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INDEX TO INTERNATIONAL MAP OF THE WORLD RELATIONSHIP OF GLACIAL ICE LOBES, LIMITS OF GLACIAL AREAS OF RESPONSIBILITY
1:1.000.000 TOPOGRAPHIC SERIES ADVANCES. AND GLACIAL PHASES. See table 1 for chrono- (1) U.S. GEOLOGICAL SURVEY
’ . logic framework of phases or drifts. (2) NORTH DAKOTA GEOLOGICAL SURVEY
ShDW‘an location of the Quatemary Geologic Map of the Dakotas (3) SOUTH DAKOTA GEOLOGICAL SURVEY
4° x 6° quadrangle in red [U.S. Geological Survey, Miscellaneous EXPLANATION (4) MINNESOTA GEOLOGICAL SURVEY
it St B 1420 19 ot blod o ot ot gt
' ——+— Inferred zone of confluence between glacial lobes
Direction of ice movement responsible for deposition of youngest till
1.3(?)  Till in this region was deposited during phase 1, phase 3, or both
phases
. : ifts, Dakotas 4° x 6° quadrangle, United States LOCATION OF IMPORTANT STRATIGRAPHIC SEC- m sand, 1.5 m silt, 0.6 m gravel, 3.1 m silt; middle
Tablecl.. “Tentativeicorralation dnd.ages.of glacial phasesand drifts Ba = g TION—Stratigraphic units listed from youngest to old- Pleistocene, 31.0 m till, 11.3 m gravel, 14.4 m till; bed-
|References in pamphlet] . est; rank terms of informal units not capitalized rock (Groenewold and others, 1979)
GLACIAL DES MOINES LAKE WINNIPEG REGION NORTHEASTERN ESTIMATED AGE OF ®  Mercer County sec. 12, N. Dak.—Type section for Charg- ®  Testhole REAP No. 9. N. Dak.—Late Wisconsin Napoleon
Lot (IJR SE(I].IQ;S JAMES LOBE LDI?E RED RIVER LOBE LEEDS LOBE PROVENANCE PROVENANCEZ mu:sé L:g:#gﬁg . 3],:5 3 |n.gt Eagllz .[;g;'m[?;:ton bl:\’S‘ackre!ter. 1973: Ulmbe: an? SSack- ti]|1' 7.4 m 1111:0[1gnoian]10_9 }rln till wit};dthi:a] gravel allt tori:
DRIFT IVISI reiter, - Late Wisconsin upper member ol onow Pleistocene, 0.9 m till with truncat cic paleosol;
N, DAK. N. DAK. S. DAK. S. DAK., MINN. MINN. N. DAK. S. DAK. N. DAK. S. DAK. S. DAK., MINN. MAXIMUM School Formation, 3.0 m till; middle Pleistocene Charg- middle Pleistocene, 9.8 m till: bedrock (Groenewold and
= ing Eagle Formation (alluvium with glacial erratic clasts), others. 1979
11,350+100 B.P : : : )
15 ! P. 112'2 n:i szlxtnd and silt: middle Pleistocene. 0.7 m lake ®8  Beulah sec., N. Dak.—Late Pleistocene, 2.75 m gravel,
= clay and s sand, and silt; lllinoian, 0.76 m till; middle Pleistocene,
14 Martin 11,850+100 B.P. o’ Mercer County sec. 6, N. Dak.—Reference section for 1.68 m till, 0.91 m lake silt, 0.46 m sand and gravel;
phase Charging Eagle Formation (Sackreiter, 1973; Ulmer and middle or early Pleistocene, 0.30 m iron oxide-
Sackreiter, 1973). Late Wisconsin upper member of cemented gravel; bedrock, (Groenewold and others,
13 12.000+100 BP. Snow School Formation, 0.5 m till; middle Pleistocene 1979)

k upper member of Medicine Hill Formation. 5.0 m till; ®  Kinneman Creek sec., N. Dak.—Holocene and late Wis-
mi(}i.ldle1 Ple;stocene (I_'fhan_u,i;_;g0 Eagle zo;nn:iati;m (alluvium consin (?), 0.30 m sand and gravel; late Wisconsin
with glacial erratic clasts), 5.0 m san silt Napoleon till, 0.60 m till; erosion surface and stone line;

12 12,100+£100 B.P. o> Five stratigraphic sections (3A-3E) on shore of Garrison lllinoian. 0.60 m till: middle Pleistocene, 1.83 m till with
Relsferuoir west odeiuerdaﬂ:. McLean County. N. Dak. 8 truncated calcic paleosol (Groenewold and others, 1979)
All five sections indicated by single symbol on map ® Boring No. 3, Witmer Hall, University of North Dakota—
1 12,200+100 BP. Riverdale sec.—Type section for Oahe Formation (Clay- Type section for Brenna Formati(t)sr"l and Falconer For-
ton and others, 1976). Holocene and late Wisconsin mation (Harris and others, 1974). Holocene and late
10 | Woodhouse 12.350+100 BP. LATE Oahe Formation, 3.1 m eolian silt and sand with buried Wisconsin Sherack Formation, 11.0 m lake clay and silt;
phase WISCONSIN soils (Bickley, 1972; Ulmer, 1973; Ulmer and Sackre- late Wisconsin Brenna Formation, 8.6 m lake clay; late
9 wSt:eter 12.750+100 BP. i&er. 1}9731 ‘Iﬂglnon Iam:l1 g;l‘iers.b }1 9B7éé:dlal: é\fisco?sin Wis‘?vor;sin Falconer Fgrgation. 12.0 m till; late Wiscon-
se apoleon till (Bluemle, a, b), Braddock Formation sin Wylie Formation, 5.5 m lake clay, 2.8 m lake sand
Fresh Lake 128504100 B.P (Bickley, 1972). and upper member of Snow School ®9  North Dakota State Highway Department Structure 1-29~
8 phase ’ o E°gma“_°“ (Ulmer, 1973 Ulmer and Sackreiter, 1973), 89 Boring 2—Type section for Argusville Formation
6m till; late Pleistocene, 1.25 m gravel; lllinoian Mer- (Arndt. 1977). Holocene, 2.4 m alluvium and lake silt
7 Burnstad 12.950+100 BP cer till (Bluemle, 1971a, b) and upper member of Horse- and clay; Holocene Sherack Formation, 0.6 m lake silt
phase ’ . shoe Valley Formation (Ulmer, 1973; Ulmer and and clay; late Wisconsin Brenna Formation, 13.8 m lake
Sackreiter, 1973), 1.25 m till; lllinoian, 0-0.2 m gravel; clay: late Wisconsin Argusville Formation, 5.5 m lake
6 Zeeland 13.400+100 BP. lllinoian Mercgr till and upper {nember _of Horseshoe clay: late Wisconsin, 7.1 m till
phase Valley Formation, 3.5 m till; middle Pleistocene Dead & Braks Curve sec. Mim (composite of two secs.)—
5 | longlake 14.000+100 B.P. Man tﬂ_(Bluemle,_ 1971a, b) and upper member of Med- Holocene, 4.6 m lake sand; Holocene Sherack Forma-
phase : icine Hill Formation (Ulmer, 1973; Ulmer and Sackre- tion, 4.6 m lake silt; Holocene and late Wisconsin (?)
iter, 1973), 8.5-14.4 m il ‘ Poplar River Formation, 7.7 m alluvial sand and gravel
4 McLean County sec. 5—Type section for Snow School with log that vielded '“C age of 9,980+150 B.P. (I-
Formation (Ulmer, 1973; Ulmer and Sackreiter, 1973). 4853): late Wisconsin Huot Form, ti.on E 6 m ﬁil- 'late
Holocene and late Wisconsin Oahe Formation, 1.2 m DAl AHBCORSINEMOL LOPMaton; e pel
SR : : 2 Wisconsin Wylie Formation, 0.3 m lake clay and silt; late
eolian silt (loess); late Wisconsin Snow School Forma- Wi sin Red Lake Falls F Hon. 026 1w Hlls late
3 ILLINOIAN tion, 4.9 m till (upper and middle members), 2.0 m sand Pletitocens, 016215 cuidinad ke ik antlclas, 0-1.5
;n:m%;e:u:} i{»:ﬁ%n?mm;mﬁ?gf f lgliogﬁne YPper m oxidized subaqueous gebris flow de]:&ositl.} 1.5 rg;o
i than 4.6 m oxidized till (Moran and others, 1971:
Mc}_zan County sea, 4{—Type sechonf for Horseshoe ﬁ::fis and others, 1974)
Subsurface drift® Valley Formation and reference section for Medicine Hill 11 Tk ) )
2 Formation (Ulmer, 1973; Ulmer and Sackreiter, 1973). ® " Three Creeks sec., Minn.—Type section for Gervais For-
PRE- Holocene and late Wisconsin Oahe Formation, 0.4 m mation (Harris and others, 1974). Late Wisconsin Huot
eolian silt (loess): late Wisconsin Snow School Forma- Formation, 4.6 m ul];‘late W1sc_onsm _Wylle Formation,

650450 k ILLINOIAN tion, 1.0 m till (upper member), 0.5 m sand (lower 1.2 m lake clay and silt; late Wisconsin Red Lake Falls

1 4 member); lllinoian upper member of Horseshoe Valley Forn)ation. 1'8'63‘7 Hy till; late Wisconsin or_early Wis-
Formation, 3.5 m till: middle Pleistocene upper member consin, 4.88 m till; lllinoian Marcoux Formation, 5.4 m
of Medicine Hill Formation. 2.0 m till sand, cobble pavement, 0.15 m till; lllincian Gervais

Pl Formation, 6.4 m till with wood chips, twigs, and logs

McLean County sec. 10—Type section for Medicine Hill
Formation and reference section for Snow School and
Horseshoe Valley Formations (Ulmer, 1973; Ulmer and
Sackreiter, 1973). Holocene and late Wisconsin Oahe
Formation, 3.3 m eolian silt (loess) with buried soils; late
Wisconsin Snow School Formation, 5.6 m till (upper
and middle members); lllinoian upper member of Horse-

near base, 1.5 m lake silt with thin peat lenses and abun-
dant wood, spruce log vielded '"C age >46,900 B.P.
42 (Birm-522) (Harris and others, 1974; Ashworth, 1980)

@ Clearwater sec., Minn.—Type section for Huot, Wylie, Red

Lake Falls, and Marcoux Formations (Harris and others,

1974). Late Wisconsin Huot Formation, 4.3 m till; late

Wisconsin Wylie Formation, 1.5 m lake clay and silt; late

Wisconsin Red Lake Falls Formation. 5.8 m till; lllinoian
Marcoux Formation, 8.3 m till

Powerline sec., Minn.—Type section for St. Hilaire Forma-

tion (Harris and others. 1974). Late Wisconsin Red Lake

1See figure showing Relationship of glacial ice lobes, limits of glacial advances, and glacial phases.
2Clast and matrix analytical data from till stratigraphic units in Minnesota, North Dakota, South Dakota, lowa, Montana, Manitoba, and Saskatchewan indicate that the regional flow of ice during maximum late Wisconsin
glaciation (-20,000 B.P.. phase 4) in the Dakotas 4* x 6" quadrangle was from a Quebecan ice dispersal center east of Hudson Bay. Ice from the Lake Winnipeg-Lake Manitoba region, in Manitoba, was funnelled west-
southwestward through the broad lowland that marks the course of the buried ancestral Missouri River valley in the adjacent Winnipeg 4" x 6" quadrangle; it then flowed southwestward in the Regina and Big Horn Mountains
4" x 6" quadrangles and south-southwestward and southward across the Souris lobe area in the Winnipeg and Dakotas 4" x 6" quadrangles (phase 4 in northwest quarter of Dakotas quadrangle). The Souris and Leeds lobes
did not exist during maximum late Wisconsin glaciation. Ice from extreme southeastern Manitoba and extreme northwestern Minnesota flowed southwestward and southward in the Red River lobe area in eastern North Dakota
and northwestern Minnesota and then southwestward, southward, and southeastward in the James lobe area in South Dakota {phase 4 in southwest quarter of Dakotas quadrangle). lce from extreme southwestern Ontario
flowed southward and southwestward in the Wadena lobe area in Minnesota and then southward and southwestward in the Des Moines lobe area in Minnesota, lowa, and South Dakota (phase 4 in southeast quarter of Dakotas shoe Valley Formation, 4.0 m till: middle Pleistocene
quadrangle). The configurations of the Red River. James. and Des Moines lobes and the ice flow directions in those lobes during maximum late Wisconsin glaciation (phase 4) differed somewhat from those during later glacial upper member of Medicine Hill Formation, 12.0 m till
hases. Dead Man Coulee sec.—T section for Coleh r
. Ice from the Keewatin dispersal center west of Hudson Bay did not enter the Dakotas. Minneapolis, Big Horn Mountains, Winnipeg, or Regina 4° x 6° quadrangles during maximum late Wisconsin glaciation (phase 4). Group (Ulmer, 1973; Ulme{p:n d Sackreiterci,;'}' ;;r t(’:“ @J
The till provenance data are consistent with the Quebecan dispersal center ice flov' reconstruction of Shilts and others (1979) and Shilts (1980, 1982, 1985). They are not compatible with a reconstruction that postulated ice stratigraphic L;.nits ar‘e included in Colehart;or Gioug)
flow into the Dakotas 4° x 6" quadrangle from a Hudson ice divide (Dyck and Prest, 1987a, 1987b; Klassen, 1989) or reconstructions that postulated ice flow into the quadrangle from a Keewatin dispersal center (Dyck and Late Wisconsin Napoleon till (Bluemle, 1971a, b) aﬁ d Falls Formation, 8.6 m till; early Wisconsin St. Hilaire
others, 1982; Andrews and Fulton, 1987). y 244, ; b, SRR s
Very extensive deglaciation followed maximum late Wisconsin glaciation. Stratigraphic relationships of ill units and inter-till sediments in southeastern Manitoba, northwestern Minnesota. and northeastern North Dakota Lllgg?),r [rjr;ember doéasl?ow S‘ig"‘g ];0”'“3“0" {_Ulmer. FOLrlrllahcn‘ 0.6 m till; lllinoian Marcoux Formation, 5.2
(Harris, 1973, 1975, 1987a; Harris and others, 1974; Fenton, 1974 Keatinge, 1975; Hobbs, 1975; Sackreiter. 1975; Salomon, 1975, 1976b; Moran and others, 1976; Teller and Fenton, 1980: Fenton and others, 1983) 173: Ulmer and Sackreiter, 1973), 4.6-6.1 m till; late T m _
indicate that the active ice margin may have retreated at least as far north as the south shores of Lakes Winnipeg and Manitoba, in Manitoba, between glacial phases 4 and 5. Subsequently. the ice margin may have readvanced Wisconsin lower rperpber of anw School Formation, ® Spring Lake sec., S D§k.—Type section for Ja\:ra local
at least 1,000 km from southern Manitoba to central lowa and southern South Dakota. The deposits of phase 5 in this quadrangle are interpreted to be products of the regional readvance that culminated approximately 14,000 0-1.5 m gravel; lllinoian Mercer till (Bluemle, 1971a, b) fauna (composite section from road cut and drill hole:
Martin, 1973). Late Wisconsin, 0.6-0.9 m till; middle

