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ABSTRACT

Griggs and Steele Counties, located at the eastern edge of the
Willßton basin, are underlain by 400 to 2,600 feet of Paleozoic and
Mesozoic roclcs that dip gently to the west. The Cretaceous Greenhorn,
Carlile, Niobrara, and Pierre Formations lie direcþ beneath the glacial
drift, and shale of the Pierre Formation is exposed in several places

ølong the Sheyenne River" The Pleistocene Coleharbor Formation,
which covers most of the area, consßts mainly of ghcial, fluvial, and
lake sediment. The Coleharbor Formation averages 200 to 300 feet
thick, but it is as much as 550 feet thick in some of the buried valleys.
The Holocene llalsh Formation occurs in parts of the area, chiefly
sloughs and river bottomland. It consists mainly of alluvial and eolian
sediment.

Griggs County and the western two'thirds of Steele County are
part of the Drift Prairie, which is characterized by flat to genþ rolling
topography that ß rugged in areas of end moraines and intense ice
thrusting, subdued on the ground moraine and outwash plains.
Associated with these maior landforms are numerous washboard
moraines, drumlins, eskers, kames, meltwater trenches, and
water-washed areas. The eostern third ol Steele County is a neørþ flat
area covered by lake deposits ol the glacinl Lake Agassiz.

As the Late lVisconsinan glacier in eastern North Dakota thinned
and receded ea"stward, it was increasingly affected by the topogtaphy
over which it was flowing. ThÌs resulted in lobation of the glacier.

Locally intense areas of thrusting developed within the lobate glacier,
and \arge blocks ol subglacial matertal were moved short distances.
Lørge areas of Griggs County were washed by water flowing from the
glacier, and in some øreas grøvel and sand were deposited- Continued
withdrawal of the glacier resulted in ponding of melt water in parts of
the two counties. These and other ponds tended to coølesce at lower
and lower elevations, eventually forming Lake Agassiz, which flooded
part of eastern Steele County.
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Sauk Sequence

County.

Tippecanoe Sequence

Kaskaskia Sequence

northwestern Griggs County. The Carrington Shale facies of the
Bottineau Interval of Mississippian age consists of mottled red and
green noncalcareous shale anã is ãs much as 30 feet thick in
southwestern Griggs County.

counties.
Jurassic strata consist of reddish-brown siltstone, claystone, and

fine-srained sandstone. Some redbed material was found at the base of
tne Ëail River-Lakota interval in southeast Steele County, and Jurassic

layers. [n ascending order, these formations include the Greenhorn,
Carlile, Niobrara, and Pierre.

Niobrara Formation

Pierre Formation
Shale of the Pierre Formation is exposed along the walls of the

Sheyenne River valley from the Nelson Coùnty line southward to about

Mesozoic Rocks
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Quaternary Sediment

füleharbor Formation
is exposed throughout Grisss and

cial sediment and rãdi-"nt reÏied to
of till, gravel, sand, silt, and clay with
It has been divided into rhree main

facies: till; sand and gravel; and silt and clay. The thickness of the
coleharbor Formation in Grþgs and steele cóunties ranges from zero
to more than 550 feet (fþ. a). -

Till Facies

averages about 20 to 25 feet The samples
about 10 percent gravel, 35 percent sänd,
percent clay.-The mineralogy of the till of s

shown on table 1.
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Table l. Generalized mineralogical composition oÍ the silt-clay
fraction of the till in southern Griggs County determined through X-ray
diffraction analy sis ( Merritt, I 9 6 6 ).

Mineral Percentage
2149

of leet in diameter, and in some cases.'ffi:::T,::['.3îÏiiiiï:1:
cier.

,200 feet in eastern Steele CountY

Low, linear ridges, either strai

the ground moraine in some areas

,ef.ied to as washboard moraine r
oaralTel the former ice margin. Ni
itroraines of northern Nelson Co

reÍrnant shear moraines that we

position. He stated that the.shear

olaces. particularly in northern G
à."tilíni and dru'rnlinoid features
glacier. Their long axes Parallel
Relief on such lineations is low a
but they can be readily observed o

lineations are most common in
lacustrine deposits at relatively shallow *p!h: (figs. 5 and 6). In most

instances, thå titl thickness 
"b'ove 

these f1uìial or lacustrine deposits is

less thai 5 feet. In areas where drumlins occur above thick till
sequences, it appears that the most recently deposited till layer is quite
thin.

