground Water

That the statle water table 43 fairly close to the
surface throughout much of the loam unit 1s avidenced by
the many sloughs and undrained deprassions that exist. In
areag of sand éna,gravez, the ground water level iz found
at a greater depth. Oround water seeps are fairly commen
along the Shayernne valley where the loam unit comes in
sontact with bedroek, but their yield is usually very low.
During wet periods, water flows from those springs along
asush of thavupyar‘vallay wall. Bald Hill Oreck also contains
a few aprings dut they do not appear ito bhe important scurces
of water for the creek.

Data from saeveral u&ﬁgv wellz in western Griggs County
indicate that s lsrge, buried stresm valley sxisis under the
mantle of glacial drift (Pigure 7). These wells penetrate
from two to four beds of till which are separsted dy thick
units of outwash (Pigure 8)., The valley, which is indicated
by the well data, presumably reaches 2 maximum depth of about
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300 feet and varies in width from 3.5 to £ miles. The upper
margin of the valley is placed at the 1350-foot bedrock
contour which appears to dalineate the channel falrly well.
This somewhat sardbitrary upper margin waas also used %o
determine the depth and width figures for the valley. Thres
tributary channels, ranging f'rom 1.5 to 3 miles wide and
from 50 to 150 feet deep, enter tha‘vailey from the north and
west. On2 of these channels enters the northwestern part of
the county from Nelson County, ancther enters f{rom the north-
weat at the junction of Eddy and Foster € unties, and a third
enters from the west through Foster County (Pigura 7).

T.2, Kelly (1564) has given the name Spiritwood aquifer
rnas Counties.

to a large, buried valley in Stutsman and s
It i3 believed that the valley in northern Grigse County 13
sinmply a northward extension of the same vallay described by

Kelly. 1In his report, Kelly discussed the probiems involved

in attempting to determine tha direstion of water flow in the
valley in Stutsman and Barnes Counties. The bhed ig uneven
and locally much ganéing must have occcurred during poriode
of low water when the valley was serving %o chanmnel surface
run off and/or glacisl meltwater. Recognizing that sub.
surface sontrel 1s inadequate in northern Origes County, it
8t111 seems certain that the sncestral siream secupying this

- valley flowed from north to south, throughout sush of its

exigtence, in this gounty., - The zeneral southerly gradient
of the bedrock as well as the pattern of the Sributary streams
necassitates such s drainage direction, It 1ls posaible,




EXPLANATION

8 — Exact elevation from well data.

x — Bedrock outcrop (the Sheyenne River valley has bedrock exposed
between 1350 and 1430 feet).
~—1300— Contour line (interval is 50 feet).

Figure 7. Topographic map of the bedrock surface in northern Griggs County.

L




32

1 0
A% N

2 = 25

. —_

Ve = -

o7 =

o o=

o = s
= .{

o = 75 5
= b =
= s =
= X

== Py 100 =
- — 3 ,_d
Fad [e) =
= &5 1125+
a0 s

s R L

oG 7

X Yo 150 ¢
.‘ - .5

~v:o ?"

‘_’ . 4 '

oY 4 175

- O . t‘

LS I . 200

1 = =

2. o = 225
°3 o

0o &

o oo EXPLANATION

Y o,

By o Sand

o o an

‘e ——] — .

’0 == Tl]_l

o’

?° I%Zg Gravel

o

(o] = .

. i Silt and cla

iy =] y

Co =1 Pierre Shale hedrock
= ==

1

NW%, NWk, Sec. 16, T.148 N., R.61 W.

N

NE%, Sec. 8, T.147 N., R.60 W.
3  SWy, SWk, Sec. 18, T.146 N., R.60 W.

4 SEY, NE%, Sec. 14, T.146 N., R.61 W.

Figure 8. Selected water well logs from the Spiritwood Aquifer in western
Griggs County. '




33

however, that the principsl chammel also ¢arried northwansd
flowing water during a part of its history. Although no
drilling or pumping tests have bheen initisted to detevmine
the potential of this aguifer in Origss County, the tests
eonducted in Stutsman and Barnes Counties indilcate that it
should yield large quantities of water. The bedrock contour
map (Figure 7), however, indicates that northern Origge
County msarks a north boundary for she Spiritwood aguifer.
The tridbutary valley entaring the major channel from FPoster
County has been celled the Heimdal aquifer (Bluemle, 1968,
page 63) and 1t 18 likely that the other two tribdutaries will
also be given specifiz names in tha future,

Kelly dessribes the sedimenta found in this valley ®s
follous:

- "The gravel in the squifer consists prinmarily
of subangular to subroeunded fragments of shale and
limsstone, although fragments of igneous and metamor-
phic yooks sonstitute as much as 20 percent of the
total. The shals fragments were Jdevived locally:
however, ihe other rock f{raguenia are typical of
those in the Cinsdian Shield or lower Paleszolc
sequence which borders the shield on the southwest,
The sand grains range in gize from very fine %o very
coarse and are angniav to subangular. In areas of
detalled Lest drilling, such as at sites A and B
(Pigure 2), the aquifer was found to differ
1ithelogieally both vertieally and horizontally.

In general, the lithologic characteristics of the
sand and gravel indleate that these deposits wers
transported relacively short distances by large
volumen of water, 311t and elay are coly minor
constlituents of the aguifer and occur in thin,
discontimucus beds” (Xelly, 1964, p. DiIES),

The youngest t111 whizh overlies the Spiritwood walley
was deposited By the lLesds Lobe during MeHonry-Coopersiown
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stand. ?he'negt youngest £111, which is ablation till
coverad with McHenry-Cooperstown cutwash, reprasgents Kensa)
ground moraine deposited by tﬁ§ Loads lobe a3 it retreated
across northern Griggs County. Although the age of the
lower t111 deposits is unimown, it 1& llkely that they are
aisc late Wiscongin. But, the age or relative age of thess
tills does not ascurately date the Srench itself,

Huxel {1961) indicated that the Spiritwood valley in
Stutsman and Bernes Countles was part of a preglacial
drainsge system containing a north-flowing strzem. He also
indicated that sediments in the valley were chiefly glacio-
fluvial in erigin., Studies in northern Origgs County,
howevar, indicate that 1% probably contained & south-flowing
stream throughout much of ite existence, Huxel also indicated
that an essterly trending, preglacial Heimdal valley extended
into northern Origgs Ccunty through the bedrock channel
uuﬁaeqaaa%ly mapped by Bluemle {1965. Plate 2). Aithough
these channels have been called preglacial by Huxel (1961),
Aranow {1963), and Plint (18585}, no evidence axists to
substantiate ﬁnia.aaygaﬁitian and 1t 18 just ag likely that
they are Pleistocene in azs. Although the bduried Aniriiwend
tranch 18 considerably iaﬁggr than that of the Sheyenne River,
it 18 concelvable that 1t was also carved by glacial melt-

water,
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Lithostratigraphic Units

Fra-Pleistocens

Pierre Shale Formation:

This formation was named in 1862 by F.B, Meek and ¥,

V. Hayden for exposures at old Fort Pierre, in either
3tanliey or Hughes County, 3Scuth Dakota, It is the lower
formation of the Montana (roup, is overlain dy Pox Hills
beds, and overlies the Niobrara Formation. It iz Upper
Cretacecus in age and erops out in South Dakcota, North
Dakota, eastemn Wyoming, eastern Montana, sastern Colorade,
Nebraska, and western Minnesota. It consists of (descending):
(1) dark-gray and bluish fossiliferous plastic olays; {2)
middle zone, nearly barren of fossils; (3) lower fossili-
ferous zone; and (4) dark bed of very fine clay containing
auéh carbonaceous matter, veins of gypsum, masses of
sulphuret of iron, and numercus small fish scales,

The Plerre Shale Formation underliss the Pleilstocene
and recent sediments of northern Griggs County and has many
good exposures, .Thasa axposures are identified by the
siandard "Xp" ékaignaﬁign en the accompanying geologic map
(Plate 1) and by the letter "G” on the litholegic map
(Plate 2). A much generalized topegraphic map of the upper
surface of this formation, included as Pigure 2, locates most
of the exposures in this area. As can be ssen from these
saps, the most extensive exposures exist on both mides of the
Sheyenne valley. The ancestral Sheyenne B&vei presumably
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carved this large canyon in the Pierre 3hale PFormation.
Other cuterops of Plerre 3hale are too small %o be mapped
put occur in the Binford Hills and at seversl of the rook-
eored hills in the central rolling plains. Thickness of
the formation in northern Griggs County is unknown but
Bluemle (1965) reported thicknesses ranging from 250 to
1,3@@ feet in Poster and Eddy Cogunties, immediately west of
Grizgs County.

All exposures of the Pierre Shale in the study ares
are ﬁighiy'uaathsraé. The shale is fissile and flakes
along distinet but discontinucus, horizontal bedding planes.
It i a light gray (¥ 7) to medlum light gray (¥ 6), when
dry and medium dark gray (N 3) to dark gvay (N 3}, when wet,
Locally, béntonite lenses occur which give it 8 light gray
solor when wet and & popoorn-like surfsce when dry. These
‘bentonite beds alsc contaln yellowish-gray (5 Y 7/2) to
grayish-orange (10 ¥R 7/4) limonite stains but do not
constitute & very appreciable portion of the formation,
Limonite stains are very common on fractures and small iren
soneretions aaaur‘thruushﬁﬁ% the formation. In this area,
the shale is slightly fosailiferous.

The Pierre Shale Formation lies conformadbly on the
Nicbrara Formation snd ii unconforaably avtwlaiﬂ.ﬁy Pleisto-
cens or Resent Qadiaantn in this area,




Pleistosene

rptroduetlion

Primary depositional landforms have been used for many
years ss basic map units when descriding Pleistocens and
recent nonmarine ssdisents, In a time-stratigraphic, a
mkwiﬂﬁm@m#, or a geologic-climatic sense these units
do not serve s very useful purpuse. The units are not time
equivalent, the lithologies vary considerably from place to
plaoce, mﬁ elimatic fluctuations are ignored.

Frye and Willmsn (1960) vecognized the limitations of
sach of these sethods., They reassned that units based upon
the surface form they display were not time equivalent and
could Dot be trested us tims-stratigraphic units. They also
felt that the 1ithologies invelved in suoh sediments were
$o0 variable to apply norsal roak-stratigraphic terminclogy.
In like manner, they consluded that many of the various
sorainic unlis in Iilineois and other north.central states
were not sufficiently separated 1n time to allow geclogio-
climatic terminology to be applisd, Working with the mass
of published material that has been used to descride the
glacisl moraines in Illinois, Frye and Willmsn felt the need
for a convenient unit which would recognize the variability
of these units, and at the same time retain them for deserip-
tive purposes. They proposad the recognitien of a
movphostratigraphis unit, giving it the following definition:

*a morphostratigraphic unit is defined as comprising a
body of rook that is identified primarily from the surface
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form 1t diesplays; it may or may not be distinctive litho-
logically from contiguous units; it may or may not transgress
time thyoughout 168 extent” (Frye & Willman, 1960, p, 112).

