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kame deltas. Includes some outwash sand and gravel (gg, gkl), lake clay,

LIST OF MAP UNITS CORRELATION OF MAP UNITS

SOLUTION silt, sand, and gravel (Ica, Icc, Isa), alluvium (al), and till (tle, tdg). Locally
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al ALLUVIUM CLAYEY TO SANDY SOLIFLUCTION DEPOSITS! — Yellowish-brown or

Base from U.S. Geological Survey,
International Map of the World (IMW Series|, 1973
Lambert Conformal Conic Projection

brown to gray, generally noncalcareous or very weakly calcareous

Ic LAKE SILT AND CLAY (under Lakes Huron, Erie, and Ontario) Holocene clayey to sandy debris on moderate to steep slopes. Rock fragments
A R I O may comprise less than 2 percent to nearly 100 percent of deposits.
O N T ONTARIO LAKE CLAY, SILT, SAND, AND GRAVEL (under Lakes St.Clair and Erie) h Matrix may vary from clay to sand, reflecting composition of bedrock
= - NEW YORK higher on slopes. In north, solifluction deposits are chiefly either
oA L ,_‘ i LAKE CLAY, SILT, SAND, AND GRAVEL (1) heterogeneous, nonstratified, nonsorted rubble, consisting of angular
or subangular flagstones or channers with voids and little or no matrix;

LAKE SILT AND CLAY or (2) imbricated subangular or angular flagstones or channers in a silty

or sandy matrix. Farther south, solifluction deposits are chiefly either

LAKE SAND AND GRAVEL (1) faintly stratified silty clay loam with occasional fragments of sandstone,
siltstone, and shale; or (2) massive silty clay with few or no rock

SWAMP DEPOSIT fragments. Clasts chiefly sandstone, siltstone, and shale, locally
limestone or conglomerate, derived from bedrock higher on slopes.

PEAT Transportation and deposition inferred to have occurred contempo-
raneously with glaciation farther north. Small block fields, boulder

DUNE SAND stripes, colluvial fans, and other phenomena indicative of severe

Late periglacial frost activity common locally. Deposits generally stable, with

EOLIAN SAND AND SILT (" Wisconsin well-developed soil profiles; modified by creep and landslide activity

locally. Included landslide deposits have hummocky topography and

HOLOCENE AND WISCONSIN occur mainly in short, steeply sloping tributary valleys. Landslide

BOULDERY COLLUVIUM AND ROCK WASTE rQUATERNARY deposits generally are 0.1-0.5 km wide and less than 0.5 km long.

o Landslide deposits generally comprise less than 5 percent of unit and

LOAMY COLLUVIUM - Pleistocene are more abundant in north, near limit of glacial deposits. Includes small

areas of colluvium, residuum, and bedrock outcrop. Thickness of

LOAMY COLLUVIUM solifluction deposits generally 1-3 m on gentle slopes, locally 6-10 m at

bases of slopes; thickness of block-field deposits generally less than

LOAMY COLLUVIUM 10 m; thickness of landslide deposits generally less than 5 m, locally 10 m
LOAMY SOLIFLUCTION DEPOSITS! — Yellowish-brown, pale-brown, or

LOAMY COLLUVIUM AND LANDSLIDE DEPOSITS dark-brown to gray or black, generally noncalcareous to very weakly

Areas with abundant or widely distributed landslide deposits calcareous sandy loam, loam, silt loam, silty clay loam, and clay loam on

uplands. Solifluction deposits comprise 50-70 percent of area mapped

Areas with scattered or localized landslide deposits Middle as unit nla; remainder is undifferentiated colluvium and residuum.

LATE WISCONSIN Wisconsin Soliﬂuc.tion depo_sits are chiefly either (1) faintly stratifiefi sandy loam,

iy ; L Early loam, silt loam, silty clay loam, or clay loam with occasional clasts or

Tills in Michigan, Ohio, Pennsylvania, and New York Wiscongin fragments of sandstone, siltstone, shale, and limestone; or (2) massive

CLAYEY TILL silty clay loam or clay loam with few or no rock fragments. Small block
Ground moraine lllinoian fields, boulder rings, boulder stripes, areas of patterned ground, and

other phenomena indicative of periglacial frost activity common in

End moraine Pre- north, near limit of glacial deposits. Colluvium included generally is

Iinoian pale-brown or dark-brown to light- or dark-gray, poorly sorted to

CLAYEY TILL (Ashtabula Till and part of Lavery Till in northeastern massive, pebbly to bouldery debris that was transported and deposited

Ohio) - PRE- by creep on slopes. Residuum included is yellowish-brown, pale-brown,

Ground moraine under Lake Erie QUATERNARY or brown, stony to pebble-free loamy material that is a product of in-

7 LAKE
/ST CLAIR

irossé Pointe Park

SCALE 1:1 000 000

A < 4
INTERIOR—GEOLOGICAL SURVEY, RESTON, VA—1991 78

Compiled in 1976-81.
G. M. Richmond and R. J. Fulton, coordinators

Manuscript approved for publication, May 18, 1988

End moraine

CLAYEY TILL (part of Lavery Till in Ohio and part of Hiram Till in Ohio
and Pennsylvania)
Ground moraine

Ground moraine under Lake Erie

Ground moraine veneer over nonoriented hummocky topography
of older till or ice-contact sand and gravel
End moraine

CLAYEY TILL
Ground moraine

Stagnation moraine
End moraine

CLAYEY TILL (part of Hiram Till in Ohio)
Ground moraine

Ground moraine veneer over nonoriented hummocky topography
of older till or ice-contact sand and gravel
LOAMY TILL (part of Darby Till, part.of Navarre Till, and part of Hayesville
Till in Ohio; Kent Till in Ohio, Pennsylvania, and New York)
Ground moraine

Ground moraine under Lake Huron

Ground moraine veneer over nonoriented hummocky topography of
older till or ice-contact sand and gravel .
Stagnation moraine

End moraine

LOAMY TILL (part of Hayesville Till and part of Lavery Till in Ohio)
Ground moraine

Ground moraine veneer over nonoriented hummocky topography of
older till or ice-contact sand and gravel
End moraine

LOAMY TILL (Olean Till in New York and Pennsylvania)
Ground moraine

End moraine

LOAMY TILL
Ground moraine

Ground moraine under Lakes Erie and Ontario

Ground moraine veneer over nonoriented hummocky topography of
older till or ice-contact sand and gravel
Stagnation moraine

End moraine
Attenuated drift

LOAMY TILL
Ground moraine

End moraine

SANDY LOAMY TILL
Ground moraine

End moraine

Tills in Ontario
CLAYEY TILL (Kettleby Till)

CLAYEY TILL (Wildfield Till)

CLAYEY TILL (part of Halton Till)
Ground moraine and end moraine

Ground moraine and end moraine under Lakes Erie and Ontario

CLAYEY TILL (St. Joseph Till)
Ground moraine and end moraine

Ground moraine under Lake Huron
CLAYEY TILL (unnamed till)

CLAYEY TILL (part of Port Stanley Till)
Ground moraine and end moraine

Ground moraine and end moraine under Lake Erie

CLAYEY TILL (Wartburg Till)
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EXPLANATION OF MAP UNITS
HOLOCENE

Im LAKE CLAY AND SILT (under Lakes Huron, Erie, and Ontario)—

Brownish-gray, gray, or grayish-black calcareous clay, silty clay, and silt.
Generally clay and silty clay in centers of basins and silt at basin margins.
Soft, fluid, compressible; may contain gas bubbles. Faintly laminated to
massive. Locally contains mollusc tests, wood chips, and disseminated
plant debris. Deep-water facies of modern lake deposits. Commonly
overlain by lake sand (Is) 1-6 cm thick. Thickness generally 2-6 m near
margins and 8-20 m in centers of basins. Maximum thickness under
Lake Huron 15 m and under Lake Erie more than 40 m

Is LAKE SAND AND GRAVEL (under Lakes Huron, Erie, and Ontario)—

Brown to gray, calcareous, well-sorted to poorly sorted, fine to coarse
sand with minor gravel. Locally stratified; mollusc tests and fragments
common. Shore and nearshore facies of modern lake deposits.
Generally overlies lake silt and clay (Ic), till, or bedrock. Includes local
boulder accumulations under Lake Erie. Where less than 15 km from
shore, includes areas of thin till over bedrock and extensive areas of
bedrock outcrop. Thickness generally 1-5 m, rarely 10 m

HOLOCENE AND LATE WISCONSIN

al ALLUVIUM— Yellowish-brown, brown, or reddish-brown to gray silt, sand,

and gravel. Generally calcareous; very weakly calcareous or noncal-
careous where derived from weakly calcareous or noncalcareous
sandstone, siltstone, and shale in southwestern New York and
Pennsylvania. Stratified; bedding generally horizontal; moderately to
well sorted. Textures vary laterally and vertically; contrasting textures
may be interbedded. Upper part commonly silt and fine sand with minor
lenses of clay and organic material; lower part generally sand and
rounded gravel, locally cobble or boulder gravel. Clast lithologies vary,
reflecting compositions of local bedrock and other surface materials.
Overbank and stream channel deposit; underlies flood plains, low
stream terraces, and alluvial fans. In northwestern Pennsylvania and
southwestern New York, includes alluvial-fan deposits of nonstratified
rubble or bouldery, cobbly, or pebbly medium to coarse sand. In
Michigan, alluvium is included in other units. Areas of till, outwash and
ice-contact sand and gravel (gg, gs, kg, ks), lake clay, silt, sand, and
gravel (lca, Icc, Isa), and bedrock outcrop included locally. Overlain by
peat (hp) or swamp deposits (hs) in places. Thickness of overbank and
channel alluvium generally 1-4 m, rarely more than 6 m; thickness in
alluvial fans may exceed 25 m

KE SILT AND CLAY (under Lakes Huron, Erie, and Ontario)—Light-
brown, reddish-brown, reddish-gray, or brownish-gray to gray or dark-
gray, very calcareous silty clay and clay. Generally well sorted. Massive
to laminated; locally varved. Much more compact than unit Im. Locally
contains ice-rafted clasts; organic detritus absent. Offshore and deep-
water facies of deposits of former glacial and postglacial lakes.
Commonly overlain by well-sorted silt or sand 2-28 cm thick. Thickness
generally 1-5 m, locally 10-15 m

KE CLAY, SILT, SAND, AND GRAVEL (under Lakes St. Clair and
Erie)—A complex deposit of lake clay and silt (Im, Ic) and lake sand and
gravel (Is). Textures vary laterally and vertically. Thickness generally
1-5 m, rarely more than 15 m