Ground moraine that has been washed by wave action along the

shores of glacial lakes is designatedCtla. on plate 1. One such area

occurs in ãastern Steele Couníy at the edge oî the Agassiz lake plain

Block, 1967; Bluemle, 1974).
sporadically over the wave-washed
found in p-laces along the shore of

Quartz
Plagioclase
K-Feldspar
Dolomite
Calcite
Kaolinite
Montmorillonite
Illite

2-6
1-6
4-10
4-L5
L-2

1.2-2L
9-18

The gravel fraction of the till averages about 37 percent shale, 35
percent carbonate, and 28 percent granitic and basic igneous rocks. The
carbonate was derived from the Paleozoic carbonate sequences of

Areas in which the till facies of the Coleharbor Formation a¡e
exposed are colored shades of green and designated "Ct" on plate 1.
These areas are characterized by landforms composed mainly of glacial
sediment, materials that were deposited directly from glacier ice.

Ground moraine.-Areas in which the Coleharbor Formation
consi eposits that ed by the base
of th s well as ab were lowered
from the melting on plate 1. In
most ablational into place as

mudflow deposits, probably account for most
and little lodgement material is present. In n
large blocks of shale from the Pierre Formation
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These areas are characterized by landforms composed mainly of glacial
sediment, materials that were deposited directly from glacier ice.

Ground moraine.-Areas in which the Coleharbor Formation
consi eposits that ed by the base
of th s well as ab were lowered
from the melting on plate 1. In
most ablational into place as

mudflow deposits, probably account for most
and little lodgement material is present. In n
large blocks of shale from the Pierre Formation
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Figure 5. Sand and gravel overlain by till in section 8, T134N, R59lV, about a mile south of theGriggs-Barn shown Írere occurs at a depth of
about 14 fe le reworked gravel. Three separate
horizons of nt, occur in tJris excavation.

numerous than over areas of unwashed ground moraine, because wave
action has removed the finer pafticles frãm the till, leaving the heavier
rocks behind.

Areas of ground moraine
are designated Ctlb on plate
these areas, but till is tLe m

sorf"."s tõi
tly, running water, which deposited most
he Tolna-Pekin area of Nelion Counry,

1-5

Figure 6. Silt over till ove¡ sand in no¡thern Griggs County (sec 1, T147N, R60W). Till oveJlies

outv/ash materials in a large area of northern Griggs and central and southe¡n Nelson
County. The uppermost silt, apparently a local lake deposit, can be seen in the upper
right corner of the photo.
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Figure 7. Index map of the lake plain areas. (shows the location of Lake Lanona and Lake
Agassiz.)

washed the dll surface in Grþgs county. _Some of the .washing
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rook place just prior io thc entrénchment of the Sheyenne

River in its valleY-
Eroded tilí stopes.-Steep slopes of till occur along the Sheyenne

River and ¡ald Uill Creek. Thesè areas, designated C12 o! plate 1,

cons pography that was ero-ded by the streams

and i*ñg"i between 50 and 100 feet in a mile

and In 
--"ty places the slopes are partially

cove r1s' 
d btocks"-Glacial deposits that were

deoosited at the ice ma materials consisting mainþ of large

biå.k, of shale or till re moved as units by the ice, ate

on plate 1- (also see figure 8). Most of these areas are

loål .ott."ìffations "f gta*l and sand. Boulders are

t. Although at least three-areas that have traditionally
to be enð moraines are found in the two-county area'

it is likely that these features are largely the products of large-scale ice

,ir"rrins iBluemle, L1TO). For purpoies of discussion, these three

l""tor"'. ùilt U" ,eî"rred to as the Coãpersto*tt, McHenry, and ¡inford
ãrrJ -"r"i"es. The designation "end mbraine" should not be construed

as a statement of how tñe features formed.
The end moraine consists of two segments in Grþgs

Countyr o a mile wide in T147N,
R6ow, a j*î,î*',î'i:"i

consists äainly of
t surface exposures. Inclusions of lake sediment
et in diameter were

ssie" Pierre Formation
roadcut in sec 27, Tt47N, R60W. Relief over
the end moraine ranges
apparent that much of th
morai¡re in this area was
is now occupied by Long Lake Addie.