BP. and upper member of Horseshoe Valley Formation
Between -19,000 B.P. and - 15,000 B.P., the Quebecan center became subordinate and the Keewatin center became the dominant ice dispersal center: the position of the zone of confluence between ice flow from the (Ulmer, 1973; Ulmer and Sackreiter, 1973). 7.7 m till; Pleistocene Java Formation of Hedges (1987), 15 m flu-
vial sand with mollusc and mammal fossils; bedrock.

two centers shifted during that time interval (Shilts, 1980, 1982, 1985), Ice flow paths associated with the regional readvance (phase 5 and younger phases) differed markedly from those during maximum late Wisconsin lllinoian lower member of Horseshoe Valley Formation,
glaciation (phase 4). Ice from the Keewatin dispersal center flowed southeastward in southeastern Saskatchewan, southern Manitoba, and northwestern and central northern North Dakota. The Souris and Leeds lobﬁ were 1.2-2.1 m outwash sand and gravel: middle Pleistocene Another drill hole nearby (Hedges, 1987) revealed late
formed and the Red River, James, and Des Moines lobes were reformed with different configurations. The directions of ice movement during phase 4 in the northwestern quarter of the Dakotas quadrangle have no relationship Dead Man till (Bluemle, 197 1a, b) and upper member of Wisconsin till, late Wisconsin outwash sand and gravel,
to the directions of ice movement associated with phases 5-15, and the latter ice flow directions cannot be used in reconstruction of the configuration and dynamics of the Laurentide ice sheet during maximum late Wisconsin Medicine Hill Formation (Ulmer, 1973: Ulmer and Sack- late Wisconsin till. late Wisconsin outwash sand and
gravel, middle Pleistocene Java Formation, bedrock.

glaciation. ) . ) . o . _ ) reiter, 1973), with truncated calcic paleosol, 4.6-6.1 m
3Tills of the Bemis, Altamont, and Algona phases in the adjacent Des Moines 4° x 6" quadrangle (Hallberg and others, 1991) are closely dated (Hallberg and Kemmis, 1986). Correlation of those Des Moines lobe phases til; middle Pleistocene Charging Eagle Formation Vertebrate fossils from Java Formation assigned to mid-
dle Irvingtonian land mammal age (Pinsof, 1985) or

with James lobe and Souris lobe phases in this quadrangle is speculative. (Ulmer, 1973; Ulmer and Sackreiter, 1973), 0.9 m lake
early Irvingtonian land mammal age (Lundelius and oth-

4Stratigraphic unit is informal. G
5Pre-liinoian ti “lowan” ti i i “A1" tills in west nd the Hickory Hills Till Member of the Wolf Creek Formation in eastern lowa. The silt, 0.6-0.9 m outwash gravel
Pre-lllinoian till exposed locally beneath the phase 3 “lowan” till (tll) apparently is laterally equivalent to the “A1" tills in western lowa a e Hickory Hills Till Member of the Wolf Cr ormation i 4 ers, 1987; Repenning, 1987 and written commun.,

“A1" tills and the Hickory Hills Till Member are younger than the Lava Creek B tephra (age 620 ka. table 2), vounger than the Afton paleosol in the type area of that paleosol, and older than the Yarmouth paleosol in the N Testholq REAP Nq, 16_- N Dak,—Lat_e Wi-"(}OﬂSi“ Napo-
type area of that paleosol (Hallberg, 1986). The phase 1 pre-lllinoian till west of the Missouri River in North Dakota is interpreted to be older than the Lava Creek B tephra (table 2). leon till, 4.6 m till; lllincian, 7.8 m till; Pleistocene, 3.1 1988)
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QUATERNARY GEOLOGIC ATLAS OF THE UNITED STATES

PREPARED IN COOPERATION WITH
THE NORTH DAKOTA GEOLOGICAL SURVEY,
THE SOUTH DAKOTA GEOLOGICAL SURVEY, AND
THE MINNESOTA GEOLOGICAL SURVEY

LIST OF MAP UNITS

HOLOCENE

- SLUMP-BLOCK, EARTHFLOW, AND MUDFLOW LANDSLIDE
DEPOSITS

HOLOCENE AND LATE WISCONSIN

o s

LOAMY OR CLAYEY SHEETWASH ALLUVIUM

LOAMY OR CLAYEY SHEETWASH ALLUVIUM AND LAKE
DEPOSITS

LAKE SILT AND CLAY

LAKE SILT AND SAND

LAKE SAND AND GRAVEL

LAKE GRAVEL

DUNE SAND

EOLIAN SHEET SAND

EOLIAN SILT (LOESS)

EOLIAN SAND AND SILT

LANDSLIDE DEPOSITS, CLAYEY DISINTEGRATION RESIDUUM,

AND SHEETWASH ALLUVIUM

LANDSLIDE DEPOSITS, CLAYEY DISINTEGRATION RESIDUUM,
SHEETWASH ALLUVIUM, AND GLACIAL DEPOSITS

LANDSLIDE DEPOSITS, BOULDERY COLLUVIUM, AND SHEET-
WASH ALLUVIUM

CLAYEY DISINTEGRATION RESIDUUM AND SHEETWASH ALLU-
UM

CLAYEY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
AND COLLUVIUM

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
AND COLLUVIUM

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
AND COLLUVIUM

LOAMY DISINTEGRATION RESIDUUM AND SHEETWASH ALLU-
VIUM

SANDY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
AND COLLUVIUM

HOLOCENE TO EARLY MIDDLE PLEISTOCENE(?)
ALLUVIAL-FILL DEPOSIT
EOLIAN SILT (LOESS)

LANDSLIDE DEPOSITS, CLAYEY DISINTEGRATION RESIDUUM,
SHEETWASH ALLUVIUM, AND GLACIAL DEPOSITS

CLAYEY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM. AND GLACIAL DEPOSITS

LOAMY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

SANDY DISINTEGRATION RESIDUUM, SHEETWASH ALLUVIUM,
COLLUVIUM, AND GLACIAL DEPOSITS

HOLOCENE TO PLIOCENE(?)
BAKED AND FUSED BEDROCK (CLINKER)

LATE WISCONSIN
CLAYEY TILL (Falconer and Huot Formations)

LOAMY TILL
Ground moraine

End moraine
Stagnation moraine
COLLAPSED TILL AND LAKE DEPOSITS

LOAMY TILL
Ground moraine

End moraine

LOAMY TILL
Ground moraine

End moraine
Stagnation moraine

LOAMY TILL
Ground moraine

Washboard moraine

End moraine

Stagnation moraine
LOAMY TILL (Tazewell Till)

LOAMY TILL
Ground moraine

End moraine
Stagnation moraine

CLAYEY TO SANDY TILL
Ground moraine

End moraine
Stagnation moraine
ICE-CONTACT SAND AND GRAVEL
OUTWASH SAND
OUTWASH SAND AND GRAVEL
LAKE DENSITY-CURRENT UNDERFLOW FAN DEPOSIT
LAKE DELTA DEPOSIT

SLACKWATER LAKE DEPOSITS AND OUTWASH SAND AND
GRAVEL

LOAMY SOLIFLUCTION DEPOSIT

LATE WISCONSIN TO PLIOCENE(?)
ALLUVIAL GRAVEL. SAND, AND SILT

ALLUVIAL GRAVEL, SAND, SILT, AND CLAY

ALLUVIAL SAND AND GRAVEL
ILLINOIAN
LOAMY TILL ("lowan" till)

ILLINOIAN AND PRE-ILLINOIAN(?)

DISCONTINUOUS CLAYEY TO SANDY TILL, GLACIOFLUVIAL
DEPOSITS, AND ERRATIC BOULDER CONCENTRATIONS

PRE-PLIOCENE
DISSECTED BEDROCK (BADLANDS)

BEDROCK

CONTACT

- ICE-THRUST TERRAIN—Bedrock and surficial deposits that were
thrust, stacked, and deformed by glacial ice. Mapped areas chiefly
from Clayton, Moran, Bluemle, and Carlson (1980), with modifica-
tion from maps of individual counties. Some very small areas are
exaggerated to allow portrayal at this scale. Maps showing addi-
tional areas of ice-thrust terrain in North Dakota (J.P. Bluemle,
unpub. maps, scale 1:250,000) were made available after this map
was completed. Chiefly (1) steeply tilted bedrock blocks overlying till
and stratified sediments, (2) stacked or imbricated slices of bedrock,
till, and stratified sediments, forming concentric or parallel ridges,
(3) deformed masses of bedrock and surficial deposits characterized
by overturned folds, and (4) isolated blocks, isolated irregular
masses, or isolated, relatively smooth, nearly equidimensional hills
down-glacier from source depressions (Moran and others, 1980:
Bluemle and Clayton, 1984), Some ice-thrust materials are covered
by till that was deposited by overriding ice; surfaces locally were
streamlined by overriding ice. Thickness 10-100 m

Ay pISTAL MARGIN OF ICE-THRUST TERRAIN ASSOCIATED WITH A
GLACIAL ADVANCE LIMIT OR STILLSTAND OF ICE MARGIN

—A————— | IMIT OF LATE WISCONSIN GLACIAL ADVANCE OR STILLSTAND
OF ICE MARGIN—Dashed where inferred, dotted where concealed;
ticks on side of advance. Limit of late Wisconsin glaciation in North
Dakota based on surface morphology of till and stratified sediments,
distribution of till, ice-marginal drainage relationships, topographic
restrictions to ice flow, and data from water wells, auger holes, and
test borings (see unit txb)

S INFERRED LIMIT OF PRE-WISCONSIN GLACIATION—Ticks on side
of advance. Limit in South Dakota from Howells (1979, 1982); limit
in North Dakota from Benson (1953), Howells (1979, 1982), and
Clayton, Moran, Bluemle, and Carlson (1980). In North Dakota,
delineated by distribution of erratic boulders, not by distribution of
till

MANY S WASHBOARD MORAINES OR MINOR MORAINES—Shown as unit
tix locally in South Dakota

sessssees CREST OF END MORAINE RIDGE—In areas mapped as ground
moraine or stagnation moraine

-— DIRECTION OF ICE MOVEMENT INDICATED BY STRIATIONS—
Mapped only in James lobe region in South Dakota

-+ ICE-MOLDED LANDFORM—Drumlin, rock drumlin, flute, or groove
wacce.  ESKER—Direction of transport indicated by chevrons

— WIND DIRECTION INDICATED BY DUNE ORIENTATIONS

= DEFLATION BASIN OR LARGE BLOWOUT DEPRESSION

- RELICT PERMAFROST POLYGONS

f MANMADE LLAND—Strip mines, mine spoil, and Garrison Reservoir
dam and causeway

NOTE 1: This map is a product of collaboration of State geological surveys and
the U.S. Geological Survey and is designed for both scientific and practical purposes. It
was prepared in two stages. First, separate maps and map explanations for the parts of
States included in the quadrangle were prepared by the compilers. Second, the maps
were combined, integrated, and supplemented by the editor. Map unit symbols were
revised to a uniform system of classification and map unit descriptions were prepared by
the editor from information received from the compilers and from additional sources.
Diagrams accompanying the map were prepared by the editor.

Some differences in mapping or interpretation in different areas were resolved by
correspondence. Most of the remaining differences, apparent along State boundaries,
reflect differences in philosophies of mapping, and should encourage further investiga-
tion.

Surficial deposits have been mapped and described in less than forty percent of the
conterminous United States. Traditionally, mapping of surficial deposits has focused on
glacial, alluvial, eolian, lacustrine, marine, and landslide deposits. Slope and upland de-
posits have been mapped in detail only in restricted areas. However, much engineering
construction and many important problems of land use and land management occur in
regions that have extensive slope and upland deposits (residuum and colluvium, for ex-
ample). These materials commonly have different physical characteristics. Therefore, an
effort has been made to classify, map, and describe them on the basis of published and
unpublished substrata and subsoil data and the distribution and physical and chemical
characteristics of bedrock parent materials. The classification is crude, but it represents
a first step toward a more refined and useful product.

For scientific purposes, the map differentiates Quaternary surficial deposits on the
basis of a combination of criteria, such as lithology or composition, texture or particle
size, structure, genesis, stratigraphic relationships, and age, as shown in the correlation
diagram and tables and indicated in the map unit descriptions. Deposits of some con-
structional landforms, such as end moraines, are distinguished as map units or symbols.
Deposits of erosional landforms, such as stream terraces, are not distinguished, although
alluvial, glaciofluvial, and lacustrine deposits that are distinguished as map units may be
terraced. Differentiation of sequences of alluvial deposits is not possible at this scale.
Most individual landslide deposits are too small to be shown at this scale, but areas in
which landslide deposits are abundant are distinguished as map units.