KE CLAY, SILT, SAND, AND GRAVEL—A complex deposit of silt and
clay (lca) and sand and gravel (Isa). Where chiefly silt and clay, thinly
laminated to massive with occasional ice-rafted clasts; where chiefly
sand, well sorted to poorly sorted, horizontally bedded or crossbedded,
fine to medium sand with minor gravel. Thin and discontinuous in some
areas; includes areas of wave-washed or current-scoured till. Deposits
of beach ridges, offshore bars, and spits of former glacial and postglacial
lakes included; some outwash and ice-contact sand and gravel (gg, gs,
kg, ks) and alluvium (al) also included. Locally overlain by eolian sand
and silt (ed, eu), peat (hp), or swamp deposits (hs). Thickness generally
1-10 m, locally more than 15 m

KE SILT AND CLAY— Yellowish-brown, reddish-brown, or brown to
gray or bluish-gray calcareous clay and silt. Well bedded to massive,
commonly laminated, locally varved; locally interbedded with sand and
fine gravel. Ice-rafted pebbles, cobbles, and boulders common in lower
part. Gullies common adjacent to major streams. Chiefly on extensive
flat, low-lying areas formerly occupied by large glacial and postglacial
lakes, but also in small separate lake basins. Included in clayey till (tca) in
much of northwestern Ohio, where lake silt and clay is a thin veneer
over till. Includes some lake sand and gravel (Isa), slackwater lake silt
and sand (lla), wave-modified and current-modified outwash and ice-
contact sand and gravel (gg, kg), extensive areas of wave-washed and
current-scoured clayey till (tca), alluvium (al), small delta deposits, and
areas of bedrock outcrop. Commonly overlain by eolian sand and silt
(ed, eu), peat (hp), or swamp deposits (hs). Thickness generally 1-3 m;
locally more than 15 m in Ontario

KE SAND AND GRAVEL—Yellowish-brown or pale-brown to gray,
calcareous fine to coarse sand with local lenses of rounded medium
gravel or pebble layers. Commonly crossbedded; lenticular bedding or
tabular foreset bedding locally. Generally well sorted, without significant
silt or clay. Clast composition varies, reflecting compositions of

LOAMY COLLUVIUM!—Same as loamy colluvium (cl), but contains

scattered erratic clasts of granite, gneiss, greenstone, and quartzite and
includes areas of discontinuous sandy loamy or loamy till of early
Wisconsin and Illinoian age less than 1 m thick. Till generally yellowish
brown or brown and intensely weathered and dissected. Throughout
much of area mapped as unit cld, glaciation recorded only by scattered
erratic pebbles and occasional erratic cobbles and boulders on land
surface; boulders as large as 2 m. Includes many extensive areas of
bedrock outcrop. Mapped only in northeastern Ohio and Pennsylvania

LOAMY COLLUVIUM AND LANDSLIDE DEPOSITS—Same as loamy

colluvium (cl), but distinguished on the basis of greater abundance of
landslide deposits. Landslide deposits are products of downslope
movement of colluvium, solifluction deposits, residuum, and bedrock as
a result of earthflow or slump. Earthflow deposits typically are
heterogeneous mixtures of clay, silt, and sand with scattered angular
clasts of bedrock that were transported and deposited as a result of slow
flow of wet, but not necessarily saturated, unconsolidated materials.
Areal extent of earthflow deposits commonly less than 0.405 hm?
(1 acre), although some deposits are tens of meters to a few hundred
meters wide and 15-30 m long. Slump deposits typically are masses of
unconsolidated materials and bedrock that have rotated and slid
downslope as a unit, with little or no flow; physical properties of
transported materials are not altered greatly and textures, stratification,
and bedding of slumped colluvium, solifluction deposits, residuum, and
bedrock are retained; slump deposits typically less than 120 m wide,
with upslope lengths of 10-45 m and vertical crown scarp displacements
of 1-5 m. Colluvium thickness commonly 1-2 m on gentle slopes, 24 m
on foot slopes, locally more than 10 m at toes of colluvial fans and
aprons. Thickness of solifluction deposits generally 1-3 m. Thickness of
residuum generally 1-2 m on flat surfaces and less than 1 m on very
gentle slopes. Earthflow deposits generally less than 5 m thick; slump
deposits generally 2-30 m thick

Areas with abundant or widely distributed landslide deposits—Landslide

deposits generally present in 10-30 percent of area

Areas with scattered or localized landslide deposits—Landslide deposits

generally present in 2-10 percent of area

LATE WISCONSIN
Tills in Michigan, Ohio, Pennsylvania, and New York

CLAYEY TILL—Yellowish-brown, pale-brown, or brown to light- or dark-

gray, calcareous clay loam, silty clay loam, and clay. Nonsorted to very
poorly stratified. Pebbles infrequent; very few cobbles and boulders.
Clasts chiefly sandstone, limestone, and shale in Michigan and
limestone, dolomite, and shale in New York. Cobbles and boulders of
erratic igneous and metamorphic lithologies conspicuous locally.
Includes small areas of outwash and ice-contact sand and gravel (gg,
kg), lake clay, silt, sand, and gravel (lca, lcc, Isa), and alluvium (al). In
places overlain by eolian sand and silt (ed, eu), peat (hp), or swamp
deposits (hs)

Ground moraine—Thickness generally 2-20 m

End moraine—Broad, low ridges, locally with hummocky topography.

Thickness generally 10-30 m

CLAYEY TILL (Ashtabula Till and part of Lavery Till in northeastern

Ohio)—Brown or dark-brown to bluish-gray or gray, calcareous clay
loam, silty clay loam, and silty clay; locally reddish brown where
composed primarily of red shale. Nonsorted to very poorly sorted. More
pebbly than units tca and tcg; shale granules and pebbles common to
abundant. Cobbles and boulders chiefly limestone, dolomite, granite,
gneiss, and quartzite. Includes small areas of ice-contact sand and
gravel (kg), lake clay, silt, sand, and gravel (Ica, Icc, Isa), older clayey or
loamy till, alluvium (al), and bedrock outcrop. Locally overlain by eolian
sand and silt (ed, eu), peat (hp), or swamp deposits (hs)

Ground moraine under Lake Erie—Includes areas of bedrock outcrop

and local accumulations of boulders. Thickness generally 1-3 m

End moraine—Broad, low, till ridges, generally with well-developed

constructional topography. In places, ridge segments are superposed
end moraines of clayey till that overlie end moraine ridges of older
clayey or loamy till. Thickness locally more than 20 m

CLAYEY TILL (part of Lavery Till in northeastern Ohio and part of Hiram

Till in northeastern Ohio and Pennsylvania; not formally named
elsewhere)—Dark-yellowish-brown, reddish-brown, or brown to bluish-
gray or dark-gray, very calcareous clay loam, silty clay, clay, and silty
clay loam. Nonsorted to very poorly sorted; locally with faint pseudo-
stratification or streaks of interstratified clay. Pebbles infrequent; very
few cobbles and boulders. Locally composed entirely of incorporated
lake clay and silt with no clasts. Pebbles chiefly limestone or dolomite;
rare large boulders chiefly granite, gneiss, or quartzite. Matrix smooth
and tacky where moist; generally blocky structure where dry, forming
1-2 cm cubes or prisms or with horizontal parting. Undrained shallow
depressions common locally on surface. In parts of northeastern Ohio
and northwestern Pennsylvania, till is thin and discontinuous and areas
-of older clayey or loamy till or bedrock outcrop are included. In
northwestern Ohio, includes large areas of clayey till overlain by lake
clay, silt, sand, and gravel (lca, lcc, Isa). Throughout mapped area,

clay where derived chiefly from shale. Texture reflects composition of
bedrock. Generally nonsorted; lenses and interbeds of silt, sand, and
gravel uncommon. Upper 0.5-1 m loose; firm to compact below 1 m.
Moderately developed platy structure where clayey; hard where dry and
tacky to moderately plastic where moist. Pebbly to bouldery; rubbly
where derived from jointed sandstone or conglomerate; commonly very
stony in end moraine. Clasts dominantly local bedrock lithologies: 80 to
90 percent sandstone and siltstone with minor shale, limestone, and
conglomerate; erratic igneous and metamorphic lithologies commonly
comprise less than 1 percent of clasts. Thin and discontinuous on hill
summits and uplands; thick till generally only on lower slopes and in
valleys. Includes areas of solifluction deposits (nlc), outwash and ice-
contact sand and gravel (gg, kg), lake silt and clay (Ica), alluvium (al),
and bedrock outcrop. Locally overlain by peat (hp) or swamp deposits
(hs).
The Olean Till (tld) has been assigned a late Wisconsin age (Crowl
and Sevon, 1980), a middle Wisconsin age (Calkin and others, 1982),
and an early Wisconsin age (Muller, 1977). Stratigraphic data in New
York (LaFleur, 1979, 1980; Braun and others, 1985) indicate the till is
the same age as the late Wisconsin Kent Till (tl) in northeastern Ohio
and northwestern Pennsylvania (Fullerton, 1986)
Ground moraine— Thickness generally less than 1.5 m on uplands, 3-6 m
in valleys
End moraine—Low ridges, generally with subdued constructional
topography. Thickness generally 5-10 m, locally more than 15 m
LOAMY TILL—Pale-yellow, yellowish-brown, pale-brown, brown, or dark-
brown to light-gray, gray, or bluish-gray calcareous loam, silt loam, clay
loam, and silty clay loam. Nonsorted to poorly sorted. Typically has
irregular horizontal platy structure; moist till tacky where clayey.
Jointed, with light-gray calcium carbonate joint fillings. Sparingly
pebbly to pebbly; generally less pebbly than units tl and tlh and more
pebbly than units tca and tcb. Nearly pebble free where derived chiefly
from incorporated lake sediments. Cobbles and boulders common
locally, particularly in end moraine. Pebbles, cobbles, and small
boulders chiefly limestone, dolomite, siltstone, and sandstone in Ohio
and New York and shale, siltstone, and sandstone in Pennsylvania;
large boulders chiefly erratic crystalline igneous and metamorphic rocks
and quartzite. Thin and discontinuous on uplands; includes areas of
older till and bedrock outcrop. Includes small areas of outwash and ice-
contact sand and gravel (gg, kg), lake clay, silt, sand, and gravel (Ica, Icc,
Isa), and alluvium (al). In Ohio, commonly overlain by windblown silt
(loess) 15-45 cm thick; loess cover generally absent elsewhere.
Throughout mapped area, locally overlain by peat (hp) or swamp
deposits (hs)
Ground moraine— Thickness generally 1-3 m, rarely 6 m

