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Table 2. Tentative correlation of glacial deposits in northeastern Montana, northern North Dakota, northwestern Minnesota, and southern Saskatchewan and Manitoba1

[Quaternary stratigraphic units in the Winnipeg 4˚ × 6˚ quadrangle have not been integrated into a consistent temporal franework. Table 2 is an attempt to correlate the complex stratigraphic successions in seven selected areas of the Winnipeg quadrangle and to relate them temporally to successions in the adjacent Dakotas, Regina, and Big 
Horn Mountains 4˚ × 6˚ quadrangles. Fm or fm, formation; Mbr or mbr, member (see footnote 1)]

LIST OF MAP UNITS

HOLOCENE

DUNE SAND

EOLIAN SHEET SAND AND SILT

PEAT AND MUCK

HOLOCENE AND LATE WISCONSIN

ALLUVIUM

ALLUVIAL-FAN DEPOSIT

LAKE CLAY AND SILT

LAKE SILT AND SAND

LAKE SAND AND GRAVEL

LAKE CLAY, SILT, SAND, AND GRAVEL

SLUMP-BLOCK, EARTHFLOW, DEBRIS-FLOW, AND 
MUDFLOW LANDSLIDE DEPOSITS

COLLUVIUM, SHEETWASH ALLUVIUM, AND LANDSLIDE 
DEPOSITS

SWAMP DEPOSIT

LATE WISCONSIN

CLAYEY TILL 
Ground moraine

End moraine

LOAMY TILL

LOAMY TILL
Ground moraine

End moraine

Discontinuous loamy till

LOAMY TILL
Ground moraine

Flood-scoured till

End moraine

Stagnation moraine

Discontinous loamy till

LOAMY TILL
Ground moraine

End moraine

DISCONTINUOUS SANDY TILL

KAME MORAINE DEPOSIT

ICE-CONTACT SAND AND GRAVEL

ICE-CONTACT SAND

OUTWASH AND ICE-CONTACT GRAVEL, SAND, AND SILT

OUTWASH SAND AND GRAVEL

OUTWASH SAND AND SILT

FLOOD DEPOSITS

FLOOD DEPOSITS AND FLOOD-SCOURED TILL

LAKE DENSITY-CURRENT UNDERFLOW-FAN DEPOSIT

LAKE DELTA DEPOSIT

CONTACT

LIMIT OF LATE WISCONSIN GLACIAL ADVANCE OR 
STILLSTAND OF ICE MARGIN—Dashed where inferred, 
dotted where concealed (only at south end of Lake 
Manitoba); ticks on side of advance 

DISTAL MARGIN OF GLACIOTECTONIC TERRAIN 
ASSOCIATED WITH A GLACIAL ADVANCE  LIMIT OR 
STILLSTAND OF ICE MARGIN

GLACIOTECTONIC DEPOSITS—Bedrock and surficial deposits 
that were thrust, stacked, and deformed by glacial ice. Some 
very small areas are exaggerated to allow portrayal at this 
map scale. Chiefly either (1) steeply tilted bedrock blocks 
overlying till and stratified sediments; (2) stacked or 
imbricated slices of bedrock, till, and stratified sediments 
forming parallel or concentric ridges; (3) deformed masses of 
bedrock and surficial deposits characterized by overturned 
folds; or  (4) isolated blocks, isolated irregular masses, or 
isolated, relatively smooth, nearly equidimensional hills down-
glacier from source depressions. Some glaciotectonically 
transported materials are covered by till that was deposited 
by overriding ice; surfaces locally were streamlined by 
overriding ice. Thickness 10–100 m

CONCEALED GLACIOTECTONIC RAFT OR “MEGABLOCK” 
(Christiansen, 197la; Sauer, 1978; Aber and others, 
1989)—Mapped only at the western edge of the quadrangle, 
in Saskatchewan 

DIRECTION OF ICE MOVEMENT INDICATED BY STRIATIONS

ICE-MOLDED LANDFORM—Drumlin, rock drumlin, flute, or 
groove

ESKER

DUNE FIELD

WIND DIRECTION INDICATED BY DUNE ORIENTATIONS

WASHBOARD MORAINES, MINOR MORAINES, OR 
CORRUGATED MORAINE—Local relief typically 2–8 m

LOCATION OF IMPORTANT STRATIGRAPHIC SECTION

DESCRIPTION OF MAP UNITS

[Thicknesses are typical ranges; in some areas the map units may be thinner or thicker than
 the given range.]

HOLOCENE

DUNE SAND—Pale-yellow, yellowish-brown, grayish-brown, brown, 
brownish-gray, gray, or mottled windblown sand in dunes. 
Calcareous or noncalcareous. Typically loose, stratified, well-
sorted or very well sorted, very fine to medium sand. Faint 
bedding or crossbedding; local foreset beds. Chiefly subrounded 
to well-rounded quartz grains; may be arkosic. Quartz grains are 
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), gastropod tests, and vertebrate fossils. Some small 
areas of dunes are shown only by a symbol. Local relief generally 
is 3–9 m; maximum relief is more than 20 m. Mostly stable  and 
grass covered; local blowouts. Includes some eolian sheet sand 
and silt (eu), alluvium (al), and bedrock outcrops. Thickness 
1–15 m; maximum thickness more than 20 m

EOLIAN SHEET SAND AND SILT—Pale-yellow, yellowish-brown, 
grayish-brown, brown, brownish-gray, gray, or mottled 
windblown sand or windblown silt (loess) in blanketlike deposits; 
local low-relief dunes. Silt locally is dark gray or black. 
Calcareous or noncalcareous. Sand typically is loose, 
nonstratified, well-sorted, homogenous, very fine to medium 
sand or silty fine sand including lenses or laminae of silt; local 
faint horizontal bedding or crossbedding. Vague horizontal color 
banding is common. Chiefly subrounded to well-rounded quartz 
grains; may be arkosic; locally includes fragments of shale and 
lignite. Quartz grains are frosted or clear. Locally stained 
yellowish brown or pale reddish brown by iron oxides. In places 
contains weakly developed buried soils (humic horizons). 
Surfaces are flat, undulating, or gently rolling. Mostly stable and 
grass covered; local blowouts or deflation basins. Includes some 
dune sand (ed), lake silt, sand, and gravel (lss, lsa), alluvium (al), 
and bedrock outcrops. Thickness 1–3 m

PEAT AND MUCK—Dark-brown or black, fibrous, woody, reedsedge 
or sphagnum peat overlying partly to well decomposed peat or 
clay and silt composed of organic residues and plant material. 
Strongly acidic where the deposit overlies noncalcareous till or 
noncalcareous stratified materials. Occurs as muskeg or swamp 
fens on former lake beds, as blanket deposits in former 
drainageways, and as bogs in depressions and other poorly 
drained areas. Commonly overlies lake silt and clay (lca). 
Includes minor alluvium (al). Mapped only where very extensive; 
small unmapped deposits are abundant in many areas. Thickness 
generally 1–4 m, locally more than 10 m

HOLOCENE AND LATE WISCONSIN

ALLUVIUM—Yellowish-brown, olive-brown, brown, grayish-brown, 
olive, yellowish-gray, olive-gray, brownish-gray, gray, black, or 
mottled clay, silt, sand, and gravel. Calcareous; partly or 
completely oxidized. Clasts are angular to well rounded; the clast 
lithology reflects the composition of other surficial materials and 
bedrock in the drainage basin. Included in other map units in 
many areas. The deposits are chiefly flood-plain alluvium and 
channel alluvium. Includes alluvial-fan deposits (afj), alluvium in 
low terrace remnants, outwash and ice-contact sand and gravel 
(gs, gg, ks, kg), lake deposits (lca, lss, lsa), peat and muck (hp), 
swamp deposits (hs), and bedrock outcrops. Along valley walls 
may include colluvium and sheetwash alluvium (caa). Locally 
overlain by eolian sand and silt (ed, eu). Thickness 1–6 m, 
locally more than 25 m

Floodplain alluvium—Chiefly poorly sorted to well-sorted clay, silty 
clay, silty clay loam, clayey silt, and silt containing scattered 
granules and pebbles; locally loam, sandy loam, or fine sand. 
Moderately to well stratified; commonly faintly bedded or has 
pronounced horizontal bedding; in places weakly laminated. Clay 
or silt lenses or small channel fills of sand and gravel are 
common. Massive or granular structure is common. Generally 
dense and compact. Clayey alluvium is moderately plastic, soft, 
and sticky where damp; hard where dry. Textures may vary 
abruptly, laterally and vertically. Local buried soils (humic 
horizons). Locally fossiliferous (gastropod tests, ostracodes, 
vertebrate remains, wood fragments, and plant detritus). Lignite 
fragments as large as 1 cm are ubiquitous in many areas. Where 
alluvium overlies lake clay and silt (lca), flood-plain alluvium and 
lake sediments may be difficult to distinguish

Channel alluvium—Chiefly loose, poorly sorted to well-sorted, 
stratified fine to medium pebbly sand and (or) coarse sand and 
gravel; locally very poorly sorted shale gravel. Cobbles and 
boulders are common to abundant in some areas. Generally 
crossbedded or has crude horizontal bedding or lenticular 
bedding; local festoon bedding. Locally cemented by secondary 
calcium carbonate. May be fossiliferous

ALLUVIAL-FAN DEPOSIT—Yellowish-brown, olive-brown, brown, 
grayish-brown, olive, yellowish-gray, olive-gray, brownish-gray, 
gray, black, or mottled clay, silt, sand, and gravel. Calcareous; 
partly or completely oxidized. Poorly to well stratified; poorly to 
well sorted. Typically consists of coarse to fine sand near fan 
apex, grading to silt and clay near toe. Surfaces may be marked 
by natural levees, meander scroll bars, and distributary channels. 
Clasts are subangular to well rounded; the lithology reflects the 
composition of other surficial deposits and bedrock in the 
drainage basin. Fan deposits locally overlie peat (hp), gyttja (an 
anaerobic, pulpy, freshwater mud containing abundant wood and 
other organic material), or a buried soil developed in older 
alluvium. Small fan deposits are included in flood-plain and 
channel alluvium (al) and sheetwash alluvium (caa) in many 
areas. Thickness 0.5–10 m

LAKE CLAY AND SILT—Yellowish-orange, pale-yellow, yellowish-
brown, olive-brown, grayish-brown, brown, olive, pinkish-gray, 
yellowish-gray, brownish-gray, olive-gray, bluish-gray, gray, 
black, or mottled, calcareous clay and silt. Stratified; well sorted. 
Commonly laminated, locally varved, clay and silt in lower part; 
massive flat-bedded silt and silty clay in upper part. Local thin, 
discontinuous beds, lenses, or stringers of sand or fine gravel; in 
some areas the clay and silt are interbedded with sand or fine 
gravel or with till or flowtill. Graded bedding, silt blebs and 
nodules, or ice rip-up clasts of till or silt and clay are present 
locally. In places the deposit is strongly contorted, with load 
structures and folds; generally not faulted. Raised rims 0.2–4 m 
high are  present around some formerly ice-walled lake deposits. 
Soft to very firm; cohesive and compact. Very plastic and sticky 
where damp, hard where dry. Commonly breaks into large 
blocks. Locally gritty. Upper part generally is clast free; rafted 
granules, pebbles, cobbles, and boulders are common in lower 
part. Clasts generally are absent on the surface. Clay minerals 
are predominantly montmorillonite and illite. Mollusc and 
gastropod tests and secondary carbonate concretions are 
common in upper part locally; small selenite crystals are 
common to abundant where the deposit is saline. Terraced in 
some areas; gullies are common adjacent to larger streams. Flat 
to hummocky surface topography; local undrained depressions 
1–9 m deep. Offshore and deepwater deposits of former lakes. 
Occurs beneath flat plains and small basins formerly occupied by 
glacial lakes and as ice-walled or ice-floored lake deposits. 
Smaller deposits locally overlie fossiliferous marl or calcareous 
diatomite. Thin and discontinuous in some areas. Overlapped by 
unmapped alluvium (al) adjacent to many streams—extensive 
areas adjacent to the Red River were veneered by thin alluvium 
during the catastrophic 1997 flood. Includes some lake silt and 
sand (lss) where map units lca and lss have not been 
distinguished. Includes some lake sand and gravel (lsa), 
particularly along the margins of larger lake basins, and 
extensive areas of wave-washed or current-scoured till overlain 
by a thin, discontinuous veneer of lake clay and silt. Also 
includes till, ice-contact and outwash sand and gravel (ks, kg, gs, 
gg), small lake delta deposits (ldb), subaqueous density-current 
fan deposits (lda), and bedrock outcrops. In places overlain by 
eolian sand and silt (ed, eu), sheetwash alluvium (caa), alluvial-
fan deposits (afj), peat and muck (hp), swamp deposits (hs), and 
alluvium (al). Thickness 1–9 m, locally more than 50 m