For practical purposes, the map is a surficial materials map. Materials are distin-
gquished on the basis of lithology or composition, texture or particle size, and other phys-
ical and chemical characteristics. It is not a map of soils as soils are recognized and
classified in pedology or agronomy. Rather, it is a generalized map of soils as recognized
in engineering geology, or of substrata or parent materials in which pedologic and ag-
ronomic soils are formed. As a materials map it serves as a base from which a variety of
maps for use in engineering, land-use planning, or land-management projects can be de-
rived and from which a variety of maps relating to Quaternary geologic history can be
derived.
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DESCRIPTION OF MAP UNITS

(Map unit thicknesses ranges are typical ranges: in some areas units may be thinner than given

range)

HOLOCENE

SLUMP-BLOCK. EARTHFLOW. AND MUDFLOW LANDSLIDE DEPOSITS—

Products of gravitational downslope movement of bedrock or surficial materi-
als

Slump-block deposits—Masses of bedrock and unconsolidated materials that

have rotated or slid downslope as a unit, with little or no flow; physical prop-
erties of transported materials are not altered greatly and original textures.
stratification. bedding. and sedimentary structures of slumped materials are
retained. Slump-block scarps in places more than 400 m in length: crown
scarp displacements generally less than 9 m. Typically low hummocky ridges
separated by long closed depressions. Some deposits stabilized and grass cov-
ered, with discontinuous veneer of eolian silt (el) on hummocks and sheet-
wash alluvium (wla) in depressions. Thickness generally 3-20 m, locally 35 m

Earthflow deposits—Heterogeneous mixtures of clay, silt, and sand with scat-

tered clasts, transported and deposited as a result of slow flow of wet, but not
necessarily saturated, disintegrated bedrock and surficial materials. In some
areas, most of deposit is reworked slump-block deposits: in other areas.
chiefly reworked till, eolian silt (el. elb). sheetwash alluvium (wla), or collu-
vium. Most deposits are less than 30 m wide and less than 45 m long. Com-
monly composed of debris derived from gully walls. Deposits typically occur in
gullies and in fans at mouths of gullies in dissected slump-block deposits or on
foot slopes. Thickness 1-5 m. locally more than 10 m

Mudflow deposits—Heterogeneous mixtures of clay and silt with scattered clasts,

transported and deposited as a result of rapid flow of saturated unconsoli-
dated materials and disintegrated shale. Typically composed of debris washed
from exposed shale surfaces or debris derived from collapse of gully walls.
Commeonly in fans at mouths of gullies or on foot slopes. Thickness 1-5 m

HOLOCENE AND LATE WISCONSIN

ALLUVIUM—Reddish-brown, vellowish-brown, brown. yellowish-gray. brownish-

gray. gray. black. or mottled clay, silt. sand. and gravel. Calcareous: partly or
completely oxidized. Clasts angular to well rounded:; lithologies reflect compo-
sitions of other surficial materials and bedrock. Included in other map units in
many areas. Deposits include flood-plain alluvium and underlying channel
alluvium. Includes alluvial-fan deposits. alluvium in low terrace remnants, allu-
vial-fill deposits (alr), slackwater lake deposits and outwash sand and gravel
(I1f), organic slough or marsh deposits, bedrock outcrops, and. in glaciated
region, remnants of outwash and ice-contact sand and gravel (gs. gg. kg) and
lake clay, silt. sand, and gravel (Ica, Iss. Isa). Locally overlain by sheetwash
alluvium (wla) or eclian sand and silt (ed. es, el). Thickness 1-9 m, locally
more than 23 m

Flood-plain alluvium—Chiefly poorly to well-sorted silty clay. sandy clay. clayey

silt. silt, sandy silt, and fine sand with scattered pebbles. Stratified: commonly
with faint bedding or horizontal bedding; local layers or lenses of gravel.
Clayey alluvium soft and sticky where damp or hard where dry. Lignite frag-
ments ubiquitous in many areas: locally fossiliferous. Weakly developed buried
soils (humic horizons) locally

Channel alluvium—Chiefly loose, poorly to well-sorted, stratified fine to medium

pebbly sand and (or) coarse sand and gravel; cobbles and boulders common to
abundant in some areas. Generally crossbedded or with horizontal or lenticu-
lar bedding. Locally fossiliferous: locally cemented by calcium carbonate

LOAMY OR CLAYEY SHEETWASH ALLUVIUM!'—Pale-vellow, vellowish-

brown, olive-brown, brown. olive. vellowish-gray. olive-gray. brownish-gray.
gray, black, or mottled alluvium transported and deposited by unconfined
overland flow and rill wash. Typically either (1) clay, silty clay, silty clay loam,
and clay loam, (2) clay loam, silt, silt loam, and sandy loam, or (3) sand and
silty sand. Nonstratified to moderately well stratified; poorly to moderately
well sorted. Massive, thinly laminated, or with weak horizontal bedding. Dis-
seminated organic matter abundant in many areas: local buried soils (humic
horizons). Generally calcareous and alkaline; saline in many areas. Clast free,
with scattered granules and small pebbles. or with stringers, pods. and lenses
of granule or pebble gravel. Commonly interbedded with well-sorted. pebbly.
coarse silt and very fine sand: in places. mixed. intercalated. or interbedded
with eolian sand and silt (ed, es, el) or alluvium (al). Clayey alluvium soft,
sticky. and plastic where damp or tough. hard, and blocky where dry: clay
minerals dominantly montmorillonite. Granules and pebbles chiefly local clas-
tic sedimentary rocks. lignite. clinker. and ironstone: minor erratic carbonate.
igneous, and metamorphic clasts in glaciated region. Cobbles and boulders
generally absent. Locally fossiliferous. Mapped in North Dakota west of Mis-
souri River: included in other units elsewhere. Occurs in fans and aprons and
on foot slopes; in glacial diversion channels and sluiceways; in swales,
sloughs, and depressions and other poorly drained areas. Includes narrow rib-
bons of inset alluvium (al) deposited by underfit streams: also includes small
areas of till (txb), disintegration residuum, lake clay, silt, and sand (Ica, Iss).
and organic slough or marsh deposits. Thickness 1-4 m, locally 10 m

LOAMY OR CLAYEY SHEETWASH ALLUVIUM! AND LAKE DEPOSITS—

Complex map unit of sheetwash alluvium (wla) and older lake clay. silt. and
sand (Ica. Iss). Sheetwash alluvium chiefly in fans and aprons. overlapping
lake deposits. In glacial diversion channels and sluiceways, commonly overlies
a thick complex fill deposit that includes one ur more till units. Includes small
areas of till (tix, txb). Mapped in northwest quarter of quadrangle. Thickness
of sheetwash alluvium 1-5m. locally 15 m: thickness of lake deposits 2-
10 m, locally more than 30 m

LAKE SILT AND CLAY—Pale-vellow. vellowish-brown. reddish-brown. olive-

brown, brown, olive, vellowish-gray. brownish-gray, olive-gray, dark-greenish-
gray, bluish-gray, or mottled calcareous silt and clay. Well bedded to massive:
commonly laminated, locally varved. Local thin discontinuous beds, lenses, or
stringers of sand or fine gravel. Chiefly silt near margins of larger lake basins:
uppermost 1-2 m in places is massive silt. Graded bedding or ice rip-up clasts
of silt and clay present locally. Folded and contorted in some areas, but gener-
ally not faulted: raised rims 0.2-4 m high around some ice-walled lake depos-
its. Soft to firm and cohesive: hard where dry or sticky and plastic where
damp: commonly breaks into large blocks. Generally clast free; rafted peb-
bles. cobbles, and boulders present locally: clasts generally absent on surface.
Clay minerals dominantly montmorillonite in North Dakota and South
Dakota. illite and smectite in Minnesota. Locally fossiliferous. Terraced in
some areas; gullies common adjacent to larger streams that dissect the depos-
its. Flat to hummocky surface topography: local undrained depressions 1-
9 m deep. Occurs beneath flat plains and small basins formerly occupied by
glacial lakes and as ice-walled lake deposits. Locally overlies marl. an
extremely calcareous and fossiliferous diatomite. Thin and discontinuous in
some areas. Includes lake silt and sand (Iss) where units Ica and Iss have not
been distinguished. Includes some lake sand and gravel (Isa. Iga). particularly
on margins of larger basins, and includes extensive areas of wave-washed or
current-scoured till with a thin, discontinuous veneer of lake silt and clay. Also
includes some areas of alluvium (al). small lake delta deposits (Idb). and sub-
aqueous density-current fan deposits (Ida). In places overlain by eclian sand
and silt (ed. es, el). sheetwash alluvium (wla). alluvial fan deposits. or organic
slough or marsh deposits. Thickness 2-15 m, locally more than 45 m

LAKE SILT AND SAND—Yellow, gravish-vellow, vellowish-brown, brown, vellow-

ish-gray, brownish-gray, gray, black, or mottled calcareous silt and sand with
minor clay and gravel. Well stratified: well sorted. Commeonly horizontally
bedded fine or medium sand containing scattered granules or small pebbles,
interbedded or intercalated with massive or bedded silt containing scattered
dropstones: in some areas chiefly bedded silt or laminated silt and fine sand.
Commonly slumped, faulted, and contorted on slopes. Locally very carbon-
aceous: lignite fragments ubiquitous. Locally fossiliferous. Sand locally pebbly:
clasts chiefly limestone, dolomite, granite, basalt, and other erratic lithologies.
Deposits of open lakes and ice-walled lakes: locally collapsed where sedi-
ments were deposited on or adjacent to stagnant or dead ice. Includes areas
of lake sand and gravel (Isa. Iga) in beach ridges. spits, and offshore bars,
lake silt and clay (lca). lake delta deposits (Idb), and subaqueous density-cur-
rent fan deposits (Ida). Locally overlain by alluvium (al). sheetwash alluvium
(wila), or eolian sand and silt (ed. es, el). Blowouts common locally. Thick-
ness 1-6 m, locally more than 20 m

LAKE SAND AND GRAVEL—Pale-yellow, grayish-vellow, vellowish-brown.

brown, olive. brownish-gray. olive-gray. gray. or mottled calcareous very fine
to coarse sand. gravelly sand, and gravel. Moderately well stratified or well
stratified. Typically coarse to medium sand and poorly to well-sorted gravel
with interbeds of clay, silt. and fine sand in uppermost 1-2 m: well-sorted fine
to very fine sand and silt below. Sand and silt generally crossbedded or with
thin horizontal beds: local graded bedding or ripple-drift lamination. Gravel
crudely bedded to well bedded; poorly sorted to well sorted: crossbedded.
Sand generally well rounded grains of quartz and feldspar: locally chiefly shale
fragments. Clasts chiefly subangular to rounded granules and pebbles of
erratic igneous and metamorphic rocks. dolomite, and limestone: shale clasts
locally abundant. Locally fossiliferous; weakly developed buried soils (humic
horizons) in places. Strongly contorted, with hummocky topography. where
sediments were deposited on stagnant or dead ice. Occurs as shore and near-
shore deposits in beach ridges. spits. and offshore bars and as offshore sheet
deposits. Ridges may be composed of pebble gravel, gravelly sand. sandy
gravel with silt lenses. or pebbly sand. In places. overlies silty marl, an
extremely fossiliferous diatomite. Includes some lake delta deposits (Ida) and
lake gravel (Iga). Also includes areas of lake clay. silt. and sand (Ica. Iss), allu-
vium (al), outwash sand and gravel (gg), and organic slough or marsh depos-
its. In many areas, overlain by eolian sand and silt (ed. es. el). Thickness 0.2~
4 m, locally more than 10 m

LAKE GRAVEL—Grayish-vellow, vellowish-brown. brown. brownish-gray. or

gray, calcareous pebble and cobble gravel with medium to coarse sand
matrix. Well stratified: well sorted. Clasts chiefly subrounded or rounded.
resistant igneous and metamorphic rocks derived from till and other surficial
materials in same area. Shore and nearshore deposit in beaches, offshore
bars. and spits formed in glacial Lake Agassiz. Mapped in northeast corner of
quadrangle: included in unit Isa elsewhere. Thickness 1 m to more than 4 m

DUNE SAND—Pale-yellow, vellowish-brown. gravish-brown, brown, brownish-

gray. gray, or mottled windblown sand in dunes. Typically calcareous, loose,
well-sorted, homogeneous, fine to medium sand with faint bedding or cross-
bedding. Chiefly rounded or well-rounded quartz grains: locally arkosic.
Quartz grains clear or frosted. Locally stained vellowish brown or pale reddish
brown by iron oxides. Typically oxidized to depths greater than 3 m. In places
contains weakly developed buried soils (humic horizons). Chiefly coalesced
dunes; local relief generally 3-15 m. Mostly stable. with grass cover; local
blowouts. Includes some eolian silt and sheet sand (el, es), alluvium (al), and
bedrock outcrops. Thickness 1-15 m, maximum thickness more than 23 m

EOLIAN SHEET SAND—Pale-yellow, vellowish-brown. grayish-brown, brown,

brownish-gray. gray. or mottled windblown sand in blanketlike deposits with
only local low dunes. Typically calcareous, loose, well-sorted. homogeneous.
fine to very coarse sand with faint bedding or crossbedding. Chiefly rounded
or well-rounded quartz grains: grains frosted or clear. Locally stained yellowish
brown or pale reddish brown by iron oxides. Typically oxidized to depths
greater than 3 m. In places contains weakly developed buried soils (humic
horizons). Mostly stable, with grass cover: local blowouts. Includes some
eolian silt and dune sand (el. ed). alluvium (al), and bedrock outcrops. Thick-
ness 1-3 m

EOLIAN SILT (LOESS)—Pale-vellow, yellow, vellowish-brown, brown, vellowish-

gray, brownish-gray. gray, black, or mottled silt and silt loam: some very fine
sand. Calcareous: generally oxidized throughout. Typically nonstratified. well-
sorted silt with minor very fine sand: locally very faintly bedded silt and very
fine sand. In places contains streaks of clayey silt or clay or contains scattered
granules and pebbles. Typically massive. blocky, friable, and weakly compact:
stands in nearly vertical faces in exposures. Dry loess commonly has conspic-
uous columnar joints. Contains weakly developed buried soils (humic hori-
zons) in some areas: locally fossiliferous. Basal part commonly mixed or
intercalated with underlying deposit. Locally mixed or intercalated with sheet-
wash alluvium (wla). Modified by solifluction, creep. and other mass-wasting
processes in many areas, Occurs as a mantle of windblown material draped
over older topography and deposits. Mapped only in selected areas where
thickness is more than 1 m: also present as a patchy or continuous mantle in
many other areas (Flint, 1955; Clayton and others. 1976). Thickness 1-3 m:
maximum thickness 15 m

EOLIAN SAND AND SILT—Undifferentiated dune sand (ed), sheet sand (es). and

loess (el). Thickness 1-3 m

LANDSLIDE DEPOSITS, CLAYEY DISINTEGRATION RESIDUUM?  AND

SHEETWASH ALLUVIUM!—Clayey disintegration residuum and sheetwash
alluvium (xce), distinguished from that unit by the presence of abundant land-
slide deposits (jea). Includes some colluvium. 0.5-3 m thick, consisting of
bedrock float blocks and other materials transported and deposited by creep.
Extensive outcrops of shale in many areas. Locally overlain by eolian silt (el,
elb). Mapped in southwest quarter of quadrangle. Thickness of landslide
deposits 1-20 m, locally 35 m; disintegration residuum less than 1 m; sheet-
wash alluvium 0.5-2 m, locally more than 4 m

LANDSLIDE DEPOSITS, CLAYEY DISINTEGRATION RESIDUUM:. SHEET-

WASH ALLUVIUM!. AND GLACIAL DEPOSITS—Complex unit similar to
jca. distinguished from it by the presence of discontinuous till of late Wiscon-
sin age (tIx, tlu). generally less than 2 m thick, and glacial erratics. Mapped in
southwest quarter of quadrangle

LANDSLIDE DEPOSITS, BOULDERY COLLUVIUM® AND SHEETWASH

ALLUVIUM!—Complex map unit on steep slopes and foot slopes. Mapped
in two areas in central part of quadrangle

Landslide deposits—Chiefly slump-block. earthflow, and mudflow deposits (jea).