Ground moraine under Lakes Erie and Ontario—Includes areas of
bedrock outcrop and local accumulations of boulders. Thickness
generally 1-2 m

Ground moraine veneer over nonoriented hummocky topography of
older till or ice-contact sand and gravel—Mapped previously as end
moraine, but constructional topography is inherited from underlying
deposits. Thickness generally 1-3 m

Stagnation moraine—Broad, irregular areas of hummocky collapsed
topography, locally with ice disintegration features and ice-block
depressions. Thickness generally 3-10 m

End moraine—Broad low ridges, narrow sharply defined ridges, or
complex areas of concentric or overlapping ridges with knob-and-kettle
topography or irregular hummocks and undrained depressions. Till end
moraine locally is replaced by kame end moraine deposits (ke) that are
included in map unit. Thickness generally 4-15 m

Attenuated drift— Thin, discontinuous deposits of loamy till separated by
numerous or extensive bedrock outcrops. Thickness generally less than
1m

LOAMY TILL— Yellowish-brown, reddish-brown, grayish-brown, brownish-
gray, gray, bluish-gray, or mottled calcareous loam, silt loam, and clay
loam. Locally sandy loam or loamy sand. Nonsorted to poorly sorted.
Friable; loosely compact to compact. Blocky structure; lenses and pods
of sand and gravel common. Vertical joints typically 5-10 cm apart,
filled with light-gray secondary carbonate. Moderately pebbly to pebbly;
cobbles and boulders abundant locally. Clasts chiefly limestone and
dolomite; some shale, sandstone, chert, and erratic granite, gneiss, and
quartzite. Generally more sandy and less clayey than unit tlg; matrix has
much lower carbonate content and lower magnetic susceptibility;
limestone clasts less abundant and chert clasts more abundant than in
unit tlg. Includes areas of outwash and ice-contact sand and gravel (gg,
kg), alluvium (al), and bedrock outcrop. Commonly covered by
windblown silt (loess) 20-90 cm thick; locally overlain by peat (hp) or
swamp deposits (hs)

Ground moraine—Thickness generally 2-3 m, rarely 6 m

End moraine—Broad low_ridges; nafrow sharply defined ridges, -or
complex areas of concentric or overlapping ridges with knob-and-kettle
topography or irregular hummocks and undrained depressions.
Thickness generally 4-15 m

SANDY LOAMY TILL—Reddish-brown to light- or dark-gray, calcareous
sandy clay loam, sandy loam, and loamy sand. Nonsorted to poorly
sorted. Commonly contains lenses of clay or silt. Pebbly to bouldery.
Pebbles and cobbles dominantly limestone, dolomite, shale, and

rocks. Occurs as flat or weakly fluted ground moraine. Includes areas of
outwash and ice-contact sand and gravel (gs, gg, ks, kg), lake clay, silt,
sand, and gravel (Ica, Isa), and alluvium (al). Locally overlain by peat
(hp) or swamp deposits (hs). Considered by some geologists to be an
upper member of Tavistock Till (tkf, tko). Thickness generally 1-3 m

CLAYEY TILL (Maryhill Tilll—Brown to gray, very calcareous silty clay, silty

clay loam, clay, and minor loam. Nonsorted; locally intercalated with
lake sediments. Blocky structure; low to moderate plasticity. Matrix
carbonate averages 35 percent, generally dominantly calcite. Pebbles
infrequent. Clasts primarily dolomite; some sandstone, siltstone, shale,
chert, and erratic igneous and metamorphic rocks. Occurs chiefly as
ground moraine; locally as thin veneer of ground moraine on older end
moraine. Includes small areas of outwash and ice-contact sand and
gravel (gs, gg, ks, kg), lake sand and gravel (Isa), and alluvium (al).
Locally overlain by peat (hp) or swamp deposits (hs). Thickness
generally 2-15 m

LOAMY TILL (part of Halton Till)— Yellowish-brown to gray, very calcareous

loam, silt loam, sandy loam, and clay loam. Locally clayey, similar to unit
tab. Nonsorted; nonstratified; may contain local flow till units near lower
and upper contacts. Low plasticity. Matrix carbonate content variable,
chiefly calcite. Occasional pebbles; clasts chiefly limestone and shale,
with some erratic igneous and metamorphic rocks. Occurs chiefly as
low-relief ground moraine. Includes areas of outwash and ice-contact
sand and gravel (gg, kg), lake clay, silt, sand, and gravel (Ica, Isa), and
alluvium (al). Locally overlain by peat (hp) or swamp deposits (hs)

Ground moraine and end moraine—Thickness generally 2-6 m, locally

30 m

Ground moraine and end moraine under Lake Ontario—Includes areas of

bedrock outcrop and local accumulations of boulders. Thickness
generally less than 1 m

LOAMY TILL (Wentworth Till)— Yellowish-brown to gray, very calcareous

loam and sandy loam,; locally clay loam. Nonsorted; nonstratified. Low
plasticity or nonplastic. Matrix 30-40 percent carbonate, dominantly
dolomite. Fissile structure common. Moderately pebbly to pebbly;
locally stony. Clasts chiefly dolomite; some limestone, siltstone,
sandstone, chert, and erratic igneous and metamorphic rocks. Occurs
as ground moraine and as drumlins. Includes areas of outwash and ice-
contact sand and gravel (gs, gg, ks, kg), lake clay, silt, sand, and gravel
(Ica, Isa), alluvium (al), and bedrock outcrop. Locally overlain by eolian
sand (ed), peat (hp), or swamp deposits (hs)

Ground moraine and end moraine—Thickness generally 1-15 m

Ground moraine and end moraine under Lake Erie— Some end moraine

may be included in unit tae under Lake Erie. Includes areas of bedrock
outcrop and local accumulations of boulders. Thickness generally 1-3 m

LOAMY TILL (part of Port Stanley Till| —Pale-brown, yellowish-brown, or

reddish-brown to gray, very calcareous loam or sandy loam. Nonsorted;
nonstratified; locally contains lenses or inclusions of sand. Low plasticity
or nonplastic; fissile structure common. Matrix carbonate averages 45
percent, mostly dolomite. Moderately pebbly to pebbly or stony; large
dolomite boulders common. Clasts primarily dolomite; some limestone,
siltstone, sandstone, and erratic igneous and metamorphic rocks.
Occurs as ground moraine and as drumlins. Includes areas of outwash
and ice-contact sand and gravel (gs, gg, ks, kg), lake sand and gravel
(Isa), and alluvium (al). Locally overlain by peat (hp) or swamp deposits
(hs). Thickness generally 2-15 m

LOAMY TILL (Rannoch Till)—Gray to brown, very calcareous silt loam and

silty clay loam. Texture becomes finer westward. Nonsorted; nonstratified.
Low plasticity. Blocky structure common; secondary carbonate on
fracture surfaces. Matrix carbonate averages 50-60 percent, dominantly
calcite in south and dolomite in north. Pebbles infrequent, dominantly
limestone; some dolomite, chert, sandstone, siltstone, shale, and erratic
igneous and metamorphic rocks. Occurs in end moraines and as ground
moraine. Includes areas of outwash and ice-contact sand and gravel (gs,
gg, ks, kg), lake clay, silt, sand, and gravel (Ica, Isa), and alluvium (al).
Locally overlain by peat (hp) or swamp deposits (hs). Thickness
generally 2-6 m; maximum thickness 70 m

LOAMY TILL (Elma Till)—Yellowish-brown to gray, very calcareous silt

loam, loam, and silty clay loam; generally more clayey in south and
more sandy in north. Nonsorted; nonstratified; generally lacks inclusions
of stratified drift. Fissile structure; low plasticity or nonplastic. Matrix
carbonate averages45-55 percent, chiefly dolomite in north and calcite
in south. Sparingly pebbly to pebbly; clasts dominantly dolomite in
north and limestone in south; some sandstone, siltstone, shale, chert,
and erratic igneous and metamorphic rocks. Occurs as ground moraine
or as drumlins. Includes areas of outwash and ice-contact sand and
gravel (gs, gg, ks, ke), lake clay, silt, sand, and gravel (Ica, Isa), and
alluvium (al). Locally overlain by peat (hp), swamp deposits (hs), or a
thin veneer of younger till. Thickness generally 2-15 m

LOAMY TILL (Stratford Till) —Pale-brown to yellowish-brown or gray, very

calcareous loam and silt loam. Nonsorted; nonstratified. Low plasticity;
soft. Matrix carbonate averages 50 percent, calcite and dolomite about
equal. Moderately pebbly. Clasts dominantly limestone; some dolomite,
sandstone, siltstone, shale, chert, and erratic igneous and metamorphic
rocks. Occurs as thin ground moraine. Includes areas of outwash and
ice-contact sand and gravel (gs, gg, ks, ke), lake clay, silt, sand, and
“gravel (lca, Isa), and alluvium (al). Locally overlain by peat (hp) or
swamp deposits (hs). Thickness generally 1-3 m

LOAMY TIRL (part of Tavistock Till) —Light-brown to brown or gray, very

size of largest clasts decreases downstream in valley train deposits.
Clasts chiefly sandstone, limestone, dolomite, siltstone, sandy shale,
and erratic igneous and metamorphic rocks in Michigan, Ontario, New
York, and glaciated Ohio and Pennsylvania; chiefly quartzitic sandstone,
cherty sandstone, siltstone, and sandy shale in unglaciated Ohio and
Pennsylvania. Gravel locally cemented by calcium carbonate. Surfaces
generally smooth; locally pitted with ice-block depressions. Occurs as
terrace remnants, valley trains, outwash plains, delta topset beds,
outwash fans and aprons, and fills in abandoned meltwater channels.
Includes some till, ice-contact sand and gravel (kg, ks), lake clay, silt,
sand, and gravel (lca, Icc, Isa), and alluvium (al). Locally overlain by
eolian sand and silt (ed, eu), peat (hp), or swamp deposits (hs). In
northeastern Ohio and Pennsylvania, locally overlain by thin till
Thickness generally 1-15 m, locally more than 30 m

gs OUTWASH SAND—Pale-brown to gray, calcareous, fine to pebbly coarse

sand. Well sorted; well stratified to poorly stratified; beds or lenses of
granule or pebble gravel and lenses of silt locally. Clasts rounded. Clast
lithology similar to that of outwash sand and gravel (gg) in same area;
varies with that of bedrock and till in same region. Occurs principally as
sheet deposits beneath terraces and outwash plains and as channel fills.
Surfaces smooth or pitted with ice-block depressions. Includes some
outwash and ice-contact sand and gravel (gg, kg, ks), lake clay, silt,
sand, and gravel (lca, Icc, Isa), alluvium (al), and till. Locally overlain by
eolian sand and silt (ed, eu), peat (hp), or swamp deposits (hs).
Thickness generally 1-6 m