LAKE SILT AND SAND—Yellow, grayish-yellow, reddish-brown, 
yellowish-brown, brown, yellowish-gray, olive-gray, brownish-
gray, gray, black, or mottled, calcareous silt and sand; minor clay 
and gravel. Well stratified; well sorted. Typically horizontally 
bedded or massive, fine or medium sand containing scattered 
granules or small pebbles, interbedded or intercalated with 
massive, bedded, or laminated silt containing scattered 
dropstones; in some areas chiefly bedded silt or laminated silt 
and fine sand. Commonly slumped, faulted, and contorted on 
slopes. Locally fossiliferous; lignite fragments are ubiquitous in 
many areas. Blowouts are common locally. Clasts are chiefly 
limestone, dolomite, and igneous and metamorphic rocks. 
Commonly overlies lake clay and silt (lca) or till. Deposits of 
open lakes and ice-walled lakes; locally collapsed where the 
sediments were deposited on or adjacent to stagnant or dead ice. 
Includes areas of lake sand and gravel (lsa) in beach ridges, spits, 
tombolos, and offshore bars, lake clay and silt (lca), lake-delta 
deposits (ldb), subaqueous density-current fan deposits (lda), 
washed till, alluvium (al), and bedrock outcrops. Locally overlain 
by peat and muck (hp), swamp deposits (hs), sheetwash alluvium 
(caa), or eolian sand and silt (ed, eu). Thickness 1–11 m, locally 
more than 35 m

LAKE SAND AND GRAVEL— Pale-yellow, brownish-yellow, 
grayish-yellow, reddish-brown, yellowish-brown, grayish-brown, 
brown, olive, yellowish-gray, brownish-gray, olive-gray, gray, or 
mottled, calcareous, very fine to coarse sand, gravelly sand, and 
gravel. Moderately well stratified or well stratified; moderately or 
well sorted. Typically coarse to medium sand and poorly sorted 
to well-sorted gravel containing interbeds of clay, silt, and fine 
sand in uppermost 1–2 m of the deposit; well-sorted, fine to very 
fine sand and silt below. Sand and silt generally are crossbedded 
or are present as thin, horizontal beds; local graded bedding or 
ripple-drift lamination. In places, the deposit is a blanket of 
uniformly crossbedded, parallel-bedded, or massive sand; locally 
it is pebble or cobble gravel. Gravel is poorly to well sorted; 
crudely bedded to well bedded, commonly crossbedded. The 
average grain size coarsens upward in thicker deposits. May be 
interbedded with lake clay and silt (lca), lake silt and sand (lss), 
till, flowtill, or subaqueous debris-flow deposits. Locally 
deformed; load and dewatering structures are common. Sand 
generally is well-rounded grains of quartz and feldspar; locally 
chiefly shale fragments. Clasts are chiefly subangular to very well 
rounded granules and pebbles of limestone, dolomite, and 
igneous and metamorphic rocks; shale clasts locally are 
abundant. In places the deposit contains wood fragments, plant 
debris, and tests of molluscs and gastropods. Weakly developed 
buried soils (humic horizons) are present locally. Strongly 
contorted, with hummocky topography, where the sediments 
were deposited on stagnant or dead ice. Occurs as shore and 
nearshore deposits in beach ridges, spits, tombolos, 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 fossiliferous marl or 
calcareous diatomite. Includes small lake delta deposits (ldb) and 
density-current underflow-fan deposits (lda). Also includes areas 
of lake clay, silt, and sand (lca, lss), alluvium (al), ice-contact and 

outwash sand and gravel (ks, kg, gs, gg), and bedrock. In places 
overlain by peat and muck (hp), swamp deposits (hs), or eolian 
sand and silt (ed, eu). Extensive deposits deposits of lake sand 
and gravel in the northeastern part of the quadrangle are 
included in other map units. Thickness 0.5–4 m, locally more 
than 20 m

LAKE CLAY, SILT, SAND, AND GRAVEL—Undivided deposit of 
lake clay and silt (lca), lake silt and sand (lss), and lake sand and 
gravel (lsa). Locally overlain by peat and muck (hp), swamp 
deposits (hs), or eolian sand and silt (ed, eu). Thickness 
generally 1–4 m, locally more than 10 m

SLUMP-BLOCK, EARTHFLOW, DEBRIS-FLOW, AND MUDFLOW 
LANDSLIDE DEPOSITS—Products of gravitational downslope 
movement of bedrock or surficial materials

Slump-block deposits—Masses of bedrock and unconsolidated 
materials that have rotated or slid downslope as a unit, with little 
or no flow. The physical properties of the transported materials 
are not altered greatly; original textures, stratification, bedding, 
and sedimentary structures of the slumped materials are 
disturbed but are retained. Slump-block scarps in places are 
more than 600 m in length; crown scarp displacements 
generally are less than 9 m. Typically consists of jumbled blocks 
or parallel hummocky ridges 15–450 m long, with 4–15 m of 
local relief, separated by closed depressions. Some deposits are 
stabilized and grass covered, with colluvium and sheetwash 
alluvium (caa) in depressions. In places slump-block deposits 
coalesce to form continuous belts more than 1.6 km wide along 
escarpments or eroded bluffs. Thickness generally 3–20 m, 
locally more than 90 m

Earthflow and debris-flow deposits—Heterogeneous nonsorted 
mixtures of clay, silt, and sand containing scattered 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 the deposit is reworked slump-
block deposits; in other areas it is chiefly reworked till, sheetwash 
alluvium, or colluvium. Most of the deposits are less than 60 m 
wide and less than 30 m long; some are more than 300 m long. 
Commonly composed of debris derived from gully walls. The 
deposits typically occur in gullies and in fans at the 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 
containing scattered clasts, transported and deposited as a result 
of rapid flow of saturated unconsolidated materials and 
disintegrated shale. Typically composed of debris washed from 
exposed shale surfaces or debris derived from collapse of gully 
walls. Commonly occurs in fans at the mouths of gullies, or on 
foot slopes. Thickness 1–5 m

COLLUVIUM,1  SHEETWASH ALLUVIUM,2  AND LANDSLIDE 
DEPOSITS—Complex map unit on slopes along escarpments 
and on steep or moderately steep valley sides. Includes areas of 
(1) gravelly sand, sandy gravel, or boulder and cobble gravel in 
alluvial, outwash, or ice-contact terrace remnants (al, gg, gs, kg, 
ks); (2) angular gravel veneers on apron-like pediment surfaces; 
(3) lag sand and gravel over shale and (or) till; (4) boulder 
concentrations at bases of slopes; (5)  glaciotectonic deposits 
(IT); (6) steep, bouldery, sheetwash-eroded or stream-eroded till 
or bedrock surfaces with deep gullies or coulees; and (7) 
extensive continuous or discontinuous bedrock outcrops

Colluvium—Yellowish-brown, olive-brown, brown, olive, yellowish-
gray, olive-gray, brownish-gray, gray, black, or mottled debris 
transported and deposited by mass-wasting processes. Generally 
calcareous. Loose to compact. Nonsorted or very poorly sorted; 
nonstratified, faintly stratified, or massive. Where derived from 
bedrock, the deposit typically is angular and subangular blocks, 
boulders, cobbles, pebbles, and granules of shale and sandstone 
in a clayey or loamy matrix; chiefly shale clasts in some areas. 
Where derived from glacial drift, the deposit typically is boulders, 
cobbles, pebbles, and granules of limestone, dolomite, igneous 
and metamorphic rocks, and local bedrock in a clayey to sandy 
matrix. Disseminated organic matter is abundant in many areas; 
buried soils (humic horizons) are present locally. Thickness 
0.3–15 m

Sheetwash alluvium—Pale-yellow, yellowish-brown, olive-brown, 
brown, olive, yellowish-gray, olive-gray, brownish-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 stratified; poorly or moderately well sorted. Massive, 
thinly laminated, or characterized by  poorly developed 
horizontal bedding. Generally calcareous. Disseminated organic 
matter is abundant in many areas; lignite fragments are 
ubiquitous in some areas; local buried soils (humic horizons). May 
be clast free, may include scattered granules and small pebbles, 
or may include stringers, pods, and lenses of granule or pebble 
gravel. Commonly interbedded with well-sorted, pebbly, coarse 
silt and very fine sand; in places intercalated or interbedded with 
flood-plain alluvium (al). Commonly overlies flood-plain alluvium 
along valley margins. Clayey alluvium is soft, sticky, and plastic 
where damp; tough, hard, and blocky where dry. Clay minerals 
are predominantly montmorillonite and illite. Locally 
fossiliferous. Occurs on foot slopes, in fans and aprons, and on 
floors of coulees and gullies. Thickness 1–4 m, locally 10 m

Landslide deposits—Similar to unit jea. Thickness 5–90 m
SWAMP DEPOSIT—Dark-brown, bluish-gray, olive-gray, dark-gray, 

or black muck, mucky peat, and organic residues mixed with 
fine-grained mineral sediment. Soft to dense and tough; 
commonly plastic where damp. Obscure horizontal bedding. 
Locally overlies gray or white marl, a very calcareous, soft, 
crumbly clay that contains microcrustaceans, mollusc tests and 
fragments, and fish fossils, or overlies shelly gyttja, an anaerobic, 
pulpy, freshwater mud containing abundant wood and other 
organic material. May include peat (hp) where peat and swamp 
deposits have not been distinguished. Occurs in ice-block and 
other depressions, in abandoned meltwater channels, and in 
other poorly drained areas. Mapped only where extensive. 
Thickness generally 1–5 m, rarely more than 15 m

LATE WISCONSIN

CLAYEY TILL (Falconer Formation in Minnesota and North 
Dakota)—Olive-brown, grayish-brown, brown, olive-gray, gray, 
or mottled, very calcareous clay, silty clay, clay loam, and silty 
clay loam. Clay content generally increases southward; more 
shaly near western limit of map unit in North Dakota. 
Nonstratified and  nonsorted; typically has no apparent structure. 
Contorted beds of silt are abundant locally as inclusions, 
particularly in upper part; in places contains chalky silt inclusions 
or inclusions of oxidized till. Very local interbeds of sand and fine 
gravel. Sparingly pebbly to pebbly; scattered cobbles; boulders 
are very rare. Clasts are chiefly limestone and dolomite; minor 
shale and erratic igneous and metamorphic rocks. Slumps in 
outcrops in many areas. Slickensides are common. Chiefly 
derived from offshore sediment of glacial lakes that was 
incorporated by ice during the Edinburg phase glacial readvance 
(phase 10, table 1). May be overlain by discontinuous lake clay, 
silt, sand, and gravel (lca, lss, lsa), alluvium (al), swamp deposits 
(hs), or peat and muck (hp). The boundary of overlap of unit tc 
over unit tlg has not been mapped in detail

Ground moraine—Thickness 2–5 m

End moraine—Broad hummocky ridges, locally with ice-block 
depressions. Thickness 4 to more than 10 m

LOAMY TILL—Yellowish-brown, olive-brown, grayish-brown, brown, 
brownish-gray, olive-gray, bluish-gray, gray, or mottled, very 
calcareous silt loam and loam; locally sandy loam, clay loam, silty 
clay loam, or silty clay. Nonstratified; nonsorted or poorly sorted. 
Typically pebbly; lenses or pockets of sand and gravel are 
common. Contorted beds of clay and silt are present as 
inclusions. Compact; weak columnar structure where matrix is 
shale rich; locally gritty. High content of montmorillonite; less 
illite, kaolinite, and chlorite. Lignite fragments are abundant 
locally. Pebbles are chiefly angular to subrounded shale, 
limestone, and dolomite; minor basalt, diabase, granite, schist, 
chert, and sandstone; locally 80 percent dolomite and limestone. 
May be very  cobbly or bouldery; boulder concentrations are 
common on the surface. Large boulders are chiefly granite; local 
large blocks of dolomite and limestone. Disintegration ridges are 
common in some areas. Includes small areas of sandy till (tsr) 
and areas of alluvium (al), outwash and ice-contact sand and 
gravel (gg, gs, ks, kg), lake clay, silt, sand, and gravel (lca, lss, 
lsa), and bedrock. Also includes areas of exhumed older till; may 
include glaciotectonic deposits (IT). Locally overlain by thin, 
patchy eolian sand and silt (eu), peat and muck (hp), or swamp 
deposits (hs). Mapped only in the southeast corner of the 
quadrangle, in Minnnesota. Thickness 2–20 m, locally more 
than 30 m