Although this terminclogy csn be used to define s
convenient unit and is resdily applicable to Pleistecene
deposits in North Dakota, it has genetic conmotations which
are based upen subjeative interpretaticn. To aveld such
connotations, the lithosvratigraphis unit | (ﬁfm in Article
&, Code of Stw ‘ﬁ Arapnis Q.M’ 1961) will be used %o
descridbe the Recent and Pleistcoone sedisments in northern
Grigxs County. It 1s felt that the sediments sovering this
aves have sufficient lithologic similarities to warrant thelr
recognition on lithologic charaster alone, without reference
ta 'wwaphm form, | |

Definition | ‘
Pleistocene Bediments in northarn Grigges County are
assigned to the Lostwood Formation. The name for thias
forwation has been propesed by Clayton, 1964, (unpublished),
The type arvea for the formation is near Lostwoed Lake in
northern Mountrall County, North Dakosa,
Description
Clayton dessribes the lithology of the forsation as
follows: o
DO Ry s eerip A erygy ateiss o
gravelly loam; grains generally rounded to
angular; clay fraction in lsrge part ﬂlﬂtm%

montmorilionite; silt and sand fraction in large
part quarts, feldspars, and shale fragwents;
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gravel fraction dominately fragnents of limestone,
dolomite, gray shale, light soarse-grained igneocus
and setamorphis rock types, basalt, snd shers;
awaugxmgggf B aeraily grayish brows wethin
geners 3 generally gray with
several :au* of zhn surface and dark gray deapar
down. b) agynvtlx dominately subroundad
and vvunénd; grain wineralogy same as the gravelly
loan facies, but shale content more variable;
generally horizentally bedded with nearly horizon.
tally-oriented grains; usually much better sorted
than the gravelly loam facies:; generally grayish
brown and umcemented, though in places 1t is some-
what cemented or reddish. e¢) silt angd s¢lay;
sineralogy same as silt and clay Traction of
gravelly loam facies: frequently thimnly and evenly
bedded; silt frequently brownish and clay Crequently
graylish near surface, The gravelly loam is =moet
common of the three facies” (Clayton, 19564,
unpublished manusoript).

Clayton deseribas the formation as lying unconforwmadly
on formations from Cretscesus to Pleistosene age and ag being
unconformably overlain by Racent sediments, It iz distin.
guished from the overlying sediments by not bhelng deposited
&t the present time, The formation ranges in thlckness
from a few feet wedt of the Misscuri River, to a few hundred
feet, @#ant of the river, Although it is absent from the
soushwestern part of Neorsh Dakota, 1t oesurs throughout
portions of northern Minnessta, Worth Dakota, and Montana,
The forsation alass extends into portions of south-central
Canada, The exposed portions of the formetion sre Wisconsin
in age, although some of the pooriy-exposad lower poriions
may be pre-Wisconsin in age. The loam faoles of the forma-
tion i3 largely glscial %ill, while the silt and clay facles
is largely glacial lake sediments, The sand and gravel
facies is largely glacial sutwash and glselal-lake heach
sedinent,




Exposures
The lostwood Porsation has four surficial units in

porthern Origgs County. These are: (1) sand unis over
losm unit, (2) sand unit, (3) greavel unit, and (4) loam
unit, The first of these four units 13 actually a super-
‘position of two of the basic unita, but 1t 18 msppsdle end
has lithelogic characteristics which warrant 1%s unii
designation. The sand unit over loam unit is present only
on the western portion of the central rolling plains while
the loam unit is present thraughout Griges County. Although
they occur at almost all locations in lesser amounta, the
sand and gravel unite are wost important in the southwestern
plains. The thiskness of each of these units is highly
varisble and will be described when an individual unit is
discussed,
Toam unit, This is the moat widespread of the Loetwoed For-
mation and, with the posaible exceptions of the Sheyemme
v2lley and the Binford Hills, coveras 3all of northern Griggs
County. Vertieal exposurss are cemmon throughout northern
Griggs County but are naturally more numendus and spectacular
in the areas having steep slopea (Figure 7). The sverage
1ithologie and physical chavacteristics are of this unit
are 1isted on Table 1. |

Thiskness of the unit varies considaradbly; on the upper
vanks of the Shayenne valley, it is very thin, averaging about
2 to 3 feet. It 18 alao thin in the ﬁﬁaﬁﬁal rolling plains
where it cvariies bedvock hills. Although it 1s typioally
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only 4 to 5 feet thick, it may reach 6 %o 8 fest on s fow
swall. flat upland surfgces. It is also generally thioker
in the area between these bedrock hills. The average thiske
neas for the unit is about & feet.
Coeurrences of gypsus charseterize parts of the unit,
In the extreme southwestern and west-centrel portions of the
| Seuthweatern plains, 1t ogeurs in lenses snd pockets which,
| in some cases, account for 20 te 30 peroent of a glven loam
sample,

This unit is the result of normal deposition by an
actively moving glacier., It will be discussed in separabe
paragraphs treating such segment in the order in which it
was deposited.

The Kensal ground soraine, whioch has two small exposures
in the southwestern plains, was deposited at the front of
the Xenpal ice as 1t was retreating in a southeastwardly
Airection. According to Bluemle (1065), washboard moraines
are abundant in Foster County and estadblish the direciion of
ice movement for this avea.

The MceHenry I end morvaine, which is bdelieved to be
pangcontemporansnus with the Cooperstown end moraine, was
deposited by the retreating Leeda lobe during a tesporavy
stillistand,

The drumline which ocour in thls unit were probably
forwed by till depositlon at the base of the ice as the
Laads lobe retrested across Origgs County toward the north-
east, They are straight, narros, and parallel ridges which,
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Pigure 9. Loam unit with overlying disturbed profile (NE}
Sec. 23, T. 146 N., R. 59 W.). View looking
northwest; brunton compaas near center of
photograph for scale.
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Table 1. Average litheologis and physiesl charssteristics

{9)

10
11i

12)

13

s}
G7)
(18)
(19)
(20)
(21)

s

of the Loam unit in surficlal deposits.

P

Loam unit

Definition: Defined on basis of avnraga grain size
- distribution,
Digtribution: Very widespread; covers much of study
area,

Thickness: Variable; 2 to 22 £t.; averege adout 8 ft,
Soerting: Not sorted,

Average grain siza distribution: 9% gravel, 37# sand,

silt, 284 clay. Tsble 2 contains complete listing.

grain shape: Coarse fractions sphereoid or disc-shaped,
Grain roundness: Rounded to subangular,

frsin sineralogy: .

{a) Clasy and 83lt fraction: Quartz & clay minerals;
o ehlefly montmerillonite,
Sb; Sand frastion: Chiefly guartsz, feldspars and shale.
¢) Oravel fraction: Chiefly carbonates, shale,

, _ , igneous, and wmetamorphic,
Grain orisntation: Variable pebbles generally aligned

in direction of ice movement.

Bedding: Generally lacking.

Other primary strustures: Ebnc‘

Cemant: Lacking.

Other sscondary concentrations: Gypsum srystals

prominent in some losations,
Color: Mostly dark yellowish brown to grayish brow:.
Permeability: Usually quite low; largely determined
- by clay eontent.
Induration: Hard to extpemely hard when dry.
Secondary stryetures: Iron conerstions locally
‘ sbundant.
Stratigraphic position: gl&&;;ﬁaf surficial Pleistocene
L aposiis
Nature of contacts: Conformable exscept where overlying
bedrook.

Leaching of carbonates: Cherasteristisally unleached
and gazanraga 5
Surface expression: ggllinz (1% . &%) to hilly (&

Drainage: Largely unint ted. , , ‘
Associated gnenwrghxa andforme: BEnd moraines, drumline,
ground moraine.




Table 2.

Station

Orain sise analyais of the loam unit in northern Griggs ﬁmw,

Location

Center, Sec, 16,
RE dorner, 38
SE wmr, Seq
m eamr, :

36 coraer,
N corner,
¥E corner,
3E corner,
38 corner,
¥ somer,
HE corner,
NE corner,
SW cormer,
HNE corner,
NE corner,
HE corner,
W corner,
N¥ corner,

Sud, See. 21, T, 1

W cormer,
N¥ corner,
HZ corner,
N¥ corner,
W comer, Sec
RW corner, Sec
S¥ corner,
WY corner,

Sec,

Sec.
3
Bﬁi g

Sec.

14, T, W6 N, R

148 N,, R. 61 W,
m 15, ”, 1&8 n., a. 61 W.
15, T. 1&6 N.
See. 16, T. 1&8 x., a. m
15, ’i‘. 1&6 N., R.
gl Tc aﬁ gy; ﬁ‘ i @
. 59 W,
22, 7. 186 N., R, 60 u,
Sec. 21, 'r 146 H., !-’: 51 %1‘
Sec. 21, T, 146 N,
#, "f 1h6 ., n. w

Y . 1% ﬂns Rd ﬁgﬁ
zé

'r. 57 N., R.58 W,
33, . N., R. 58 .
3, 7 1&? N., H, W,

% ‘?' xa K;'; R- 52;&

% ?Q - » 3 i
w, ’ipa 38 H'. a' 53 w'ﬂ
30, 7. 148 w,, R, 58 ¥,

M., R. 58 4.

18, 7. 148 W., R. 57 u. *
14, 7. 148 W . 58 ¥,
. Sec, 5, T, 8 3 N., R, 58 W.
3”@ 2’ Tt 1waﬁ‘é?a% gﬁ ﬁ.,
aé . w? x., 3 w.
I T. 146 N,, R, 60 W

. 186 N., R. 5O U

 Clay
14.8

B.6

1.1

311t Samd Gravel
21,9 4B.9 1.0
2h.5 5s%5.2 11,7
né‘k . 3?15 3;1 _
36, 32,9 2.4
??\95 ¢§ 9*2
21.7 60.2 0.0
35.6 31.9 16,0
15.4 53, 0.6
32,0 25, 9,0
29.3 35,6 10.6
26,3 g .5 15,5
23.1 3.9 0.5
%@.7 n.7 S.E
2 % z%g.g 16.0
we e Mg
34.3 38,7 7.1
a3 22
46 ga& 8.8
*3 %aa 6.5

’ 303 26;3 0'1
21.2 4.8 3.1
58.8 10,0 1.1
22.10 48.2 8.7
51,6 18.5 0.4

it
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S corner, |
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i, Sec. 19. ‘r. 1&7 ﬂ'éo . 59 W.