OUTWASH SAND AND GRAVEL—A complex deposit consisting of

outwash sand and gravel (gg), ice-contact sand and gravel (kg), lake silt
and clay (Ica), and lake sand and gravel (Isa). Includes alluvium (al) inset
into older deposits. Locally overlain by eolian sand and silt (ed, eu), peat
(hp), or swamp deposits (hs). Mapped only in Pennsylvania. Thickness
generally 1-10 m, locally more than 30 m

- ATTENUATED LAKE SILT AND CLAY—Thin and discontinuous lake silt

and clay (Ica) over bedrock. Most of area is wave- or current-washed
bedrock. Thickness of silt and clay generally less than 1 m

- SLACKWATER LAKE SILT AND SAND—Pale-yellow, yellowish-brown,

and brown to gray, calcareous to noncalcareous silt and fine sand. In
some valleys, chiefly silt with local interbeds of plastic clay or fine sand;
in other valleys, chiefly fine sand with interbedded silt. Clasts
dominantly local bedrock. Includes extensive alluvium (al) in upper
parts of valleys and narrow ribbons of alluvium (al) inset into terraced
slackwater lake deposits in lower parts of valleys. Lake deposits
commonly grade into or interfinger with alluvium (al) in upper parts of
valleys and with outwash sand and gravel (gg) in lower parts of valleys.
Deposited in shallow slackwater lakes that formed where an outwash fill
in a trunk valley dammed a lake in a tributary valley. Locally overlain by
windblown sand and silt. Thickness generally 1-4 m, locally more than
6 m

- LOAMY SOLIFLUCTION DEPOSITS! — Yellowish-brown, pale-brown, or

brown to gray, generally noncalcareous or very weakly calcareous
sandy loam, loam, silt loam, silty clay loam, and clay loam. Solifluction
deposits comprise approximately half of area mapped as unit nlc; thin,
discontinuous, loamy till (tld) on summits of small knolls and hills and in
poorly drained areas, and colluvium on steeper slopes comprise
remainder of area. Solifluction and related periglacial deposits similar to
those in unit nma; however, block fields, boulder rings, and boulder
stripes are uncommon and solifluction deposits locally are composed of
redeposited till. Colluvium similar to that in unit nla; locally consists of
till redeposited by creep. Includes areas of bedrock outcrop, valley-
bottom deposits of alluvium (al), and landslide deposits. Thickness of
solifluction deposits generally less than 1-3 m on upper parts of slopes,
occasionally more than 6 m at bases of slopes. Thickness of till generally
less than 2 m. Thickness of colluvium generally 1-3 m

LATE WISCONSIN AND MIDDLE WISCONSIN

LAKE SAND, SILT, AND CLAY—A complex deposit in bluffs on north

shore of Lake Erie, consisting of postglacial and deglacial lake sand, silt,
and clay; 2-6 units of late Wisconsin clayey Port Stanley Till with
interbedded lake deposits; several units of late Wisconsin loamy Catfish
Creek Till with associated ice-contact sand and gravel and interbedded
lake deposits; and middle Wisconsin and early Wisconsin lake silt and
clay (stratigraphic section 1). Youngest lake deposits similar to units Isa
and Ica. Port Stanley Till (tae) purplish gray, very calcareous silty clay,
silty clay loam, and silt loam; very few clasts. Catfish Creek Till (tki)
generally gray, very calcareous sandy loam or loam; abundant clasts
and interbedded sand and gravel. Total thickness generally 10-35 m

WISCONSIN

LAKE SAND, SILT, AND CLAY—A complex deposit in bluffs on northwest

shore of Lake Ontario in Ontario, consisting of deglacial and postglacial
lake sand; late Wisconsin Halton Till; lake clay, silt, and sand of late
Wisconsin and middle Wisconsin upper member of Thorncliffe
Formation; middle Wisconsin Meadowcliffe Till; lake clay, silt, and sand
of middle Wisconsin middle member of Thorncliffe Formation; middle
Wisconsin Seminary Till; lake clay, silt, and sand of middle Wisconsin

place decomposition of sandstone, siltstone, shale, and limestone on
flat or gentle slopes. Includes some areas of bedrock outcrop and
landslide deposits. Thickness of solifluction deposits generally 1-3 m;
thickness of block-field deposits generally less than 10 m. Thickness of
colluvium generally 1-2 m on upper parts of slopes, 2-3 m on lower
parts of slopes. Thickness of residuum generally less than | m on flat
surfaces, 1-2 m on very gentle slopes

LOAMY SOLIFLUCTION DEPOSITS! —Similar to loamy solifluction

deposits (nla), but distinguished on the basis of presence of discontinuous
sandy loamy till (Mapledale Till) of Illinoian age. Solifluction deposits
locally consist of redeposited till. Till is dark-yellowish-brown, non-
calcareous, moderately pebbly to stony sandy loam, loam, and clay
loam. Till thin, intensively weathered, and very discontinuous. Cobbles
and boulders, chiefly local sandstone, abundant locally; erratic clasts
dominantly quartzite. Boulders of quartzite, granite, gneiss, and
greenstone, generally less than 0.4 m in diameter, scattered widely on
land surface. Topography maturely to submaturely dissected and only
slightly less eroded than adjacent unglaciated topography. Includes
some sheetwash alluvium (al), stream alluvium (al), areas of bedrock
outcrop, and landslide deposits. Included till and residuum locally
overlain by less than 1 m of windblown silt (loess). Thickness of
solifluction deposits generally 1-3 m. Thickness of colluvium generally
1-2 m on upper parts of slopes, 2-4 m on lower parts of slopes, locally
more than 10 m at toes of colluvial fans and aprons. Thickness of
residuum generally 1-2 m on flat surfaces, less than 1 m on very gentle
slopes. Thickness of till generally less than 1 m

EARLY WISCONSIN AND ILLINOIAN

OUTWASH SAND AND GRAVEL—Yellowish-brown, pale-brown, or

brown to gray sand and gravel. Generally pebble or cobble gravel with
interbedded sand and local lenses of boulders or silt. Calcareous where
not leached. Well stratified; bedding varies from horizontal beds of well-
sorted sand and gravel with local cut-and-fill structures to irregular beds
of poorly sorted cobble or boulder gravel. Textures vary laterally and
vertically. Clast lithology varies with that of associated till (included in
unit cld). Clasts rounded, chiefly sandstone, siltstone, sandy shale, and
erratic igneous and metamorphic rocks. Occurs in terrace remnants at
multiple levels; higher remnants may be Illinoian in age and lower
remnants may be early Wisconsin. Includes inset late Wisconsin
outwash sand and gravel (gg) and alluvium (al). Locally overlain by
windblown sand and silt. Mapped only in eastern Ohio. Thickness
generally 1-3 m

SLACKWATER LAKE SILT AND SAND—Pale-yellow, yellowish-brown, or

dark-brown to gray, weakly calcareous or noncalcareous silt and fine
sand, locally with interbeds of plastic clay. Intensely weathered and
dissected. Occurs in terrace remnants in valleys tributary to major
outwash valley fills. Lake deposits grade into or intertongue with
outwash in lower parts of valleys. Includes inset deposits of alluvium (al).
Locally overlain by windblown sand and silt (eu). Thickness generally
1-4 m, locally more than 6 m

ILLINOIAN

CLAYEY TILL—Yellowish-brown, brown, or mottled brown and gray to

bluish-gray, weakly calcareous clay and silty clay. Contains lenses of
poorly sorted gravel. Nonsorted to very poorly sorted. Hard, compact,
dense; sticky where moist. Moderately pebbly to stony; clasts dominantly
sandstone and siltstone channers. Intensely weathered; leached
throughout where less than 3 m thick. Mapped only in New York

Ground moraine—Thickness generally 2-4 m

End moraine—Subdued till ridges. Thickness locally more than 18 m

LOAMY TILL (Butler Till in east-central Ohio)— Yellowish-brown, dark-

yellowish-brown, dark-brown, or grayish-brown to dark-gray, weakly
calcareous loam, clay loam, and silt loam. Nonsorted to very poorly
sorted. Thick clay skins and intense iron oxide and manganese oxide
stains on joint surfaces. Dense, hard, compact; oxidized till typically has
platy horizontal parting. Pebbly; locally stony; boulders uncommon.
Clasts chiefly sandstone fragments; limestone ghosts and rotted granite
pebbles common in leached till. Intensely weathered; generally leached
throughout where less than 3 m thick. Generally thin and discontinuous;
thick till locally on lower slopes, where it is covered by colluvium and
solifluction deposits. Smooth, rolling, erosional topography; subdued
constructional topography (stagnation moraine) locally on lower slopes
in major valleys. Includes areas of solifluction deposits, colluvium,
bedrock outcrop, and landslide deposits. Commonly overlain by
windblown sand and silt (eu) or alluvium (al). Thickness generally less
than 3 m on uplands, 3-6 m on lower slopes