LOAMY TILL (Arran Till in western Manitoba)—Grayish-brown, 
brown, yellowish-gray, olive-gray, or mottled silt loam, loam, and 
clay loam; locally silty clay loam, silty clay, clay, sandy clay loam, 
sandy loam, or loamy sand. Very calcareous; fine matrix typically 
more than 50 percent carbonate. Nonstratified, nonsorted. 
Generally massive; closely spaced vertical and horizontal 
fractures are stained by iron oxides. Lenses or pockets of clay, 
silt, sand, and gravel are common. Locally interbedded or 
intertongued with lake clay, silt, sand, and gravel (lca, lss, lsa). 
Sparingly pebbly to very pebbly. Pebbles are predominantly 
dolomite and limestone; igneous and metamorphic clasts 
typically are minor or absent; shale is absent in many areas. 
Local concentrations of cobbles and boulders; boulders are 
chiefly igneous and metamorphic lithologies. Includes areas of 
outwash and ice-contact sand and gravel (gs, gg, ks, kg), lake 
clay, silt, sand, and gravel (lca, lss, lsa), kame end moraine 
deposits (ke), alluvium (al), and bedrock outcrops. Also includes 
glaciotectonic deposits (IT) and areas of exhumed older till. 
Locally overlain by eolian sand and silt (ed, eu), peat and muck 
(hp), or swamp deposits (hs)

Ground moraine—Surface was modified by waves and currents in 
lakes in much of  the quadrangle; till may be overlain by a 
discontinuous turbate 0.5–3 m thick or by lag boulders, cobbles, 
and pebbles. Till is discontinuous; absent in many boreholes; 
exhumed older till is at the surface in many areas. Thickness 
0.5–6 m; maximum thickness 18 m

End moraine—Broad, hummocky or knobby ridges or narrow, 
sharply defined ridges. Undrained ice-block depressions are 
common in some areas. Boulders and cobbles are common on 
the surface. Local relief is 5–25 m. In places includes 
glaciotectonic rafts or blocks of shale tens or hundreds of meters 
long and several meters thick. Thickness 6–20 m; maximum 
thickness more than 30 m

Discontinuous loamy till—Thin, discontinuous deposits of till 
separated by numerous or extensive bedrock outcrops on which 
are scattered clasts or litters of clasts. In areas where bedrock 
knobs and hills were stripped of surficial cover by waves and 
currents in lakes, map unit is bedrock and isolated remnants of 
till or lake clay, silt, sand, and gravel (lca, lss, lsa). Thickness 
0.5–4 m

LOAMY TILL—Pale-yellow, grayish-yellow, reddish-brown, 
yellowish-brown, olive-brown, grayish-brown, brown, brownish-
olive, olive, yellowish-gray, brownish-gray, olive-gray, bluish-
gray, gray, bluish-black, olive-black, or mottled, calcareous clay 

loam and loam; in some areas clay, silty clay, silty clay loam, silt 
loam, sandy clay loam, or sandy loam. Matrix locally is more 
than 90 percent reworked shale; locally very gravelly. In places 
the till is interbedded with, intercalated with, or contains lenses, 
pods, and stringers of, clay, silt, sand, or gravel. Nonstratified; 
nonsorted or very poorly sorted. Generally compact; commonly 
massive; cohesive to soft and friable. In some areas the till is 
gritty, mealy, or crudely fissile. More clayey till typically is soft 
and sticky where damp, hard and blocky where dry. Clay 
minerals are predominantly montmorillonite. Weakly developed 
joints locally; joint surfaces may be coated with calcium 
carbonate or stained with iron or manganese oxides. Selenite 
crystals less than 3 mm long may be present on joint surfaces. 
Lignite fragments are very abundant locally. Nearly pebble free 
to very pebbly; cobbles and boulders are rare to abundant. In 
many areas, pebbles are chiefly subangular to rounded erratic 
limestone, dolomite, and igneous and metamorphic rocks; in 
other areas they are chiefly angular to subrounded shale, 
siltstone, and sandstone. Cobbles and boulders are 
predominantly subangular to well-rounded erratic limestone, 
dolomite, and igneous and metamorphic rocks; slabs and blocks 
of limestone and dolomite are common locally. Clasts of older till 
and clasts of lignite as large as 2 m in diameter are common in 
some areas. Limonite blebs (oxidized silt clasts) are common 
locally. Glaciotectonic blocks or rafts of shale may be included in 
the till. Disintegration ridges are common locally; undrained 
shallow depressions are common. Includes unmapped 
glaciotectonic deposits (IT), flowtill, and landslide deposits (jea). 
Includes extensive areas of till that was washed by streams and 
by waves and currents in glacial lakes, veneered by a surface 
litter of cobbles and boulders or by discontinuous patches of lake 
clay, silt, sand, and gravel (lca, lss, lsa); also includes areas of 
exhumed older till. Includes lake density-current underflow-fan 
deposits (lda), lake delta deposits (ldb), outwash and ice-contact 
sand and gravel (gs, gg, ks, kg), alluvium (al), and bedrock 
outcrops. Locally overlain by eolian sand and silt (ed, eu), peat 
and muck (hp), or swamp deposits (hs)

Ground moraine—Includes some areas of collapsed supraglacial 
sediment (stagnation moraine) having less than 8 m of local 
relief. Maximum slope angles generally are less than 4 percent. 
Boundaries between ground moraine and stagnation moraine in 
some areas are transitional, and contacts are arbitrary. Thickness 
1–15 m

Flood-scoured till—Till that was eroded by catastrophic glacial-lake 
outburst floods. Includes erosional remnants of the surface till, 
areas of exhumed older till, erosional remnants of outwash sand 
and gravel (gs, gg), flood deposits (aqa), and bedrock outcrops. 
Locally, long surface grooves are oriented parallel to flood flow. 
Lag boulders 1–3 m in diameter litter the surface in places; the 
maximum diameter of boulders decreases downstream. The 
boulders were derived from the till and other surficial deposits 
that were eroded by the floods. Till thickness 0.5–5 m

End moraine—Broad, hummocky ridges or narrow, sharply defined 
ridges. Undrained depressions are common in some areas. 
Cobbles and boulders are common on the surface. Local relief  
in places is more than 30 m. Till end moraine deposits locally 
are replaced laterally by kame end moraine deposits (ke), which 
are included in the map unit. Thickness  6–20 m, locally more 
than 32 m

Stagnation moraine—Broad areas of hummocky or knob-and-kettle 
collapsed topography, typically lacking distinct morainal ridges. 
Nonintegrated drainage; lakes, ponds, and marsh-filled 
depressions and sloughs are common. Local relief typically is 
more than 8 m; slope angles generally are 5–15 percent. 
Includes areas of collapsed glacial sediment (till and flowtill), 
collapsed supraglacial lake clay, silt, sand, and gravel (lca, lss, 
lsa), and collapsed outwash and ice-contact sand and gravel (gs, 
gg, ks, 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 initial deglaciation. Boundaries between stagnation moraine 
and ground moraine in some areas are transitional, and contacts 
are arbitrary. Thickness 6–20 m, locally more than 30 m

Discontinuous loamy till—Thin, discontinuous deposits of till 
separated by numerous or extensive bedrock outcrops on which 
are scattered clasts or litters of clasts. In areas where bedrock 
knobs and hills were stripped of surficial cover by waves and 
currents in lakes, map unit is bedrock and isolated remnants of 
till and lake clay, silt, sand, and gravel (lca, lss, lsa). Thickness 
less than 2 m

LOAMY TILL—Pale-yellow, grayish-yellow, yellowish-brown, 
reddish-brown, grayish-brown, brown, olive, olive-brown, 
yellowish-gray, brownish-gray, olive-gray, bluish-gray, gray, or 
mottled, calcareous loam, silt loam, clay loam, sandy clay loam, 
sandy loam, and loamy sand; locally very sandy or gravelly. 
Nonstratified or very poorly stratified; nonsorted or poorly 
sorted. Dense and cohesive; moderately compact to very 
compact; hard where dry. Typically more silty and sandy and 
more compact than unit tlx. Commonly interbedded with, or 
contains lenses of, sand and gravel. Generally very pebbly; some 
cobbles and boulders. Pebbles, cobbles, and boulders are 
predominantly subangular to rounded erratic limestone, 
dolomite, and igneous and metamorphic rocks. Shale fragments 
are not abundant; shale is absent in some areas. Lignite 
fragments are abundant in many areas; orange limonite nodules 
or blebs (oxidized silt clasts) are common locally. Clay minerals 
are predominantly montmorillonite. Locally contains 
glaciotectonically transported blocks or rafts of bedrock. Includes 
areas of till washed by streams and by waves and currents in 
glacial lakes, veneered by a surface litter of cobbles and boulders 
or by discontinuous lake clay, silt, sand, and gravel (lca, lss, lsa); 
locally includes areas of exhumed older till. Also includes areas of 
outwash and ice-contact sand and gravel (gs, gg, ks, kg), lake 
delta deposits (ldb), alluvium (al), and bedrock. Commonly 
covered by thin eolian sand and silt (ed, eu); may be overlain by 
swamp deposits (hs). Wood beneath unit tlw and older till of late 
Wisconsin age (stratigraphic section 27) yielded a 14C age of 
28,34±1,000 B.P. (W–2450). Mapped only in the southwestern 
part of  the quadrangle, in North Dakota

Ground moraine—Includes some areas of collapsed supraglacial 
sediment (stagnation moraine) having less than 8 m of local 
relief. Maximum slope angles generally are less than 4 percent. 
Thickness 1–5 m, locally 12 m

End moraine—Broad hummocky ridges. Undrained depressions 
are common. Lag cobbles and boulders are common on the 
surface. Thickness 3–15 m, locally 20 m

DISCONTINUOUS SANDY TILL—Pale-reddish-brown, yellowish-
brown, grayish-brown, brown, reddish-gray, olive-gray, 
brownish-gray, gray, or mottled, noncalcareous or weakly 
calcareous sand, loamy sand, and sandy loam; locally loam, silt 
loam, sandy clay loam, or silty clay. Thin, discontinuous deposits 
of till are separated by numerous or extensive bedrock outcrops 
on which are scattered pebbles, cobbles, and boulders. In many 
areas the bedrock knobs and hills were stripped of surficial cover 
by waves and currents in lakes, and the map unit is almost 
entirely bedrock and isolated patches of till, lake clay, silt, sand, 
and gravel (lca, lss, lsa), and peat and muck (hp). Typically 
oxidized throughout because of the coarse texture, the low 
carbonate content of the matrix, and the thinness of  the 
deposit, and also because of the low permeability of the 
underlying bedrock. Nonsorted or very poorly sorted; 
nonstratified or very poorly stratified. Stringers, lenses, 
interbeds, and clasts of silt, sand, and gravel are common, 
particularly near the base. In many areas the upper 1–2 m of the 
deposit is reworked till, consisting of  subaqueous and subaerial 
debris-flow deposits, sediment-flow deposits, and flowtill, all of 
which are included in the map unit. Where reworked sediment is 
absent, the upper 0.5–2 m of the till typically is loamy sand, 
sand, and sandy loam overlain by a discontinuous boulder and 
cobble litter; loose or compact; friable; gritty and stony; crude 
stratification or platy structure are common. The till at depth is 
nonstratified and nonsorted, and commonly it has subhorizontal 
parting; typically it is either (1)  weakly cohesive and slightly 
fissile, or (2) very compact, massive, hard, and jointed, having 
iron oxide stains on joint surfaces. Shear planes and extension 
fractures are common in the till. The till generally is pebbly; 
locally gravelly, stony, or rubbly; cobbles and boulders are 
common to very abundant. In most areas the clasts are almost 
exclusively angular to subrounded, locally derived granite, 
syenite, and migmatite; basalt, andesite, dacite, rhyolite, breccia, 
meta-igneous, metavolcanic, and metasedimentary rocks are 
common locally. In places the till resembles outwash or ice-
contact sand and gravel (gg, kg), but it lacks pronounced 
stratification and sorting. Includes areas of outwash and ice-
contact sand and gravel (gg, kg), kame moraine deposits (ke), 
lake clay, silt, sand, and gravel (lca, lss, lsa), lake-delta deposits 
(ldb), alluvium (al), and bedrock outcrops. In many areas  the till 
is overlain by thin peat and muck (hp) or swamp deposits (hs). 
Mapped only in Manitoba east of Lake Winnipeg. Thickness 
generally less than 3 m