@3, - ~, u; R

» ?o “y; Rn ﬁg %'

18, 7. N., R. 59 W,
" m% "

363‘ &' x..} RQ & iﬁ
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in geometrie configuration, closely reaemble those described
by Lemie (1958). Although the resemblence is atriking,
insufficient data have been compiled to conclude that thelr
origin was the same. They are a minor portien of the sedi-
ment in northermn Griggs County, and siratigraphiaally, are
of little ilmportance,

Although the origin of the numercus rock drumling west
of the Sheyenne valley is not fully understood, it is
thought that they are the product of both erosion and
deposition. Oravenor {1953) stiribuites the formation of
most drumling to his modified erosional theory. He states
that: “since some drumling are made of pre-existing
materials, 1t 18 known that ercsion can produce a drumlin,
It 13 believed that halts or a slow advance during the
forward movement of a glacler can give wise to a wide
irregular surface of drift which would be shaped inte
drumline by the advancing lce" (Gravenor, 1953, page G680),
He does conclude, however, that where a bedrock cr frozen
til1l boss 18 present, the depositional theery is egually
probable, ?bruevaf the rock drumlias in northern Origegs
County were examined in detall, Two of these wers ctserved
to have cores of Cretacecus Plerre Shale on the atosa side,
Although no dedrock core was exposed on the third drumlin,
it had en extensive gravel deposit on 1its lee side which
econtained up o 60 percent Pierre Shale, Other rock
drumlins that were lesa thoroughly examined were alse
observed to have very shaly gravel deposita on thelr lee
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sides, For these reasons 1t is proposed that moest, if not
all of the rock drumlins in the area have bedrock cores,
The abnormally high asount of shale contalned in till depcsits
on the lee glde of these nills, 8a opposed to a very low
shale content in till situated on the stoss aides, also
sugpests that the drumling are rock cored, It ia postula-
sod that the sdvaneling Leeds lobe moved up over a group of
bedrock hills, eroding the soft Plerre Shale. Material
cbtalned from the stoes side, the top, and the merglus

of these hills was mixed with sediment being carried by

the glacier and aubsequently deposited on the lee side of
the hill, This description conforms ty the crag-and-tail
type of drumlin deseribed by Flint (1959, page 56), but
does not complete the explanation. It iz believed that
this rhaase of the 4rumlin formumatlon served only to shape or
mold them inte their present form (Figure 10}, The last
vhase in the formatlion occcurred when the Coopergtown lce
margin was retreating from the area, At this time,

normal ground moralne (5111) was deposited over the surface
of these features, obliterating all traces of the rock core,
Subseguent ervosion of the ti1ll has exposed the gravel
depeaits and road cuts have gxposed tha bedrock core,

' The Cooperstown end m@@aﬁnﬁ was deposited by lce from
the Leeds lobe which had retreated from the Kensal end
moralne position, This ice way hava»atagaated afcer it
overrods the Binford Hills, but it is more probable that
1t meltad Dack still farther sast.
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Pigure 10, Roek drumlin in the NWi, See, 2, T. 147 N., R,
58 W, Upper photograph looking northwest, lower
photograph looking west.
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Figure 11 depicts the probable series of events which
led teo the development of the Cooperstown end moraine. These
ateps are described in order. (1) Because the ice had
pecome quite thin, the ridge or series of hills morth of
Lake Norway, Plate 1, caused 1t to splis inte two minor
ice lobes, (2) Slight climatic fluctuatlons caused the
terminug of the ise to fluctuate back and ferth in the
vicinity of the Binford Hills, On cne of the advancing
fluctuatlions the southern lobe moved southwestward until
it reached the Binford Hills, (3) Upon reaching this
ridge, the glacier moved upslope and produced linear ice
threst ridges (Figure 12, page 52). Although these ridges
may be primary depositional features, Lhey closely resemble
ice~thrust ridges, The northern lobe alse éevaﬂ.acstwerd
until it came in contact with the advancing MeHenry I ice.
{4} A portion of this lobe was diverited southward by the
MeHenry I ice until it was halted by the same ridge
encountered by the scuthern lobe, As this ice moved upslogpe
on the ridge, it produced arcuate lce thrust ridgea, The
lea cessed to fluctuate at this point and deposited till on
top of the bedrock ridge.

The MoHenry ground moraine was deposited when the ice
melted back from the MeHenry I to the MeHenry IT position
(Plate 1). The absence of outwash sediments south of the
MeHenry II end moraine, however, implies that poriiens of
the retrsating ice way have been left behind on the ground
moraine, Consequently, cutwash derived from the McHenry II




Figure 11. Phases in the formation of the Cooperstown end moraine and
associated ice-thrust ridges.
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Southern portion of the Cooperstown end moraine
showing linear ice thrust ridges and other

features, Sections 22 and 27, T. 147 N., R, 60
W.



end moraine was deposited upon ice rather than upon a %11l
surface. Melting of the ice caused most of the sand and
gravel to be carried out of Qriggs County. It 18 also
possible that mush of the outwash derived from the McHenry
II snd woraine, in this area, was carrisd out of the county
and deposited elsewhers. Because the till found in the
MoHenry ground moraine is sandy, it mey be concludad that
outwash sands left behind were mixed with the till., This
sould have been accomplished by meliwater selectively carry-
ing awey the silt and clay portions of the ti1ll while
leaving the sand behind,

Cooperstown ground moraine in the north-central part
of the county was deposited éa the leeds lobe retreated
from the Cooperstown end movalne, As the ice tetvnatid from
the southern portion of the central rolling plains,
however, thin sasses of ilce were left behind., These masses
later melted, producing a kame and ecker coumplex in
assoclation with the ground moraine,

when the Leeds lobe melted back to the McHenry II
poalition, the forward movement of the ice was equalled by
the rate of melting and drift scoumulated at ita distal
~edge. After deposition of the McHenry-II end moraine, the
ice retrsated out of Griggs County.

The retreat of the Cooperstown ice was temporarily
Balted in extreme eastern Grigge County, where 1t deposited
the Luverne end moraine, The low reliel and wide eupanse
of this end morsine suggests that the ice front fluctuated




rather than stood at one location while the moralne was
peing depomited,
gravel unit. This unit 13 widely distriduted throughout
northern Griggs County and contains coarse, clastic
sediments with highly diverse litheclogies. Although by
definition this unit should contain 80 to 100 percent
gravel {Eﬁgﬁwa'13); in this report it will also include
sedinments which have more sand than gravel, It 1s 2 part
of the sand and gravel facies of the Lostweod Formatlion,
and includes any sand and pgravel deposit containing more
than 5 percent gravel, |
A'though a general description of the lithologle and
phyeiecal chargoteristics for this uni¢ is given on Table
3, ita variable composition and distribution necessitate
further discussion. |
Unlike the loam unit, the gravel unit 1s not
gontinuous, but is distributed upon the loam unit and the
Pierre Shale Formation in scattered locallties. The meost
widespread exposure is in the southwestern plains (Plate 2}
where 1t averages 12 to 15 feet in thickness, Although they
are leas widespread and not as thick, exposures in the

northwestern hilla and the eastern plains are very similar

to the one found in the southwestern plains (Pigure 134,

page 58}, In the Sheyenne valley the exposures cover less
aras, but are much thicker than the ones previoualy énaeribﬁa.
The larpest of the Sheyenne valley exposSures ¢overs an area
of about one square mile and 18 greater than 50 feet in




GRAIN-SIZE TERMINOLOGY (Wentworth scale)
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Figure 13. Grain size terminology (from Clayton, 1965, p. 2)




thickness. Conicsl, linear, and sinuous members of the
gravel unit occur throughout the central rolling plains as
well as in the northwestern hills and the southwestemrn
plains. Because these exposures of the gravel unit are
often interbedded with the loam unit, actual Thickneas can
only ba eatimated,

The gravel unit also differs in particle size dlstri-
bution and in grain mineralogy. Although the contrasts are
most striking in the physiographic aress mentioned above,
there i also variation within a given area. In the south-
western plains, for example, the gravel ranges from coarse
shaly gravel to fine gquartz send and gravel. Along the
esstern edge of this area and perticulariy close to the
Binferd Hills, the unit is typified <.y by coaree, shaly
gravel, Westward and southward from the Binford Hills,
the gravel becomes progreasively finer and lower Iin shale
sontent,

Deposits of the gravel unit in the Sheyenne valley are
alse highly variable, In the Sheyenne valley, where the
river makes an abrupt directicnal change, the unit 18
typieally very sandy. The large exposure in Sections 13
and 28, 7, 147 N., R, S8 'H., contains about 95 percent fine
za.very fine sand and only about five percent gravel, This
gravel generally occurs throughout the gand but some
distinet lenses are alse present, Farther north in the
river valley, the unit contains smore gravel, such of 1t
helng pea gravel and larger 1nvtixe.




rable 3. Average lithologie and physical characteristics
of the Gravel unit in surfieial deposits,

NAME: Oravel unit

Daefinition: Graval or interbeddsd zand and gravel,

Diatribution: Widesapread; largeant exposure in southwesst.

Thickness: Variable; & to 8 foot aversge. | |

Sorting: Usually well sorted,

Grain aize distridution: wzamm S0% gravel to 95%
san

E Grain Shape: Disc and aghaﬁéié=ahiyei predominate,

e B v

Rounding: Dominately subrounded to rounded,
Graln wmineralogy:
E&» Clay and silt feaciion: Minor: not considered,

o
-l W

b} Sand fractions: E;#gﬁly‘qnaﬁﬁg, feldapar, and
, shale.
(e) Gravel fraction: Variable; shale, carbonate,
; . igneous, and metawmorphic,
{9) Grain orientation: Dises are usually horiszontally-

~ oriented, ,
Bedding: Generally horizontally bedded; fine to coarse,

{10

iilg Other primsry structures: Cross bedding is character-

_ istie,

12) Cewent: Usually noncemented. »

13‘ Other secondary concentrations: 3ome gypsum in vugs, .

1 Color: Variable; determined by size distribution and

, graia mineralogy.

15) Permeability: Usually very permeable.

16) Induration: Variable: usually looase,

17) Secondary structures: Iron concentrations abundant.

18) Atratigraphie position: Overiies loam uniy,

[13) Nature of contacts: Conforumable, ,

20) ILeaching of carbonates: Variable with silt and clay
content; usually 1«&550&.

ga&; Surface expression: Flat (< 1%) te hilly (>7").

22) Drainage: Integrated in Sheyenne velley & T2ld Hill

Creek areas. ‘
{23) Asscociated geomorphic landforms: Outwash plains, eskers,
kames primarily: some cosurring in druslins.
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Pigure 14, Gravel unit illustrating sigze distribution and
bedding characteristics (Swg, Wwd, Seec, 30, 7.
148 N., R, 57 ¥W., Steele Ccmnt{-, North anot:l.
Upper view looking southwest, lower view looking
west; small shovel in lower photograph for scale.




The small, scattered cccurrences of this unit in the
central rolling plains, the southwestern plains and the
northwestern hills display a fairly consistent size range,
put differ radisally in grain sineralogy. They typieally
contain more gravel than sand, and the gravel contalns many
large boulders at the surface. In the northwestarn hills,

- the unit sontains 2 high percentage of sand-pized particles
end the gravel is prisarily fine, individual pebbles ravely
ﬁx&t@d&hg 15 e in éiam&%er.

Shape and rounding ave variable and are Intimately
connected with the grain mineralogy. Where the gravel
contains much Plerre Shale, individusl pebbles ocour as
discs, but where 1ittle or no shale is encountered, they
are wore nearly spheroid,

At the wegtern base of the Binford Hills, the gravel
containg a high percentage of shale pebbles. The sontent
varies from about 30 to 100 percent, the higheat percent-
ages beling directly a&aaeiatéﬁ with the hills themselves.
“West and south of the Binford Hills, as well as in the
eastern plains, igneous and sedimentary pebbles characterize
the gravel.

Ocourrences in the Sheyenne valley and the central
rolling plaina vary consideprsbly and the shale content 18
detersined by the stratigraphie pesition of a glven deposit.
These very c¢lege to a source of Plerre Shale are naturally
highest in shale., Table § shows the distridbution of varicus
pebble types at selected 1@3&1&?&3&.