The southern sesme end moraine in T145N,
R59W, lacks interrial linearity and þy
disintegration features that suggest gla the
featurei are neither so numerous nor so tion
features on adjacent areas of dead-ice morair e in
T144N, R5gWidoes have internal linearity, and disintegration features
are less common.
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Fþre 8. Index map of Griggs and Steele Counties showing a¡eas of intensive ice shearing and
end moraine development,

r9

ç'.

Fþure 9, Cooperstown end moraine near Lake Addie (northeast part of photo). Secs 26 znd 27 ,
T147N, R60W. The highly ridged character of the featu¡e in this a¡ea resulted from
intensive shearing and thrusting at or nea¡ the ice margin. Much of the material that
was thrust to the southwest came from the depression now occupied by Lake Addie.
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Fþre 10. Binford end moraine in T147N, R60w. view is from the north. This featrueprobably consists almost entirely of ice_th¡ust materi¿ls.
Figure ll.Folded lake sediment, fìne sand, and sft, within till in western Steele County (sec

33, T145N, R57\Ð. The ice movement, which was southwa¡d (from the rþht), at
this location, sheared material upward resulting in the folding.

An area of about 125 square miles in northeastern Griggs County



20 2L

Fþre 10. Binford end moraine in T147N, R60w. view is from the north. This featrueprobably consists almost entirely of ice_th¡ust materi¿ls.
Figure ll.Folded lake sediment, fìne sand, and sft, within till in western Steele County (sec

33, T145N, R57\Ð. The ice movement, which was southwa¡d (from the rþht), at
this location, sheared material upward resulting in the folding.

An area of about 125 square miles in northeastern Griggs County



22 23

Ficure 12, Faulting in sand of southeastern Steele County. Small structu¡es such as this one are
' 'év'e L't 

*.,nói ir tfr" area where fluvial and lacustrine sediments were deposited on top of
stagnant glacial ice. Shovel is about 2% feet long'

Mixed Till, Sand, and Silt Facies

---.-

Fþre 13. Slumped sand, apparently shore sediment, in southeastern Steele County in an area

where a l¿ke existed on top of stagnant ice.
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Mixed Sandy Gravel, Gravelly Sand, and Silt Facies

Sand and Gravel Facies

Figure 14. iTtrir:"+f,:'å,i
ch is the da¡k zone'

beneath the wet till is loose material in front of the 
"*r"uutiot 

*uTflparent 
dry band

common. Thin ourwash lies on top of till in parts of central Griggs

be graded to a more northerly source of water.' Melt water trenches.-Séu"r"l melt water trenches that cross Griggs
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Figure 15. Bald Hill C¡eek melt water trench at Hannafo¡d in Griggs County. View is to the
south-southeast from the center of sec 5, T144N, R59ìV. Photo by James Merritt.
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Fþurel7.Till on top offine sand of the Herman Beach in eastern Steele County (sec 11,
T146N, R55W). The till apparently slid onto the sand at this point. It does not
ordinarily overlie the sand in nearby areas.
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Figure 18. Sand in the Herman Beach in eastern Steele County (sec ll, Tf46N, R55W)

Figure 19. Herman Beach deposits in eastern Steele County (sec 11, T146N, R55W). The
Agassiz lake plain is to the east (right).

3l

Fþure 20. Herman Beach deposits in eastern Steele County (sec 11, T146N, R55\Ð' Notice the

\ >-! alÈ..

paleosol exposed in the cut.
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Figure 18. Sand in the Herman Beach in eastern Steele County (sec ll, Tf46N, R55W)

Figure 19. Herman Beach deposits in eastern Steele County (sec 11, T146N, R55W). The
Agassiz lake plain is to the east (right).
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Fþure 20. Herman Beach deposits in eastern Steele County (sec 11, T146N, R55\Ð' Notice the

\ >-! alÈ..

paleosol exposed in the cut.
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semi-isolated mounds' Unusually large numbers of small kames occur in