| LoAMY TILL—Light-orange-red, orange-yellow, brownish-yellow, yellowish-

brown, pale-brown, brown, brownish-gray, gray, or mottled, moderately
calcareous to noncalcareous silt loam, clay loam, and silty clay loam.
Intensely weathered; leached and porous in upper 3 m. Thick clay skins
and intense manganese oxide and iron oxide stains on joint surfaces.
Sparingly pebbly to moderately stony; pebbles and cobbles common,
boulders rare. Clasts dominantly local acid shale, sandstone, coal, flint,
and chert; erratic clasts chiefly limestone, granite, granitic gneiss, and
quartzite. Weak constructional topography retained locally. Mapped
only where extensive and more than 2 m thick; till is included in unit clc
where discontinuous. Commonly overlain by windblown silt (loess)
1-2 m thick. Mapped only in east-central Ohio. Thickness generally
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surficial deposits has been focused on glacial, alluvial, eolian, lacustrine, i QRN ES Pos .o .2 00 1 GEORGIAN BAY LOBE £ LOAMY TILL (Catfish Creek Till) bt Ca‘.:a}:eous r;:e AN D mr's'ano. g 'g:"’h‘f.‘ag lF Hetty qual czl CLAYEY TILL (part of Hiram Till in northeastern Ohio)—Dark-yellowish- primuetly calcits. Occasional pebblos: clasts chiefly Bavsstone. iaione. gray, very calcareous loam, silt loam, and sandy loam. Nonsorted, on hills and steeper slopes. Lake sediments in valleys dissected and alluvium (al), windblown sand and silt (eu), peat (hp), or swamp deposits
marine, and lapdshdg deposits. Slope and upland deposits have been ,,,.l;) A KENTUCK - 3 e gralms :"t SO gavy Shm—— . nctlano, sa; s y"u:\etstone on " brown or brown to bluish-gray or dark-gray, calcareous silty clay loam, shale, and emratic igneous and metan;orphic rocks. Derived c};ieﬂy from nonstratified. Massive, compact; low plasticity or nonplastic. Matrix interrupted by inset deposits of younger late Wisconsin outwash sand (hs). Includes small areas of late Wisconsin outwash sand and gravel
mapped in detail only in restricted areas. However, an enormous amount of %,h »‘\"!”L" ARIZON, = . ] =¥ TENNESSEE RO -8 LAKE SIMCOE LOBE . ; . SANDY LOAMY TILL (N ket Till olomite grains. Occurs as massive dune ridges parallel to presen clay loam, and silt loam; locally reddish brown where composed ; S A Bli I b o 1 f sil carbonate averages 35-60 percent, dominantly dolomite. Moderately and gravel (gg) and alluvium (al), all of which are included in unit Igk. (gg) and alluvium (al). Commonly overlain by windblown silt 0.5-3 m
i structi d i t probl f land d : N W MEXICO OKLAHOMR|SHERRESS sc WATTERSS - 4 ‘ (Newmarket Till) shores of Lake Huron and as parabolic dunes on former lake beds. o P ; incorporated lake silt and clay; commonly contains rip-up clasts of silt g ) = v ; : ¢ ; ; :
engineering construction and many important problems of land use an 3° % Pyl W11 - . e e : - : rimarily of red shale. Nonsorted to ve orly sorted. Sparingly to wroli i bbly to pebbly; cobbles and boulders common. Clasts chiefl Stratified deposits locally overlain by peat (hp) or swamp deposits (hs). thick; locally overlain by peat (hp) or swamp deposits (hs). Thickness
i : : AiveR N-13 18 ANNAH HURON, ONTARIO, AND YLVAI D lly stabilized: locally act h tation has be B Yy 1y poory patingly and clay. Occurs as low-relief ground moraine. Includes small areas of pebbly to pebbly; y 4 P P paep
land management are associated with regions that have extensive slope and SANTA F Y . L2 d 4 - u \ ' ms LVANIA - ’ unes genera’y siavlized. Joaaly active whete vegeiation hias been moderately pebbly; cobbles and boulders rare. Similar to unit tca, but . : : dolomite and limestone: some sandstone, siltstone, shale, chert. and Mapped only in northeastern Ohio, in an area that projected as a generally 3-6 m, locally more than 30 m
upland deposits (colluvi id d solifluction deposits, fi e GiA ONTARIO-ERIE LOBES . OHIO 1 ‘W. D. Sevon (3), ICE-CONTACT SAND AND GRAVEL removed. Small isolated areas of dunes in Ontario shown by symbols : s ; lake silt and clay (Ica) and alluvium (al). Thickness generally 0.5-2 m, 5 d » » , ; : ; ; S ; I
s postis (oot smeiduum, and solluciion deposiin, for VOO S S s UNDIFFERENTIATED ~ OHIO biri o s e Thicknes: v 1-30 : less clayey and locally more pebbly. Thin and discontinuous locally; locally 5 m erratic igneous and metamorphic rocks. Occurs as ground moraine and nunatak during maximum late Wisconsin glaciation. Thickness of lake LAKE CLAY AND SILT—Yellow, yellowish-brown, grayish-brown, or
example). These materials have many different physical characteristics. v OEE TS . 'P. Goldthwait (4) L “ﬂ"»“’“f ang D. S Fullerton, and 2 JCHIESS genera ) AU m includes areas of older clayey or loamy till. Includes small areas of : i - end moraine. Includes small areas of outwash and ice-contact sand and sediments generally 1-10 m mottled yellow and grayish-brown to gray or bluish-gray, calcareous to
Theref ffort has b d classi d describe th N \1 B : @ Stra 13 St ' ICE-CONTACT SAND i 1l CLAYEY TILL (part of Halton Tilll—Reddish-brown or yellowish-brown to Y
RENEGRS, A SR B DN THaeE bo fxssnfy, 5, ARG desceida e 28° \ e\ Sonog 3 . ' . 4 & Swavens (1) J. A Stravers (1) EOLIAN SAND AND SILT—Pale- brown or yellowish-brown, well sorted to outwash and ice-contact sand and gravel (gg, kg), lake clay, silt, sand, : f gravel (gs, gg, ks, kg), lake clay, silt, sand, and gravel (Ica, Isa), and noncalcareous clay and silt, locally with minor fine sand. Well bedded to
deposits, based in large part on interpretations of the compilers, published VAW -4 15 \ ' | ~ ~ 1 - moderately well sorted, weakly calcareous, medium to fine sand and silt. ; ; gray, very calcareous clay loam, silty clay loam, silty clay, and clay. : h : y : ; ; :
posits, bas rge p P! pilers, pub \» AUSTIV MOBILE ‘ ! . KAME END MORAINE Yy h Y ) and gravel (Ica, Isa), and alluvium (al). Locally overlain by peat (hp) or Ao ; : A : alluvium (al). Locally overlain by peat (hp) or swamp deposits (hs). massive; commonly laminated or varved. Locally underlain by gravel
and unpublished subsoil and substratum data, and the distribution of - = e q g, ‘ Bedding thin, laminar, and horizontal to crossbedded in sand; silt (loess) swamp deposits (hs) }—Ocal'f‘ly ‘0“:.'1?% %'m"a”‘l’ ""'ttka~dN°"5°"edvt"°nst[fa“f‘e|d’ may C:;“f{" Thickivess gensnally 2-15 i and sand. Commonly dissected by deep gullies. Occurs in terrace
bedrock parent materials. The classification is crude, but it represents a first \ % 4 Mg B P, Golbwais (4} {l WEST VENGIOA QUTWASH SAND AND GRAVEL has weakly developed horizontal bedding or is massive. Occurs as Ground moraine—Thickness generally 2-4 m, rarely 6 m ESS R VST Ao S I ISR LA PR PR ) — ish- EARLY WISCONSIN remnants in valleys blocked by Illinoian ice. Includes some outwash and
step toward systematic mapping of slope and upland deposits. 2%° T, 1 A and /| R E.Behling (7) undifferentiated dune sand, sheet sand, and silt (loess) on former lake carbonate content variable, chiefly dolomite. Sparingly to moderately SANDY LOAMY TILL (Newmarket Till)—Yellowish-brown or brown to T . : ki and i, kasib and alluvt ). Locall lai
For scientific purposes, the map differentiates Quaternary surficial Y e~ M 1 « : bede Generall stabilized: bloweuts and sioall narabalic diines active . = pebbly; clasts chiefly shale, dolomite, and limestone; some erratic light-gray, calcareous loam and sandy loam. Nonsorted; nonstratified; CLAYEY TILL (Sunnybrook Till in Ontario)—Dark-gray or gray, calcareous ice-contact sand and grave (99':_ gi) and alluvium (al). Locally overlain
deposits on the basis of a ,combinat'-i’on of criteria, such as li?l,\ology or < 40° 40° by : OQUTWASH SAND whore vegetaﬁg,, hasbaonvemoved Mapped onll)y in Ontario and Ohio Ground moraine veneer over nonoriented hummocky topography of igneous and metamorphic rocks. Includes small areas of ice-contact contains abundant lenses of sand and gravel. Nonplastic; soft to very clay loam, clay, silty clay loam, and silty clay. Nonsorted; nonstratified. by windblown sand and silt. Thickness generally 2-10 m

composition, texture or particle size, structure, genesis, stratigraphic
relationships, and age, as shown on the correlation diagram and indicated in
the map unit descriptions. Some constructional geomorphic features, such
as end moraines, are distinguished as map units. Erosional landforms, such
as stream terraces, are not distinguished as map units, and differentiation of
sequences of alluvial deposits of different ages in most regions is not possible
at the scale of the map. Most landslide deposits are too small to be shown at
this scale, but areas in which landslides are present are distinguished as map
units in scme regions. As a Quaternary geologic map it serves as a base from
which a wide variety of derivative maps relating aspects of geologic history
can be compiled.

For practical purposes, the map is a surficial materials map, with
distinction of materials based on lithology or composition, texture or particle
size, and local specific engineering characteristics such as plasticity and
matrix carbonate content. It is not a map of soils as soils are recognized and
classified in pedology or agronomy. Rather, it is a generalized map of soils as
recognized in engineering geology, or of substrata or parent materials in
which pedologic and agronomic soils are formed. As a materials map it
serves as a base from which a wide variety of derivative maps for use in

INDEX TO INTERNATIONAL MAP OF THE WORLD 1:1,000,000
TOPOGRAPHIC SERIES

Showing location of the Quaternary Geologic Map of the Lake
Erie 4° X 6° Quadrangle in red [U.S. Geological Survey, Miscellaneous
Investigations Series, Map [-1420 (NK-17)] and other published
maps in the Quaternary Geologic Atlas of the United States in
vellow.
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RELATIONSHIPS OF LATE WIS

CONSIN GLACIAL LOBES,

SUBLOBES, AND ADVANCES WITHIN LOBES AND SUBLOBES

Numbers indicate relative ages of surface tills in respective lobes
and sublobes (oldest to youngest) in this quadrangle. Hachures
indicate known or inferred readvance limits. Arrows indicate general-
ized ice flow within lobes and sublobes at times indicated by the

numbers

unglaciated Ohio and Pennsylvania represent many small

areas of manmade land; materials not disturbed by man

are the same as the surrounding map units
LOCATION OF IMPORTANT STRATIGRAPHIC SECTION

Port Talbot, Plum Point, and “Bradtville” sections, Ontario—
Type sections for Bradtville Till, Tyrconnell Formation,

complex unit of outwash and alluvium with 4 C ages older
than 46,600+2200 B.P. (GrN-3219) and older than
50,000 B.P. (ISGS-40); three unnamed till units, probably
early Wisconsin in age; alluvium and colluvium with a
paleosol; late Wisconsin Boston Till; late Wisconsin Darby
Till (Forsyth and Goldthwait, 1962; Goldthwait, 1958a;
Fullerton, 1986; R. P. Goldthwait and D. S. Fullerton,