KAME MORAINE DEPOSIT—Pale-yellow, brownish-yellow, grayish-
yellow, reddish-brown, yellowish-brown, olive-brown, grayish-
brown, brown, olive, yellowish-gray, olive-gray, brownish-gray, 
gray, or mottled ice-contact gravel, sand, and minor silt similar to 
map unit kg (description of kg applies). Includes areas of till; 
may include rafts or blocks of glaciotectonically transported 
bedrock and surficial deposits (IT). East of Lake Winnipeg and 
the Red River, the map unit is complex. There the deposits in 
part comprise belts of interlobate kame moraine. In places the 
ice-contact sediments overlie older end moraines composed of 
sandy till (tsr) that was deposited by southwest-moving ice. The 
ice-contact sediments later were overridden by southeast-flowing 
ice, and in places they are overlain by discontinuous loamy till 
(tku), flowtill, or debris-flow deposits. Younger beaches, bars, 
spits, and wave-cut terraces, composed of, or mantled by, lake 
sand and gravel (lsa), are present in some areas, and lake clay, 
silt, and sand (lca, lss) locally overlie the ice-contact deposits and 
associated till. Most of the kame moraine deposits in the eastern 
part of the quadrangle are noncalcarous; the clasts are nearly 
exclusively granite, volcanic rocks, and metasedimentary rocks. 
The surface typically is subdued (modified by waves and currents 
in glacial lakes); local relief is 2–30 m. Includes some ice-contact 
and outwash sand and gravel (kg, gg) and kame delta deposits. 
Thickness 5–20 m, locally more than 30 m. Elsewhere in the 
quadrangle, the deposits form end moraines composed of 
calcareous ice-contact sand and gravel interbedded with till and 
flowtill. The end moraines are asymmetrical in profile, having 
steep, collapsed, proximal ice-contact slopes and gentle distal 
slopes. The deposits form either (1) narrow, sharp-crested 
ridges; (2) broad, arcuate ridges; or (3) multiple concentric ridges; 
or they occur as aligned, isolated, elongate hills and hummocks 
separated by areas of other deposits. Deep ice-block depressions 
are common. The clast lithology is similar to that of the till in the 
same area. Includes areas of ice-contact and outwash sand and 
gravel (kg, gg) and till. Thickness 5–15 m, locally more than 50 
m

ICE-CONTACT SAND AND GRAVEL—Pale-yellow, brownish-
yellow, grayish-yellow, reddish-brown, orange-brown, yellowish-
brown, olive-brown, grayish-brown, brown, olive, yellowish-gray, 
olive-gray, brownish-gray, black, or mottled, calcareous or 
noncalcareous sand and gravel; minor silt; locally predominantly 

boulder or cobble gravel. Textures may vary abruptly, laterally 
and vertically. Commonly interbedded with, or contains lenses, 
inclusions, or clasts of, clay, silt, till, or flowtill. Poorly to well 
sorted; poorly to well stratified; irregularly bedded to well 
bedded; beds are discontinuous laterally. Faults, folds, and slump 
and collapse structures are common. Gravel locally is cemented 
by iron oxides or secondary calcium carbonate in zones; intense 
iron oxide stains on some clasts. Clasts are subangular to well 
rounded; the clast composition is similar to that of the local till. 
Typically, shale fragments are much less abundant in the ice-
contact deposits than in the associated till, but locally shale is 
very abundant. The topography typically is hummocky to 
knobby, or isolated mounds; locally flat. Commonly pitted with 
ice-block depressions. In some areas, the deposits were modified 
by waves and currents in lakes, and the ice-contact deposits are 
overlain by discontinuous lake sand and gravel (lsa). Occurs in 
kames, kame terraces, kame deltas, eskers, and ice-fracture 
fillings; some eskers are indicated by a symbol. Distinguished 
from kame moraine deposits (ke) arbitrarily in some areas. 
Included in outwash sand and gravel (gs, gg) in some areas. 
Includes small collapsed outwash apron deposits, kame moraine 
deposits (ke), kame-delta deposits, lake-delta deposits (ldb), and 
lake density-current underflow-fan deposits (lda). Also includes 
areas of outwash sand and gravel (gs, gg), lake clay, silt, sand, 
and gravel (lca, lss, lsa), alluvium (al), till, and bedrock. Locally 
overlain by till or flowtill as thick as 5 m; in some areas overlain 
by eolian sand and silt (ed, eu), swamp deposits (hs), or peat 
and muck (hp). Thickness 1–10 m, locally more than 35 m

ICE-CONTACT SAND—Pale-yellow, brownish-yellow, grayish-
yellow, yellowish-brown, olive-brown, brown, gray, or mottled, 
calcareous, fine to coarse sand; minor silt or silty pebbly sand. 
Local beds of granule, pebble, or cobble gravel. Moderately or 
well sorted; poorly to well stratified. Folds, faults, and slump and 
collapse structures are common. Clasts are subangular to well 
rounded. The clast lithology is similar to  that of the till in the 
same area. Occurs as subdued kame ridges, hummocks, and 
mounds. Included in ice-contact sand and gravel (kg) where units 
ks and kg have not been distinguished. Includes areas of outwash 
sand and gravel (gs, gg), lake clay, silt, sand, and gravel (lca, lss, 
lsa), till, alluvium (al), and bedrock. Mapped only in the 
northwestern part of the quadrangle, where the deposits were 
modified by waves and currents in glacial lakes. Thickness 
generally 2–20 m

OUTWASH AND ICE-CONTACT GRAVEL, SAND, AND 
SILT—Complex deposit of outwash sand and gravel (gs, gg) and 
ice-contact sand and gravel (ks, kg). May include flood deposits 
(aqa); includes younger alluvium (al). Locally overlain by eolian 
sand and silt (eu). Thickness 1–10 m

OUTWASH SAND AND GRAVEL—Pale-yellow, grayish-yellow, 
reddish-brown, yellowish-brown, olive-brown, brown, gray, or 
mottled, calcareous sand, pebbly sand, and gravel; locally chiefly 
sand and silt. Poorly to well sorted; poorly to well stratified. 
Stratification typically is either (1) horizontal beds of well-sorted 
sand; (2) pebbly sand that has  ripple-drift, cut-and-fill, planar, or 
trough crossbeds; or (3) interbedded pebbly sand and cobble or 
boulder gravel. Local lenses or beds of silt and clay; in places 
includes blocks or clasts of till or flowtill. Textures generally 
coarsen with depth and vary laterally. Cobbles and boulders are 
abundant where outwash deposits head near till end moraine, 
kame moraine, or ice-contact sand and gravel deposits; local 
boulder beds. The clasts are subangular to very well rounded; the 
size of the largest clasts typically decreases downstream in valley 
train and channel-fill deposits. The clast lithology reflects that of 
the local till and the lithology of the local bedrock; locally 
predominantly shale. Lignite fragments are abundant in many 
areas. Clasts commonly are intensely stained by iron oxides; 
gravel locally is cemented by iron oxides or by secondary calcium 
carbonate. Occurs in valley trains, outwash plains, fans and 
aprons, and terrace remnants, and also as delta topset beds and 
meltwater channels fills. Valley trains and channel fills may 
terminate in unmapped deltas or subaqueous fans. Surfaces are 
smooth to undulating; locally pitted with ice-block depressions. 
Some surfaces are marked by braided channel scars. Includes 
areas of flood deposits (aqa), till, flood-scoured till (aqb), ice-
contact sand and gravel (ks, kg), kame moraine deposits (ke), 
lake-delta deposits (ldb), lake density-current underflow-fan 
deposits (lda), lake clay, silt, sand, and gravel (lca, lss, lsa), fan 
alluvium (afj), flood-plain and channel alluvium (al), and bedrock. 
In some areas the deposits were modified and reworked by 
waves and currents in lakes, and the outwash sand and gravel is 
veneered by lake gravel, sand, silt, and clay (lsa, lss, lca). Locally 
overlain by eolian sand and silt (ed, eu), swamp deposits (hs), 
peat and muck (hp), subaerial debris-flow deposits, sediment-flow 
deposits, or flowtill. Some of the sand and gravel mapped as 
outwash is early postglacial alluvium. Precipitation and runoff 
were greater than at present for several thousand years after 
initial deglaciation, 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. Thickness generally 1–15 m; maximum 
thickness more than 30 m

OUTWASH SAND AND SILT—Pale-yellow, brownish-yellow, 
yellowish-brown, brown, yellowish-gray, brownish-gray, gray, or 
mottled, calcareous, fine to coarse sand, silty sand including 
scattered pebbles and small cobbles, or silt including scattered 
pebbles; local beds of granule, pebble, or cobble gravel and 
lenses or thin beds of silt. Poorly to well stratified; typically well 
sorted. Bedding is predominantly planar; cut-and-fill crossbeds 
are common. Sand is chiefly quartz and feldspar grains. The 
clasts are subangular to rounded, chiefly limestone, dolomite, 
and igneous and metamorphic rocks; some local shale, 
ironstone, and chert. Commonly grades laterally into outwash 
sand and gravel (gg). Occurs in terrace remnants and beneath 
outwash plains, and as meltwater-channel fills. Surfaces may be 
smooth or pitted with ice-block depressions. Included in outwash 
sand and gravel (gg) where map units gs and gg have not been 
distinguished. Includes areas of flood deposits (aqa, aqb), 
alluvium (al), lake silt, sand, and gravel (lss, lsa), till, and bedrock 
outcrops. Locally overlain by eolian sand and silt (ed, eu), peat 
and muck (hp), or swamp deposits (hs). Some of the sand 
mapped as outwash is early postglacial alluvium. Precipitation 
and runoff were greater than at present for several thousand 
years after initial deglaciation, 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. Thickness generally 1–3 m; maximum 
thickness more than 20 m

FLOOD DEPOSITS—Yellowish-brown, olive-brown, grayish-brown, 
olive, yellowish-gray, olive-gray, brownish-gray, gray, or mottled, 
calcareous sand and gravel deposited by a catastrophic glacial 
lake outburst flood. The outer (higher) and inner (lower) channel 
bars form terraces, in places 2 km long and 0.5 km wide. 
Surfaces are gently undulating to hilly, or fields of mounds. The 
upper part of the outer flood bar deposits commonly is firm to 
compact, planar-bedded sand and gravel; the lower part is poorly 
sorted, nonbedded sand that includes very large boulders. Locally 
some boulders are till or lignite. Boulders are common on some 
outer bar surfaces. The inner channel bar deposits commonly 
are homogenous, firm to compact, matrix-supported, very 
poorly sorted, plane-bedded, pebbly cobble gravel that includes 
boulders as large as 3 m. Locally, indistinct tabular cross-
stratification or horizontal beds are present. In places, the 
cobbles and boulders are imbricated. Boulders are absent on the 
surfaces of most inner channel bars. The map unit locally is 
included in outwash sand and gravel (gs, gg). Includes areas of 
till; also includes inset fills composed of  flood-plain alluvium (al), 
fan alluvium (afj), and sheetwash alluvium (caa) as thick as 50 m 
in valley bottoms. Thickness of outer flood bar deposits generally 
1.5–6 m; thickness of inner flood bar deposits generally 15–25 
m

FLOOD DEPOSITS AND FLOOD-SCOURED TILL—Braided or 
anastomosing channel deposits and either intervening 
streamlined hills of till or bedrock or intervening broad areas of 
current-scoured till

Flood deposit—See unit aqa
Flood-scoured till—See unit tlx

LAKE DENSITY-CURRENT UNDERFLOW-FAN DEPOSIT—Pale-
yellow, grayish-yellow, yellowish-brown, brown, brownish-gray, 
olive-gray, gray, or mottled, 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. The average grain size decreases from the top to 
the bottom of the deposit and toward the axis of the lake basin. 
Foreset beds are absent; the basal sediments typically are clay, 
but they are not delta bottomset beds. Silt and sand are 
crossbedded or horizontally bedded; ripple-drift lamination is 
common. Strongly contorted and characterized by hummocky 
collapse topography where the sediments were deposited on 
stagnant or dead ice. The clasts are chiefly granules and pebbles 
of shale and mixed lithologies derived from the bedrock and 
surficial sediments that were eroded by the glacial lake drainage. 
The subaqueous fans formed when catastrophic drainage from 
glacial Lake Regina entered glacial Lakes Hind, Souris, and 
Agassiz. In some areas the fan deposits are overlain by shore 
and nearshore lake sand and gravel (lss, lsa) that was distributed 
by waves and currents after deposition of the underflow fan 
sediments. The fan deposits and the shore and nearshore lake 
sand and gravel commonly are overlain by discontinuous eolian 
sand and silt (ed, eu). Thickness 3–30 m, locally 60 m

LAKE DELTA DEPOSIT—Brownish-yellow, yellowish-brown, olive-
brown, grayish-brown, bluish-gray, gray, or mottled, calcareous 
clay, silt, sand, and gravel. Moderately to well stratified; 
moderately to well sorted. The bottomset beds typically are 
upward-thickening rhythmic beds of silt and clay. The foreset 
beds commonly are ripple-laminated or planar-bedded, coarse to 
fine sand and silt. The topset beds typically are either (1) well-
sorted coarse sand and gravel; (2) moderately well sorted gravelly 
sand; or (3) planar-bedded, trough-crossbedded, or ripple-
laminated, fine or medium sand. The average grain size coarsens 
toward the delta apex. The clasts are subangular to well rounded; 
the clast lithology is similar to that of outwash sand and gravel 
(gs, gg) and till in the same area. Small unmapped lake delta 
deposits are included in outwash sand and gravel (gs, gg) and 
lake sand and gravel (lsa). The map unit may include some 
density-current underflow-fan deposits (lda); locally includes 
younger alluvium (al). Commonly overlain by thin eolian sand 
and silt (ed, eu); locally overlain by thin till. Much of the region 
east and northeast of Brandon, Manitoba, and southwest of Lake 
Manitoba is part of the Assiniboine delta, an extremely large 
delta formed in glacial Lake Agassiz (Elson, 1961, 1967; Teller, 
1976a; Klassen, 1983a). The lake silt, sand, and gravel (lss, lsa) 
and eolian deposits (ed, eu) that overlie the thick delta deposits 
in that region are mapped here. Thickness 6-50 m; locally more 
than 90 m

1Colluvium, for purposes of this map, is material transported and 
deposited by slow mass-wasting processes, chiefly creep.