Thickness 2-10 m, locally 30 m

Colluvium—Gravelly clay, gravelly sand, or sandy gravel derived from till (tIx),

dissected landslide deposits (jea), and dissected ice-thrust deposits (IT). Com-
monly bouldery or cobbly: very shaly in places. Includes some solifluction
deposits (nld) composed of reworked till. Thickness less than 15 m

Sheetwash alluvium—Similar to unit wla, but texture varies from clay to sandy

loam. Derived from till {tlx). landslide deposits (jea). colluvium, and ice-thrust
deposits (IT). Occurs in fans and aprons. on foot slopes. and in depressions
and other poorly drained areas. Thickness 1-3 m, locally more than 5 m

CLAYEY DISINTEGRATION RESIDUUM? AND SHEETWASH ALLUVIUM!'—

Yellowish-brown. olive-brown, gravish-brown, brown, olive. olive-gray,
brownish-gray. gray. or mottled clay, silty clay, clay loam, or loam. Slightly to
highly calcareous; mildly to strongly alkaline. Hard and blocky where dry or
plastic. sticky. and slippery where damp. Clasts dominantly angular or suban-
gular fragments of micaceous and bentonitic shale or soft clayey shale: local
fragments of siltstone or sandstone. Selenite crystals, ironstone concretions,
and redeposited pyrite. marcasite. or siderite crystals common. Landslide
deposits (jea) common to abundant in some areas. Includes areas of alluvium
(al, agu, alo). eolian silt (elb). and minor colluvium. Bedrock outcrops com-
mon; includes extensive areas of dissected shale. Mapped in southwest quar-
ter of quadrangle

Residuum—Nonstratified: nonsorted; massive or with faint relict stratification.

Loosely consolidated or compact. Iron oxide stains common. Shale fragments
common to abundant. particularly in lower part: locally consists of thin layers
of platy shale fragments. In many areas, overlain by thin or discontinuous
eolian sand and silt (ed. es, el, elb). Thickness less than 1 m

Sheetwash alluvium—Similar to unit wla. Thickness 1-3 m. locally more than

9m

xlp.
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CLAYEY DISINTEGRATION RESIDUUM?®, SHEETWASH ALLUVIUM!, AND

GLACIAL DEPOSITS—Complex unit similar to unit xce. distinguished from
it by the presence of discontinuous till of late Wisconsin age (tlu. tIx). gener-
ally less than 2 m thick. and glacial erratics. Includes small areas of alluvium
(al, alo, agu). and alluvial-fill deposits (alr); may include small areas of
exhumed pre-Wisconsin till (txc). Mapped in southwest quarter of quadrangle

LOAMY DISINTEGRATION RESIDUUM? SHEETWASH ALLUVIUM!. AND

COLLUVIUM*—Yellowish-orange. pale-yellow. vellowish-brown, gravish-
brown. olive-brown, brown, olive, maroon, vellowish-gray. brownish-gray.
olive-gray. gray. brownish-black. black, white, or mottled loam, clay loam. or
silty clay loam: locally silty clay, sandy loam or loamy sand. Calcareous; clasts
dominantly angular or subangular sandstone, siltstone, claystone, and fissile
shale: local fragments of limestone, silcrete, clinker. silicified wood, or lignite.
Small landslide deposits (jea) present locally. Includes some alluvium (al. alq),
clinker (gs). and bedrock outcrops. Mapped in North Dakota along west
boundary of quadrangle

Residuum—Nonstratified: nonsorted: commonly with faint relict stratification.

Loosely consolidated or compact. Bedrock fragments common to abundant,
particularly in lower part. In places, surface is littered with residual boulders,
cobbles, and pebbles of silcrete or case-hardened bentonite or siltstone: boul-
ders locally wind abraded and polished. Locally overlain by thin or discontinu-
ous eolian sand and silt (ed, es. el). Thickness less than 1 m

Sheetwash alluvium—Similar to unit wla. Thickness 0.5-4 m. locally more than

4m

Colluvium—Nonstratified or faintly stratified: nonsorted. Loosely consolidated or

compact. Typically angular and subangular boulders, cobbles, and pebbles in
a clayey to sandy matrix; local rubble of silcrete. sandstone, siltstone. lime-
stone, or clinker boulders, cobbles, and pebbles. Locally includes large float
blocks of bedrock. Occurs on steep slopes in hilly terrain and on more gentle
slopes below bedrock ledges, escarpments, and terrace and bench margins.
Thickness 0.3-4 m, locally more than 8 m

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!, COLLU-

VIUM?, AND GLACIAL DEPOSITS—Complex unit similar to unit xlk, distin-
guished from it by the presence of thin or discontinuous till of late Wisconsin
age (tIx. txb). generally less than 2 m thick, and glacial erratics. Till locally
baked and fused as a result of natural burning of underlying lignite beds.
Includes small areas of alluvium (al). slackwater lake deposits (IIf). outwash
and ice-contact sand and gravel (gg. kg). alluvial-fill deposits (alr), and bed-
rock outcrops. May include small areas of exhumed pre-Wisconsin till (txc).
Mapped in northwest quarter of quadrangle

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!'. AND

COLLUVIUM*—Yellow. brownish-yellow, vellowish-brown, grayish-brown,
brown, grayish-olive. olive. vellowish-gray. brownish-gray. olive-gray, bluish-
gray. gray. black. white, or mottled loam. silt loam. clay loam, and silty clay
loam; locally silty clay. clay, sandy loam, or loamy fine sand. Nencalcareous
to highly calcareous: mildly to very strongly alkaline. Clasts chiefly fine
grained sandstone, siltstone, claystone. and micaceous clayey shale: minor fis-
sile carbonaceous shale, limestone. glauconitic sandstone, silicified wood, clin-
ker, and lignite. Landslide deposits (jea) common to abundant locally. Includes
areas of alluvium (al. alg. agu). eolian silt (elb), and bedrock. Mapped along
west boundary of quadrangle

Residuum—Nonstratified; nonsorted: commonly with faint relict stratification.
Generally loose or poorly consolidated: compact where clayey. Bedrock frag-
ments common to abundant in most areas, particularly in lower part. Locally
developed in Tertiary or Cretaceous volcanic ash or bentonitic clay: forms
“gqumbo” that is hard where dry or very sticky. plastic, and slippery where
damp. Calcium carbonate concretions 1 m or larger in diameter present
locally: small concretions of limonite or marcasite common in some areas.
Residual crystals or crystallized spheres and rosettes of selenite common.
Silicified logs as long as 5 m present on surface locally. Overlain by thin or
discontinuous eolian sand and silt (ed. es, el elb) in many areas. Thickness
less than 1 m

Sheetwash alluvium—Similar to unit wla. Thickness 0.5-2 m, locally more than
4m

Colluvium—Nonstratified or faintly stratified: nonsorted. Typically angular and
subangular boulders. cobbles. and pebbles in a clayey to sandy matrix.
Loosely consolidated or compact. Locally includes large float blocks of bed-
rock. Occurs on steep slopes in hilly terrain and on more gentle slopes below
bedrock ledges. escarpments. and terrace and bench margins. Thickness 0.3-
4 m, locally more than 8 m

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!,

COLLUVIUM?, AND GLACIAL DEPOSITS—Complex unit similar to unit
xIn. distinguished from it by the presence of thin or discontinuous till of late
Wisconsin age (tlu, tix, txb). generally less than 2 m thick, and glacial errat-
ics. Includes areas of alluvium (al. alq), alluvial-fill deposits (alr), outwash and
ice-contact sand and gravel (gg. kg). lake clay, silt. and sand (lca, Iss), and
bedrock outcrops. May include areas of exhumed pre-Wisconsin till (txc).
Mapped in North Dakota east and west of Missouri River

LOAMY DISINTEGRATION RESIDUUM? ~ SHEETWASH ALLUVIUM!,

COLLUVIUM?. AND GLACIAL DEPOSITS—Disintegration alluvium, sheet-
wash alluvium. and colluvium are vellow, vellowish-brown, olive-brown,
brown, olive. vellowish-gray, brownish-gray, olive-gray, gray, or mottled
loam, silt loam. clay loam, and silty clay loam: minor sandy loam. Weakly to
highly calcareous: moderately alkaline. Clasts chiefly sandstone. siltstone, and
shale; minor limestone. Landslide deposits (jea) present locally. Includes areas
of alluvium (al, alq), alluvial-fill deposits (alr), outwash and ice-contact sand
and gravel (gg. kg). lake clay, silt, and sand (lca. Iss), and bedrock outcrops.
Glacial deposits chiefly discontinuous till of late Wisconsin age {tIx. tlu, txb),
less than 2 m thick. and glacial erratics. May include small areas of exhumed
pre-Wisconsin till (txc). Mapped east and west of Missouri River in west-cen-
tral part of quadrangle

Residuum—Nonstratified; nonsorted; faint relict stratification and sedimentary
structures common. Loosely consolidated or compact. Bedrock fragments
common to abundant, particularly in lower part. Locally developed in bento-
nite. Surface locally littered with wind-abraded blocks or boulders of quartzitic
sandstone or sandstone. Locally overlain by thin or discontinuous eolian sand
and silt (ed. es, el). Thickness less than 1 m

Sheetwash alluvium—Similar to unit wla. Thickness 0.5-2 m. locally more than

4m

Colluvium—Nonstratified or faintly stratified: nonsorted. Loosely consolidated or

compact. Typically angular or subargular boulders, cobbles, and pebbles of
sandstone, siltstone, and shale in a loamy or sandy matrix; local rubble of
sandstone and siltstone. Locally includes large float blocks of bedrock. Occurs
on steep slopes in hilly terrain and on more gentle slopes below bedrock
ledges. escarpments, and terrace and bench margins. Thickness 0.3-4 m.
locally more than 8 m

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM! AND

COLLUVIUM*—Yellowish-brown. olive-brown. gravish-brown. brown. olive,
olive-gray, brownish-gray, gray. or mottled loam, clay loam. or silty clay loam;
locally silty clay or clay. Weakly to highly calcareous: mildly to strongly alka-
line. Clasts dominantly angular or subangular soft shale. platy shale. or silt-
stone: minor sandstone or limestone. Landslide deposits (jea) present locally.
Includes areas of alluvium (al, agu), eolian silt {elb), and bedrock outcrops.
Mapped in South Dakota along west boundary of quadrangle

Residuum—Nonstratified: nonsorted: massive or with faint relict stratification.
Loosely consolidated or compact. Bedrock fragments common, particularly in
lower part. In some areas, overlain by thin or discontinuous eolian sand and
silt (ed. es. el). Thickness less than 1 m

Sheetwash alluvium—Similar to unit wla: commonly saline. Thickness 0.5-2 m.

locally more than 4 m

Colluvium—Nonstratified or faintly stratified; nonsorted. Loosely consolidated or
compact. Typically angular or subangular boulders. cobbles, and pebbles of
sandstone, siltstone, shale, and limestone. Locally includes large float blocks
of bedrock. Occurs on steep slopes in hilly terrain and on more gentle slopes
below bedrock ledges, escarpments, and terrace and bench margins. Thick-
ness 0.3-4 m, locally more than 8 m

X a-j LOAMY DISINTEGRATION RESIDUUM? AND SHEETWASH ALLUVIUM!—

Yellowish-brown, olive-brown, brown, grayish-brown, olive, gray. or mottled
loam. clay loam, silty clay loam, and silt loam: locally very fine sand, silty clay.
or clay. Weakly to highly calcareous; mildly to very strongly alkaline. Clasts
dominantly clayey shale. In many areas. chiefly sheetwash alluvium with only
minor disintegration residuum. Includes areas of alluvium (al), minor collu-
vium. landslide deposits (jea), and bedrock outcrops. Mapped in South
Dakota along west boundary of quadrangle

Residuum—Nonstratified: nonsorted: massive or with faint relict stratification.
Loosely consolidated or compact. Shale fragments common, particularly in
lower part. In some areas, overlain by thin or discontinuous eolian sand and
silt (ed, es. el). Thickness less than 1 m

Sheetwash alluvium—Similar to unit wla. Includes local alkali “slickspots.”
Thickness 0.3-2 m. locally more than 6 m

SANDY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM'. AND

COLLUVIUM*—Pale-vellow. vellowish-brown, olive-brown. grayish-brown.
brown, olive, vellowish-gray, olive-gray, brownish-gray, gray. white, or mot-
tled loamy fine sand, loamy sand. fine sand. fine sandy loam, and sandy loam;
locally loam, silt loam, silty clay loam, clay loam, silty clay. or clay. Weakly to
highly calcareous: mildly to very strongly alkaline. Clasts chiefly soft sand-
stone and siltstone; some shale and limestone. Includes areas of alluvium (al).
eolian silt (elb), landslide deposits (jea). and bedrock outcrops. Mapped in one
area in South Dakota west of Missouri River

Residuum—Nonstratified: nonsorted: massive or with faint relict stratification
and sedimentary structures. Generally loosely compact. Bedrock fragments
common to abundant, particularly in lower part. In some areas. overlain by
eolian sand and silt (ed, es, el, elb)

Sheetwash alluvium—Similar to unit wla. Thickness 0.3-2 m, locally more than

4m

Colluvium—Stony debris derived from bedrock outcrops higher on slopes.

Locally cobbly. May include some solifluction deposits (nld). Thickness 0.3~
2 m, locally more than 6 m

HOLOCENE TO EARLY MIDDLE PLEISTOCENE(?)