RESPONSIBILITY FOR STATE AND PROVINCE COMPILATIONS

(1) U.S. GEOLOGICAL SURVEY

(2) ONTARIO GEOLOGICAL SURVEY

(3) PENNSYLVANIA BUREAU OF TOPOGRAPHIC AND GEOLOGIC SURVEY

(4) DEPARTMENT OF GEOLOGY AND MINEROLOGY, OHIO STATE UNIVERSITY
(6) DEPARTMENT OF GEOLOGICAL SCIENCES, UNIVERSITY OF MICHIGAN

(6) DEPARTMENT OF GEOLOGY, SYRACUSE UNIVERSITY

(7) DEPARTMENT OF GEOLOGY AND GEOGRAPHY, WEST VIRGINIA UNIVERSITY

ages from 24,600+800 B.P. (W-71) to 22,210
+120 B.P. (DIC-32); two units of late Wisconsin
Kent Till; late Wisconsin Lavery Till; late Wisconsin Hiram
Till (White, 1953c, 1968; de Heinzelin, 1957; Fullerton
and Groenewold, 1974; Fullerton, 1986; D. S. Fullerton,
G. H. Groenewold, and Aleksis Dreimanis, unpub. data,
1973-74)

OUTWASH SAND AND GRAVEL
ATTENUATED LAKE SILT AND CLAY
SLACKWATER LAKE SILT AND SAND

LOAMY SOLIFLUCTION DEPOSITS
LATE WISCONSIN AND MIDDLE WISCONSIN
LAKE SAND, SILT, AND CLAY
WISCONSIN
LAKE SAND, SILT, AND CLAY

LAKE GRAVEL, SAND, SILT, AND CLAY

EARLY WISCONSIN
CLAYEY TILL (Sunnybrook Till in Ontario)

where extensive. Thickness generally 1-10 m

HOLOCENE AND WISCONSIN

- BOULDERY COLLUVIUM! AND ROCK WASTE—Deposits of colluvium

and rock waste that accumulated below cliffs or steeply sloping bedrock
outcrops by rockfall and creep. Clasts generally angular to subangular
quartzitic sandstone, sandstone, or conglomerate. On upper part of
slopes, generally rock waste (an accumulation of blocks, boulders, and
cobbles with no interstitial matrix); sandy or loamy matrix may be
present at depth. Rock waste generally coarsely sorted vertically and
laterally; average diameters of clasts increase downslope and increase
upward within deposit. Clasts generally randomly oriented; crude
imbrication, with long axes dipping upslope, apparent where materials
moved by secondary creep. Boulders and blocks in rock waste in point
contact; individual boulders may be unstable. Size of largest blocks or
boulders dependent on joint spacing and bedding thickness in parent
rock upslope; maximum diameters of blocks locally more than 6 m.

older till or ice-contact sand and gravel—Mapped previously as end
moraine, but constructional topography is inherited from underlying
deposits. Thickness generally 1-3 m

LOAMY TILL (part of Darby Till in south-central Ohio; part of Navarre Till

and part of Hayesville Till in northeast-central Ohio; Kent Till in north-
eastern Ohio, Pennsylvania, and part of western New York; not formally
named elsewhere)— Yellowish-brown to olive-gray, bluish-gray, gray,
or dark-gray, calcareous loam and silt loam. Locally sandy loam in
northeastern Ohio and Pennsylvania, near southern limit of Kent Till.
Nonsorted to poorly sorted. Typically has horizontal platy structure,
breaking into irregular pieces 1.5-4 cm thick. Generally moderately
pebbly; locally cobbly or bouldery. In New York, locally very stony with
gritty matrix and abundant angular granules of shale and siltstone.
Gravel lenses or interbeds common in northeastern Ohio. In Michigan
and central Ohio, pebbles, cobbles, and small boulders chiefly dolomite
and limestone; large boulders chiefly erratic igneous and metamorphic
lithologies and quartzite. On uplands in eastern Ohio, Pennsylvania,
and New York, till is thin and discontinuous; clasts dominantly
sandstone, siltstone, and shale. Includes areas of pre-late Wisconsin
loamy till and bedrock outcrop. Locally includes areas of outwash and

sand and gravel (kg), lake clay, silt, sand, and gravel (Ica, Isa), alluvium
(al), and bedrock outcrop. Locally overlain by peat (hp) or swamp
deposits (hs)

Ground moraine and end moraine— Thickness generally 2-6 m, locally

30 m
n Ground moraine and end moraine under Lakes Erie and Ontario—
Includes areas of bedrock outcrop and local accumulations of boulders.
Thickness generally 1-15 m
CLAYEY TILL (St. Joseph Till)— Yellowish-brown to gray or dark-gray, very
calcareous silty clay loam and silt loam. Clay content increases
southward; low plasticity. Matrix chiefly incorporated lake silt and clay;
in places occurs primarily as deformation till. Nonsorted; nonstratified;
locally intercalated with lake silt and clay. Matrix averages 45 percent
carbonate, primarily dolomite. Pebbles infrequent; clasts dominantly
limestone and dolomite; some sandstone, shale, and erratic igneous
and metamorphic rocks. Limestone increases southward relative to
dolomite; tillite and jasper conglomerate erratics common locally.
Pronounced columnar jointing; blocky structure; clay skins and
secondary carbonate common on joint and fracture surfaces. Includes

stiff. Matrix averages 30-40 percent carbonate; either calcite or
dolomite dominant. Moderately pebbly to pebbly; clasts chiefly
limestone and siltstone or dolomite and siltstone, depending on
composition of local bedrock; erratic igneous and metamorphic rocks
common. Occurs as ground moraine or hummocky end moraine.
Includes small areas of outwash and ice-contact sand and gravel (gs, gg,
ks, ke), lake clay, silt, sand, and gravel (Ica, Isa), and alluvium (al).
Thickness generally less than 3 m, locally 12 m

ICE-CONTACT SAND AND GRAVEL— Yellowish-brown or pale-brown to

gray, generally calcareous sand and gravel. Textures vary laterally and
vertically, ranging from fine sand with minor silt and occasional pebbles
to cobble and boulder gravel. Locally capped by, interbedded with, or
contains lenses or masses of clay, silt, flow till, or till. Sorting variable.
Poorly to well stratified; irregularly bedded to well bedded. Faults, folds,
and slump and collapse structures common. Locally cemented with
calcium carbonate. Clasts rounded to subangular; composition reflects
that of local till. Larger clasts chiefly limestone, dolomite, and erratic
igneous and metamorphic lithologies on till plains and in lowlands;
chiefly sandstone and siltstone on uplands in Ohio, Pennsylvania, and

Low to moderate plasticity. Matrix carbonate ranges from 12 to 20
percent; calcite generally dominant. Nearly pebble free. Clasts chiefly
limestone; minor dolomite, shale, sandstone, and erratic igneous and
metamorphic rocks. Mapped only in vicinity of Toronto. Thickness
generally 6-9 m, locally 30 m

: LOAMY TILL (Millbrook Till in northeast-central Ohio)—Olive-brown to

dark-olive-gray, weakly calcareous loam and silt loam with abundant
lenses of gravel, sand, and silt. Weathered; commonly leached
throughout. Nonsorted to very poorly sorted; dense, hard, compact.
Irregular blocky structure; breaks around pebbles and cobbles and
breaks through sand grains. Intense manganese oxide and iron oxide
stains on clasts and joint surfaces. Pebbly to stony; cobbles and boulders
common. Pebbles, especially granite, commonly partly to completely
rotted. Discontinuous. Smooth, rolling erosional surface topography;
subdued constructional topography rare. Includes solifluction deposits
(nma), colluvium (cl), and areas of bedrock outcrop; locally includes ice-
contact sand and gravel (kgb) and alluvium (al). Locally overlain by
windblown sand and silt (eu) or swamp deposits (hs). Thickness generally
less than 3 m, locally more than 10 m

LOAMY TILL (Titusville Till in Pennsylvania)—Olive-brown to light-olive-

ILLINOIAN AND PRE-ILLINOIAN

LAKE SAND, SILT, AND CLAY (Carmichaels Formation in Pennsylvania)—

Pale-yellow, yellow. orange-red, red, reddish-brown, yellowish-brown,
or brown, generally noncalcareous sand, silt, and clay. Stratified;
moderately to well sorted. In many areas, intensely weathered coarse
channel gravel is overlain by less weathered slackwater lake deposits
consisting of upward-fining sand, irregularly bedded sand, interbedded
sand and clay, or sand with lenses of silt and clay, similar to units lla and
lb. Clasts local bedrock lithologies, dominantly resistant sandstone and
sandy shale. Occurs in remnants of two terraces. Slackwater lake
deposits in highest terrace remnants (as much as 90 m above present
streams) have reversed remanent magnetic polarity, indicating early
Pleistocene age; deposits in lower terrace remnants have normal
polarity and are correlated with Illinoian till included in units nib and cid
(R. B. Jacobson, D. P. Elston, and J. W. Heaton, unpub. data, 1987).
Locally overlain by colluvium, sheetwash alluvium, or windblown sand
and silt. Thickness generally 1-30 m