2Sheetwash alluvium, for purposes of this map, is material transported 
and deposited by unconfined running water, chiefly sheetflow and rillwash. 

Arran section (Klassen, 1979), sec. 6, T. 34, R. 26 W., Sask.—Type section for late 
Wisconsin Arran Formation. Late Wisconsin Arran Formation, till

Roaring River section (Klassen, 1966, 1969, 1979; Klassen and others, 1967), sec. 
30, T. 33, R. 26 W., Man.1—Late Wisconsin Zelena Formation, 4.6 m oxidized 
and unoxidized till; Wisconsin, truncated paleosol in underlying till or boulder 
pavement on underlying till; early Wisconsin Minnedosa Formation, 12.2 m 
oxidized till; early Wisconsin and Sangamon Roaring River clay, 2.7 m fossiliferous 
clay and silt that yielded a 14C age of  >37,760 yr B.P. (GSC–284; plant detritus); 
Pleistocene, 7.6 m sand and gravel containing redeposited glacial erratic clasts. The 
truncated paleosol here is interpreted to have developed after deposition of the 
early Wisconsin lower till member of the Minnedosa Formation and prior to 
deposition of the late Wisconsin upper till member of the Minnedosa Formation 
(see sections 3, 5, 6, 8, 11, 13, and 15)

Borehole 8–69 (Klassen, 1979), sec. 8, T. 24, R. 25 W., Man.1—Late Wisconsin 
Zelena Formation, 5.5 m oxidized till, 4.6 m unoxidized till; late Wisconsin 
Minnedosa Formation, 4.3 m gravel, 1.5 m oxidized till, 3.4 m unoxidized till, 1.2 
m unoxidized clay; early Wisconsin Minnedosa Formation, 2.1 m oxidized till; 
Illinoian Shell Formation(?), 6.7 m oxidized till; undivided sequence that may 
include glaciotectonically stacked deposits, 7.9 m unoxidized till, 1.8 m unoxidized 
clay, 5.8 m unoxidized till, 1.5 m unoxidized clay, 3.4 m unoxidized till, 4.0 m 
unoxidized clay, 3.7 m gravel and sand, 3.4 m oxidized till, 25.9 m gravel and 
sand; pre-Illinoian Tee Lakes Formation, 29.9 m unoxidized till, 7.3 m unoxidized 
silt, 14.9 m unoxidized till; pre-Illinoian Largs Formation, 11.0 m clay, silt, sand, 
and gravel, 46.6 m unoxidized till; early Pleistocene and (or) late Pliocene Wynyard 
formation, 3l.l m clay and silt. Oxidation of the lower till member of the Minnedosa 
Formation indicates prolonged surface weathering prior to deposition of the upper 
till member (see sections 2, 5, 6, 8, 11, 13, 14, and 15)

Tee Lakes section, borehole 7–69 (Klassen, 1979), sec. 11, T. 32, R. 27 W., 
Man.—Type section for Tee Lakes Formation. Undivided sequence that may 
include glaciotectonically stacked deposits, 7.6 m oxidized clay, 9.8 m unoxidized 
clay, 3.0 m unoxidized till, 3.4 m unoxidized clay, 3.l m unoxidized till, 8.5 m 
unoxidized clay, 2.7 m sand, 3.1 m unoxidized till, 1.5 m sand, 7.0 m unoxidized 
clay, 3.l m unoxidized till, 2.1 m unoxidized clay, 4.6 m unoxidized till, 18.0 m 
gravel; pre-Illinoian Tee Lakes Formation, 12.8 m unoxidized till, 3.1 m sand and 
gravel, 2.7 m unoxidized till, 1.5 m unoxidized clay, 9.8 m unoxidized till; pre-
Illinoian Largs Formation, 42.7 m unoxidized till; early Pleistocene and (or) late 
Pliocene Wynyard formation, 21.3 m clay and silt

Runnymede section (Lowdon and Blake, 1973; Klassen, 1979), sec. 7, T. 29, R. 30 
W., Sask.1—Late Wisconsin Lennard Formation, 0.6 m oxidized till; boulder line; 
late Wisconsin Minnedosa Formation, 1.5 m oxidized and unoxidized till; Wisconsin 
Minnedosa Formation, 2.5–5.0 cm leached clay (paleosol) containing a humic band 
that yielded a 14C age of 30,000±490 yr B.P. (GSC–1342; humus), 0.9 m varved 
clay and silt, 1.2 m silt. The radiocarbon age is compatible with ages from the 
intertill silt in section 8. The humic band associated with the paleosol here is 
interpreted to be an interstadial deposit between the upper and lower till members 
of the Minnedosa Formation (see sections 2, 3, 6, 8, 11, 13, 14, and 15)

Makaroff section (Klassen, 1966, 1969, 1979; Klassen and Elson, 1972), sec. 27, T. 
27, R. 29 W., Man.1—Wisconsin Minnedosa Formation, 2.7 m oxidized till, 3.7 m 
unoxidized till; early Wisconsin and Sangamon Roaring River clay (Klassen, 1969; 
Klassen and Elson, 1972) or Wisconsin Minnedosa Formation (Klassen, 1979), 0.9 
m fossiliferous clay and silt that yielded a 14C age of  >34,000 yr B.P. (GSC–676; 
wood fragments and plant detritus), 0.9 m silt. The wood age is compatible with an 
interpretation that the fossiliferous sediment is an interstadial deposit and the 
overlying till of Minnedosa Formation is late Wisconsin in age (see sections 2, 3, 5, 
8, 11, 13, 14, and 15)

Zelena Post Office section, borehole 1–69 (Klassen, 1979), sec. 14, T. 28, R. 28 W., 
Man.—Wisconsin, 9.1 m oxidized till; Wisconsin Minnedosa Formation, 11.0 m 
unoxidized till; Illinoian Shell Formation, 1.5 m oxidized till, 28.0 m unoxidized till; 
pre-Illinoian Tee Lakes Formation, 11.3 m gravel, 7.0 m unoxidized till, 5.2 m 
gravel, 9.8 m unoxidized till, 3.1 m sand and gravel; pre-Illinoian Largs Formation, 
5.5 m oxidized till, 16.8 m unoxidized till; early Pleistocene and (or) late Pliocene 
Wynyard  formation, 57.9 m sand, silt, clay, and minor gravel

Zelena section (Klassen, 1969, 1979; Klassen and Elson, 1972), sec. 17, T. 28, R. 27 
W., Man.1—Type section for Zelena Formation. Late Wisconsin Zelena Formation, 
1.2 m gravel and sand, 2.4 m oxidized till; late Wisconsin Minnedosa Formation, 
0.6 m oxidized till; Wisconsin Minnedosa Formation, 0.6 m fossiliferous silt and 
clay containing organic detritus and fossiliferous marl that yielded 14C ages of 
23,700±290 yr B.P. (GSC-1279; charcoal), 28,220±380 yr B.P. (GSC–711; 
marl), and 37,700±1,500 yr B.P. (GSC-653; charcoal); early Wisconsin Minnedosa 
Formation, 3.1 m oxidized and unoxidized till; Illinoian Shell Formation, 3.1 m 
oxidized till (see sections 2, 3, 5, 6, 11, 13, 14, and 15)

Shell River section (Klassen, 1969, 1979), sec. 21, T.25, R. 28 W., Man.—Type 
section for Shell Formation. Holocene and late Wisconsin(?), 0.9 m oxidized 
colluvium; Wisconsin Minnedosa Formation, 5.5 m oxidized till; Illinoian Shell 
Formation, 3.4 m oxidized till (weathered zone)

Borehole 2–68 (Klassen, 1979), sec. 29, T. 25, R. 27 W., Man.—Late Wisconsin 
Zelena Formation(?), 6.7 m oxidized till; Wisconsin Minnedosa Formation, 16.2 m 
unoxidized till; Illinoian Shell Formation, 3.0 m weathered zone in till, 1.6 m 
unoxidized till, 9.8 m gravel, 1.2 m unoxidized till, 1.8 m gravel, 15.2 m 
unoxidized till; pre-Illinoian Tee Lakes Formation, 26.5 m unoxidized till, 10.1 m 
unoxidized clay, 32.9 m unoxidized till; early Pleistocene and (or) late Pliocene 
Wynyard formation, 53.7 m sand and silt

Borehole 22–66 (Klassen, 1979), sec. 5, T. 24, R. 28 W., Man.1—Late Wisconsin 
Lennard Formation, 6.1 m oxidized till; late Wisconsin Minnedosa Formation, 12.8 
m unoxidized till; Wisconsin Minnedosa Formation, 1.2 m unoxidized silt, 8.8 m 
unoxidized till; Illinoian Shell Formation, 6.4 m unoxidized till; pre-Illinoian Tee 
Lakes Formation, 15.2 m unoxidized clay, 56.1 m unoxidized till; early Pleistocene 
and (or) Pliocene Wynyard formation, 5.5 m gravel and sand. The silt may record 
regional deglaciation between early Wisconsin and late Wisconsin glaciations (see 
sections 2, 3, 5, 6, 8, 13, 14, and 15)

Lennard section (Klassen, 1969, 1979), sec. 27, T. 23, R. 28 W., Man.—Type section 
for Lennard Formation. Late Wisconsin Lennard Formation, 1.5 m oxidized till; 
striated boulder pavement; Wisconsin Minnedosa Formation, 1.8 m. oxidized till; 
Illinoian Shell Formation, 0.9 m oxidized till; pre-Illinoian Tee Lakes Formation(?), 
>0.9 m gravel and sand 

Inglis section (Klassen, 1966, 1979), sec. 3, T. 23, R. 28 W., Man.1—Late Wisconsin 
Lennard Formation, 1.5 m oxidized till; striated boulder pavement; late Wisconsin 
Minnedosa Formation, 4.6 m oxidized and unoxidized till; Wisconsin Minnedosa 
Formation, 6.1 m silt and sand or, where absent, boulder line, stringers of pink till 
and silt, or weathered zone in underlying till; early Wisconsin Minnedosa 
Formation, 15.2 m oxidized and unoxidized till. The Minnedosa Formation here is 
interpreted to include till units of both late Wisconsin and early Wisconsin ages (see 
sections 2, 3, 5, 6, 8, 11, 14, and 15)

Solsgirth section (Klassen 1966, 1979), sec. 35, T. 17, R. 26 W., Man.1—Late 
Wisconsin Lennard Formation, 6.1 m oxidized till; late Wisconsin Minnedosa 
Formation, 9.1 m unoxidized till; Wisconsin Minnedosa Formation, 9.1 m silt, 
sand, and gravel; early Wisconsin Minnedosa Formation, 3.0 m oxidized till. The 
lower and upper till members of the Minnedosa Formation here are interpreted to 
be early Wisconsin and late Wisconsin in age, respectively (see sections 2, 3, 5, 6, 
8, 11, 13, and 15)

Minnedosa River section (Dyck and others, 1966; Klassen and others, 1967; Klassen, 
1969, 1979; Klassen and Elson, 1972), sec. 20, T. 16, R. 18 W., Man.1—Type 
section for Minnedosa Formation. Late Wisconsin Zelena Formation, 2.4 m 
oxidized till; late Wisconsin Minnedosa Formation, 0.9 m sand and gravel, 0.9 m 
silt and sand, 2.1 m oxidized till; Wisconsin Minnedosa Formation, 6.1 m silt, sand, 
and gravel; early Wisconsin Minnedosa Formation, 6.1 m oxidized and unoxidized 
till; early Wisconsin and Sangamon Roaring River clay (Klassen, 1969; Klassen and 
Elson, 1972) or pre-Illinoian Largs Formation(?) (Klassen, 1979), 0.5 m oxidized 

silt, 1.5 m fossiliferous silt that yielded a 14C age of  >31,300 yr B.P. (GSC–297; 
grass); pre-Illinoian Largs Formation, 0.3 m intensely weathered gravel, 4.9 m 
unoxidized till. The lower and upper till members of Minnedosa Formation here are 
interpreted to be early Wisconsin and late Wisconsin in age, respectively (see 
sections 2, 3, 5, 6, 8, 11, 13, and 14)