ALLUVIAL-FILL DEPOSIT—Complex fill of slackwater lake deposits and outwash

sand and gravel (Ilf). sheetwash alluvium (wla), lake clay, silt, and sand (lca.
Iss), and eolian sand and silt (ed. es. el) of Holocene and late Wisconsin age,
and older sediments of similar compositions and genesis. Fill locally includes
late Wisconsin till {tlu, tlx, txb) and (or) pre-Wisconsin till (txc). Occurs in ter-
race remnants on walls of Missouri River valley. Includes some inset younger
alluvium (al) and bedrock outcrops. Locally overlain by sheetwash alluvium
(wla) or eolian sand and silt (ed. es. el). Thickness 3-35 m, locally more than
45 m

EOLIAN SILT (LOESS}—Pale-yellow. vellow. vellowish-brown, reddish-brown,

brown, yellowish-gray, brownish-gray, gray. black. or mottled windblown silt,
silt loam, and very fine sand. Calcareous; local white or pale-gray filaments,
powdery interstitial fillings, or nodules of secondary calcium carbonate. Gen-
erally oxidized. Typically nonstratified, massive, well-sorted silt with minor
very fine sand: locally faintly bedded silt and very fine sand. In places contains
streaks or pods of clayey silt or clay or contains scattered granules and peb-
bles. Unconsolidated or weakly compact: stands in nearly vertical faces in
exposures. Columnar joints common. Friable: blocky structure. Silt and sand
grains dominantly quartz and accessory minerals. In places. stained vellowish
brown, reddish brown, or brown by iron oxides. Locally fossiliferous: contains
buried soils (humic horizons) in some areas. Thin or discontinuous deposits of
till (tlx, tlu, txc) may be intercalated in loess in glaciated areas. Locally mixed
or intercalated with sheetwash alluvium or colluvium: modified by creep, col-
luviation. solifluction, and other mass-wasting processes in many areas.
Occurs as a mantle of windblown material draped over older topography and
deposits, chiefly on upland surfaces. Mapped in southwest quarter of quad-
rangle where loess is a continuous mantle more than 1 m thick: also present
as an unmapped patchy or continuous thin mantle over other map units in
many other areas. Includes areas of alluvium (al, alo. agu). disintegration
residuumn, sheetwash alluvium, and colluvium (xce, xIn, xla, xsc), landslide
deposits (jea. jca). and bedrock outcrops. The stratigraphy. paleontology,
and chronology of the deposits are very poorly known. Probably includes
loess that is temporally equivalent to the Bignell, Peoria, and Loveland For-
mations and older eolian deposits farther south in Nebraska. Thickness 1-
3 m, locally more than 15 m

LANDSLIDE DEPOSITS, CLAYEY DISINTEGRATION RESIDUUM?, SHEET-

WASH ALLUVIUM!, AND GLACIAL DEPOSITS—Complex unit similar to
unit jca, distinguished from it by the presence of discontinuous till of pre-Wis-
consin age (txc), generally less than 1 m thick, and glacial erratics. Mapped in
southwest quarter of quadrangle

CLAYEY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!, AND

GLACIAL DEPOSITS—Complex unit similar to unit xce, distinguished from
it by the presence of discontinuous till of pre-Wisconsin age (txc), generally
less than 1 m thick, and glacial erratics. Includes small areas of alluvium (agu).
In places overlain by thin or discontinuous eolian sand and silt (ed. es, el.
elb). Mapped west of Missouri River in west-central part of quadrangle

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!, COLLU-

VIUM?, AND GLACIAL DEPOSITS—Complex unit similar to unit xIk, distin-
guished from it by the presence of thin or discontinuous till of pre-Wisconsin
age (txc), generally less than 1 m thick, and glacial erratics. Includes areas of
alluvium (al, alq). Locally overlain by thin or discontinuous eolian sand and silt
(ed. Fes. el). Mapped west of Missouri River in northwest quarter of quad-
ranale

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!, COLLU-

VIUM?, AND GLACIAL DEPOSITS—Complex unit similar to unit xIn, distin-
quished from it by the presence of thin or discontinuous till of pre-Wisconsin
age (txc), generally less than 1 m thick, and glacial erratics. Overlain by thin
or discontinuous eolian sand and silt (ed, es, el) in many areas. Mapped west
of Missouri River in west-central part of quadrangle

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!, COLLU-

VIUM?, AND GLACIAL DEPOSITS—Complex unit similar to unit xIr. distin-
guished from it by the presence of discontinuous till of pre-Wisconsin age
(txc), generally less than 1 m thick, and glacial erratics. Till and glacial erratics
included in unit xIr are both late Wisconsin and pre-Wisconsin in age.
Includes small areas of alluvium (al, agu). Overlain by thin or discontinuous
eolian sand and silt (ed, es, el. elb) in many areas. Mapped west of Missouri
River in west-central part of quadrangle

LOAMY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM!, COLLU-

VIUM®, AND GLACIAL DEPOSITS—Complex unit similar to unit xla, distin-
guished from it by the presence of discontinuous till of pre-Wisconsin age
(txc), generally less than 1 m thick and glacial erratics. Includes small areas of
alluvium (al, agu). Locally overlain by thin or discontinuous eolian sand and
silt (ed. es. el). Mapped west of Missouri River in west-central part of quad-
rangle

SANDY DISINTEGRATION RESIDUUM?, SHEETWASH ALLUVIUM', COLLU-

VIUM?, AND GLACIAL DEPOSITS—Complex unit similar to unit xsc. dis-
tinguished from it by the presence of thin or discontinuous till of pre-
Wisconsin age (txc), generally less than 1 m thick, and glacial erratics.
Includes small areas of alluvium (al, agu). In places overlain by thin or discon-
tinuous eolian sand and silt (ed. es. el. elb). Mapped west of Missouri River
in west-central part of quadrangle

HOLOCENE TO PLIOCENE(?)

- BAKED AND FUSED BEDROCK (CLINKER)}—Bedrock that was baked and fused
as a result of natural burning of lignite beds. Brick-red to dark-red. salmon-
pink. orange. vellow, green, brown, maroon, dark-purple. gray. white. or
black sandstone. siltstone, and claystone. Intensity of alteration diminishes
upward. Lower part commonly massive, with flow structures: bedding and
sedimentary structures of original bedrock destroved. Local slaglike masses
with ropy surfaces, or low-density rock with open fissures, pores, and pockets
resembling scoria. Where original bedrock was clavey, commonly massive
and hard: breaks into plates or brittle chips with conchoidal fracture. Upper
part typically retains bedding and sedimentary structures of original bedrock:
commonly brecciated by collapse caused by removal of underlying lignite;
flow structures absent except in chimneys that project upward. Polygonal
columnar jointing common in places: breaks in short columnar fragments or
chunky blocks. Locally includes till that also was baked and fused. Clinker is
very resistant to weathering and erosion; forms ledges and rims or caprock
on buttes and hills. On flat and gentle slopes, commonly overlain by less than
2 m of loamy residuum; on moderate to steep slopes below clinker outcrops,
includes colluvium of blocks, boulders, cobbles, and pebbles of clinker in a
sandy to clayey matrix. Clinker blocks and boulders on surface commonly
covered by lichens. Mapped in North Dakota west of Missouri River where
outcrops are extensive. Thickness 2-30 m

LATE WISCONSIN

- CLAYEY TILL (Falconer and Huot Formations in Minnesota and North Dakota)—
Olive-brown, grayish-brown, olive-gray. grav, or mottled calcareous clay, silty
clay. and silty clay loam. More clayey toward the south. Nonstratified: non-
sorted; typically no apparent structure. Contorted beds of silt common locally.
particularly in upper part: in places contains chalky inclusions or inclusions of
oxidized older till. Very local interbeds of sand and fine gravel. Slickensides
common. Slumps in outcrops in many areas. Sparingly pebbly to pebbly:
scattered cobbles: boulders very rare. Clasts chiefly limestone and dolomite:
minor shale and erratic igneous and metamorphic rocks. Chiefly derived from
offshore glacial-lake sediment that was incorporated by ice during the Edin-
burg phase glacial readvance (phase 15, table 1). Commonly overlain by dis-
continuous lake clay, silt, sand, and gravel (Ica. Iss. Isa). alluvium (al). or
organic marsh deposits. Thickness 3-5 m., locally more than 20 m
LOAMY TILL—Olive-brown, brown, olive, olive-gray. gray, or mottled calcareous
clay loam, silt loam, silty clay loam, and loam: locally sandy loam or clay. Tex-
ture is similar to that of other tills in this quadrangle that are classed as loamy
tills. The letter symbol, indicative of clayey till in the adjacent Minneapolis
quadrangle (Goebel and others, 1983). is used to retain continuity of the unit
in the two quadrangles. Nonstratified: nonsorted. Clasts chiefly pebbles and
cobbles of shale and limestone: minor erratic igneous and metamorphic
rocks. Includes some alluvium (al). outwash and ice-contact sand and gravel
(gs, gg. kg), lake clay, silt, sand. and gravel (Ica, Iss. Isa, lga), and organic
slough or marsh deposits
Ground moraine—Thickness 2-20 m

End moraine—Broad ridges, typically with hummocky topography and deep ice-
block depressions. Thickness 10-50 m
Stagnation moraine—Broad areas of hummocky collapsed topography lacking
distinct morainal ridges. Nonintegrated drainage: lakes, ponds. and marsh-
= filled sloughs common. Thickness 2-50 m
tkt COLLAPSED TILL AND LAKE DEPOSITS—Complex unit of till. lake clay and
silt, and blocks of sand. gravel, and bedrock. In many areas, deposit is pale-
vellow, vellowish-brown. vellowish-gray, brownish-gray, gray. or mottled cal-
careous silt, silt loam, or silty clay till: generally much more silty than typical
loamy till (tIx) in same region. Inclusions of bedded silt. sand, and minor
gravel common in till. In other areas. deposit is chiefly poorly indurated.
faintly bedded lake silt and minor clay. Locally. deposit is a nonsorted. non-
bedded mixture of angular, subangular. and rounded blocks of sand. gravel,
and bedrock in a loose silty matrix. Collapsed deposits commonly are tilted.
faulted. or contorted on slopes and in low areas, undisturbed on hilltops.
Relief generally 3-9 m: surface generally smooth, with numerous small, shal-
low depressions. Chiefly till and offshore sediments of glacial Lake Agassiz
deposited on stagnant or dead ice in northeastern quarter of quadrangle.
Includes areas of alluvium (al). uncollapsed till (tix), lake clay. silt, sand, and
gravel (Ica, Iss, Isa), and organic slough or marsh deposits. Thickness less
than 3 m
LOAMY TILL—Pale-yellow. gravish-vellow. vellowish-brown. reddish-brown.
brown, olive. olive-brown, vellowish-gray. brownish-gray. olive-gray, gray. or
mottled calcareous loam., silt loam, sandy clay loam, and sandy loam: locally
very sandy or gravelly. Nonstratified or very poorly stratified; nonsorted or
poorly sorted. Commonly interbedded with or contains discontinuous lenses
of sand and gravel. Generally very pebbly: some cobbles and boulders. Peb-
bles. cobbles, and boulders dominantly erratic limestone, dolomite. and igne-
ous and metamorphic rocks. Lignite chips and limonite blebs abundant in
many areas. Locally contains blocks or masses of ice-thrust bedrock.
Includes areas of till washed by streams and by waves and currents in glacial
lakes, with surface litter of cobbles and boulders or discontinuous cover of
lake clay, silt, sand, and gravel (Ica. Iss. Isa) or lake delta deposits (Idb). Also
includes areas of outwash and ice-contact sand and gravel (gg. kg). alluvium
(al), and organic slough or marsh deposits. Commonly covered by thin eolian
sand and silt (ed, es, el). Wood beneath unit tlw and older late Wisconsin till
17 km north of quadrangle boundary vielded a '“C age of 28,340+1,000
B.P. (W-2450: Moran and others, 1973). Mapped near north boundary of
quadrangle in North Dakota
Ground moraine—Includes areas of collapsed supraglacial sediment with less
than 3 m of local relief: maximum slope angles generally less than 4°. Thick-
ness 1-5m, locally 12 m
End moraine—Broad hummocky ridges or narrow sharply defined ridges, com-
monly with undrained depressions and lag cobbles and boulders on surface.
Thickness 3-15 m. locally 20 m
LOAMY TILL—Yellowish-brown, olive-brown. grayish-brown. brown, brownish-
gray, olive-gray. gray, or mottled very calcareous silt loam and loam; locally
sandy loam, clay loam, or silty clay. Nonstratified: nonsorted or poorly sorted.
Lenses or pockets of sand and gravel common. High content of expandable
clay minerals (smectite): lesser illite, kaolinite, and chlorite. Pebbles chiefly
shale, limestone, and dolomite; minor basalt, diabase, granite. chert. and
sandstone. Locally cobbly or bouldery; boulder concentrations common on
surface; large boulders chiefly granite. Disintegration ridges common in some
areas. Includes areas of alluvium (al), outwash and ice-contact sand and gravel
(gg. kg). lake clay, silt, sand, and gravel (Ica, |ss, Isa), and organic slough or
marsh deposits. Locally overlain by thin, patchy eoclian silt (el). Mapped in
eastern part of quadrangle
Ground moraine—Thickness 2-25 m, locally more than 30 m

End moraine—Broad ridges, typically with hummocky topography and closed
depressions. Boulders common on distal slopes and crests of ridges: lake silt
and clay (Ica) common in swales and depressions between ridges. Thickness
2-30 m, locally 50 m

Stagnation moraine—Broad areas of hummocky collapsed topography lacking
distinct morainal ridges. Nonintegrated drainage: lakes. ponds, and marsh-
filled depressions and sloughs common. Till typically more sandy than till of
ground moraine; commonly interbedded with clay, silt, sand, and gravel.
Thickness less than 15 m. locally 50 m

LOAMY TILL—Yellowish-orange, grayish-orange, pale-orange. pale-vellow. gray-
ish-yellow. reddish-brown, vellowish-brown. olive-brown, grayish-brown,
brown. brownish-olive, olive, maroon. vellowish-gray, brownish-gray. olive-
gray, bluish-gray. bluish-black, olive-black, or mottled calcareous clay loam
and loam; in some areas silt loam, silty clay loam, silty clay, or sandy clay
loam. Locally very gravelly or matrix dominantly either sand. silt, or clay. In
places, interbedded with, intercalated with. or contains lenses. pods, and
stringers of clay, silt, sand. or gravel. Nonstratified: nonsorted or very poorly
sorted. Compact; commonly massive: cohesive to friable: locally mealy. More
clavey till typically soft and sticky where damp, hard and blocky where dry.
Clay minerals dominantly montmorillonite. Weakly developed joints locally;
joint surfaces may be coated with calcium carbonate or iron oxides. or selen-
ite crystals less than 3 mm long may be oriented parallel to joint surfaces.
Nearly pebble free to very pebbly; cobbles and boulders rare to abundant.
Pebbles chiefly subangular to rounded erratic limestone. dolomite. and granite
in upper part of thick till; angular to subrounded shale. siltstone, and sand-
stone pebbles and lignite fragments abundant in thin tiil and lower part of
thick till. Cobbles and boulders chiefly subangular to well-rounded erratic igne-
ous and metamorphic rocks, limestone. and dolomite. Clasts of older till and
clasts of lignite as large as 2 m in diameter common in some areas. Glaciotec-
tonic blocks of shale tens or hundreds of meters in length and several meters
in thickness included in till locally. Disintegration ridges common in many
areas. Undrained shallow depressions very abundant in many areas. Includes
unmapped ice-thrust deposits (IT). flowtill, and landslide deposits (jea).
Includes extensive areas of till washed by streams and by waves and currents
in glacial lakes, with surface litter of cobbles and boulders or discontinuous
cover of lake clay, silt, sand, and gravel (lca, Iss, Isa, Iga). Also includes lake
underflow density-current fan deposits (Ida), lake delta deposits (Idb). alluvium
(al), sheetwash alluvium (wla). outwash and ice-contact sand and gravel (gg,
kg). organic slough and marsh deposits, and bedrock. In west half of quadran-
gle in North Dakota, includes areas of exhumed pre-Wisconsin till (txc).
Locally covered by eolian sand and silt (ed, es. el)

Ground moraine—Includes areas of collapsed supraglacial sediment with less
than 3 m of local relief: maximum slope angles generally less than 4°. Thick-
ness 1-15 m, locally 30 m