The origin of the sediments contained in this unit are
varieble and will be conaidered separately.

In the southwestern plains, the northwestesrn hills,
and the eastern plains, this unit occeurs aa ocutwash
deposits, The cutwash was deposited by bralded stresms
issuing from the terminus of sn ablating ice sheet,

The geographie distribution of this unit in the south-
western plaing implies that twoe major periods of outwash
deposition have occurved {Plate 2). The unit oceurs in
two fan-shaped deposits which are ssparated by a band of
outwash sand. The exposure extending farthest south was
deposited while lce was standing at the MoHen:r -1 and
Cooperstown end moraine positions {Plste 1). At this time
meliuwater and ocutwash sediments were abundant and an
extenalve outwash deposit was formed., VWhen the McHenry-I
1ce had melted back to the MeHenry-II position and
Cooperatown ize had retreated frop i%s end moraine position,
the less extensive, northerly outwash deposit was formed,

This deposit ia less axtensive hesause Cooperstown Lce was
ne longer supg%yiag sadiment to the area and a portion of
the McHanry-1Y sediment was deing diverted weatward inte
Fopter and Eddy Countiesn. Two additional retreats of the
MeHanry lee front caused similar sltuations to occsur in the
northwestern hills where end moraine {£111) deposits are
partially covered by cutwash and collapsed outwash sediments,
The ocollapsad ocutwash sediments, 1llustrated in Pigure 15,
pesulted when sand and gravel were deposited upon thin ige
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Representative pabble composition of Zravel unit
are based upon

in northern Griggs County,
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and let down ss the ice melted.

Although the central rolling plains contain outwash
sands adjacent to the Sheyenne valley, all of the gravel
in the area ooours in kaves and eskers, A kame is 2 mound-
iike hill of ice-contact stratified drift which may originate
in elther of two ways. It cam eldther form by mediment being
deposited in depressions 1n stagnent ice, or it can form by
sediment bdeing doposited a8 amall deltas or fans againat the
ice, In the first type, 1t is common for a symmetrical mound
to be formed when the ice melts, while in the second case,
an irvegular mound 1s usually formed. Although both types
of kames oceur in northern Griggs County, those with irregul-
ar outlines sre wost CORMO These features were formed in
m@«&a&a&mﬁm‘m time when the detached ice mags was
slowly ablating. '

Piint (1957, p. 1852) defines an esker as a long, narrow,
and commonly sinucus ice-~contact ridge composed of stratified
drift, Although he concedes that they may be formed in
soveral ways, he feels that those formed in tumnels (less
commonly in open chammels) at the base of thin, ablating lce
are most commen, Several egkers in Griggs County Fit Flint's
definition exactly (Figure 16). In the southern portion of
the central rolling plains, however, more eskers cceur in

swarms than as individual ridges and 1t 13 difficuls, if not

tmposaible, to single-out individual ridges, In all
probability, these eskers have a more complicated history




63

Pigure 15. Collapsed outwash sediments overlying the McHenry
%I ggduaavtxno in Sections 14 and 15, T. 148 N.,




and were formed by a coubination of several factors. The
large esker swerm in Seetions 3, 9 and 10, T. 146 N.,
R. 59 W., has a definite breided pattern in Section 10,
sbains amz tributary or distributory ridges, and
is closely assoclabed with a fow small kames, MW
this esker swarm is situsted midway between the
Coopsrstown end moveine snd the Sheyenne tremch, it is
likely that it was formed st the base of a thinm, detached
ice mans., Purther evidence that this area amum the
lsat remmant of Cooperstown ice ia furnished by the
eskers north and south of this esker swarm. Eskers
ismedliately south of it drain to the south, while eskers
north of 1t drain northeastward to the Sheyenne trench,
Contemporanecus kame formation and later lece collapsing
have complicated the feature, making it difficult $o
single-out individual ridges and/or mounds,

. The last major exposure of thiz unit in the study
area is in the terraces of the Sheyenne valley (Figure
17, page 66). These terraces occur at five diatinct
levels above thoe present flood plain and are the result
of ohanges in the reglmen of the ancestral Sheyenne River,
These changes of regimen, from continuous eroding bo
alternating cutting and filling, may have been caused by
any of several factors. The eroding stream msy heve lost
competency and bagan depositing sediment because of a
s8light climatic fluctuation. (A cooler period would
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Pigure 16. Individual esker and esker swarm in Sections
3, &, 9, and 10, T. 146 N., R, 59 W.




Figure 173 Distribution and elevation of terraces in the Sheyenne River valley
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would reault in less sslting of the ice mass and less
meltwater available to the gtrean), The change way w
WWMMMafarzaemWWlmiw

arouow (1963) postulates that terraces in the Flos
£111 by initial discharge

W&,m&%}. Since many of the torracss in the

sforementioned quadrangles are strath or cub terraces,

ﬁwee is no ammts conflict in Aronou's sum‘;tm.
ivenle (1963%) also indicetos that at lesst two terrace

levels in Bddy County contain only cut terraces. In

northern Grigss County, however, no till or bedrock ledge

pas cbserved to Lo underiying any of the ter aces; they

mwwmmz&m, £111 terrgces, The large,

auitiple tervace in Secticms 13 and 24, 7, M7 N,, R,

58 W,, uhich is presently boing mined, conteins st lesst

60 feet of sand snd gravel, Although it does not rule out

the posaibility thet they are erosional featupes, the peired

torraces, Although Avonow's idea may bo velid, the Sheyenne

trench could also have out in in its entirety while ilce was
hding at the North Vilking-Luverne position. It is believed




from glacial Lake Souris proceeded to exosvate the Sheyenns
diversion channel was small, but ag the channel was
 deepened and the epillway was lowersed further, the flow
@f»ga%ay increased until it resched a bank-full stage.
 ohis large discharge of meltwater then completed the
exeavation of the Shevenne trench and succeceded in
lowering glacial Lake Souris sulficiently to decresse

the flow of water again, Decreasing the amount of
meliwater and/or changing the local bhase level, caused

the strean to lose competence and the upper terracws were
deposited, Individual fluctuations in streem discharge
and/or changes in base level, caused the lower terraces
ﬁﬁ‘bﬁ formed in the same manner as the upper one, This
suggestion does not rule out the possibility of cut terracves
being present in Griggs County or at any podnt upstreanm
from the study area, OCut and fill terraces can be formed
aneously at different locations within any stream

sontewpor
channal.

Sand unit. With four excsptions, this unit is confined
to the southwestern plains whore it comprises about one-
fourth of the total surface sediment, Although it can
oontain up %o 5 pevcent gravel, the unit 18 hereby defined
as cme which is primarily send. MNost of the lithologic
and physical properties of this unit are dencribed on
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Table 5, Bedding characteristics are shown on Figure

18, page T1l. Grain minerslogy varies with the location

of a particular deposit and 13 very similar to that

deascribed for the gravel unit,

The sediment belonging to this unit is outwash that

was depoaited by meltwater from the ablating t« b of

& glacier, I was carriesd and depopited by a braided

stresm, the sane stream in a given ares, which carried
posited the gravel unit, The sand 1s looated

cher from the source ares than the gravel, bocsuse the

oe and could no longer carry the gravel frastion,

wag derived from the Luverne drift and deposited by

geltwater from the Luverne ice (Pigure 20, page 88),

The large deposit ia the southweatern plains was

derived from the Cooperstown and MoHenry drifts (Pigure 19,

page 97). It was deposited at the same time and in the

same manner as the gravel unit in the area,

Sand unit over losm unit, Although this unit 18 a
combination of sand unit and the loam unit, it 18 extensive
and werits individual sttention and unit designation, It
is a mappsble unit which ccours exclusively along the
western edge of the central rolling pisins, The unit is
distinct becouse of the homogeneous vature of the sand
which overlies the loam, Other occeurrences of the sand
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pable 5. Aﬁarnse litheloglc and vhysical sharacteristics
Tabie .

f the sand unit in surficial deposits,

mg Sand unit

Definition; Primarily sand; contains less than 5%

gravel, .
Disgtribution: HNost confined to west and southwest,
Thickness: Variable; 10 to 12 foot avarage.
Serting: Well-sorted,
grain slze distribdbution: Very ccarse to very fine sand,
Grain shape: MNostly spheroid; shale is dlac éh&paﬁ
Founding: Deminately subrounded to rounded,
gGrain uinaralegy

sag ay and silt fractions: Minor; net considered,
b Sand fractions: Igvguly quartz, feldspar, and
shale,

{e) Gravel fraction; Same as for gravtl unit,
Orain orlientation: Disca are usually horizontally-
, oriented,
Bedding s vgugliy)harigankally badded, fine laminse
),

- Other primary strustures: Cross bedding is very common,
Cement: Usually noncemented, ,

Other secondary soncentrations: 3Some gypsum in vugs,
Color: Variable; determined by size distribution snd

- grain aineralogy.

Permeoability: Usually very high.
Induration: Iloose,
Secondary structures: Iron coneretions abundant,
Stratigraphic poaltien: Overlies loam unit.

Hature of contacta: Conformable, _

Leaoching of carbenates: Usually lesched and non-

cnlsarveous, .
Surface expresaion: PFlat {< 1°) to hilly (> 7
Drainage: Integrated in Sheyerme valley and Ba: a Hill
Creek areas,
Assocciated geoworphic landforme: Primarily outwash
plains, eskers, and kames.
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Figure 18, Sand lens in the gravel unit (NE}, Seec. 7,
. T. 147 N., R, 58 ¥W.).



unit are much more variable in size distridution, color
and other lithologic charscteristice. The sand is
sxposed over the entire area identified as "DI/F" on the
1ithologlc map. It varies in thickness from one to ten
or more feet and has s well-developed soil profile, It
is mapped wharever one or more feet of this aand overlies
the loam., In the lithologic description, Table 6, c;nly
the sand portion of this unit is described, The loam
portion of this unit is the same as that for the basic
loam unit, previously dascribed,

Although the sand in this unit is not found on the
down~glacier side of the Cooperstown end moraine, it is
‘gonasidered to be an outuwash deposit derived from the
Cooperstown drift, Evidence to nuppart'thzs conclusion
includes: (1) many small stream channels originate in
the hilly area to the weat and drain eastward to the
3heyenne valley, (2) aseveral of the stream channels head
at the northeast or east side of e¢astward sloping esakers
and contain atresms which drain into tﬁe Sheyenne River,
(3) the sediment contains only fine and very fine sand
which is not characteristic of other cutwash depoaits in
northern Griggs County, (4) the maze of eskers, kames and
kettles found in the area is characteristic of ablating,
detached ice, (5) Luverne ocutwash on the east side of the
Sheyenne valley is not a8 continuous or as extenaliva
a8 this outwash deposait, (6) all of the kames and eskers
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in the ares are boulder covered, imdicating that the fines
nave been removed by rumning water., It is postulated that

a large, thin block of ice became detsached at the Sheyenne
valley as the MoHenry-Cooperstown lce retreated, 3treams
formed upon, within and/or beneath the ablating ice, carrying
i&#;maitwaear away frow the center of lce aacusmlation,

These streams eroded material from the Cooperston drift

and deposited it peripheral to the wasting ice,

Recent Zediments

Black clay unit, This unit 1s confined almost exclusively
to sloughs and undrained depreasions and consists of
grayish-black silty olay and clay, It is widely distributed
‘throughout the area and is typlcally thin, probably
averaging only three to four feet in thickneas, Because
this unit is confined to low areas with nonintegrated
drainage, nc vertical cuts are exposed. The 1965 field
geagson was unusually wet in Griggs County and all of the
sloughs contained water throughout the summer, For this
reason, test sugering, from which more precise sanpling
and depth data could be obtained, was nearly impossible,
The lithologlc and physical characteristics of this unit
that were cbserved are listed in Table 7.