Largs section (Klassen, 1979), sec. 9, T. 15, R. 18 W., Man.—Type section for Largs 
Formation. Late Wisconsin Lennard Formation, 1.2 m oxidized till, 1.2 m 
unoxidized till; Wisconsin Minnedosa Formation, 7.0 m. oxidized till, 4.9 m 
unoxidized till; pre-Illinoian Largs Formation, >3.0 m unoxidized till

Borehole IA (Keatinge, 1975), sec. 23, T. 14, R. 10 E., Man.—Type section for Lac du 
Bonnet formation (Keatinge, 1975) and Whiteshell formation (Teller and 
Fenton,1980). Holocene and late Wisconsin, 5.5 m sand, 4.6 m silty clay; late 
Wisconsin Lac du Bonnet formation, 3.7 m till; late Wisconsin Whiteshell 
formation, 7.0 m till; late Wisconsin or older, 11.3 m pebbly silt and sand, 3.0 m 
clayey silt

Borehole FW 84 (Fenton, 1974), sec. 28, T. 6, R. 8 E., Man.—Type section for 
Steinbach member of Hazel formation and Marchand formation, and reference 
section for Hazel formation (Fenton, 1974); reference section for Roseau 
formation (Fenton, 1974; Teller and Fenton, 1980). Holocene, 0.9 m peat; 
Holocene and late Wisconsin Hazel formation, 0.6 m sand and gravel; late 
Wisconsin Steinbach member of Hazel formation, 6.1 m till; late Wisconsin 
Marchand formation, 14.6 m till; late Wisconsin Roseau formation, 3.7 m till

Borehole FW 2 (Fenton, 1974), sec. 26, T. 4, R. 5 E., Man.—Type section for Roseau 
formation designated by Teller and Fenton (1980); however, the type section for 
the same formation designated by Fenton (1974) is borehole FW 3 (stratigraphic 
section 20). Late Wisconsin Marchand formation, 4.3 m till; late Wisconsin Roseau 
formation, 9.6 m till

Borehole FW 3 (Fenton, 1974), sec. 21, T. 4, R. 7 E., Man.—Type section for Roseau 
formation (Fenton, 1974); however, the type section for the same formation 
designated by Teller and Fenton (1980) is borehole FW 2 (stratigraphic section 19). 
Late Wisconsin Hazel formation, 4.0 m sand, 0.3 m clay; late Wisconsin Marchand 
formation, 5.8 m till; late Wisconsin Roseau formation, 9.1 m till; Illinoian 
Stuartburn formation, 4.9 m till

Rosa section (Teller, 1980), Man.—Late Wisconsin Roseau formation, 1.0 m till; late 
Wisconsin Bedford formation or Wisconsin Vita formation, 4.0 m sand and gravel; 
early Wisconsin Tolstoi formation, 0.5 m till that yielded a 14C age of  >50,000 yr 
B.P. (BGS–596; incorporated wood); early Wisconsin and (or) Sangamon Vita 
formation, 1.0 m sand

(Eight stratigraphic sections indicated by a single symbol on the map)
Borehole FW 79 (Fenton, 1974), sec. 12, T. 3, R. 4 E., Man.—Reference section for 

Woodmore and Rosa formations. Late Wisconsin Hazel formation, 1.5 m sand; 
late Wisconsin Steinbach member of Hazel formation, 2.4 m till; Wisconsin, 1.5 m 
gravel, 1.5 m interbedded sand and silt; Wisconsin and (or) Sangamon Vita 
formation, 0.3 m organic silt (floodplain alluvium) containing wood fragments, 3.4 
m sand and silt; Illinoian Stuartburn formation, 1.5 m till; Illinoian or pre-Illinoian, 
1.8 m interbedded till and sand; pre-Illinoian Woodmore formation, 3.7 m till; pre-
Illinoian Rosa formation, 5.2 m till

Section FSW 21 (Fenton, 1974; Lowdon and Blake, 1976; Teller, 1980; Teller and 
Fenton, 1980), sec. 12, T. 3, R. 5 E., Man.—Incomplete section description. Late 
Wisconsin Roseau formation, till; Wisconsin and (or) Sangamon Vita formation, silt 
and sand (floodplain alluvium) containing spruce logs as large as 10 cm in diameter 
and yielding a 14C age of  >4l,000 yr B.P. (GSC–1663); Illinoian Stuartburn 
formation, till

Beaver Dam section, FWS 41 (Fenton, 1974), sec. 7, T. 3, R. 5 E., Man.—Reference 
section for Senkiw formation (Fenton, 1974; Teller and Fenton, 1980); reference 
section for Bedford, Vita, and Stuartburn formations (Fenton, 1974). Late 
Wisconsin Bedford formation, 0.9 m sand, 0.3 m gravel; late Wisconsin Senkiw 
formation, 4.3 m till; Wisconsin, 7.6 m interbedded sand and silt; Wisconsin and 
(or) Sangamon Vita formation, 0.9 m silt and sand (pond deposits and floodplain 
alluvium); Illinoian(?), 1.8 m interbedded sand and till; Illinoian Stuartburn 
formation, 3.0 m till; concealed interval; 2.4 m slumped debris; pre-Illinoian 
Woodmore formation, 0.6 m till

Borehole FW 80 (Fenton, 1974), sec. 7, T. 3, R. 5 E., Man.—Type section for 
Woodmore formation and reference section for St. Malo and Rosa formations. 
Holocene, 0.9 m artificial fill; pre-Illinoian St. Malo formation, 0.1 m organic silt; 
pre-Illinoian Woodmore formation, 3.6 m till; pre-Illinoian, 3.7 m clayey silt and 
sand (floodplain alluvium?); pre-Illinoian Rosa formation, 13.1 m till

Circus West section, FWS 40 (Fenton, 1974), sec. 7, T. 3, R. 5 E., Man.—Reference 
section for Tolstoi and Stuartburn formations. Late Wisconsin(?), 0.9 m sand, 0.3 
m gravel, 3.0 m sand; Wisconsin Vita formation, 0.9 m silt and sand (pond and 
floodplain deposit), 0.6 m sand and gravel; early Wisconsin Tolstoi formation, 2.1 
m interbedded till, sand, and silt; Illinoian Stuartburn formation, till

Circus Center section, FWS 14 (Fenton, 1974; Lowdon and Blake, 1976; Teller, 
1980), sec. 8, T. 3, R. 5 E., Man.—Type section for Vita, Stuartburn, and St. Malo 
formations and reference section for Woodmore formation. Late Wisconsin, 4.3 m 
sand and gravel; Wisconsin Vita formation, 1.5 m clay, silt and sand (floodplain 
deposit), 0.3 m sand and silt; early Wisconsin Tolstoi formation, 0.6 m till, 0.3 m 
gravel; Illinoian Stuartburn formation, 3.0 m till; pre-Illinoian St. Malo formation, 5 
cm band of compressed wood, 1.0 m sand and silt (floodplain alluvium) that yielded 
a 14C age of  >38,000 yr B.P. (GSC–1465; organic detritus); pre-Illinoian 
Woodmore formation, 0.2 m till

Circus East section, FWS 39 (Fenton, 1974), sec. 8, T. 3, R. 5 E., Man.—Reference 
section for Tolstoi, Stuartburn, St. Malo, and Woodmore formations. Late 
Wisconsin(?), 0.3 m sand; late Wisconsin Senkiw formation(?), 1.4 m till, 0.3 m silt, 
0.9 m gravel; Wisconsin Vita formation, 0.9 m clay, silt, and sand (pond and 
floodplain deposit), 0.9 m gravel; early Wisconsin Tolstoi formation, 1.2 m 
interbedded till, silt, and sand, 0.6 m till; Illinoian Stuartburn formation, 2.7 m till, 
0.6 m sand; pre-Illinoian St. Malo formation, 0.3 m peat and clay; pre-Illinoian 
Woodmore formation, 0.6 m till

Silence section, FWS 38 (Fenton, 1974; Teller, 1980), sec. 8, T. 3, R. 5 E., 
Man.—Type section for Tolstoi formation and reference section for Vita and 
Stuartburn formations. Late Wisconsin, 0.6 m sand, 0.6 m clay, 0.9 m gravel, 1.8 
m massive silt (loess?) containing gastropod tests; Wisconsin Vita formation, 2.7 m 
carbonaceous clay and silt (pond and floodplain deposit) that yielded a 14C age of 
29,500±1,100 yr B.P. (BGS–625), 0.6 m gravel; early Wisconsin Tolstoi 
formation, 0.9 m silt, 0.6 m till; Illinoian Stuartburn formation, 4.6 m till

(Two stratigraphic sections indicated by a single symbol on the map)
Borehole FW 101 (Fenton, 1974), sec. 5, T. 3, R. 5 E., Man.—Type section for 

Senkiw formation (Teller and Fenton, 1980); however, the type section for the 
same formation designated by Fenton (1974) is the Silence section, FWS 38 
(stratigraphic section 22). Reference section for Rosa formation (Fenton, 1974). 
Late Wisconsin Senkiw formation, 35.4 m till; pre-Illinoian Rosa formation, 12.2. 
till

Deer section, FWS 35 (Fenton, 1974; Lowdon and Blake, 1976), sec. 4, T. 3, R. 5 E., 
Man.—Late Wisconsin Hazel formation, 0.6 m sand, 0.3 m gravel; late Wisconsin 
Steinbach member of Hazel formation (Fenton, 1974) or Marchand formation 
(Teller, 1980), 1.8 m interbedded till and clay; late Wisconsin Senkiw formation, 
3.0 m till; Wisconsin and (or) Sangamon Vita formation, 5.2 m fine sand 
(floodplain deposit) that yielded a 14C age of  >43,000 yr B.P. (GSC–1801; spruce 
log), 4.3 m silt and clay; Illinoian Stuartburn formation(?), 1.8 m till

FW 100 (Fenton, 1974) and borehole HAA (Keatinge, 1975), sec. 1, T. 3, R. 6 E., 
Man.—Designated as type section for Marchand formation and reference section 
for Whitemouth Lake formation by Teller and Fenton (1980); however, the 
Whitemouth Lake formation was not recognized in the section by either Fenton or 
Keatinge. Late Wisconsin Marchand formation, 4.9 m till; late Wisconsin Roseau 
formation (Fenton, 1974; Keatinge, 1975) or Whitemouth lake formation (Teller, 
1980), 3.4 m till; late Wisconsin, 3.7 m sand and gravel, 2.4 m sand, 8.1 m silt 
(proglacial lake deposit), 0.1 m organic clayey silt (floodplain deposit) that yielded a 
14C age of 22,260+1,000/-900 yr B.P. (GX–3530; wood fragments), 0.2 m silt; 
Wisconsin, 0.6 m sand, 8.4 m silt; Wisconsin and (or) Sangamon Vita formation, 
0.3 m organic clayey silt (floodplain deposit) that yielded a 14C age of  >39,000 yr 
B.P. (GX–3531; wood fragments and organic detritus), 1.5 m clayey silt, 2.7 m 

sand; Wisconsin, Illinoian, or pre-Illinoian, 0.3 m clayey silt or till; pre-Illinoian 
Woodmore formation (Keatinge, 1975), 11.6 m till; Pleistocene, 1.3 m clayey silt. 
Also see Teller (1976a, 1980)

Borehole HF (Keatinge, 1975), sec. 7, T. 2, R. 7 E., Man.—Late Wisconsin Marchand 
formation, 3.4 m till; late Wisconsin Roseau formation, 0.9 m till; late Wisconsin(?), 
0.6 m pebbly, silty clay, 0.9 m gravel; Wisconsin and (or) Sangamon Vita 
formation(?), 13.1 m silty sand and gravel that yielded a 14C age of  >32,000 yr 
B.P. (GX–3527) from top, 7.0 m pebbly, silty sand; Illinoian Stuartburn formation, 
0.9 m till

Donnybrook section (Lemke and Kaye, 1958), sec. 24, T. 158 N., R. 87 W., N. Dak.— 
Late Wisconsin and Illinoian(?), 15.2 m till (multiple till units); middle Pleistocene(?), 
0.9 m truncated paleosol and boulder pavement; middle Pleistocene Medicine Hill 
Formation, 9.1 m sequence of oxidized and unoxidized till, glaciofluvial silt, sand, 
and gravel, and unoxidized till, 7.3 m glaciotectonically deformed gravel and sand