T147N, R61w trtg zil]Ëìt"ïrt7t"' Ë"-"t are more wídely scattered'

cies of the Coleharbor Formation
iggs and Steele Counties' These

.Ïí hk"t. Flat areas of uneroded
n Plate 1. A flat, boulder-free lake
utireast corner of T146N, R59W' It

miles and is the largest glacial lake
ilar areas of lake sediment occur in

west of Colgate in Steele CountY'
more than i ttett""r of silt on toP

Figure 21. Air view of the network of eskers west of Hannaford, North Dakota (secs 1, 2, 11,
and 12, T144N, R60W).

on 
- 
ice and subsequently collapsed to a hummocky surface as rhe

underlying ice melted. surface Loulders are abundani on most of the
eskers. They were probablv was
confined ice walls änd coícentr
as ablation
21) west of
esker. It rise

Conspicuous and prominent con
glacial drift are known äs kr-"s. They were deposited in depressions in
stagnant ice that subsequently mêlted, leäving rhe aäcumulated
sediment, mainly gravel 

-and 's nd, in the fo"rm of isolated or
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Fþve22,Kames in the area south of Mose in north\¡/estern Griggs County (sec 9, T147N,
R61W). Kames are unusually abundant in this area.

Figure 23. Lake sediment in southern Griggs county (sec 18, T145N, R58\Ð. Layers of

iron-stained, generally liglrt brown, uniform silt about 4 inches thick are separated

õv ttrin banâs-of clav. fne exposure is at a depth of about 20 feet' Forty feet of lake

siit was exposed i¡ ihe cut. At a depth of forty feet is a boulder-pavement lying on

till.

ly oxidized and colored shades of
ed as till because their most recent

i.rüå in several excavations
were located

west of the Herman Beach ead lake may
have covered the area befo siz (Bluemle,
tg74). As much as 25 feet areabeneath
til tÉat occurs at the surface throughout that part of Steele County
above the Agassiz lake plain. The búried silt dõposit is much harder
than typical íake Agassii silt and tends to be hþh[y jointed.

35

Holocene Sediment

Walsh Formation
The Walsh Formation harbor Formation

and all other formations, in nd, silt, and-gravel
deposits. The Walsh Forma that are of fluvial.
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Figwe24.Two photos of a S5-foot excavation in southern Steele County (sec 19, T144N,
R55W). Lake silt occurs between about 10 antl 35 feet depth; surface elevations are
about 1,180 feet, A bouldery till occurs in the bottom of the excavation. The silt is
highly jointed, rather hard, and rhythmicatly banded. At 25-foot depth is a marked
change in hardness that looks like an erosional break of some kind, perhaps a

wave{ut surface. The silt beneath the break is considerably harder than that above.
The upper photo shows the whole sequence; the lower shows a part of the siltunit
with the ledge on the lower, ha¡de¡ silt.
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lacustrine, eolian, mass
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organic material. It
Formation, which lacks orsanic m

The conrac betw"å the

::ï:ìq:_t4s i1 mSst places to the Holocene-pleisrocene boundary. This
boundary, t {1æ{ ar about 10,000 B.p. when grassland *as replacing
woodland in North Dakota and the resr of the'Great plains. A's thi.Ë

velop over the area, materials eroded from
dispersed organic conrenr of the Walsh

tion has been divided into two main facies
in Griggs and Steele Counties: clay, andinrerbedded sand, silt, ""t;l"t:
Clay Facies

among the larger grains. The clay
fined to slougñs *-h"re it averages
are unleached and calcareous.

in poorly drained areas, although
sloughs is partially integrated.

Interbedded Sand, Silt, and CIay Facies
The interbedded sand, silr, and clay facies of the walsh Formarion

consists of river alluvium and windblówn deposits. It is commonly
slightly ro moderarely organic.

River alluvium-The river all
consists of well sorted dark brow
clayey silt, or silty clay. Mino
are mainly uncemented, but,
river alluvium averages about
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GEOLOGIC HISTORY DURING THE PLEISTOCENE

Topography on the Preglacial Surface

of Griggs and Steele Counties,
rthward. Upland elevations over

39

lf^.rl_î^"" of Grþgs and Steele- Counries. Much of the easrern part oftne two-corntv area was drained by the ancestral Red River, whiih alsoflowed northwârd.