The clay and silt whieh comprise this sediment were
deposited in the lakes and sloughs of northern Griges
County in post-glacizl times, The sediment was derived
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rable 5. Lithologic and phyaieai characteristics of the
- Sand portlon of the Sand unit over Loam unit,

NAME: Sand portien of Sand unit over Loam unit

1) Definition: Exclusively fine to very fine sand,

ia Distributions eagiinﬁd to western margin of Zheyenne
valley

g Thicimess: Variable; from 1 to 10 or more feet,

{4) Sorting: Insorted.

3

Grain size distribution: Exelnaiveiy fine and very
fine gand,
6) Grain shape: Generslly sphercidsl.
: Rounding: Well-rounded,
Grain mineralogy: ,
a) Clay and silt fraction: Very winor; not considered,
b} Sand fraction: Mostly quarts; some feldspar.
@) Gravel fraction: Yone.
Grain orientation: None,
] Bedding: Characteristically poorly bedded,
Cther primary structures: None ocuserved,
Cementy Noncemented,
Other secondary concentrations: Much organic matier

present,
Color: Dark yellow browm,
Parweability: Very high.
Induvation: Iloose. '
Secondary structures: None observed.
Stratigraphic pesition: Overlies loam unit,
Nature of contacis: angarmablg below; unconformadble
above,
leaching of carbonates: ﬁene§a11y leached; calcareous
‘ in aces, .
Surface expression: ﬂndulaszng (1-4° siopea).
Drainage: Unintegrated.
Assocliated geomorphic landforas: ﬁﬁtuauh plain,




from the hills and plains surrounding the gloughs by
swall, ephemeral streams and by sheetwash, Erosion of
organic-rich topsoll from the surroundinz area, has
imparted the dark gray to black coler to the sediment,

Interbedded sand-sllt-clay unit. With the exception of
the loam unit, this la the most widely distributed
sediment in nerthern Griggs County. It is recent alluvial
material which haa been deposited in the streams and rivers
of the county since deglaciation, The alluvial sediment
consists of interbedded sand, silt and clay, although
minor amounts of fine gravel 1s also present, The
thickness of this unit zs iargely unkonown but it is
presumed $o be asbout two to three feet thick in the small
channel bottoms, In the Sheyenne valley, howsver, it is
much thicker, Test holes near the town of Sheyenne, in
Eddy County, penetrated 50 feet of alluvia; £4l1l near the
center of the channel and gbout 15 feet near the margins,
Although the 13965 fleld season was abnormally wet and this
sediment was éiffiaul% to sample, the characteristics that
were observed are listed in Table 8,

This gsediment is composed of normal flocdplain and
§hannel éﬂﬁeaiﬁs that have bdeen gecumulating in the rivers
and streame since deglaciation,

The thickness of the unit in a given channel is
directly propertional to the size of the channel and to
the water avallable for transport and deposition. For this




ble 7. Average lithelogic and ghyaiaal characteristics
Tade L of the Recent black clay unit

NAME: Black clay wnit

(1) Definition: ﬁignnia rich dark gray to black Recent
’ & .a
2} Distributiong ﬂaafiaaﬁ to sloughs,
g Thickness: Vaviable: 1 te 3 £, average,
) Sorting: Very well sorted.
5} Grain size distribution: O64% clay, 208% silt, oF very
fine sand (avorage).
§) Grain shape: Not chserved,
g Bounding: Not ohserved,
Grain mineralogy:
{a) Clay freetion: "lay minerals; predominately
) egloareous sontworilionite,
*b; 811t fraction: Mostly quarts, feldspar & shale,
za Sand fraction: Same as silf fraotion,
3} Grain orientation: None chzerved,
10) Bedding: Typieally fine bedded (1.4 mm),
11} Other primary structures: None chserved.
; Cament: Poorly cewmented to noncemented,
Other secondary consentrations: Much organic matter
present.
14} Color: 311t portion brownish; clay pertion grayish.
Permeablility: Very low permeability. ,
Induration: Very hard to extremely hard when dry.
Secondary structures: Nonhe observed,
Stratigraphic position: Overlles sand, gravel, and
loam unita,
9; Nature of gontacts: Unconformable,
20) 1isaching of carbonates: Typlcally unleached and
galoarecus,
21) Surface expression: Usually flat {< 1° slopes).
22} Drainage: Integrated in pars,
2%) Assoeciated gnanaryhiz landforme: Topographic lows;
sloughs and undrained depressions.
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peason, the Sheyenne River sediments are muchb thicker than
those of the amaller streams. 1t has a larger ascurce
area from which to derive the sediments and more water
with which to transport and deposit thew. |

The c¢ross bedding and laminar structure characteristic
a{‘ thie mnit is due to minor fluctuations in stream
velocity and competemcy, which are governmed by seasonal
and daily climatic varistions,




rable 8. Average lithologic and physical charactaristics
= of the Recent interbedded sand-silt-clay unit,

NAME: Interbedded sand-silt-clay unit.

1) Definition: Name implies definitien (Recent),
2) Mistribution: Throughout area in stream & river channels.
3) Thickness: Varlable; thick in major rivers, thin

slsawhere
{B) Sorting: Yery well aartaa
}5 grain size distribution: 347 clay, 47¢ silt, 148
: ‘ aaaé,éfvarnga).
6) Orain shape: Primarily spheroid;
-g Roumndneas: S:nd and silt well rounded.
1Y Grain sineralogy: :
{a} Clay fraction: Seme as for black clay unit,
b} 311t fraction: Same am for black elay unit,
¢} Sand fraction: Same ass for bdlack e¢lay unit,
Grain orientation: None observed,
Bedding: Characteristically thin bedded (1-3 mm);
thicker in Shevenne valley.
Other primary structures; HNone observed,
Cement: Poorly cemented,
Other secondary concentrations: Some azgania material
presen
Color: Alternating bands of gray and brown,
Peraeability: Usually low; depends upon clay conient,
Induration: Hard to very hard when drey,
3econdary structures: None observed.
Stratigraphic positions Overlies loam, gravel, or
sand units and Pierre 3hale Pormstion.
Hature of contacts: Unconformable,
Iaaching of carbonates: Typically unleached and
caloarecus,
Surface expression: Flat to undulating.
Drainage: Entirely integrated.
Associated geomorphic landforms: Topographic lows:
atrean & river bobioms,
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HISTORICAL GEOLOGY

Introduction

HWith the exception of the southwestern comer, all of
North Dakota was glasiated during the Fle&gtaaanﬁ epoch,
Although 1%8 presence has been inferred, no drift of pre-
wiscongin age has been definitely 1dﬁﬂﬁifieé;in the state,
The difficulty of differentiating the drift sheets and
1andforas on the bdasis of lithology, color, degres of
weathering, and radiccarbon dating, aaaglieétaa the
Pleistocene chronology and makes dating temtative and subjeet
to roviasion, As far as can be presently detemined, only

' late Wimconsin drift ia present in northern Griggs County.

o~

Preglacial Setting

Although Paleozoiec and Frecambrian rockas underlie the
giacial drift in southeastern North Dakota, thraaahnut most
of the state the drift rests upon easily eroded shales,
siltstones and sandatones of Cretacecus and Tertiary age.
lemke, and others (1965, page 15), 1néieate that this bedrock
surface sa# more disseoted and hilly (resembling tha present
unglaciated portion of the atate) than that of the present
drift surface, This conclusion has zmgéytant implicationse
end explaing why lobation of the loe sheets occurred, It is
also important in northern Griggs County and 13 well-illustrated
by the Binforé Hills and the rock druamlins, which have cores
of Cretaceous Pierre Shale, The advent of the Pleistonne

79




spoch in North Dakota caused the drainege pattern to shange,
Plint (1589, p. 68, 1955, pl. 7), Lemke and Colton (1958,
Pig. 2) and Lemke (1960, p. 108), indicated that sll pre-
glacial streaws in Nerth Dmkota drained northward inse
Canada. AL the pressnt time, only those streams located
east and north of the James River and north of the Misscurl
 River drain into Canads, _ - . .

Although rivers in Griges County have always drained
to the north, their pre-glacial and post-glacial chammels
have been altered considerably by glacial erosion smnd
deposition, The buried Spiritwood charmel and the present
Sheyenne River are evidenne of such changes.

Pre-Wissonsin Glaciation

The presonce of pre-Wisconsin drift in Horth Dakota
has not been mm Several factors, howsver, suggest that
108 may have sdvanced across the state in pre-Wissonsin tinme.
Clayton (1962, p. 55) has descrided a well-consolidated 11l
scutheast of Bismarek which he believes to be pre-Wisconsin
in age. Although they may have been u&uﬁnﬁ, scattered
granitic boulders, interpreted as being pre-Wiscensin in age,
 have been found several miles beyond the Wisconsin drift
border in westewn North Dakota, Varren (1952, p. 1143-1156)
_ and Piins (1955, p. 30-41) have described probable Illineian
4rift in South Dakota, ‘
It is reasonsbly certain that no pre-Wiscensin dvift 18
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present 1n Griggs County, but the presence of pre-¥isconsin
1ce is a distinet poasibility. Although it 1s belleved that
the buried Spiritwood aguifer is Wisconsiu in age, this doses
not rule out the powsibility that it might be pre-vWisconsin,

Wisoconsin Glaciations

leaite, and others (1965), record six distinct and

sparate Wisconsin glacial advances in North Daskota, South
Dakota and Montana, The first advance is dsted as early
Wisconsin and correlates to the pre-Parmdale pertod of
Leighton (1?6&). Advances two through six are termed lote
Wisconsin and rangm.ﬁyward from the "Iowan" to the Mankato
Substage, |

WM, Laird (Lemke, et al., 1965, p. 23) however,
?aacgniaea only three distinet glacial advances in North
Pakota, He states that all drifts youngor than that of
Advance 3 are recesslonal moraines from this main advance,
- Lalrdts interpretation will be used in this report, sud-
dividing Advance 3 into four phases for convenience, Although
these phases correspond to advances 3 through 6 of Lemke,
and others (1965), they are defined to be recessional phases
and not distinct and separate advances,

Advance 1
The drift deposited by this advance forms s northwest

" trending belt west of the Coteau du Missouri, It is
distinguished by thin, patchy t1ll depomita, scattered loe-
contact stratified deposits, and erratic boulders, The
granitic boulders and the orientation of the drift boulder
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1adicate‘that the source area was to the northeast or east-
northeast and that the ice advanced from this direction, The
wide expanse of the terminal zonz and the probable direction
of wovement indicste that ice from this advance erossed
origes Coumty.
Advance 2