Washboard moraine—Ground moraine with swell-and-swale topography. Sub-
dued, irregular, discontinuous, concentric or parallel ridges in groups or clus-
ters. Local relief generally 2-5 m. with intervening troughs or depressions.
Ridges sharply defined from air but inconspicuous on ground. Shown as a
map unit only in parts of South Dakota: shown by symbol in North Dakota.
Other areas of washboard moraines in South Dakota were mapped by
Gwynne (1951) and Flint (1955). Thickness 3-20 m, locally more than 30 m

End moraine—Broad, hummocky ridges or narrow, sharply defined ridges, com-
monly with undrained depressions and lag cobbles and boulders on surface.
Relief locally more than 30 m. Till end moraine deposits locally are replaced
laterally by kame end moraine deposits that are included in map unit. Some
ridges in areas mapped as ground moraine are shown by symbol. In north-
west corner of quadrangle, north of Garrison Reservoir, wide belt of end
moraine with northeast-southwest trend may be a buried end moraine of pre-
Wisconsin till (txc) that is overlain by a thin oxidized veneer of late Wisconsin
ground moraine, Thickness 6-40 m, locally 60 m

Stagnation moraine—Broad areas of hummocky collapsed topography lacking
distinct morainal ridges. Nonintegrated drainage: lakes, ponds, and marsh-
filled depressions and sloughs common. Relief locally more than 50 m; slope
angles generally 5-15 percent. Includes collapsed glacial sediment {(till and
flowtill), collapsed ice-walled supraglacial lake clay. silt, sand. and gravel (lca,
Iss, Isa), and collapsed outwash and ice-contact sand and gravel (gg. kg).
Glacial. glaciolacustrine, glaciofluvial. and alluvial sediments were redeposited
by mass movement (flow and sliding) as a result of melting of buried ice for
several thousand years after deglaciation. Boundaries between stagnation
moraine and ground moraine in some areas are transitional and contacts are

i arbitrary. Thickness 6-30 m, locally more than 60 m

| tla LOAMY TILL (Tazewell Till in northeastern South Dakota and southwestern Min-

. nesota)—Yellowish-brown, olive-brown. grayish-brown, brown, vellowish-
gray, olive-gray, brownish-gray, bluish-gray, gray, or mottled very calcareous
loam and clay loam; locally sandy loam. Nonstratified: nonsorted or poorly
sorted. Compact and firm; commonly blocky and fissile. Upper part locally
sandy, pebbly, and ferruginous. Locally interbedded or intercalated with, or
contains lenses, pods, and stringers of sand and gravel. High content of
expandable clay minerals (smectite); illite more abundant than kaolinite. Typi-
cally oxidized throughout: less intensely oxidized than unit tll and more
intensely oxidized than units tlg and tIx. Commonly jointed: iron oxide stains
on joint surfaces. Pebbly to very pebbly: local surface concentrations of cob-
bles and boulders. Pebbles chiefly subangular to well rounded erratic lime-
stone, dolomite, and igneous and metamorphic rocks; minor shale.
sandstone. and ironstone. Boulders chiefly subrangular to subrounded lime-
stone, dolomite, and granite. Surface smooth to gently undulating: low hills
and broad swales and depressions: no sharp ridges, eskers. lakes, or swamps:
surface typically not as stony as surface on younger till (tlg. tlx). Till generally
thin: older till (tll) exposed in some areas. Wood from base of till vielded '4C
ages of 22,900+1,000 B.P. (GX-3439) and 26.150+3,000-2,000 (GX-
2864) (Beissel and Gilbertson, 1987 Lehr and Gilbertson. 1988: Gilbertson
and Lehr, 1988). Includes areas of alluvium (al), sheetwash alluvium (wla),
outwash and ice-contact sand and gravel (gg. kg), lake clay, silt, and sand
(Ica. Iss). and organic slough and marsh deposits. Locally overlain by less
than 2 m of eolian silt (el). Thickness 2-5 m. locally 18 m

LOAMY TILL—Pale-vellow, grayish-yellow, pale-vellowish-brown. brown, vellow-
ish-gray. brownish-gray. gray. or mottled calcareous loam. silt loam. clay
loam. and silty clay loam. Texture typically more coarse and oxidized color
more yellow than texture and oxidized color of unit tix to east. Nonstratified;
nonsorted or very poorly sorted. Cohesive to friable. May be interbedded or
intercalated with or may contain stringers. pods. and lenses of gravel, sand,
silt, and clay. Generally moderately pebbly: pebbles chiefly locally derived
angular or subrounded siltstone, shale. sandstone, and lignite: less abundant
erratic limestone, dolomite, and igneous and metamorphic rocks and locally
derived limestone, silicified wood. and clinker. Cobbles and boulders chiefly
subangular and subrounded erratic limestone, dolomite, and granite. Shale
pebbles much less abundant than in unit tix to east. Thin and discontinuous;
includes extensive areas of bedrock overlain by scattered erratic boulders and
cobbles. May include small areas of exhumed pre-Wisconsin till {txc). Includes
areas of alluvium (al), sheetwash alluvium (wla), outwash ice-contact sand and
gravel (gg. kg). lake clay, silt. and sand (Ica, Iss). and organic slough and
marsh deposits, and bedrock. Commonly overlain by eolian sand and silt (ed.
es, eu). Mapped east of Missouri River in North Dakota and South Dakota.
adjacent to river

Ground moraine—Thickness less than 2 m in North Dakota, locally more than
10 m in South Dakota

End moraine—Broad hummocky ridges. commonly with undrained depressions
and lag cobbles and boulders on surface. Mapped only in South Dakota.
Thickness more than 30 m, locally 100 m

Stagnation moraine—Broad areas of hummocky collapsed topographv lacking
distinct morainal ridges. Nonintegrated drainage; lakes, ponds, and marsh-
filled depressions and sloughs common. Includes collapsed till and flowtill. col-
lapsed ice-walled supraglacial clay. silt, sand, and gravel (Ica, Iss, Isa), and
collapsed outwash and ice-contact sand and gravel (gg, kg). Mapped only in
South Dakota. Thickness commonly more than 30 m, locally 100 m

CLAYEY TO SANDY TILL—Yellow, brownish-yellow. gravish-vellow, vellowish-
brown, olive-brown, grayish-brown. brown. olive. olive-gray. vellowish-gray,
brownish-gray. bluish-gray. gray. or mottled calcareous silty clay. clay loam.
and loam: minor silt loam, clay. loamy sand, sandy loam, loam. and silt loam.
Matrix derived chiefly from local bedrock. Nonstratified: nonsorted or very
poorly sorted. Locally faintly layered. Compact and cohesive to only slightly
consolidated. In places, breaks into irregular chunks. Clayey till typically soft
and sticky where damp, hard and blocky where dry. Clay minerals dominantly

P

montmorillenite. In places. interbedded or intercalated with. or contains
lenses. pods. and stringers of clay, silt. sand, and gravel. In some areas till has
prominent, nearly vertical joints 5-10 c¢m apart in upper part; joints com-
monly thinly coated with secondary calcium carbonate or iron oxides: some
joints contain selenite crystals as long as 2 mm, oriented parallel to joint sur-
faces. In other areas, joints are irreqularly spaced or absent. Nearly pebble
free to very pebbly: cobbles and boulders common, especially in upper part.
In most areas. pebbles chiefly subangular to rounded erratic limestone. dolo-
mite, granite, gneiss, and greenstone: lesser local sandstone, siltstone. clay-
stone, shale, lignite, ironstone, clinker. silicified wood. agate, vein quartz, and
chert. Shale pebbles much less abundant than in unit tix. In some areas peb-
bles are dominantly local bedrock. Cobbles and boulders chiefly subangular to
rounded erratic limestone, dolomite, granite, granodiorite, greenstone, and
quartzite, and local sandstone, quartzitic sandstone. silcrete, and ironstone.
Glaciotectonic blocks or masses of bedrock (IT) are included in till locally,
Extensively eroded in raany areas. Includes areas of cobble and boulder con-
centrations on bedrock surfaces and areas where exhumed older till (txc) is at
the surface. Very locally, till has been baked and fused as a result of natural
burning of underlying lignite beds. Includes areas of alluvium (al, alg). sheet-
wash alluvium (wla). alluvial-fill deposits (alr), slackwater lake deposits (IIf).
lake clay. silt, sand, and gravel (Ica, Iss, Isa). outwash and ice-contact sand
and gravel (gg. kg). solifluction deposits (nld). organic slough and marsh
deposits, landslide deposits (jea. jcb). disintegration residuum, sheetwash allu-
vium, and colluvium (xcf. xli, xI1, xlo. xIr), clinker (gs), and bedrock outcrops.
Locally overlain by eolian sand and silt (ed, es. el). Mapped west of Missouri
River in North Dakota.

Map unit txb includes drift assigned to the Napoleon and Verone glaci-
ations and part of the drift assigned to the Dunn glaciation by Clayton,
Moran, Bluemle. and Carlson (1980) and Clayton, Moran, and Bluemle
(1980). The informal Napoleon drift was inferred to be early Wisconsin in
age, the informal Verone drift was inferred to be early Wisconsin or pre-Wis-
consin in age. and the informal Dunn drift was inferred to be pre-Wisconsin in
age. The drifts of the three hypothetical glaciations were not distinguished on
the basis of sedimentologic or stratigraphic criteria: the Verone and Dunn
drifts were distinguished solely on the basis of the relative abundance of sur-
face erratic boulders.

The morphology of end moraine and stagnation moraine deposits
mapped as unit txb in this quadrangle is similar to that of end moraine and
stagnation deposits assigned to the late Wisconsin Snow School Formation in
northwestern North Dakota and the informal Crazy Horse till in northeastern
Montana, in the adjacent Big Horn Mountains 4° x 6° quadrangle (table 2).
Limestone and dolomite granules and pebbles at and very near the till surface
in most places are intact. Erratic igneous and metamorphic clasts at and on
the surface in most places are firm and intact; hornblende and biotite are the
only minerals that are significantly decomposed. Soils developed in the till are
the same as those developed in units tlx and tlu to the north and east in North
Dakota. Also. stratigraphic sections and detailed records of auger holes and
test holes in the region in which unit txb is mapped (Croft, 1970; Trapp.
1971. Randich. 1975; Ackerman, 1977: Groenewold and others, 1979)
indicate that the youngest till is late Wisconsin in age.

Unmapped outwash deposits (gg) that head along the south margin of
the belt of stagnation moraine between Garrison Reservoir and the Knife
River merge with late Wisconsin slackwater lake and outwash deposits (If) in
the Knife River valley: the stagnation moraine and the ground moraine and
stratified deposits farther south are products of a single glaciation (Benson,
1953). Fossiliferous marl enclosed in flowtill in the same belt of stagnation
moraine 5 km west of the quadrangle boundary vielded a 'C age of
11,2004300 B.P. (W-402; Benson, 1953: Rubin and Alexander, 1958).
Somewhat younger C ages were obtained from younger stagnation moraine
{tIx) east of the Missouri River in Burleigh County. N. Dak. (10.100+300 and
9,990+300 B.P.; W-1434 and W-1436) and north of Garrison Reservoir in
Ward County. N. Dak. (10.350+300 and 10,330+300 B.P.: W-1817 and
W-1818) (Kume and Hansen, 1965; Levin and others, 1965; Pettyjohn,
1967; Moran and others, 1973). The 'C age indicates that buried ice
remained south of Garrison Reservoir as late as 11,200+300 B.P. That age,
the nonintegrated drainage and sharpness of the hummocks in the stagnation
moraine, and the morphologic relations of the stagnation moraine, ground
moraine, and stratified deposits indicate that the Napoleon drift in that area is
late Wisconsin in age (Groenewold and others, 1979).

The limit of late Wisconsin glaciation in North Dakota has not been
defined by stratigraphic criteria. Published interpreted limits differ greatly. The
limit on this map is merely a guess, based on surface morphology, ice-mar-
ginal drainage relationships, data from water wells, auger holes, and test bor-
ings. and published descriptions of deposits compiled by the editor. In some
areas the limit may be farther southwest than shown

Ground moraine—Generally thin and patchy: thickness 0.5-4 m, locally more

than 8 m

End moraine—Broad hummocky ridges or narrow sharply defined ridges: cob-

bles and boulders common to abundant on surface. Some narrow ridges in
areas mapped as ground moraine or stagnation moraine are indicated by
symbol. Thickness 4-10 m, locally more than 20 m

Stagnation moraine—Broad areas of hummocky collapsed topography lacking

distinct morainal ridges. Nonintegrated drainage. Typically small hills sepa-
rated by closed depressions: ephemeral ponds and marsh-filled sloughs and
depressions common. Thickness 4-10 m

- ICE-CONTACT SAND AND GRAVEL—Pale-yellow, brownish-yellow. grayish-yel-

low, reddish-brown, orange-brown, vellowish-brown. olive-brown, grayish-
brown, brown. olive, olive-gray, yellowish-gray, brownish-gray, gray, black, or
mottled calcareous sand and gravel with minor silt. Textures may vary laterally
and vertically. Locally boulder or cobble gravel. Commonly interbedded with
or contains lenses or masses of clay, silt, till, or flowtill. Poorly to well sorted;
poorly to well stratified: irregularly bedded to well bedded. Faults, folds,
slumps, and collapse structures common. Locally cemented by calcium car-
bonate in horizontal zones: local intense iron oxide stains on some clasts.
Clasts subangular to well rounded; composition reflects that of local till. Typi-
cally shale is much less abundant than in till, but locally shale is very abundant.
In most areas, pebbles dominantly erratic limestone, dolomite, and igneous
and metamorphic rocks; minor locally derived sandstone, siltstone, claystone,
shale, lignite, ironstone, and chert. Cobbles and boulders dominantly erratic
limestone, dolomite, and igneous and metamorphic rocks; cobbles and boul-
ders common on surface. Topography typically hummocky to knobby, or iso-
lated mounds; commonly pitted with ice-block depressions. Occurs in kames,
kame terraces, kame deltas, eskers, and ice-fracture fillings. Some eskers
shown by symbol. Included in outwash sand and gravel (gg) in many areas. In
South Dakota., in southeast quarter of quadrangle. may include some
exhumed kame and kame terrace deposits of lllinoian or pre-lllinoian age.
Includes some outwash sand and gravel (gs. gg), lake clay, silt. sand, and
gravel (lca, Iss, Isa, Iga). lake delta deposits (Idb). alluvium (al), till, and
organic marsh deposits. Locally overlain by till or flowtill as thick as 5 m; in
some areas overlain by eolian sand (ed. es. el). Thickness 3-20 m. locally
more than 30 m