lanning engineering, land use, or land management projects can be e . : : and Malahide Formation. Stratigraphic sequence from i y ; : _ : 10 s : 7 : y : ; some outwash and ice-contact sand and gravel (gs, gg, ks, kg), lake clay, New York. Surfaces generally hummocky to knobby or with isolated " ;
gompile?l. » . 9 e 0;“:;:31 theory ‘gll;‘glﬁogen; Qhﬂrfg—sum‘)]o? ﬁ::' aJre;r{tsed Cfgo?(dzlw et e yompuit ndiiishacs » a%ly'\)&lisc 5 ngi i " a l;"lmbs :113,_;'?72 314}3 o e o13 Universal Clay Products section, Ohio—Type section for LOAMY TILL (Millbrook Till in Ohio) F:;r?’s; taLustand iert:‘nsr ct::e: gg Steelp :lop;s, l]?callsg: forms bl;l)ck ﬁecllds ;ce-<|:ontact Zanﬁi and gra\llel Ifgg’ l'|<9), Iak‘e clay, snlt,;and. ar(;d gl;?vﬂﬂ:g, o, sand, and gravel (lon, les), and alluviom (s, Locslly overlain by mounds; commonly pitted with ice-block depressions. Occurs in kames, gray, light-gray, or dark-gray, weakly calcareous loam, silt loam, and
:nd eBmg:lrtlzeman e:'leit:r; I:dila;lk:\:i%zlr; a.m;n cli:u'at.e a::s 1 'BO;O: Till (lower unit from Georgian Bay ice lobe, upper unit . ass:i aaheic s,ee ::nce l'lfc m orlr:ipa?yt g t: 1:”— 14 oty WlSCOnS.l e Mog.adore " (Wl"nte, i " . LOAMY TILL (Titusville Till in Pennsylvania) 3owns(l): es {:tac)mbou;:i: 2olluviur:| 3it% s::d wcan' leogzier;as:r?;aoe: cc), sa),ta(r;‘ )a urvxum (a)'d OCZ‘ty ?:se)r o sollen sand mid ol (a0, o1, pest (W), or swning degicita (hij kane tuezaces, lume delins, kanme snd morsiies, infertbaie morses, poseic ll(l)a;.n w;:hdle:ses ?1{ grax&el, o ola e lntenlsely weda oo | b sl
NOTE 2: The Pliocene-Pleistocene boundary defined by joint resolution D. Reidel Publishing Company. b. 269-305 r— : from Ontario-Erie ice lobe); early Wisconsin and middle s of oy Fork TH (onery culed hatrs T . Bracky Lafn section, Chue—Type saciinn for lsts Wisconsin : g g i g o s oo, B G T e & o Ground moraine and end moraine—Thickness generally 2-25 m eskers, and ice-fracture fillings. Eskers indicated by symbol locally. SROEFERY SRChac Baamn. NORRESNG 0 YRy BOGIY S0UG. ey LOAMY TO CLAYEY SOLUTION RESIDUUM! —Pale-yellow, yellowish-
of the International Union for Quaternary Research (INQUA) Subcommission lzett, G f\l 1982 ITheg!?:is:o pasﬁ' l':éd and some older, compositionall Wisconsin Tyrconnell Formation, including organic hori- u:‘t,):a(l;l l(l)l?nzia: rin al ( :l::l,eryl(l:a “ adarl‘::;aldl . 15 Hoent TH (Wite, 1960) i ; : SANDY LOAMY TILL (Mogadore Till in Ohio) l:-‘:),\?vrnpiro&issh . at ca,:dy s loamy to c'lap colluvium (\)Nulltr;'l T A o e Kame end moraine (ke) is distinguished only in New York and pir ty];l)tcally loosedand Sti?n%l vlvxth gt pamng,dlowe; i beown, yellowish-red, or reddish-brown, noncalearsous fo weskly
1-d on the Pliocene/Pleistocene Boundary (the International Commission similar, ash beds in Califtt:mia. Nevada, and Utah: U.S p(geologica% zons with twelve '*C ages from 47,700+1200 B.P. l:lluviur: robabl Iatgel’llinoi:ncoS::,uaTn:: andu erliy * D e, TP Ko T e scattered boulders g(r:os{;us andgtrea)zures reyflect thozee!:)f bedrock higher Ground moraine under Lake Huron—Includes areas of bedrock outcro; n CHERNE M e Lot Elutsioe Sutias Setie o i ediercn Pennsyicania, nchades some cxiitened surly Wisatiin and Hinoten gepderatg compaift, ens;az i gtelnse rbr:iar:iganesle oxll:bel pidriinicn calcareous silt loam, silty clay loam, clay loam, silty clay, and clay.
on Stratigraphy (ICS) Working Group on the Pliocene/Pleistocene Boundary) Suwes; Open-File Report 82-582, 44 p Py (GSC-217) t0 36,530+300 B.P. (TO-232); late Wisconsin Wisconsi‘nli::l age; cs(,)mplex utitof ;)utwagh (and, alluvi:r:'?)y 16 A i:"?)ml Tll:{!Whlte, 1-960) Ohio—T v ford ICE-CONTACT SAND AND GRAVEL on slopes. Boulders in matrix-rich colluvium downslope from rock and local accumulations of boulders. Thickness generally 1-2 m ¥ 204 local accuewintions, of bouiders. Thickaess genarsily 1-3 m kame and kame terrace deposits (kgb, kgi) in Ohio and Pennsylvania. ox;:)bel g al:(sjcl;n s‘ll‘ld s J°lnt5;nbb(‘3 aSts.d . bebrlate %\Pil . t?iszony’ Chislly solition seskdum deriva bt bnpltos solution of ivtiestone and
and the Working Group of the International Geological Correlation Program Johnson, R. G., 1982 Brunh&s-Matt'xyama. magnetic reversal dated at Catfish Creek Till (several units, including lithofacies probably early Wisconsin in age; three unnamed till unit; . swt'a AN B Sechon, ot wiasio lacl; int contacts. Where rock waste is absent, entire slope G d : ient d h i ot CLAYEY TILL (unnamed till)— Yellowish-brown to gray calcareous silty clay Throughout mapped areas includes some outwash sand and gravel (gg, o i eyt qommon. e Ty sandgone dolomite that locally contain thin interbeds of shale and sandstone.
; ; i i 3t . ; : : iami fi ] ignated the Dunwich Till and the 3 : % - isconsin Ashtabula Till (White, 1960) WISCONSIN AND ILLINOIAN i 1 : : P rashc omine yeneet Over Rononetied. Aummocky fopography o i : i i i i s), lake clay, silt, sand, and gravel (Ica, lcc, Isa), alluvium (al), and till. siltstone, and sandy shale; boulders chiefly granite, gneiss, greenstone, Generally tough, moderately plastic to plastic, silt loam to clay. Contains
(IGCP) Project No. 41 (Neogene/Quaternary Boundary) is that at the Vrica 790,000 yr B.P. by marine-astronomical correlations: Quaterna diamictons formerly designate c a of probable early Wi c otitwash withinterbed ded 17 : : ; . ” ] covered by bouldery colluvium with sandy or loamy matrix. Boulde \der till et aand and —M d 1 d and silty clay loam. Nonsorted; contains lenses and inclusions of lake silt gs), y, silt, sand, gr: (Ica, Icc, Isa), (al), 3 4 4 ; : y tough, y p plastic, Y
suclions ievacutisenis liake The Ac of that Bosdaty cistemsthy s infsised 0 e 1 yr B.P. cal a - a ry Southwold Till by Dratanis and others, 1966) with five o probable early Wisconsin age; outwash with in erbedde ° Valcourt strip mine section, Pennsylvania— Stratigraphic CLAYEY TO SANDY SOLIFLUCTION DEPOSITS . ery y y r Yy older till or ice-contact sand and grave apped previously as en i vy Low Sikstony. Matite calbasie susinaes S0 petosnd Locally overlain by eolian sand and silt (ed, eu), peat (hp), or swamp and quartzite. Commonly discontinuous. Smooth, rolling, erosional fragments of chert where developed on siliceous carbonate rocks;
1.66 Ms iAguise and I5asinL 1985) Rgsearch, v. 17, p. 135-147. j i 14 C ages of wood in till from 28.200+15 Ob BP. (L-185-B) till and flow tnl.l; bogldery and channery a!luvxurp with sequence, from oldest to youngest: pre-lllinoian Slippery colluvium occurs as talus cones and aprons and as continuous slope moraine in Penns_ylvama and northeastern Ohio (Shepps anc! ott}ers, dominant'ly cakeite No ar]y. stone free; rare pebbles chiefly limestone’ deposits (hs). Thickness generally 2-30 m, locally more than 60 m topography; subdued constructional topography very rare. Dissection fragments of chert, shale, and sandstone where developed on
Q" et it o i the»ea.rly i ik e Mkt Mankinen, E. A., and Dalrymple, G. B., 1979, Revised geomagnetic polarity to 24.600+1600 B.P. (L—ZIZI-B)- Siadaliichs T ossmation: paleosol; two till units of probable early Wisconsin age Rock Till with paleosol; Illinoian Mapledale Till with LOAMY SOLIFLUCTION DEPOSITS mantle. Deposits generally more extensive on south-facing than on 1959; Goldthwait and others, 1961). More recent investigations il Sotnbeds sebiar i o i ke Jolek srfncen. BN ¥ K CONTACT BAND. Yallsanhk £ 4 : nearly identical to that in region to east, characterized by loamy Iivheided cavbenate and clastic vedic Bbucludes colloos o
P o th iddle_Pleist Gl B O time scale for the interval 0-5 Ma B.P.: Journal of Geophysical Port étanl Till (26 till units) de, e e gl laciai with paleosol; alluylum a-nd loess wnth very well developed paleosol; two units of early Wisconsin Titusville Till; late poﬁh-fa.cmg 'slopes'Most deposits inactive; inferrel to have.ac.cumulated indicate surface morphology is larg_ely inherited fro.m hummocky : g h’ : Ay o : g gy -C — Yellowish-brown or pale-brown to gray, caf:areous solifluction deposits and very thin and discontinuous Illinoian till (nlb). ctuierahuly b Homn whd foct Akl Zali i s soorky nosied
an een the middle Yieistocene and late leistocene are q Research, v. 84, no. B2, p. 615-626. | ey e ; aeg Postgiasn paleosol; late Wisconsin Darby Till (Fullerton, 1974, Wisconsin Kent Till (White and others, 1969) in a periglacial environment, contemporaneous with glaciation farther topography on early Wisconsin till and ice-contact deposits, and the late IO UNIE (AK cHIEly (On Dasis ol eavy=mineral COMBOSEION, UICCUIS fine to coarse sand with minor silt. Poorly to moderately sorted; poorly Includes solifluction deposits (nma), colluvium (cl), and areas of I sfed G | b I pf ;
prqposed by. the lNQL{A Working Group on Major Subdlvisior} of the Richmond, G. M., and Fullerton, D. S., 1986, Introduction to Quaternary ake_ sedfment (Dreimanis, 1958, 1980, 1982, 1987; 1986; D. S. Fullerton, unpub. data, 1972-74) ol8 Vanport Stone Company section, Pennsylvania—Type LOAMY SOLIFLUCTION DEPOSITS ) north. Includes rockfall deposits and debris avalanche deposits locally Wisconsin till is a fairly continuous veneer over the buried topography chiefly as ground moraine and as veneer on older end moraine. to well stratified. Folds, faults, and slump and collapse structures bedrock outcrop; locally includes outwash sand and gravel (gg), ice- poorly stratified material with angular to subangular fragments o