Although the limits cof thia advance in ¥orth Dakota are
not well defined, the long Lake and Zeeland end moraines of
¢layten (1962, p. 26-30) probably wark its terminua, Lemke,
and others (1965, p., 22), place the limit at the outer
margin of the Xrem moraine in Mercer County, North Dakota,
Becauge of the poorly defined limits of this advance, it 138
iikely that the terminus of the ilce was highly lobate and
it can not be assumed with any sertainty that it covered

Grizgs County. The age ef‘this advance is uncertain,
Advance 3

rhase I

This phase is represented by prominent end moraines
aud drift which cover the entire Coteau du Missouri,
According to Clayton (1962, p. 27), the prominence of this
drift in northwestern NHorth Dakota raaslta from buriesd bed-
rock hills, Much of the drift surface is dead-ice moraine
and is characterized by steep ridges, small looping, parallel
ridges, nonintegrated dralnage, sharp local rellef, and
. numerous kettles, Although Lemke and Colton (1958, p, 47)
assign a post~Tazewell-pre-Two Creeks age to this drift,
Lemke, and others (1965, p. 23) feel that it should be
gssigned to the Cary stade of Wright snd Rube,




phase II

The terminus of this phase is marked by the Brition,
oakes, Kenaal and Grace City eond moraines in Nortvh Dakota,
T™he oviemgatien of constructional features, indicates that
two lobes of jce were involved in this phase, It is belleved
that the lobatlon occurred when the lave Wisconsin ice
thimned and receded, Prior to this time, the thick ice had
peen little affected by itopographic highs, but as it thinned,
the highs ‘
them. Bluemle (1965) has described this lobation as
follows:

impeded the flow and it was forced to flow around

“"the two major late Wisconsinian ice lobes
in the ares were the James and Des Moines lobes,
The James lobe flowed generally southeastward
betyesn the Missourl Cotesu and the Hed River
Valley, while the Des Moines lobe flowed generally
gouthward through the Red River Valley. The James
lobe was forced to split at lesst twice in east
gﬁggral Nortn Dakota as it thinned over bedrock
g 3 .

Details of the lobation of the late
¥Wisconaln lce can be inferrved from a study of
the end moraines, The James lobe deposited the
Buchanan end moraine in northern 3tutsman County
pefore the Tlow dirsection of the ice was
substantially affected by the topegraphic highs
pentioned above, lLater, when the James ice
thinned so that it could not override %he 3ully's
Hill high in T, 152 N., R, 65 w,, about 10 milea

north of the REddy County line, it flowed arour
both sides of 1it, leaving & band of stagnant 183
on and %o the south of the high in eastern Eddy
County., The ice flowing around the west side of
the high deposited the Grace City end moraine,
The ice that flowed around the east side became
indistinguishable from the Des Moines ice, and,
for all practical purpcses, became part of the
Des Moines lobe, The Des Moines lobe then
expanded westward and deposited the Kensal end
moraine in the asrea that had been covered by
James ice beéfore it was diverted by the 3ully's
Hill high” (Bluemle, 1965, p. 57)«

203865
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Although Bluemle used the term Des Moines lobe in his
report, he feels that this designation is in error (verbal
compunication)., By the time the Des Moines ice front
retreated into North Dakota, 1t had lost its identity as
the Des Moines lobe and could no longer be distinguished
from the James lobe, Consequently, it should have been
called the James lobe or a new term should have been
proposed,

Dating of this and the younger phases of glaeiation
1s @ifficult because of the unreliabllity and variability
of the few radiocarbon dates that do exist,

~ Ap the James lobe receded from its position at the
Kensal end moraine, it deposited a blanket of ground
moraine in the acuthwestern portion of northern Griggs
County. Contemporaneous with the retreat of this ice was
the retreat of the James lobe from the Grace Cliy end
| moraine position,

Phase III ,

When the retreating James ice dbecame too thin to over-
ride the Turtle Mountains, it split into the Leeds and
Souris River lobes, The Souris River lobe flowed south
around the west side of the Turtle Mountains and deposited
the Martin end moraine., The Leeds lobe, which was retreating
" from the Grace City end moraine position was temporarily
halted and the Heimdal, McHenry-I and Cooperstown end
moraines were deposited (Pigure 19). Following the
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End moraine Y X Active ice

% Ground moraine ’ﬂ4— Stagnant ice

w4 Qutwash ‘(,(’ Ice flow direction

Pigure 19, Advance 3, phase III of Pleistocene history. Formation of
the McHenry and Cooperstown end moraines and associated
outwash.
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deposition of these end worgines, the lIce agaln began
melting back, The leeds lobe retreated to the North Viking-
tuverne end moraine position, depesiling the North Viking
and the Luverna end moralnes {(Figure 20). AL this time,
peliwater from glaclal Lake IJouris breached the Helwmdal

and VcHenry end meraines and found an cutiet down ihe

Sheyerme River (Aronow. 1563, Figurve 3).

Phase IV

Afver deposBiting the North Viking and Luverne end
movaines, the lLeeds lobe retreated up the Hed River
valley and deposited {he Edinburg end woraine. Although
 %&§ age of this moraine is uncertaln, it is helleved to

represent late Mankato time,

Pegi~alasial Hiatery

The topography of the ares covered by drift of Advance
I in North Dakota 13 very irregulay and generally looks

much like the adjacent nonglacliated areas. Dralnage is well-
integrated and only remnanis of former glacial f{eatures
exist, This fact indicates That elther very little drift
was originally deposited, or much time has elapsed since
deglaciation of the area, In contrast, areas covered by
Advances 2 and 3 have been very little modified since
deglsciation, ZEnd moraines, drumlins, eskers, kamea, and
all_cthar glacial features are well-preserved in Griggs

County. Dralnage 13 almost completely nonintegrated and




End moraine

—=—=! Ground moraine

o Outwash

Ice flow direction

Figure 20. Advance 3, phase III of Pleistocene history. Formation of

the North Viking and Luverne end moraines and associated
outwash.
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gtreams have deposited almost a8 much material as they

pave erocded.




SUMMARY AND CONCLUSIONS

The surface of Griggs County is mantled with four
yleistocens drift sheets which lie unconforwably on
cretacecus Pierre 3hale or on earlier Pleistosens drift,
Two, oF ﬁeu;ibly three, of these earlier drift deposits
underlie the surficial drift sheet. Because both the
surficial and underlying drift sheets have similar
iithelogic and physical e¢haracteristics, and are late
Wiscensin in age, they fulfill the requirements for a
l1itho-stratigraphic unit and are oocllectively being
gonsidered for deaignation as part of the Pleistocene
lostwood Pormatlon.

In this report, the MoHenry end moraine has been
divided into the MoHenry-I and the MoHenry-II end moraines,
This division appears to be uawrﬁntnﬁ for the following
reasons: (1) each feature is a distinet, linear ridge,
{(2) the ridges are separated dy ground moralne which is
topographically lower than the»riﬁgas, {3) the geographic
distribution of outwash south of the ridges indicstes that
two distinet periods of deposition have occurred.

The Cooperatown end moraine was produced by a flucuat~
ing ice front which moved up over a bedrock ridge, forsing
linear ice thrust ridges. It is diseontinuous %o the south
of the ridge for either of two reasons., Either the lce had
‘no sediment to dsposit, or all of the sediment avallable for |
depcsition was carried away from the ice front by glaelal

meltwater,

89
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Because most of the eshers asscclated with the
Cooperstown ground moraine were formed by northeasterly
draining glacial streams, it sppears likely that a block of
Cooperstown ice bhecame detached from the margin of the
glﬁgicr 28 1t retreated from the srea. Streams issuing
from the melting bleock of ice flowed in the direction of
thu retreating 1oe front, forming eskers and esker swarms,
‘The outwash ssnd west of the Sheyenne valley was derived
from the Cooperstown 4Arift and deposited by the northesster-
1y flowing streams izsuing from thiz detsched bloek of ice,

Although many authors have dated the Sheyenne River
shannel a8 praglaeial, noe evidence was found 4in northern
Grizgs County to substantiate such a conclusion., It is
. probable that this channel was excavated by meltwatsr from

glacial Lake 3ouris in late WYisconsin time,

As far as can be determined, the terraces of the
Sheyenne River 1n»n¢rtharniﬁriggz County are sll deposition~
8l, 111 terraces, They were deposited by water fram»tne
ancegtral Sheyenne River when downstresm damming of the
shannel snd/or a decresse in the amount of meltwater avall-
able caused the river to stop eroding and start depositing
sediments, ,

The 3piritwaedlaqn1far is a large, huried river
channel that 18 filled with thick accumulationz of outwash,
It is confined to the western portion of northern {Origgs
County and sppears to terminate nhear the northerly boundary
of the county, The Spiritwood channel was probably excavated
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during the Pleistocene epoch, much like the Sheyenne River
channel, and later filled with ti1l and outwash deposits of
jate Wisceonsin age. Although 1t is buried and has no
surface Q:p@ﬂlii@n, this agquifer has a depth in exceas of
200 feet and a width that aversges about S miles in
porthern Griggs County. It is a potsntinl,#aur@e of large
qusntities of water for agricultural and industrial purposes.

Although the writer has endeavored to describe and
discuss the glaclal geology, the Pleistocene stratigrsphy,
sud the geologic history of northern Griggs County, several
problems, which eould not be resolved by surficial field
methods, remalin unsolved.

Of these unsolved problems, the dating of the
- Pleistogene sediments is the most obvious, More radio-
anrbnh dates are necessary, ghréughaut the glaclated portion
of North Dakota, so that more precise dating of these
sediments can be achileved, Other work that should be
pursved in northern Grigegs County includes: (1) definitive
work on the extent and potential capacity of the buried
Spiritwood aquifer, (2) deep drilling to determine the
étpﬁh, sharacteristics, and mode of depesition of the ssnd
and gravel deposits overlying the MsHenry end woraine, (3)
examination of the Sheyenne River terraces by deep drilling
which may indicate potential rsserves of sand and gravel as
well as aid in the interpretation of thelr origin. Sueh a
study might also ald in establishing whether the Sheyenns
tremeh is pre-glacial, early Pleistocene, or late-Wiseonsin




in age, (3} determination of the depth and chemistry of
the lakesz and ground water, which would help to deteramine
their source of water and natural potential, and (5) wore
a;:iﬂiﬁiva determination of the depih of t1l1l and ocutwash
deposits. From such a study, a more detailed bedroek
soniour map aouid be drawn and the history of events that
bave occurred could be more precisely determined.