| gs OUTWASH SAND-—Pale-vellow, brownish-vellow, vellowish-brown, brown, yel-

lowish-gray, brownish-gray, gray, or mottled calcareous fine to coarse sand or
silty sand with scattered pebbles and small cobbles; local beds of pebble or
cobble gravel or lenses or thin beds of silt. Poorly to well stratified; poorly to
well sorted. Bedding dominantly planar, but cut-and-fill crossbeds commen.
Chiefly quartz and feldspar grains. Clasts subangular to rounded, chiefly
erratic limestone. dolomite, and igneous and metamorphic rocks: some local
shale. ironstone. and chert. Grades laterally into outwash sand and gravel
(gg). Occurs in terrace remnants and outwash plains and as meltwater chan-
nel fills. Surfaces may be smooth or pitted with ice-block depressions.
Includes some alluvium (al). lake silt. sand. and gravel (Iss. Isa, Iga). and
organic slough and marsh deposits. Locally veneered by thin eolian silt (el).
Mapped only in Minnesota; included in outwash sand and gravel (gg) else-
where. Thickness 1-10 m

ag OUTWASH SAND AND GRAVEL—Pale-yellow, brownish-yellow, vellowish-

brown, reddish-brown, orange-brown, olive-brown, gravish-brown. brown,
olive, olive-gray, brownish-gray, gray, black, or mottled calcareous sand and
gravel with some silt and clay. Stratified; poorly to well sorted. Sand typically
with tabular or lenticular bedding; local cut-and-fill crossbeds. Gravel typically
with horizontal bedding: commonly intercalated or interbedded with sand and
silt. Local lenses or pockets of silt or clay; in places includes masses of flowtill
or till. South and west of Missouri River, chiefly horizontally bedded sand and
silt over sand and gravel. Iron oxide stains common; gravel locally cemented
by secondary calcium carbonate or iron oxides. Cobbles and boulders com-
mon to abundant where outwash deposits head near end moraine deposits or
ice-contact deposits. Clasts subangular to well rounded. Clast lithology varies
with that of local bedrock and other surficial materials in vicinity. Clasts
chiefly limestone. dolomite, granite, and shale: gneiss, schist, slate, sand-
stone, siltstone, claystone. ironstone. chert, or clinker common locally; lignite
clasts common to abundant in some areas. Surfaces typically flat to undulat-
ing or gently rolling; locally pitted with ice-block depressions. Occurs in ter-
race remnants, valley trains, outwash plains, fans. and aprons. and as delta
topset beds and meltwater channel fills. In southeastern part of quadrangle,
includes areas of bouldery catastrophic flood deposits in abandoned outlet
channels of glacial Lake Agassiz (Matsch, 1983). Includes some till, ice-con-
tact sand and gravel (kg), ice-walled lake deposits (Ica, Iss), inset alluvium (al),
and organic slough and marsh deposits. In many areas. overlain by eolian
sand and silt (ed. es, el). Thickness 1-10 m, locally more than 30 m.

Much of the sand and gravel mapped as outwash in this quadrangle is
early postglacial alluvium. Precipitation and runoff were greater than at
present for several thousand vears after initial deglaciation (Clayton, 1967),
and glacial, ice-contact. glaciofluvial, and glaciolacustrine sediments were
eroded and redeposited as alluvial fills. The surface morphology, lithology,
and sedimentary structures of the outwash and early postglacial alluvium are
similar and the deposits have not been distinguished on published maps

LAKE DENSITY-CURRENT UNDERFLOW FAN DEPOSIT—Pale-yellow. gray-

ish-yellow, vellowish-brown, brown, brownish-gray. olive-gray. gray. or mot-
tled calcareous silt, sand, and gravel. Well stratified; generally well sorted.
Chiefly laminated silt and very fine sand interbedded with thin layers of clay or
fine to coarse sand. West margin of deposit locally coarse sand and fine
gravel. Average grain size decreases from west to east and from top to bot-
tom. Foreset beds absent; basal sediments typically are clay, but are not delta
bottomset beds. Silt and sand crossbedded or horizontally bedded: ripple-drift
lamination common. Strongly contorted. with hummocky collapse topogra-
phy. where sediments were deposited on stagnant or dead ice. Clasts chiefly
granules and pebbles of shale and mixed lithologies derived from surficial sed-
iments and bedrock eroded by glacial lake drainage. Subaqueous fan formed
where drainage from glacial Lake Souris entered glacial Lake Agassiz in
southeast corner of North Dakota (Brophy and Bluemle, 1983; Fenton and
others. 1983). In many areas. fan deposits are overlain by shore and near-
shore lake sand and gravel (Isa) in beaches and offshore bars and by sheet
sand distributed by waves and currents after deposition of underflow fan sedi-
ments. Fan deposits and shore and nearshore lake sand and gravel commonly
overlain by eolian sand and silt (ed, es. el). Thickness 3-30 m, locally 60 m

LAKE DELTA DEPOSIT—Pale-yellow, grayish-yellow. yellowish-brown. brown.

brownish-gray. olive-gray, or mottled calcareous gravel. sand. silt. and clay.
Well stratified: generally well sorted. Sand and some gravel along proximal
margins of deltas, grading to silt and fine sand interbedded with clay in distal
areas. Bottomset beds clay: horizontal and foreset bedding common in gravel
and sand; crossbedding common in sand and silt. Average grain size generally
decreases downward and from apex to distal margin. Clasts chiefly shale and
mixed lithologies derived from surficial deposits in source drainage basins.
Includes some lake clay, silt, sand, and gravel (Ica, Iss, Isa) and alluvium (al).
Locally overlain by eolian sand and silt (ed. es, el). Mapped in basin of glacial
Lake Dakota in northeastern South Dakota. Thickness 3-10 m, locally more
than 18 m

1§ SLACKWATER LAKE DEPOSITS AND OUTWASH SAND AND GRAVEL—Yel-

lowish-brown, grayish-brown, brown. olive. olive-gray, brownish-gray. gray,
or mottled clay, silt, sand, and gravel in remnants of superposed valley fills
west of Missouri River and south of Garrison Reservoir. Calcareous: stratified.
Includes inset alluvium (al). Commonly overlain by sheetwash alluvium (wla)
or eolian sand and silt (ed, es, el). Thickness 2-9 m

Youngest fill—Moderately well sorted to well-sorted. horizontally bedded out-

wash gravel and coarse sand (gg). Clasts dominantly pebbles, cobbles, and
boulders of erratic limestone, dolomite, granite, granodiorite, gneiss, schist,
and amphibelite: minor local bedrock lithologies. Present only locally

Intermediate fill—Dominantly either uniform coarse silt and very fine sand or

Ol

moderately well sorted to well-sorted, laminated, fine to coarse sand, silty
sand, and silt interbedded with medium and coarse sand. Layers and lenses of
lignitic sand. clay, or silt common: local gravel lenses. Uppermost 0.3-1.2 m
locally churned by frost action and soil creep. Clasts chiefly granules and peb-
bles of sandstone, siltstone. claystone, silcrete, shale. ironstone, lignite, clin-
ker, and chert derived from local bedrock. More extensive areally than
younger and older fills. Chiefly a slackwater lake deposit

dest fill—Moderately well sorted to well-sorted, horizontally bedded or cross-
bedded outwash sand and gravel (gg). In places, partly cemented by iron
oxides. Clast lithologies similar to those in youngest fill. Locally overlain by
discontinuous till {txb) or flowtill

- LOAMY SOLIFLUCTION DEPOSIT'—Yellowish-brown, grayish-brown, brown.

brownish-gray, gray, or mottled sandy loam, loam, silt loam, clay loam, and
silty clay. Generally calcareous. Poorly stratified or nonstratified: poorly
sorted or nonsorted. Typically faintly stratified with scattered granules and
pebbles; cobbles and boulders common in places. Locally massive with few
or no rock fragments. Chiefly reworked till {tIx). Typically occurs in apronlike
deposits at bases of slopes. Includes areas of till {tIx) and sheetwash alluvium
(wila): includes some mudflow deposits similar to those in unit jea. Mapped in
southern part of James lobe area northeast of Missouri River. Thickness 2-4

LATE WISCONSIN TO PLIOCENE(?)

- ALLUVIAL GRAVEL, SAND. AND SILT—Reddish-brown, vellowish-brown.

brown, olive, vellowish-gray. brownish-gray, olive-gray, gray, or mottled
gravel, sand, and silt. Generally calcareous where not leached. Stratified:
chiefly either well-sorted sand and silt, moderately well sorted pebbly sand
with thin beds and lenses of gravel. poorly sorted pebble and cobble gravel, or
poorly sorted gravel, sand, and silt, all typically overlain by bedded or massive
silt or sandy silt. Gravel locally cemented by secondary calcium carbonate or
by iron or manganese oxides. In unglaciated region, clasts chiefly angular to
rounded ironstone, sandstone, siltstone, claystone, shale, and silcrete and
minor silicified wood, chert, chalcedony, and clinker derived from local bed-
rock: some granite. felsite. porphyry. feldspar. and phyllite from Black Hills
region west of quadrangle. In glaciated region, clasts also may include sub-
rounded and rounded pebbles, cobbles, and boulders of erratic granite, grano-

diorite, gneiss, schist, amphibolite, limestone, and dolomite. Occurs in terrace
remnants in drainage basin of Cannonball River. west of Missouri River.
Stratigraphy locally complex. including multiple superposed units of channel
and flood-plain alluvium, slackwater lake deposits. eolian sand and silt, sheet-
wash alluvium, and buried paleosols. Includes some younger alluvium (al).
landslide deposits (jea). disintegration residuum. sheetwash alluvium and col-
luvium (xIn, xlo. xlp), and bedrock outcrops. Commonly overlain by sheet-
wash alluvium (wila) and eolian sand and silt (ed, es. el). Thickness 1.5-3 m,
locally more than 5 m

~ agu ALLUVIAL GRAVEL, SAND, SILT, AND CLAY—Reddish-brown. vellowish-

brown, brown, vellowish-gray, brownish-gray. gray, or mottled gravel, sand,
silt, and clay. Generally calcareous where not leached; arkosic. subarkosic, or
quartzose. Poorly to well sorted; poorly to well stratified. Crossbedded or with
horizontal or lenticular bedding. Clasts dominantly granules and pebbles: cob-
bles and small boulders more common in older (higher) terrace remnants.
Clasts chiefly angular to well-rounded ironstone and limestone concretions,
sandstone, orthoquartzite, limestone, siltstone, shale. conglomerate, chert.
flint, vein quartz, agate, chalcedony, silicified wood, jasper derived from local
bedrock. Some clasts of feldspar, granite, felsite, porphyry. phyllite. quartzite,
and other igneous and metamorphic lithologies from Black Hills region west
of quadrangle. Clinker clasts common locally in Grand River drainage basin.
In glaciated region, clasts may include boulders. cobbles, and pebbles of
erratic limestone. dolomite, granite. granodiorite, greenstone, gneiss, and
schist. Occurs in terrace remnants as much as 140 m higher than flood plains
of Grand, Moreau, and Cheyenne Rivers and tributaries in South Dakota west
of Missouri River. Stratigraphy locally complex. including multiple superposed
units of flood-plain and channel alluvium, sheetwash alluvium, slackwater lake
deposits, eolian sand and silt, and buried paleosols. Landslide deposits com-
mon below risers of terrace remnants. Areal extent greatly exaggerated in
parts of Cheyenne River drainage basin. where unit includes large areas of
disintegration residuum, sheetwash alluvium, and colluvium (xce, xcf, xcg.
xIn), landslide deposits (jca. jcb). younger alluvium (al). and bedrock. Com-
monly overlain by eclian sand and silt (ed. es, el, elb) 0.2-5 m thick; locally
overlain by sheetwash alluvium (wla). Thickness 2-9 m. locally 15 m

- ALLUVIAL SAND AND GRAVEL—Reddish-brown, vellowish-brown, brown. vel-

lowish-gray, brownish-gray. gray or mottled sand and granule or pebble
gravel with minor silt and clay. Generally calcareous where not leached.
Poorly to well stratified; poorly to well sorted. Crossbedded or with horizontal
or lenticular bedding. Generally loose or weakly compacted. Most deposits
derived from present drainage basin: igneous and metamorphic rocks from
Black Hills region to west rare or absent. Clasts dominantly angular to well-
rounded granules and pebbles; cobbles and small boulders more common in
older (higher) terrace remnants. Clasts chiefly ironstone and limestone con-
cretions. chert, chalcedony, and vein quartz; minor orthoquartzite, sandstone,
siltstone, and shale. In glaciated region, clasts may include boulders, cobbles.
and pebbles of erratic limestone. dolomite. granite. granodiorite, basalt, gab-
bro, greenstone, gneiss, and schist. Occurs in terrace remnants in drainage
basin of Bad River in southwest corner of quadrangle. Stratigraphy locally
complex, including multiple superposed units of flood-plain and channel allu-
vium, sheetwash alluvium, slackwater lake deposits. and eolian sand and silt
and buried paleosols. Landslide deposits common below risers of terrace rem-
nants. Areal extent greatly exaggerated west of limit of glaciation. where unit
includes large areas of disintegration residuum and sheetwash alluvium (xce),
landslide deposits (jca), younger alluvium (al), and bedrock. Commonly over-
lain by eolian sand and silt (el, es. ed. elb) 0.2-5 m thick: locally overlain by
sheetwash alluvium (wla). Thickness 2-9 m, locally 15 m

ILLINOIAN

LOAMY TILL (“lowan” till in South Dakota and Minnesotal—Grayish-orange.

pale-yellow, brownish-yellow, vellowish-brown, olive-brown, brown, brown-
ish-gray, olive-gray, bluish-gray, blackish-gray, gray. or mottled silt loam and
loam. Generally calcareous; locally leached to depth of more than 1 m where
not covered by eolian silt. More intensely oxidized than units tla. tlg. or tix:
oxidized throughout in most exposures. Nonstratified; nonsorted or very
poorly sorted. In places contains lenses, pods, and stringers of stratified silt,
sand. and gravel. Generally compact, but not tough: locally friable or crum-
bly. Where compact, till is weakly to strongly jointed; joint fillings of calcium
carbonate and iron and magnesium oxides common. Calcium carbonate
coatings on pebble surfaces in some areas. Sparingly pebbly to very pebbly:
scattered cobbles and boulders. Pebbles chiefly subangular to rounded lime-
stone and dolomite less than 1 cm in diameter; lesser granite, gneiss, schist,
diorite, basalt, quartzite, slate, sandstone. shale, ironstone, and chert. Cob-
bles and boulders chiefly subrounded limestone, dolomite, and granite. Clay
minerals dominantly expandable minerals (smectite). Well-integrated drain-
age; smooth, undulating to gently rolling topography with swales and broad
shallow depressions, Markedly more dissected than units tla, tlg. and tlx.
Includes subdued. eroded remnants of end moraine and small eroded rem-
nants of pre-Wisconsin outwash and ice-contact gravel. sand. and silt. Pre-llli-
noian loamy till, mapped in adjacent Minneapolis, Des Moines, and Platte
River 4° x 6° quadrangles, locally is exposed beneath unit tll. Includes areas
of alluvium (al). sheetwash alluvium (wla), outwash and ice-contact sand and
gravel (gg. kg). and lake clay. silt, sand. and gravel (Ica. Iss, Isa). Commonly
covered by eolian silt (el) 1-10 m thick. Till currently is interpreted to be llli-
noian in age (Lehr and Gilbertson, 1988). Thickness 2-12 m. locally more
than 30 m

ILLINOIAN AND PRE-ILLINOIAN(?)