- Shale of the cretaceous pierre Formation was at the surface

lll.fftî": Grrggs County and on rhe wesrern edge of Sr""i" C;;;
\PI.-z). A four- to six-mile-wide strip of creraceo,r, ñiobr"r" Formatioi
shale exrended from north to ,olth thro"gh ã. iãiîw of steelecounty, and older cretaceous shales .orr"r"i tt " ,",.'"inder of s,."i"County.

Pre-Wisconsinan Glacial History

"^_-^ 
lî^.1 t1m1 glaciers advanced southward over rhe area, they musrhave blocked the northward drain?g" p the Red River va[éy, ."'r"t i"!

Its found in excavations'in 
""rt"rñited in such lakes. At one such site

change is much larder than that above. The harder material alsoappeared to be slightly more
above. Near the base of the
apparenr. Lyins above the silt
silty till. tt appãared to be slight

At another site in .enir"
separated b and gravel. i
is clayey, p andîigttly jointed. Most of the joint
traces were led beðding planes. the upper iill is
similar to the lower, but softer and un.ioint"d." '

"^^^^::?r1fl1!1r_c 
siruarions such as- the two just menrioned suggesrtep:ltgq episodes of glaciation. Several multiile dll exposures were

studied in the area to the north of Griggs and Steele cou'nties in L964
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siruarions such as- the two just menrioned suggesrtep:ltgq episodes of glaciation. Several multiile dll exposures were

studied in the area to the north of Griggs and Steele cou'nties in L964
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Little is known about the early part of the Wisconsinan Epoch in
Griggs and Steele Counties. Glacial drift of early Wisconsinan age occurs
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GLAC IAL
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Ftgtlre2T, Active glacier depos ine. The ice is thick enough to
flow ove¡ the high (upper diagram). In the iower
dmgram, the active i hþh area of pierre shale and an
area of stagnant ice remains between tlte Cooperstown end moraine and the a¡ea of
hþh betlrock, Outwash from the active glacier terminus was deposited on lower a¡eas
of the stagnant ice.
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Figure 28. G-la-cier margin in westem Steele County while the ice was still depositing the
McHerny end moraine in northwes ern Griggs county. nogbcial-tates formed in avallev that was to later develop into the Sheyenne Riuet uJley. Onããrtnese, at ttre
Griggs-Steele-Barnes County junction, was Laí<e I¿nona C.àìó*il. 
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Location

N%sec 2, Tl48N, R61W
SW¿sec 2, T148N, R61W
NW/¿sec 30, Tl48N, R57\ry
NW/¿sec 33, T148N, R56W
Wlbsec 31, Tl47N, R6l\ry
El/zsec 32, Tl47N, R6lW
NE/¿sec 9, T147N, R56\ry
SW/¿sec 27, T146N, R55W
NW/¿sec 32, T146N, R55W
NE/¿sec 21, T145N, R60W
NW/¿sec 22, Tl45N, R60W
NW/¿sec 5, Tl45N, R59\ry
SW/¿sec 22, T145N, R59W
NE/¿sec 4, Tl44N, R60W
SE/¿sec 21, T144N, R59W
NWI/¿sec 35, Tl44N, R56W
NE/¿sec 35, T144N, R56W

Owner

Joel Goplen, Binford, ND
Joel Goplen, Binford, ND
Kate Wright, Sharon, ND
Ed Nesheim, Sharon, ND
Peter Dywad Pit
David Beardsley Estate Pit
Albert Gilbertson Pit
State owned pit
Hans Gotfredson Pit
L. O. Skjelset Pit
Harold Brown Pit
Bruce Hazard Pit
Perry Haaland Pit
Gustave Sonju Pit
Laura Fogderude Pit
Randall Curry, Hope, ND
W. R. Knox Pit

49

Table '1.. Commercial grøvel sources in Griggs and Steele Counties. REFERENCES

Ballard, F. V., 1963, Structural and stratigraphic relationships in the
Paleozoic rocks of eastern North Dakota: North Dakota Geol.
Survey Bull.40,42 p.

Block, D. Â., 1,965, Glacial geology of the north half of Barnes Counry,
North Dakota: Unpublished Ph.D. dissertation, University of
North Dakota, Grand Forks, North Dakota, 104 p.

Bluemle, J. P.,1967a, Multiple drifts in northeast North Dakota: North
Dakota Geol. Survey Misc. Series 30, p. t33-136.