APPENDIX I
GRAIN SIZE ANALYSIS OF TILL

| A total of 63 t11l or supposed tili sasaples weye
gollected fvom the locatlons shown on Plgure 21, They were
anslyzed by the N,D,0.5, Standard Procedures A-65, November,
1965, Gravel frowm each till sample was considered io be
anything coarser than 2.0 mm in dlsmeter, 3Sand included
‘#11 material between 2.0 mm and 0.0625 mm in diameter. 341t
_covered the size range between 0,0625 and 0,0039 mm, while
- amything finer than 0. mm? e was conaldered olay. The sand
md gravel were dispersed in XKalgon solution, wet sleved,
and weighed, 3tandard pipeite anslysis, as 16 outlined in
the above-cited standard procedure, was used to determine
the silt-clay break. A table listing the appMimta
porcentsges of sand, s8ill, eiay, and gravel found in the
samples is included on page 108, This table lists a “"grand”
average for the McoHenry and Xensal drifts snd divides them
inte m &atﬁ@ﬁm@,
™e youngest or stratigraphically highest drilft is the
Luverne, Because of tha restricted exposure of this drift
in the study area, only four samples were analysed. All of
these gamples awe from the Luvemrme end moraine, The drift
posad of awm%&w 37€ sand, 33% ails, and 307
elay, exclusive of gravel, A total sapple of this drife
gontaing about 3.5¢ grevel and all ssmples sre within the
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plightly gravelly sandy loam classification (Pigure 13,
poge 55)+ |

The Cooperstown-Malenry Drift is the next youngess in
the area. For conveniense, thesa drifts will be considered
 peparately, beginning ﬁ.ﬂ:’ the Cooperatown. Most of the
sanples from this &rift wers taken from ground morsine
deposits which cover about one-hall of northern Origss
gounty. Im all, 39 till samples from 38 losations wers
saalyszed from the Cooperatown Drift. The average composition
of these mamples is 42% sand, 34% 8115, end 248 clay,
exclusive of gravel. An average total sample of this drift
_ somtains 10.2% gravel. Of the 63 samples snalyszed, 12 were
within the gravelly sandy losm category and 13 were within
the slightly gravelly sendy lomm category. The other 14
samples ranged from loam, sand and gravel to sandy loam
(no gravel), no one category oscurring move than three times.

MoHenry Drift is divided into 5111, collapsed cutwash,
ad normel oubtwash deposits. Three of the samples wers
sollected from end moraine, two from ground moraine, and
five from the collapsed end woraine deposit, The till from
the moraines has an aversge somposition of 37% sand, 394
Bilt and 24% clay, exelusive of gravel. A total sswple has
an sverage of 11.2% geavel, Twe of these samples were
gravelly sandy loam, two wevre slightly gravelly sandy leam,
snd the third was slightly gravelly silt loam. The average
cempesition of these mamples places the unit in the gravelly
sandy losm category. The outwash and collapsed gutwash




samples have an average composition of S4f sand, 34% silt, and
129 clay, exclusive of gravel, while a total sample has an

aversge of 10.7% gravel, This somposition aversge places

the unit within the gravelly silty sand catsgory., The
somposition also lndicates that the MeHenry Drift can be

| divided intc two lithologically distinet units, Individually,
shree samples fall in the gravelly or slightly gravelly

siity sand claps, one falls in the slighily gravelly sandy

silt alass, and one falla in the gravelly sandy lcawm class,

When these two unlis ave coabined, for an average composition

of MoHenry Drifi, they contain 464 sand, 368 #ilst, snd 18¢

~ elay, exclusive of gravel, The average percentage of gravel
in a total sample 13 11,04, This combining of the samples

woild place the total compesition into the gravelly sandy
leam category and would give a false impression of the

actual lithologlen present.

The oldest drift in the atudy area i3 represented by
ground moraine deposits of the Kensal Drift. This drift is
aiso divided into two lithologic units, Initlally, this
divizion was based entirely upon gecgraphic position. It was
fuitisted to determine if a significant difference between
the drift north of the majer outwash avres, wiich eontains
ablation 111, and the drift south of the outwash sexisted.
Although the diffevence 1s not as great as that found in the
McBanvry deposits, 1t is appavent and way warrant a division
of units, Considered as one unit, the drift has a composiiion
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‘should be given member status in the propese

of 367 sand, 39% silt, and 23¥ clay, exclusive of gravel,
gt contains an average of 4.1% gravel in a total sample.
his coumposlition would place the drift in the alightly
gravelly sandy loam category. Considered individually, the
‘ sand, 342 8ilt, 268 clay, exclusive of
gravel, ond 2.2% gravel. This composition places 1t in the
same category as the toial north-scuth sample, The drift
south of the outwash area sentains 34% sand, 509 silt, 168
olay, excluaive of gravel, and 5.0% gravel. This places it
on the border between the slightly gravelly sandy loam and
the alightly gravelly sandy s8ilt class. The difference

detween those two areas may be the resuyls of the sandier
ablation deposits o0 the north, the outwash itself, or a

 sombination of the two factors. Tt is felt that the high

percentage of silt in the south unit 18 the direct result of
eontamination by or wmizing of theae sediments with those of
the cutwash area, |

Hesults of this study indlcate that the litholegic
variation within a given drift sheet i3 as great, or greatar,
than the variation between different drift sheets. For this
reason, it 18 ccneluded that lithologic characteristica
tannot be used to differientate the drift aheets in noribern
Griggs County, Xt i alsc conoluded that, oo the basis of
lithology and other physical characteristics, the various
drift sheeis repressnted in northern Origges County czan and

Formation,
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29'46j51’6/* 18.46 1 0.43 11 9.55| 5.45 | .109 | .189 18.95 |1117.2/26.67 | 0.62 [144.4 148.0|| 625 (wi) |
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99.94 % |17.09138.02133.92110.911110.35| 4.65] .093| .173|27.75| 85.11) 52.35| 16.84]154.3|157.3| 646 _(£wi)

100.00 % |11.12}31.10{40.58|17.20 11.051 3.95) .079) .159136.50] 55.86| 53.29| 23.15|132.3|135.9| 659 (pi)
. 100.00 % 15.30/46.72|37.70] 0.28]111.30] 3.70| .074| .154|24.40]| 62.85/ 50.31] 0.38)133.5/134.1] 694 (fm)

99.92 & 124.12132.42138.60| 4.78|| 8.60| 6. 40| .128 208 27.08]181.33 55:49 v6.88 143711466 _ 700 (g:x,)

RS ST T ST L. SPURPSE B TT T SRR

100.00 % 126.09125.73137.80110.38 || 7.45| 7.55| .151| .231129.38|| 82.45| 60.15] 16.50|159.1|161.4] 716 (fm)’

99.96 % [16.97|29.77)47.73| 5.49 || 9.55| 5.45 .109| .189|32.50]63.99|65.38| 7.52]136.9|138.4| 7221 (p1)
100.00 % | 8.77129.95|51.80 | 9.481111.60| 3.40| .068| .148|39.20 ||65.27|91.39|16.71|176.4(178.3| 728 (vp1)
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99.95 % [14.42/18.10|50.20 [17.23 || 8.35| 6.65| .133| .213]47.20|| 41.32]63.80| 21.39|127.0 1129, 4| 771 (vei)
99.98 % 131.85134.04128.72| 5.32 || 775 7.25| \145| .22523.20 ||97.45|42.52| 7.87 |147.8 [150.6 780 (wi)

2228 )L 1121 TeR0 | -4 -
100.00 % |26.02120.42 30.56 [22.90 || 6.60| 8.40| .168| .248|32.80 ||66.31|43.60|32.68|142.6 [144.7| 807 (wi)
99.94 % 18.67 25.08 [24.04 2,15 || 8.60| 6.40 | .128| .208 |34.80 ||62.54|34.3445.96 [142.8 [145.2]| e38 (m)

100.00 % 145.68 [28.79 [19.53 | 6.00 |} 5,80} 9.20 | .184 | .264 [20.46 |]119.5|31. 29) 9.611160.2 |162.8/| 844 (le)
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b2 50 137.25 ||56.53|72.96| 7.39 [136.9 [L40.3 854 (wd)
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99.90 % 127,91 130:21 133.90 | 7.88 || 7.80| 7.20| 144 | 1224 [26.20 |{76.61 /4. oz. 10.38 (131.6[133.8|| 870 (vwi)
100.00 % 116.90 24,00 ¥8.16 10.94 || 8,80 | 6.20 | .124 | .204 37.40 |{50.46|59.40|13.51 [i25.4 [125.6|] 675 (pa)

99.90 % [11.36 |41.83 |33.66 [13.05 ||11.80| 3.20| .064 | .144[28.52 ||73.02]46.10(17.89]137. oj138.9| 938 (vpi) |
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99.95 % |15.23{21.30 }41.80 |21.62 || 8.75] 6.25| .125| .205 [41.60||52.84|60.50]31.29 144.6{146.11 960 (vpi)
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99.87 % |46.38140.0413.10 0.35|| .95 8.05| .161f .241117.80|| 94.13 14.26 0.38108.8/111.7] 997 (£wi)
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99.96 % |31.36]21.50]40.42| 6.68|| 6.10| 8.90| .178| .258(29.28|| 67.19 51.3¢ 8.49|127.0{130.9| 1016 (fwi)
99.91 % |64.18[27.94] 7.71] 0.08|| 4.55/10.45] .209| .289]16.73|] 131.24 10.97 0.11}142.3|146.4] 1026 (i)

99.92 % |31.30]53.2215.28 0.12|| 9.45 5.55| .111| .191118.00|| 206.3 19.21 0.15/125.7] 127.8| 1033 (swi)
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Drift (4 samgles)
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RATIO OF SAND, SILT, AND CRLAY, WITH

Sand
52.2

60.2
37.9
53.3

41.0
€3.9

54.8
31.4

47.9
64,6

38.2
8.6

%2’i&

48.%
51.0

83.0

18.5

ORAVEL BIOLUDED

{Cooparstown Driflt)

311t Clay
30.2 17.2

1.7 18.0
R2.4% 19.6

33“4&' 38.?
23.1 12.5

33,0 22.3
46.4 22.5

23.7 22.4
28.2 7.3

h2.3 19.6
35.9 21.3

32.0 19.3
41.2 18.2

51.6 29.%

Hane e
Slightly gravelly
sandy loam

Bandy loam
Grevelly sandy loam

Slightly gravelly
sandy clay

Gravelly sandy losa

3lightly gravelly
811ty sand

Blightly gravelly
sandy loam

Slightly gravelly
sandy lcam

Gravelly sandy losm

Muddy (dir%y) sandy
gravel

Gravelly sandy loam

3light1y gravelly
leam

311&&E§g zravaiiy

Gravelly sandy loam

siashsly gravelly
sandy loam A
Blightly gravelly
sandy loam
ﬁlightiy gravelly
loam




gtation
646
659
634

700

- mné

728

771
T80

8ot
838
L

870

875

1016

o286

11033
1206

Sand

38.1
48.9
37.7

42.0

%#6
50.8

57.6

60.%
30.1
39.7
35.4
20.8

36.8

54,0
38.7
53.6
43.5

T.7

15.3
3.2

105

Siit
n.g

37.5
46,7

2.6

34.2

3.7

33.3

21,8
35.8
36.9
30.7

32.8

.0
48.1
27.3
.0

23.2
27.9

3.2

Clay
19.2

13.4
15.3

25,4

18,0
9.7

17.3
33.5

33.8
27.5
48.6
30.4

18,0
13.0
19.5
4.4

33.8
64.2

31.3
20.8

Nampe®

Gravelly sandy lose
Gravelly silty sand

Siightly gravelly
sandy 3ilt

- Slighily grawelly

sandy loam
Gravelly sandy loaa

31&@&%13 gravelly
sandy loam

Slightly gravelly
B8ilty aand

Gravelly sandy loan

Stightly gravelly
sandy loam

Gravelly sandy loam
Moddy (dirty) grevel

Slightly gravelly
clay

Sligﬁely gravelly
sandy loam

Gravelly sandy loawm
Gravelly sandy silt
Graveily sandy loam

Slightly 5@#?9113
elsy loam

sllghﬁiz gravelly

s lo8m

Siightly xrmvaily
elay

Slightly gravelly

gravelly sandy losm

*Pepminology from Clayton, 19568 (unpublished).
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RATIO OF SAND, SILT, AND ﬁLﬁY, WITH

{Luverne, MoHenry, and Kensal Drifts)

Station Zand 811t Clay . .