NDSWC testhole 5420 (Moran and others, 1973; Clayton, Moran, and Bluemle, 
1980), sec. 13, T. 154 N., R. 81 W., N. Dak.—Late Wisconsin, 24.4 m till (two or 
more till units), 4.6 m sand, 11.9 m clay, 6.4 m sand, 10.7 m gravel, 24.4 m sand, 
12.2 m gravel and boulder at base. A log between the boulder and the bedrock 
surface yielded a 14C age of 28,340±1,000 yr B.P. (W–2450)

Testhole N–1910 (Hobbs, 1975), sec. 11, T. 163 N., R. 69 W., N. Dak.1—Reference 
section for Vang formation. Late Wisconsin Hansboro formation, 3.7 m till; late 
Wisconsin Dahlen Formation, 7.0 m till; Wisconsin Gardar Formation, 2.8 m till, 
0.6 m clay; Illinoian Vang formation, 4.9 m till; pre-Illinoian Cando formation, 4.6 
m till, 4.0 m silt; pre-Illinoian, 10.4 m unnamed till, 7.6 m unnamed till. The two 
unnamed till units are included in the Cando formation of Hobbs and Bluemle 
(1987)

Testhole N–1913 (Hobbs, 1975), sec. 27, T. 158 N., R. 66 W., N. Dak.1—Reference 
section for Hansboro and Cando formations of Hobbs (1975). Late Wisconsin 
Hansboro formation, 5.5 m clay, 3.7 m till, 4.3 m sand and silt; late Wisconsin 
Dahlen Formation, 4.0 m till; late Wisconsin Gardar Formation, 4.6 m till, 3.1 m 
silt; pre-Illinoian Cando formation, 2.1 m till; 10.4 m “shale breccia” (glaciotectonic 
deposit?). The uppermost three units (the Hansboro formation of Hobbs) were 
included in the Dahlen Formation by Hobbs and Bluemle (1987)

NDSWC testhole 9037 (Hutchinson, 1977; Hobbs and Bluemle, 1987), sec. 3, T. 155 
N., R. 66 W., N. Dak.—Type section for Churchs Ferry Formation. Late Wisconsin 
Hansboro member of Dahlen Formation, 3.4 m oxidized till (possibly two till units); 
late Wisconsin unnamed member of Dahlen Formation, 0.9 m oxidized till, 7.0 m 
unoxidized till; Illinoian upper member of Churchs Ferry Formation, 9.8 m 
unoxidized till; Illinoian middle member of Churchs Ferry Formation, 1.8 m 
unoxidized till, 1.8 m sand and silt, 3.7 m unoxidized till; Illinoian lower member of 
Churchs Ferry Formation (Hobbs and Bluemle, 1987) or Vang formation (Hobbs, 
1975), 1.5 m unoxidized till, 2.7 m silt and clay, 1.2 m unoxidized till; pre-Illinoian 
lower member of Camp Grafton formation, 14.0 m silt, sand, and gravel; pre-
Illinoian Cando formation, 7.0 m unoxidized till, 2.4 m sand and silt, 35.7 m 
unoxidized till (multiple till units), 2.1 m sand and silt

NDSWC testhole 8830, sec. 2, T. 155 N., R. 66 W., N. Dak.—Composite description 
from Hobbs (1975), Hutchinson (1977), Bluemle (1984), and Hobbs and Bluemle 
(1987). Reference section for Cando formation of Hobbs (1975). Late Wisconsin 
Hansboro formation (Hobbs, 1975) or Hansboro member of Dahlen Formation 
(Hobbs and Bluemle, 1987), 1.8 m silt and sand, 2.1 m oxidized till; late Wisconsin 
Dahlen Formation, 7.0 m unoxidized till, 0.6 m sand and silt; Illinoian upper 
member of Churchs Ferry Formation (Hobbs and Bluemle, 1987) or unnamed 
formation (Hobbs, 1975), 10.7 m till; Illinoian lower member of Churchs Ferry 
Formation (Hobbs and Bluemle, 1987) or Vang formation (Hobbs, 1975), 12.2 m 
till; pre-Illinoian Camp Grafton formation (Hobbs and Bluemle, 1987) or Vang 
formation (Hobbs, 1975; Bluemle, 1984), 4.3 m sand, 7.3 m mottled organic silt 
(floodplain deposit?), 3.0 m sand, 5.5 m cobble gravel and sand; pre-Illinoian 
Cando formation(?) [Camp Grafton formation of Hobbs and Bluemle (1987) or 
Vang formation of Hobbs (1975)], 11.0 m mottled silt and sand (floodplain 
deposit?), 2.4 m gravel and sand; pre-Illinoian “unit C” of Cando formation (Hobbs 
and Bleuemle, 1987) or unnamed formation (Hobbs, 1975), 9.1 m till; pre-Illinoian 
Cando formation (Hobbs and Bleuemle, 1987), 3.0 m gravel and sand, 7.3 m silt 
and sand; pre-Illinoian Cando formation (Hobbs, 1975) or “unit D” of Cando 
formation (Hobbs and Bluemle, 1987), 5.2 m till; pre-Illinoian Cando formation 
(Hobbs and Bluemle, 1987), 2.7 m sand and silt

Testhole N–1229 (Hobbs, 1975), sec. 23, T. 157 N., R. 62 W., N. Dak.1—Late 
Wisconsin Dahlen Formation, 8.2 m till; late Wisconsin Gardar Formation, 4.3 m 
till; Illinoian Vang formation, 3.4 m till; pre-Illinoian Tiber formation, 6.1 m till

Testhole N–590 (Hobbs, 1975), sec. 2l, T. 161 N., R. 61 W., N. Dak.1—Late 
Wisconsin Dahlen Formation, 3.7 m till; late Wisconsin Gardar Formation, 5.2 m 
till; Illinoian Vang formation, 10.4 m till; pre-Illinoian Tiber formation, 3.1 m till

Sprinke section, N–2040 (Hobbs, 1975), sec. 26, T. 163 N., R. 58 W., N. 
Dak.1—Type section for Vang formation. Late Wisconsin Dahlen Formation, 2.l m 
till; late Wisconsin Gardar Formation, 1.5 m till; cobble and boulder pavement; 
Illinoian Vang formation, 6.7 m till

Surprise section, N–1615 (Hobbs, 1975), sec. 20, T. 158 N., R. 57 W., N. 
Dak.1—Type section for Tiber formation. Late Wisconsin Gardar Formation, 2.7 
m till; pre-Illinoian Tiber formation, 4.0 m till

Park River section (Salomon, 1976b), sec. 16, T. 159 N., R. 56 W., N. Dak.1—Type 
section for Gardar Formation. Holocene, 0.9 m organic silt (floodplain deposit?); 
Wisconsin Gardar Formation, 0.9 m gravel and boulder lag, 4.6 m till

Forest River section (Salomon, 1976b), sec. 10, T. 154 N., R. 55 W., N. Dak.—Type 
section for Dahlen Formation and reference section for Falconer Formation. 
Holocene and late Wisconsin, 2.7 m sand and silt, 0.3 m organic silt, 1.5 m sand 
and silt, 7.3 m sand; late Wisconsin Falconer Formation, 12.2 m till; late Wisconsin 
Wylie Formation, 1.2 m laminated silt; late Wisconsin Dahlen Formation, 1.8 m till

NDSWC testhole 2582 (Salomon, l976b), sec. 11, T. 154 N., R. 55 W., N. Dak.1— 
Reference section for Gardar and Dahlen Formations. Late Wisconsin Brenna 
Formation(?), 6.1 m sand; late Wisconsin Falconer Formation, 13.4 m till; late 
Wisconsin Wylie Formation, 1.8 m laminated silt and clay; late Wisconsin Dahlen 
Formation, 8.2 m till, 2.1 m sand; late Wisconsin Gardar Formation, 17.1 m till; 
early Wisconsin “unit A,” 15.9 m till, 8.3 m sand and gravel, 18.9 m sand and 
gravel interbedded with till

Testhole N–594 (Hobbs, 1975), sec. 24, T. 158 N., R. 55 W., N. Dak.1—Reference 
section for Tiber formation. Wisconsin, 9.8 m silt; Wisconsin Gardar Formation, 
3.7 m till; Illinoian Vang formation, 13.4 m till; pre-Illinoian Tiber formation, 12.2 
m till

NDSWC testhole 5947 (Salomon, 1976b), sec. 24, T. 161 N., R. 54 W., N. 
Dak.1—Late Wisconsin Brenna Formation, 42.7 m laminated clay and silt; late 
Wisconsin Falconer Formation, 13.7 m till; late Wisconsin Wylie Formation, 4.0 m 
laminated silt and clay; early Wisconsin “unit A,” 14.6 m till; Illinoian(?) “unit B,” 
5.8 m till; pre-Illinoian(?) “unit C,” 11.3 m till

NDSWC testhole 5943 (Salomon, 1976b), sec. 24, T. 161 N., R. 52 W., N. Dak.— 
Late Wisconsin Brenna Formation, 45.7 m silt and clay; late Wisconsin Falconer 
Formation, 2.7 m clayey gravel, 4.0 m till, 3.4 m clayey gravel, 0.9 m cobbles and 
boulders; Wisconsin Red Lake Falls Formation, 22.6 m till; Illinoian(?) “unit 1,” 7.0 
m till

Borehole FW 90 (Fenton, 1974; Teller and Fenton, 1980), sec. 25, T. 163 N., R. 48 
W., Minn.2—Reference section for Senkiw formation. Late Wisconsin Marchand 
formation, 2.1 m till; late Wisconsin Roseau Formation, 1.2 m till; late Wisconsin 
Senkiw formation, 10.7 m till; Wisconsin, 14.6 m interbedded sand and clay, 0.6 
m peat and organic silty clay that yielded a  14C age of  32,850+1,925/-1,550 yr 
B.P. (GX–3529; organic detritus), 0.9 m clay. The Senkiw formation here is 
interpreted to represent the earliest late Wisconsin glacial advance (table 2)

Borehole FW 91 (Fenton, 1974), sec. 21, T. 159 N., R. 45 W., Minn.2—Late 
Wisconsin Marchand formation, 1.5 m till; late Wisconsin Roseau formation, 1.2 m 
till; late Wisconsin Senkiw formation, 11.0 m till; Wisconsin and pre-Wisconsin, 
7.0 m sand, 2.4 m till, 1.2 m clay, 6.l m till, 8.2 m silt, 1.8 m sand, 4.3 m till(?); 
pre-Illinoian Rosa formation, 1.5 m till

1See table 2, footnote 9.
2Stratigraphic nomenclature for southeastern Manitoba was extended to this Minnesota 

borehole record.

IMPORTANT STRATIGRAPHIC SECTIONS
[Stratigraphic units are listed from youngest to oldest; rank terms of informal stratigraphic units are not 
capitalized. Age assignments of units are based on table 2. Thicknesses in exposures are maximum 
reported unit thicknesses]
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NOTE: This map is a product of collaboration of the Manitoba  
Department of Energy and Mines, the North Dakota Geological Survey, the 
Saskatchewan Research Council, the Minnesota Geological Survey, and the 
U.S. Geological Survey, and is designed for both scientific and practical 
purposes. Separate maps and map explanations were prepared by the 
compilers. Those maps were combined, integrated, and supplemented by the 
editor. Map unit symbols were revised to a uniform system of classification, and 
the map unit descriptions were prepared by the editor from information 
received from the compilers and from additional sources listed under “Sources 
of Information.”  Illustrations accompanying the map were prepared by the 
editor. The editor also is responsible for interpretations of geologic history and 
the chronologic and stratigraphic framework.

The map shows only the surface deposits. A complex subsurface 
stratigraphy in some areas is indicated in table 2, documented by stratigraphic 
sections. The bedrock topography in parts of the quadrangle is completely 
obscured by till and stratified deposits that represent several glaciations and 
nonglacial intervals. Sand and gravel deposits in buried bedrock valleys are 
important local sources of groundwater, as well as regional surficial aquifers. 
Drift deposited during one or more late Pliocene continental glaciations 
(recorded by residual deposits and till elsewhere on the Northern Plains) has not 
been identified in the Winnipeg 4˚ × 6˚ quadrangle, although remnants of the 
drift may be present in the subsurface on uplands in the western part of the 
quadrangle. The Pliocene glacial deposits were removed by erosion during the 
long (>1.25-Ma) nonglacial interval between the Pliocene and Pleistocene 
glaciations.

For scientific purposes, the map differentiates Quaternary surficial deposits 
on the basis of lithology or composition, texture or particle size, structure, 
genesis, stratigraphic relationships, engineering geologic properties, and 
relative age, as shown on the correlation diagram and indicated in “Description 
of Map Units.”  Deposits of some constructional landforms, such as end 
moraines, are distinguished as map units. Deposits of erosional landforms, such 
as outwash terraces, are not distinguished, although glaciofluvial, ice-contact, 
and lacustrine deposits that are mapped may be terraced. Differentiation of 
sequences of fluvial deposits is not possible at this scale.