Bluemle, J. P,, Ig67b, Geology and grouïd water resources of Traill
County, Part 1, Geologyr North Dakota Geol. Survey Bull. 49 and,
North ommission County Ground Water
Studies

Bluemle, J. hills and associated depressions in
central Soc. America (abstract), Program,

Blue ;ü:i'ä Ì,ä:Tïå;?3. .' Mclean
1, Geology: North Dakota Geol.

Survey Bull. 60 and North Dakota State Water Commission
County Ground Water Studies 19,65 p.

Bluemle, J. P., 1.97 4, Early history of Lake Agassiz in southeast North
Dakota: Geol. Soc. America Bull., v. 85, p. 811-814.

Colron, R. 8., Lemke, R. w., and Lindvall, R. M., 1963, Preliminary

. glacøl map of North Dakota: U.S. Geol. Survey, Misc. Geol. Inv.
,/ Map I-331.

y'Downey, J. S., 1973, Ground-water basic data for Griggs and Steele
Counties, North Dakota: North Dakota Geol. Survey Bull. 64 and
North Dakota State Water Commission County Ground Vy'ater

Studies 2I,468 p.
Hansen, D. E., and Kume, Jack, 7970, Geology and ground water

resources of Grand Forks County, Part 1, Geology: North Dakota
Geol. Survey Bull. 53 and North Dakota State Water Commission
County Ground Water Studies 1,3,7 6 p.

Johnston, W. 4., L9I6, The genesis of Lake Agassiz: a confirmation:
Journ. Geol. V. 24, p. 625-638.

Johnston, W. 4., 1921., Winnipegosis and Upper Whitemouth River
area, Manitoba, Pleistocene and Recent deposits: Can. Dept. Mines
Mem.l2B,42 p.

Estimated
Reserves

in Cubic
Yards

85,000
50,000
90,000
70,000
25,000+
Unknown
85,000
Unknown
68,000
33,000
Unknown
45,000
56,000
60,000

148,000
21,000
22,OOO

Hydrocarbons

As of July L, I97 4, seven exploratory oil wells had been drilled in
Griggs and Steele Counties (6 in Grþgs, 1 in Steele) and 44 stratþaphic
tests had been completed (16 in Griggs, 28 in Steele). No production
has yet been found. Interest continues in the area because of the
presence of the Newcastle and other Cretaceous sands, which underlie
the area. The Paleozoic formations that produce oil further west in

in Griggs and Steele Counties. The many
and structural traps along with shallow

st drilling should do much to promote
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resources of Barnes County, North Dakota, Part 1, Geology:
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Water Commission County Ground Water Studies 4,51 p.
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Geology of North Dakota, in Mid-western Friends of the
Pleistocene Guidebook 9th Ann. Field Conf.: North Dakota Geol.

North Dakota (unpublished masrer's thesis), 78 p.
Nielson, D. N., 1969, Washboard moraines in nõrtheastern North

Dakota: Univ. of North Dakota, Grand Forks, North Dakota
(unpublished master's thesis), 51- p.

Nikiforoff, C. C., 1947, The life history of Lake Agassiz: an alternative
interpretation: Amer. Jour. Sci., v.245, p.2O5-239.

Rominger, J. F., and Rutledge, P. C., 1952, Use of soil mechanics data
in correlation and interpretation of Lake Agassiz sediments: Jour.
Geol., v. 60, p. 160-180.

Rude, L. C., t966, Surficial geology of northern Griggs County, North
Dakota: Univ. of North Dakota, Grand Forks, North Dakota
(unpubli hesis), t28 p.

Sloss, L. L., 1 s in the cratonic interior of North America:
Geol. So I., v.7 4, p. 93-tt4.

Tyrrell, J. B. nesis of Lake Agassiz: Jonr. Geol., v. 4, p.
811-815.

Tyrrell, J. 8., I9I4, The Patrician glacier south of Hudson Bay:
Geologique International, Canada, L9I3, Compt. Rendu, p.
523-524, Ottawa.

Upham, Warren, L895, The Glacial Lake Agassiz: U.S. Geol. Survey
Mon. 25, 658 p.

Willard, D. E., 1909, Description of the Jamestown-Towner district,
North Dakota: U.S. Geol. Survey Geol. Atlas, Folio 168, 10 p.
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