1. 360 37.7 38.2 26.93 Slightly gravelly
sandy loam

1 368 46,2 30.7 23.1 ﬁlightly gravnlly
gandy 1

1 439 20.8 83.0 35.0 . Rightly gravelly
sandy loam

L 451 2.6 22.0 34,7  Slightly gravelly
pandy loam

M BA 56,8 25,5 17.3  @Gravelly sandy lcam
M 7A 62.8 27.8 9.8 Oravelly silty sand

M BA 0.7 57.7 11.4 Siightly §v¢vu113
a sandy sl

M 12A 54,0 37.4 8.2 Siighily gravelly
silty sand

M 1148 1.8 24,4 3.6 Gravelly sandy loam
M 1167 bo.s 35.3 23.9  Gravélly sandy loam

M 1196 12.6 10,2 5.7 Siightly gravelly
311t loam

M 1218 53.8 31.9 18.6 Gravelly silty sand
M 1223 38.1 34,3 17.1  Gravelly sandy loam
N 1258 42.2 29.4% 28.3 Oravelly ssndy loawm

K 1388 32.3 35.1 32.3 Slightly gravelly
sandy sud

I K 1387 80,0 33.0 26.2  Gravelly sandy mud

X 1262 A2.2 36.1 21.5 Slightly gravelly
- sandy mud
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W
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gtation Sand
K 1265 32.5

K 1269 13,3

K 127¢ 77.9

K A76 10.0
K S04 £3.1

R 1101 0.4

)
B

Luverne Irife
MaHenry Drifts
Kensal Drift

m X
oo

107

811t
%0.5

43.2

12,8
36.8

58.8
]3.9

31.2

Clay

26.6
35.9

9.5
30.4

29.9

16.9

8.0

Hame®

Slightly gravelly
sandy mud

Slightly zravelly

341ty sand
Siightly gravelly
aandy mud
3lightly gravelly
wud

Slightly gravelly
sandy sils

Slightly gravelly
sility sand

*Terminology frowm Clayton, 1965 (unpublished).
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0.2
11.0
i1.2
10.7

3.1
: 2.2

Mand, sils, and o ratios arve exclusive of el val
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1300%

clay slzed

(exslusive of gravel)

Sand-sized portion is
100 minus the uilt pzus
elay mm, :

1Sand

0 silt gized

100%
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AVERAGE ORAIN SIZE DISTRIBUTION OF DRIFPTS
"IN NORTHERN GRIOGS COUNTY, NORTH DAKOTA

sand-g3ized portion is
100 minus the silt plus
¢lay sum,

o .

Q

N

Lx!

S \\

i)

«

—{ .

o .

0 sani ' ' ' ' i} ' ' '

0 8llt sized ' 100%
L =~ laverne Drift
¢ « Cooperstowm Drift
M - HecHenry Drift average
i - McHenry Drift ieell apsed)
not eailwd)

- NMolenyy Drift
~ Kensal Drift average
- Kensal brift {north of wmah;
~ Eempal Drift (south cf outwash

oe w;@




. Approximately 7,300 pebbles froa 34 sample sites
(Pigure 22) were identified to determine whether the four
dvift sheets exposed in the avea had unigue pebble
 pebbles were exmmined using two different techmiques. In
oategories by counting the number of times s Alstines pabble
type ocourred in a given till sampla. Actual counting of
the pedbles proved to be Aifficult, however, becsuse the
shale pebbles; and to a lesser extent the igoecus pedbbles,
bresk-up resdily snd yield aboormally high counts. Resulta
of this portion of the study indicate that although the
various drift shests have 5lightly different pehble-type
sonsentrations, only the shale and carbo

, differ mzﬁmw.

The second method of anslyaing the mu oonoentrations
was inltlated to compensate for the disintegrati ]
pebibles and $o utilisze only mmmormmm
whish differed significantiy in a given drift sheet, Por
~ {shale, carbonste, and other) and & weight percsntage rather

112




1i3

differences in

pesults of this test indicate that althoug

aod cennot be used to differentiate the four drift sheets,
" ppother result of the study, indicates that the Cooperstown
 grift contains cnly about cne-half of the shale that is
 foumd in the other three 4rift sheets. This fact is
interesting because the Cocperstown drift is the thinnest
and is the closest to § local souree of pebbles from the
Cretaceocus Flerre shale. It cannot be concluded, however,
that this drift had a different source ares than the other
three drifts, because the Luverne till is believed to have
been deposited during a recessional phase of the Cooperstown
jon,

A sscondary purpose of thig study was %o determine Iif
ditferont size groups of pebbles ii:#d distinet concentrationa
of a given pebble type, Four samples from the lLuverne drift
and six samples from the Cooperstown 4rift were used in this
#udy. In the Luverne samples, pebbles ranging from 2,0 to
5.6 m in diameter wers classified as fine and pebbles with
Slametors greater than 5.5 mm were classified as coarse
pobbles, In the Cooperatown samples, pebbles with dlameters
of 2.0 to 4.0 =m were classified as fine while pebbles with
Sameters greater than 4.0 mm were classifisd as coarse,

- The pebbles were again plased into 10 categoriss and counted
% in the first portlon of this study, In recording the
Tesulis, however, only the welght percentages of shale,

pedble-type concentrations do exist, they are not significant




W""* and other pebbles were utilized. The results
Wg that about 15% fewer carbonate pebdbbles, 15% more

shals pebdles, and 2§ fewer other pebbles are found in the fine
size range. F¥or this reason, it is felt that the size of

the pebbles analyzed in any comparable study muat be

recorded.
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Figure 22. Pebble count location sites in northern Griggs County
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Deift

FESSCE TYPES IR LUVENES, KEWSAL, €WANENRY TILLS

Tk Quzite Mise Total

luverne
Luverne
Luverme
Iuverne
Yuverne

Kensal
Kennasl
Kensal
Kansal

Melenry

MoHenry

Mellenry

MoHeanry
NcHenry

mMMw

$Abnormally high reading due to breakup of pebbles
#*83hale count 18 approxismate

Count would be unrelisble

+ Total pebbles leas shale

ot
o

o

&

SRERITRE BLW)
O RAFO-NO HRAOF RO IS

Q@waﬁaaw cwoe omaom |
DI Ed AT N0 R

x@@w@gww ) e

0 BN PN B O e e
BoBunrme mo-we N

P
P
%

284
Y
216
110

110+
154
1

2 +

&5+
178+
189+

62+

ig2+
216+

300




-t Bt ety

Gran-
itic

7.5

1Count would be wnreliable

14

15

Coarse- Flne-gn

B 6 1.5
o 7 &% 2

3 & o5
21.5 10.5 0.5

Qtsite Wiso i
& 10.5 '3

7

3.5 &
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Weight Percentages

Shale Carbonate Cther®

- %other” includes ignecus, setamorphic, and all other

sedimensary pebbles.

12,69

- 12.30
22,20
ic.10
4,90
24,09
T.01
2.80
5.7%

7.70

13.5%
1.86
102,07
4,30
10,69
7.00
2.68

2.7
8.6
15.3
0.0
1.7
20.5
0.3
60.6
5.0
27.8
9.8
32.2
1.
29.4
9.6

- 12.¢

30.0

38.3
89.5
ho.6
63.2
72,6
43.8
81,0
27.8
37.5
45,7
1.4
4.8
19.0
4.9
€5.0
3.8
31.0

59.0

2.1
4.1
36.8
i5.7
35.8
18.7
11,86
57.5
43.8
27.2
79.6
25.7
48.2
13.0

[ .
| §
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WEIGHT COMPARISON OF PREDOMINANT
PEBBLE TYPES IN TILL

{Luverne, mmzx and MeHenwry drifss)

Ssmple  Aetual Weights (am) 4 cent

Ho. Shale rhonste Other® shalt Qar%unz%e a%har*
1 {r) 8.2 6B.20 .80 #2.7 35.9 2.4
g (L) 24,30 146,60  109.50 8.6  52.3 39.1
3 (L)  35.20 34310 JU7.70 5.1  49.3 45.6
8 (L) 97.60 =29.%  @2.10 62,9 2.2 15,9
851 (L) o.%7 2,20 0.90 13,2 61.6 25,2

1397 (K) 4.91 12,38 1.8 26,1 65.9 8.6
908 (K) ©0.50  5.40 2.40 6.0 650 29.0
1262 (K) ©0.10  3.21 6,42 1.0  33.0 66,0
1274 (K} 7.63  1.30 1,21 75.3 128 11.9

5 (M) g1.70 65.00 113.30 320 28.0 b2.0
&A () 13.40  5.30 1.90 65.0  2%.7 9.3
TA (M) 11.80 9,90 2.70 48.3 o, 8 11.1
16 (M) 85,10 ae,sﬁ 116,90 21,8 1.8 46.3
1145 (M) 2.7¢ 1B.%0 3.80 10.6 T7hA.h 15.0
1167 (M) 1.30 17.80 6.80 5.0 68,9 26.1
1223 (N} O.47 23.77T  1.h2 1,8 92.6 5.5
1254 (M) 0,00 61,70 128.70 0.0 32.3% 67.8

*ﬁ% includes ~ ous . metamorphic. m@ all gthey
s ment m u,
zavzign drifs
k Eenaal drift
§. 4 MeBenyy drift

PR
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2

ﬁ,
16
1
8
2
2

G
o
o
1
3
1

7
2
15
S S
1 1
7
3
o

thao 5.613 ma dlaneber)

24
15
1%
68
53
52
16
1%

*»p - fine (2.0 to 5.613 wa dlanoter)

*shale count is spproximate
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2
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3
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prift

L verne
- uverne
lavaerne

Iaverne

A

Average:

Cooperstown

' ;: - Cooperatown

Cooparstowm
Cooperstown
Cooperstown

Cooperstowm

43

308
689
716
838

Average:

GRAND AVERAGE

(both drifts):

Carbonate

209 lLaas® |

10% less
13% less
2% less

11% less

17% less
£3% lesa
307 less
Sane

234 more
414 less
154 less

13% less

WEIOHT PERCENTAQGE DIFFERENCES WITH DIVFERENT
8IZE PEBRLES

108 moress
15¢ more
23% move
2% ie8s
12% more

30% more
23% more
23% more
2% less

26% ware
19% more
192 more

158 move

#las3 - fewer psbbles in fine size ranges

ssmore = more pebbles in fine size range

104 move
3% less
10% leas
4% more
1% less

13% less
Same

T% more
24 more
365 leas
15% more
4% lenn

24 less
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