- DISCONTINUQUS CLAYEY TO SANDY TILL. GLACIOFLUVIAL DEPOSITS.

AND ERRATIC BOULDER CONCENTRATIONS—Glacial and glaciofluvial
deposits on present drainage divides and upland surfaces. At least some
deposits in South Dakota are older than alluvium (agu) in a terrace remnant
more than 100 m higher than flood plain of present Grand River (Stevenson,
1960). May include deposits of more than one glaciation (table 2). Discontin-
uous; includes areas of disintegration residuum, sheetwash alluvium, and col-
luvium (xcg. xIm. xIp, xIs. xIb. xsd). alluvium (alg, agu. ago), landslide
deposits (jea, jec), and bedrock. Commonly overlain by thin or discontinuous
eolian sand and silt (es, el, elb)

Till—Reddish-brown, yellowish-brown, brown, yellowish-gray, or gray clay. silty

clay, clay loam, silt loam, loam, sandy loam, or loamy sand. Generally weakly
calcareous at depth: generally oxidized throughout. Nonstratified: nonsorted
or very poorly sorted. Locally strongly jointed, with intense iron and manga-
nese oxide stains and crusts on joint surfaces. Typically stony: abundant peb-
bles. cobbles, and boulders of erratic granite. granodiorite. greenstone,
gneiss, schist, diorite, gabbro, and amphibolite. Pebbles and granules of lime-
stone and dolomite present at depth in some places but cobbles and boulders
of limestone and dolomite rare or absent. Thickness 0.2-2 m, locally more
than 3 m

Glaciofluvial deposits—Reddish-brown, yellowish-brown, vellowish-gray, or gray

outwash silt, sand, and gravel. In some areas, chiefly crossbedded silt and fine
to medium sand with interbeds and lenses of coarse sand and gravel: in other
areas, chiefly granule or pebble gravel with minor sand. Cobbles and boulders
common to abundant. Clasts dominantly subrounded or rounded erratic gran-
ite, greenstone, granodiorite, gneiss, diorite, gabbro, and amphibolite (50-67
percent igneous and 7-13 percent metamorphic lithologies) and minor angu-
lar to rounded. locally derived. ironstone. sandstone. and orthoquartzite. In
places, cemented by iron and manganese oxides. Locally deposit consists of
two superposed stratigraphic units of similar materials separated by a pro-
nounced erosional unconformity. Thickness 0.2-2 m

Boulder concentrations—Rubbly deposits of boulders, cobbles, and minor peb-

bles in a silty or sandy matrix, commonly directly overlying bedrock. Clasts typ-
ically 97-98 percent erratic granite, greenstone, gneiss, schist. gabbro, diorite.
and amphibolite. Typically fewer than 1 percent of cobbles and boulders are
dolomite or limestone; locally pebble fraction at depth is 10-15 percent dolo-
mite and limestone. Boulders subangular to rounded. as large as 3 m in diam-
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eter: some boulders and cobbles striated. Most clasts are embedded in matrix;
typically, only upper surfaces of boulders are exposed; where boulders are not
embedded, matrix commonly has been removed by deflation. In many areas,
entire deposit is covered by eolian silt (el, elb) 0.2-1.5 m thick. Carbonate
clasts are preserved only where protected by enclosing matrix. Where not
enclosed in matrix or not covered by silt, minerals in coarse-grained igneous
and metamorphic boulders typically are intensely weathered; some clasts are
partly decomposed. Many deposits are aligned in distinct northwest-southeast
patterns on present drainage divides. Some may have been formed as “boul-
der belts” by glacial ice; others may be lag concentrations derived from till. In
South Dakota, deposits have been referred to as “till residuum,” “boulder till
residuum,” or the "Miscol till residuum"” (Stevenson, 1957, 1959a, 1959b,
1960; Pettyjohn,1961). Those deposits probably are late Pliocene in age. Only
the most extensive boulder concentrations are mapped; less extensive concen-
trations are included in disintegration residuum, sheetwash alluvium, collu-
vium, and glacial deposits (xcg, xIm, xIp, xIs, xlb, xsd). Thickness 0.3-2 m

PRE-PLIOCENE

DISSECTED BEDROCK (BADLANDS}—Dominantly dissected, barren bedrock

eroded by sheet wash and sheet floods. Fifty to 95 percent of area typically is
bedrock. Erosional topoegraphy typically narrow crested or rounded ridges or
isolated. rounded hills of bedrock. Erosional landforms are separated by nar-
row, steep gullies and ravines graded to broader valley floors. All minor
streams are intermittent; sediments were transported chiefly during flash
floods. Typically, 80 percent or more of surface is slopes steeper than 20°;
many slopes are steeper than 40°. Slopes steeper than 20° have little or no
disintegration residuum cover and little or no vegetation. Slopes between 8°
and 20°commonly have a thin or discontinuous, grass-covered mantle of dis-
integration residuum. Slopes more gentle than 8° commonly are covered by
fans and aprons of sheetwash alluvium (wla) or small deposits of fan sand and
gravel. Some slopes terminate in miniature pediments. Narrow deposits of
coarser channel alluvium (al) are inset into sheetwash alluvium on broader
qully and ravine floors. Surfaces of erosional landforms locally are covered by
thin, patchy, alluvial sand and gravel, lag granules, pebbles, and cobbles, or
eolian sand and silt. The sod-covered disintegration residuum on the summits
of many erosional remnants is more resistant than the bedrock, and the sod
protects the summits from erosion. Includes local landslide deposits (jea) and
minor colluvium on slopes below sandstone ledges. Mapped only in selected
areas

BEDROCK

!Sheetwash alluvium, for purposes of this map. is material transported and deposited by unconfined run-

ning water. chiefly sheetflow and rillwash.

“Disintegration residuum, for purposes of this map, is material derived by in-place mechanical disaggregation
of clastic bedrock, with no appreciable lateral transport. Upland surfaces west of the Missouri River in this quad-
rangle were intensely deflated during the late Pleistocene. The residuum commenly is less than 60 cm thick,
and pedologic soils typically extend through the residuum to bedrock. The colors, textures, structures, and most
other descriptive aspects of the materials are chiefly products of pedogenesis, rather than mechanical disaggre-
gation of the bedrock.

#Colluvium, for purposes of this map, is material transported and deposited by slow mass-wasting processes,

chiefly creep.

4Solifluction deposit, for purposes of this map. is a general term for material transported and deposited by
viscous flow of unconsolidated debris saturated with water.
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ANCESTRAL DRAINAGE AT TIME OF EARLIEST QUATERNARY GLACIATION

The ancestral rivers in the Dakotas 4° x 6° quadrangle (yellow) were tributaries of the ancient
Missouri River drainage system. The ancestral Missouri River flowed northeastward to the vicinity
of Lake Manitoba, ultimately reaching the sea in the Hudson Lowland in Canada (arrow barb in-
dicates direction of flow where buried valley no longer is delineated, owing to lack of subsurface
information). The present course of the Missouri River (dotted line), now a tributary of the Missis-
sippi River, was established during the latest (late Wisconsin) glaciation (phase 4). The ancestral
Cheyenne River. presently heading southwest of the Black Hills in Wyoming, was the master
stream of a drainage network that included all of the rivers shown in this quadrangle. The Chey-
enne River flowed northward in the northeast corner of the quadrangle and joined the ancestral
Missouri River southwest of Lake Manitoba, in Manitoba. Drainage network was compiled from
small-scale county maps of buried bedrock valleys in North Dakota and South Dakota, large-scale
maps of buried bedrock valleys in Montana, Saskatchewan, and Manitoba, and well and test hole
data in Montana and North Dakota.

The drainage network west of the present Missouri River in the Dakotas 4° x 6° quadrangle
was similar to the present network. The presence of terraced alluvium on both walls of most of
the east-trending major valleys indicates that the rivers have shifted laterally and have been in-
cised, but the trends of the valleys and drainage divides were similar to the trends of the present
valleys and divides. At this scale the present drainage network west of the Missouri River reflects
the ancestral network. The courses of the major ancestral rivers east of the present Missouri River
are marked by broad, deep, buried bedrock valleys. Those channels are crossed by a complex
network of younger, southward and southeastward trending, buried glacial diversion channels that
is not shown. Rivers were diverted southward to the Mississippi River drainage system during sev-
eral glaciations. In some areas, a river became intrenched in diversion channels during an inter-
glaciation, only to be diverted again during a later glaciation.

Table 2. Tentative correlation of Quaternary deposits in northeastern Montana, northwestern, west-central, central, and south-central North Dakota, and
north-central South Dakota’
| Hachured line indicates weathered zone in upper part of subsurface till. References in pamphlet |
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Fullerton 11986 and unpub. data) 1976a, Fulton Klausing (1971) Clayton (1972), Ulmer (1973), Carlson (1973), (1985). Randich (1967), Clayton, HIuemIéHB‘BCIIJ (1970, Hedges
(19864, b, (1976), Croft Clayton, Moran, and | Clayton, Moran, Ulmer and Groenewold and {1965}' cl Moran, and Clayton, Mc ¢ (1972, 1987),
Bowen and (1985), D.S. Bluemle (1980), and Bluemle (1980), | Sackreiter (1973) | others (1979), Murar; g A Bluemle (1980), Bluamle' el A Kume and
others (1986) Fullerton (unpub. Clayton, Moran, Clayton, Moran, Clayton, Moran, g Clayton, Moran, Y Howells (1987)
data) Bluemle, and Bluemle, and and Buene 1980) | Bemie 1S80) | gjugnig ang | Conson (19E0.
Carlson (1980), Carlson (1980), Clayion, Moran, | LVIOR MO, | Carison (1980), | "™ ol
Clayton and Glayton and Moran Bluemle, and C;?Sr::hml Clayton and Carlson (1982)
Moran (1982), Clayton and
Carlson (1983) Moran (1982)

'Rank terms of informal stratigraphic units are not capitalized

“See table 1.

IIncluded in unit tix.

HIncluded in unit tiw.

“Included in unit txb,

Included in unit tlu.

Included in unit txc.

8Recent numerical age determinations for the source-area Lava Creek Tuff are 0.63£0.01 Ma and 0.67+0.01 Ma (K-Ar method; Obradovich and Izett, 1991), 0.617+0.004 Ma (K-Ar method, weighted mean of four measurements:
Obradovich, 1992), and 0.60+0.01 Ma and 0.61+0.01 Ma (**Ar-**Ar method: Obradovich and lzett, 1991). Recent numerical age determinations for the Lava Creek B tephra are 0.60+0.02 Ma (K-Ar method: Izett and others, 1992),
0.66+0.01 Ma (weighted mean of 2 ages) and 0.67+0.01 Ma (**Ar-**Ar method: lzett and others, 1992), and 0.67+0.16 Ma (fission-track method; Izett and others, 1992). An approximate age of 620 ka is adopted here.

“Recent numerical age estimates for the Matuyama-Brunhes geomagnetic polarity reversal (stratigraphically below the Archer till in Montana) are -0.75 Ma (K-Ar method: Izett and others, 1988), -0.77 Ma (P0Ar-39Ar method:
Baksi and others, 1991), 0.77 Ma or 0.78 Ma (*0Ar-*?Ar method; Obradovich and Izett, 1992), 0.78 Ma (**Ar-3"Ar method. Izett and Obradovich. 1992). and 0.79 Ma (**Ar-"?Ar method: Izett and Obradovich, 1991). An approximate
age of 770 ka (Richmond and Fullerton, 1986a) is adopted here,

The stratigraphic positions and physical properties of the superposed upper members of the Snow School, Horseshoe Valley, and Medicine Hill Formations in McLean and Mercer Counties, North Dakota (Ulmer. 1973; Sackreiter.
1973: Ulmer and Sackreiter, 1973) are consistently similar to those of three superposed tills described by Salomon (1974, 1976a) and Fulton (1976) in McKenzie County, North Dakota in the adjacent Big Horn Mountains 4° x 6°
quadrangle. The till units in McKenzie County, assigned to the Snow School, Horseshoe Valley, and Medicine Hill Formations by Fulton (1976). are the Crazy Horse, Kisler Butte, and Archer tills, respectively. in northeastern Montana
{D.S. Fullerton, unpub. data). Glacial diversion of the Little Missouri River in the northeast corner of the Big Horn Mountains 4° x 6° quadrangle occurred when the upland south of Garrison Reservoir in the Dakotas 4° x 6" quadrangle
was covered by ice. That diversion was caused by the ice sheet that deposited the upper member of the Archer till and the till of the Medicine Hill Formation in the Big Horn Mountains 4" x 6" quadrangle. The oldest till in stratigraphic
sections 2 through 7 (the Dead Man till or upper member of the Medicine Hill Formation) in this quadrangle therefore is the same age as the upper member of the Archer till farther west. The Lava Creek B tephra was inferred to be
older than the youngest unit of the Archer till by Fullerton and Colton (1986). More recent studies (D.S. Fullerton and R.B. Colton, unpub. data) demonstrate that the tephra was deposited in an alluvial fan-dammed pond on the floor
of a meltwater channel that previously had been incised into the upper member of the Archer till, and that the Kisler Butte till overlies the tephra.

On the basis of the tentative correlations in table 2. all till units of the Snow School Formation, the Napoleon drift, and the Temvik till in North Dakota are assigned a late Wisconsin age. Earlier assignment of an early Wisconsin
age to the Napoleon drift (Bluemle, 197 1a, 197 1b, 1984; Moran and others. 1976; Clayton, Meran. and Bluemle, 1980). the Snow School Formation (Clayton and Moran, 1982; Bluemle, 1989), and the Temwik till (Bluemle, 1984)
is not convincingly supported by morphelogic, stratigraphic, or chronometric data. Early Wisconsin glaciation in the adjacent Winnipeg 4 x 6" quadrangle apparently is represented by the lower till member of the Gardar Formation
or unit A (Hobbs, 1975; Salomon, 1975, 1976b) in northeastern North Dakota and the St. Hilaire Formation (Harris, 1973, 1975; Harris and others, 1974 Sackreiter, 1975) in northwestern Minnesota, but the areas in table 2
apparently were not glaciated at that time. Till of the Horseshoe Valley Formation or the Mercer till, assigned a pre-lllinoian age by Fullerton and Colton (1986}, now is interpreted to be lllinoian in age. Till of the Medicine Hill Formation
or the Dead Man till, and the older Charging Eagle Formation, composed of outwash sand and gravel and nonglacial alluvium, are assigned a pre-lllinoian (early middle Pleistocene) age.
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