For practical purposes, the map is a surficial materials map. Materials are 
distinguished on the basis of lithology or composition, texture or particle size, 
and other physical, chemical, and engineering characteristics. It is not a map of 
soils that 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 or agronomic soils are formed. As a 
materials map, it serves as a base from which a variety  of maps for use in 
planning engineering, land-use planning, or land-management projects can be 
derived and from which a variety of maps relating to Quaternary geologic 
history can be derived.
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Table 1. Tentative correlation and ages of glacial phases and drifts, Winnipeg 4˚ × 6˚ quadrangle, United States and Canada

[References are listed in “Sources of Information.”  Colors and phases correspond to those on map of glacial lobes.]
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This map is also available as a PDF file at 
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EXPLANATION
[Colors and phases correspond to those in table 1]

Limit of glacial advance or position of ice margin stillstand—Dashed 
where inferred

Interlobate moraine

Direction of ice movement responsible for deposition of youngest till

Glacial phase (see table 1)

RELATIONSHIP OF LATE WISCONSIN GLACIAL ICE LOBES AND SUBLOBES, LIMITS OF GLACIAL 
ADVANCES AND STILLSTANDS, AND GLACIAL PHASES

S.M. Ringrose (2)
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and 

B.T. Schreiner (4)
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EXPLANATION
(1) U.S. Geological Survey
(2) Manitoba Department of Energy and Mines
(3) North Dakota Geological Survey
(4) Saskatchewan Research Council
(5) Minnesota Geological Survey

RESPONSIBILITY FOR STATE AND PROVINCE COMPILATION

Pipestone phase;
Pipestone and
Oak River
moraines

Cartwright phase;
Cartwright moraine

Minot phase

Martin phase;
Martin moraine

Mylo phase;
Mylo moraine

North Viking
phase; North
Viking moraine

Heimdal phase;
Heimdal moraine

Woodhouse
phase

Unnamed
phase

Ryder phase

Marchand
phase of
Moran and
others (1976)
in N. Dak.
(subsurface till)

Darlingford
moraine

Arran phase;
Grifton and
Petlura
moraines

Arran phase;
Belleau Brook
and Harvey
Lake moraines

Qu'Appelle
phase

Erskine
phase

Makoti
phase

Readvance to
Darlingford
moraine; Baldur
thrust moraine
of Conley (1986)
and Conley and
Teller (1987)

Edinburg
phase;
Edinburg
moraine

LATE
WISCONSIN

~11,250 B.P.

~11,300 B.P.

11,350±100 B.P.

~11,500 B.P.

~11,750 B.P.

11,850±100 B.P.

12,000±100 B.P.

12,100±100 B.P.

12,300±100 B.P.

13,400±100 B.P.

14,000±100 B.P.

  17,000 B.P. (?)
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1See map of glacial lobes and sublobes.
2The southern limit of late Wisconsin glaciation is in the Dakotas 4˚ × 6˚ quadrangle, south of the Winnipeg quadrangle (Fullerton and others, 1995). The surficial deposits of phase 1 in the Winnipeg 4˚ × 6˚  

quadrangle (in the southwest corner of the map area) are products of a minor glacial readvance that occurred during net northeastward recession from the late Wisconsin limit. Regional ice flow during maximum 
late Wisconsin glaciation (~20,000 14C yr B.P.) in the southwest quarter of the Winnipeg quadrangle was from a “northeastern” source—either (1) a Patrician ice dispersal center south or southwest of Hudson 
Bay in Canada (Tyrrell, 1914; Johnston, 1935) or a modelled dome in that general location (Clark and others, 1996, 1997; Mooers, 1997), (2) a “Hudson dome” in the southwestern part of Hudson Bay (Dyke 
and others, 1982; Hughes, 1985, 1987), or (3) a “Hudson ice divide” southwest of Hudson Bay (Dyke and Prest, 1987). The flow was not from a dispersal center in Quebec or Labrador, as depicted by Shilts 
(1980, 1985), or from an “ancestral Keewatin” ice divide, as depicted by Dyke and Prest (1987). Ice was funneled southwestward through the broad lowland between the Riding Mountain and Turtle Mountain 
uplands in Manitoba. Then it flowed southwestward and west-southwestward in northwestern North Dakota and northeastern Montana (in the adjacent Big Horn Mountains and Regina 4˚ × 6˚ quadrangles). 
Regional ice flow in southernmost Saskatchewan during maximum late Wisconsin glaciation was west-southwestward and westward to Alberta. The Assiniboine-Leeds, Assiniboine-Souris, and Lake Manitoba 
glacial lobes did not exist during maximum late Wisconsin glaciation. Very extensive regional deglaciation  followed phase 1 in the Winnipeg 4˚ × 6˚ quadrangle.

Later than ~17,000 14C yr B.P., the “northeastern” ice center collapsed. Catastrophic collapse of an ice dispersal center in southwestern Ontario, proposed by Mooers and Lehr (1997, 1998), is compatible 
with the marked changes in ice movement directions recorded by both surface morphology and stratigraphy in North Dakota, Montana, Saskatchewan, and Manitoba. The active ice margin retreated at least as far 
north as the south shore of Lake Winnipeg (Fenton and others, 1983, fig. 2; Teller, 1995, fig. 7) as a result of the collapse. The location of the zone of confluence between ice flow from the “northeastern” 
dispersal center and the Keewatin dispersal center west of Hudson Bay shifted northwestward (Shilts, 1980, 1985), as a result of collapse of the “northeastern” center, and eventually the Keewatin center became 
the dominant ice dispersal center for this region. The Keewatin-source ice margin readvanced at least 1,000 km from southern Manitoba to central Iowa and southern South Dakota. The regional glacial 
readvance associated with increased dominance of the Keewatin dispersal center culminated approximately 14,000±100 14C yr B.P. (phase 2 in the Winnipeg 4˚ × 6˚ quadrangle). Ice flow directions associated 
with the regional readvance (phase 2) and with later ice margin fluctuations or stillstands (phases 3–12) differed markedly from those during maximum late Wisconsin glaciation. During phase 2 and later phases, 
ice from the Keewatin dispersal center flowed southward and southeastward in southeastern Saskatchewan, southern Manitoba, and northwestern North Dakota, and the Assiniboine-Leeds, Assiniboine-Souris, 
and Lake Manitoba glacial lobes formed. The directions of regional ice movement during phases 2–12 in the Winnipeg 4˚ × 6˚  quadrangle cannot be used to reconstruct the configuration and dynamics of the 
Laurentide ice sheet during maximum late Wisconsin glaciation.

A catastrophic outburst flood from glacial Lake Regina, in the 
adjacent Regina 4˚ × 6˚  quadrangle, triggered a series of 
“domino effect” floods in the basins of glacial Lakes Souris, 
Hind, and Agassiz in southern Saskatchewan, southern 
Manitoba, and northeastern North Dakota after the phase 10 
maximum and prior to phase 11 (Kehew, 1982; Kehew and 
Lord, 1987; Lord and Kehew, 1987; Kehew and Teller, 1994).

Interval of extensive regional deglaciation (see footnote 2).

EXPLANATION FOR TABLE 1
[Colors and phases correspond to those on map of glacial lobes and sublobes]

1Rank terms of informal stratigraphic units are not capitalized.
2Sidereal ages younger than 25,000 yr are calibrated (CAL) ages. Conventional 14C ages (in parentheses) were calibrated to the 230Th/234U time scale (Bard and others, 1990a,b) using the first-approximation linear equation in Bard and others (1993). Older age controls are based on (1) 40Ar/39Ar and K/Ar ages of the Lava Creek B 

Tuff (footnote 12), (2) the 40Ar/39Ar age and the astronomically tuned age of the Mayuyama-Brunhes paleomagnetic reversal (footnote 13), and (3) the astronomically tuned marine oxygen isotope time scale (Martinson and others, 1987; Berger and others, 1994; Bassinot and others, 1994; Chen and others, 1995). The astronomically tuned 
Quaternary time scale and the 40Ar/39Ar geomagnetic polarity time scale are internally consistent (Berggren, Hilgen, and others, 1995; Berggren, Kent, and others, 1995).

3The Marchand, Whitemouth Lake, Roseau, Senkiw, and Whiteshell formations of Teller and Fenton (1980), in southeastern Manitoba, were not defined as formal stratigraphic units. The succession of tills and intertill deposits in southeastern Manitoba was documented by detailed stratigraphic sections, accompanied by sedimentologic and 
geochemical data (Fenton, 1974; Keatinge, 1975). The proposed type and reference sections for the Whitemouth Lake formation (Teller and Fenton, 1980) are sections that were described in detail by Fenton and Keatinge; however, that formation was not identified in those sections by either Fenton or Keatinge. The stratigraphic framework 
and nomenclature of Fenton (1974) and Keatinge (1975) are retained here. The name “Whitemouth Lake formation” is not used here because the stratigraphic, sedimentologic, and geochemical basis for the revisions proposed by Teller and Fenton (1980) has not been published (see “Important Stratigraphic Sections”).

4Included in map unit tc.
5Included in map unit tlx.
6Included in map unit tlw.
7Included in map unit tku.
8Included in map unit tsr.
9The Minnedosa Formation in southwestern Manitoba and adjacent Saskatchewan (Klassen, 1969, 1979) includes two laterally persistent, lithologically similar till members from a “northeastern” source, both of which were assigned an early Wisconsin age by Klassen (l989). The lower and upper members here are interpreted to be early 

Wisconsin and late Wisconsin in age, respectively (see “Important Stratigraphic Sections”). The Gardar Formation in northeastern North Dakota also includes two till members (Bluemle, 1984). The lower member [”unit A” of Salomon (1975, 1976b)] is present only in the Red River lobe area (see map of glacial lobes and sublobes). The upper 
member [the Gardar formation of Salomon (1975, 1976b)] overlies “unit A” in the Red River lobe area and is regionally persistent farther west in North Dakota (Hobbs, l975; Bluemle, 1984; Hobbs and Bluemle, 1987). The upper member was assigned an early Wisconsin age by Salomon (1975, 1976b), chiefly on the basis of lithologic 
correlation with the Minnedosa Formation till in Manitoba. The lower and upper members of the Gardar Formation here are interpreted to be early Wisconsin and late Wisconsin in age, respectively (see “Important Stratigraphic Sections”). Early Wisconsin glaciation, represented by the lower member of the Gardar Formation and the St. Hilaire 
Formation, was much less extensive than late Wisconsin glaciation in northeastern North Dakota and northwestern Minnesota. 

10The radiocarbon sample is from the Vita formation or laterally equivalent nonglacial deposits, in a section in which the Tolstoi formation or a laterally equivalent unit of the Whiteshell formation has not been identified. The alluvium from which the sample was collected may be either younger or older than the Tolstoi formation.
11Electron-spin resonance ages (for tooth enamel) ranged from 99 ka to 195 ka, depending on the model used (Schwarcz and Zymela, 1985; Zymela, 1986; Zymela and others, 1988).
12Published 40Ar/39Ar ages for the source-area Lava Creek B Tuff are 600±10 ka and 610±10 ka (Obradovich and Izett, 1991) and 602±2 ka (Gansecki and others, 1998). 40Ar/39Ar ages for the airfall tephra are 660±10 ka and 670±10 ka (Izett and others, 1992) and 630±15 ka (Gansecki and others, 1998). A K/Ar age of  617±4 

ka was assigned to the tuff by Obradovich (1992). The Rockland tephra in California stratigraphically overlies the Lava Creek B tephra (Sarna-Wojcicki and others, 1985; Rieck and others, 1992). An 40Ar/39Ar age of 614±8 ka, for the Rockland ash bed (Lanphere and others, 1999), is a minimum age for the Lava Creek B tephra. A 
provisional age of ~630 ka for the Lava Creek B tephra is adopted here.

13A 40Ar/39Ar age of 778 ka (Renne and others, 1994; Pringle and others, 1995; Tauxe and others, 1996) for the Matuyama-Brunhes geomagnetic polarity reversal is the same as the astronomically tuned age for that reversal calculated by Tauxe and others (1996).
14The Pliocene-Pleistocene boundary is defined at the Vrica boundary stratotype section in Italy (Aguirre and Pasini, 1985; Partridge, 1997; Suc and others, 1997; Mauz, 1998). The astronomically tuned age of that boundary is 1.806 Ma (Lourens and others, 1996).
15The reversed-polarity Stewart Valley sediments here are interpreted to be older than the Jaramillo normal-polarity subchron and younger than the Olduvai normal-polarity subchron (older than ~1.11 Ma and younger than ~1.785 Ma). 
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