Pleistocene (in preparation). The boundary between the early Pleistocene glaciations in the United States of America, in Richmond, G. M., and vty prd ofiess, SRER: Eakowens and ailens, 1972 o6 Derwacter Sand and Gravel Company section, Ohio— ction for pre-lllinoian Sli Rock Till. Stratigraphi EARLY WISCONSIN AND ILLINOIAN superposed on periglacial deposits, colluvium of pre-Wisconsin age (White and others, 1969; White, 1969, 1982; White and Totten, 1985; Includes small areas of outwash and ice-contact sand and gravel (gs, gg, common. May contain scattered pebbles. Clast lithology similar to that contact send and gravel (kghi, and alhsvium (s, Locally overiain b limestone, dolomite, and chert; fragments of shale and sandstone
and middle Pleistocene is placed tentatively at the Matuyama-Brunhes A . 3 " Karrow and others, 1978; Karrow, 1984) . : i secsion for pre-liinolan Sippety Rock 111 Siatigraphic i . . ; Whito | > 2 : i ; ks, kg), lake clay, silt, sand, and gravel (lca, Isa), and alluvium (al). of outwash sand and gravel (gg) in same area. Surfaces generall : grave 1xgu); anc a 2. Loeay OVERALTY common locally. Colors generally darker in colluvium than in residuum.
4 ; Fullerton, D. S,, editors, Quaternary glaciations in the United States of : ) g Stratigraphic sequence, from oldest to youngest: pre- sequence, from oldest to youngest: pre-Illinoian Slippery and bedrock outcrops on ridge crests; bedrock seldom exposed on G. W. Totton and S. M. White, unpub. mapping). Thickness generally = ! ; a g gg) ces g y windblown sand and silt (eu), peat (hp), or swamp deposits (hs). Thickness :
magnetic Polanty revergal. .Th‘a_t reversal has not beer! dated directly by America: Quaternary Science Reviews, v. 5, p. 3-10. 02 Don Valley Brickyard (Toronto Brick Company) section, Mlinoian(?) outwash and till; two unnamed Illinoian till Bk T o skt of Tllinolan Mapledale Tilk early OUTWASH SAND AND GRAVEL slopes. Thickness on upper parts of slopes generally less than 3 m; 159 = Locally overlain by eolian sand and silt (gd, eu), peat (hp), or swamp hummocky, commonly with ice-block depressions. Occurs in kames, o genenally 1.5-8 m, locally = g thar’l 10 m Outcrops of bedrock_ common Ioca!ly. Sm.kholes and underground
radiometric methods. It is significantly older than the Bishop Tuff (revised Ruddiman, W. F., and McIntyre, Andrew, 1984, Ice-age thermal response Ontario—Holostratotype for York Till. Stratigraphic units; Illinoian Butler Till; early Wisconsin Millbrook Till; Wisconsin Titusville Till: late Wisconsin Kent Till (White SLACKWATER LAKE SILT AND SAN thickness on lower parts of slopes commonly less than 15 m, but may - Stagnation moraine—Broad irregular areas of hummocky collapsed deposits (hs). Considered by some geologists to be an upper member of kame deltas, kame terraces, and eskers. Eskers indicated by symbol Y GANDY LOAMY TILL Stopedens T i sioslhosastern. Olii)Visllowish- <1:ave_rr;f>I cli)mmor;. Tlﬁlcklness of solllxltloln :rsesndtlxum“generallyhlesslt(l')aan
K-Ar age 738 ka; Izett, 1982), and the estimated K-Ar age of 730 ka and climatic role of the surface Atlantic Ocean, 40° N to 63° N: sequence, from oldest to youngest: lllinoian York Till late Wisconsin Navarre Till (Totten, 1973) and others, 1969) D exceed 30 m topography, locally with ice-disintegration features and ice-block Rannoch Till (tkg). Thickness generally 1-6 m locally. Includes small areas of ice-contact sand and gravel (kg), R brown to bluish-gray or dark-gray, weakly calcareous sandy loam and - LO AMr;’l;EéOnﬁs;(;Slc'](')[C;llz ‘;{ESSISIJSM% —Pare]' °l<l:a 4 mﬁ;et, l‘;";, A
:}sstaiﬁntehi t& ;}t\: r;irs;:ub:hb::nkil:::; T;Se%ﬂlni'smrgtl:i S-(lizg?r)n E;:OSZE::& g’ Geological Society of America Bulletin, v. 95, p. 381-396. gz:lr%aart?:: la):g l;(:)rt;r‘;atlogézgrgx:ggztnaﬁiﬁr&t:gz Y Shenandoah section, (_)hit_)—St.ratigra;?hk:' sequence, from 19 Mapledale section, Pennsylvania— Type section for Illinoian ILLINOIAN - LOAMY COLLUVIUM! —Pale-yellow, yellowish-brown, or brown to gray or depress!ons. Thickness g?nerally 4-10 m : CLAYEY TILL (rart of Pc?‘rt Sltan:ey Tl“)'l—YflIOWls:-ﬁrTwn O;J brown :;? :)utullash sagd ﬁnd- gravel (?_g, gﬁ), lakelc!ayBSIlt, ;and, ar:id %rsvgllt ((I;::, loam with abundant interbeds and lenses of gravel, sand, silt, and flow brown, or dark-brown, noncalcareous to weaklzecacl,c‘zrzze)us‘:;dy fg:,r::
The Bishop vo?canic ash bedl(,lc;-Ar age 738 ka) overlies a major paleosol units of early Wisconrs!i’n Sunnybrook Till, separated by CHINN A Jomie: T TN it o Skiiun wad (i) pos Mapledale Till (White and others, 1969) CLAYEY TILL black sandy loam, loam, silt loam, silty clay loam, clay loam, and silty - Endmaobs—Boniil, I it e oot seets ol sstow, contantitc i vlelry o C:egf? Zs:lty clalyy oatr:z - ;]y : ats;l’] = t:llt oa;m.. ton;:(;;e& ::,:)' sal'.ata r}ha; u;:-u:”(:,?{ 3? ys‘c:: e(l;‘asl)n Nsllaeo ::jn ::R ian os:,taﬁo: till. Nonsorted to very poorly sorted; dense, hard, compact. Intense loam, and silt loam on ridge crests. Chiefly residuum derived by in-place
developed in normal-polarity lake sediments above the reversal horizon varved clay and silt; early and middle Wisconsin Thorncliffe llh.nman.age;' till of llhn'omn or garly WIsconsm age; early 020 Titusville section, Pennsylvania—Type section for early Eoind womine clay. Textures and colors vary, reflecting composition of bedrock higher or over[appmg nges with knob-and-kettle topography and undrained ggtr;Ierlaky nor:; a te Bc|>cak contains flow 4 ulm ; ‘?calym erl r e - g rghs ?,_ s p s l-;:d b (k )p':zls whege Tk manganese oxide and iron oxide stains on surfaces of joints and clasts. docoensumion of sindsione snd minor shale. Inchudes axets of
(Eardley and others, 1973). The terrestrial geologic record is compatible Formation; late Wisconsin Halton Till (Karrow, 1969 W!scons!n Mlllbroqk Tll!; bt Wiaconsie Navaeee T lote Wisconsin Titusville Till (White and others, 1969) on slopes. Generally noncalcareous or weakly calcareous; locally very depressions. Thickness generally 8-30 m wi boa f se ‘";e" ts °C‘¥ Stmdltllre’h W‘: il hTs ar secgg ary e e“ 2_3‘6e contact san g 9 £ ] Pebbly; commonly cobbly or bouldery. Clasts chiefly sandstone, heterogeneous, nonstratified, nonsorted rubble formed by frost shattering
i e astronomic'al b of 788 ka S 3 Sve soveral iy dinfiione CONTACT TR Kottt Morgan, 1975) ) ’ Wlsconst'n Haye_swl]e Tlll.(Totte.n, 1965) 021 Gowanda Hospital section, New York— Stratigraphic se- End morsing calcareous where derived from limestone. Clasts dominantly angular LOAMY TILL (part of Hayesville Till in northeast-central Ohio and part of carbonal e3 oo_r:‘ Orac ure s: aces. : ig : p aglctl)tgl. 'aftrnx carb {\ate generally m . g ' siltstone, limestone, dolomite, and shale. Consists of ground moraine of S (et el sedetons Bovbians whs: St oo
(1982); however, on the basis of terrestrial chronometric and stratigraphic 3 g g : o8 Lucas section, Of_‘lo'—Stl'atlgfaPl'}lC sequence, fl'?m oldest quence, from oldest to youngest: till of possible Illinoian and subangular sandstone, quartzitic sandstone, siltstone, and shale; Lavery Till in northeastern Ohio)—Brown or dark-brown to dark-gray av_erag.els o .percerll.t. omman; y ca g}e. ebbles in e.quent,fcl aSlS; KAME END MORAlNE—Lme.ar or arcuate end moraine ridges of ice- and subdued hummocky stagnation moraine that cannot be distinguished quartzitic sandstone; channery where derived from bedded sandstone;
A D P s S mictnd sty 770 b ago fichnond n"nNn DUNE FIELD—Mapped only where areas of dunes are too ° Scarborough Bluffs (Cathedral, Cudia Park, Dutch Church, to youngest: lllinoian or pre-lllinoian till; lllinoian Butler age; organic silt and clay, some of which is sheared into LOAMY TILL (Butler Till in Ohio) limestone or conglomerate common locally. Most material on slopes is or dark-bluish-gray, calcareous clay loam, loam, and silty clay loam. gﬂénans'l ;‘N‘)mlte t:jr lmestqre, eper;\ ing OﬂdCOmp951}|on o oca':l contact sand and gravel similar to unit kg. Sand and gravel locally at this scale. Depressions on hummocky surfaces generally filled with Sbl skiistine i shals flecments casiiacs st it
and Fullerton, 1986) g v small to be shown as dune sand (ed) Hi, Seminary, and Sunnypoint Bluffs), Ontario—Stratotype Till; early Wisconsin Millbrook Till; late Wisconsin Navarre overlying till, with *C ages older than 38,000 B.P. colluvium, although included solifluction deposits are widespread in Nonsorted to poorly sorted. Generally oxidized throughout, with edrock; shale, sandstone, si tstone, chert, and erratic igneous an capped by, interbedded with, or contains lenses or masses of silt, flow solifluction deposits (nma), alluvium (al), lake deposits (lca, Isa), peat commonly grades laterally into bouldery colluvium and rock waste
The bour dery S i e i Do ke tiaa i o ——=—=— GLACIAL LAKE SPILLWAY OR MELTWATER CHANNEL sections for Scarborough Formation, Seminary Till, and . Till; late Wisconsin Hayesville Till (Totten, 1973) ) (W-866) and older than 48,400 B.P. (GrN-5486); “brown” LOAMY TILL northern part of area mapped as unit cl. Materials on flat upland horizontal parting, breaking into 1- to 3-cm cubes or prisms; ;ne]ta:inorphxc TO‘;kS gene;allydc9nst1tute less than 20 percent of clasts. till, or till. In places sand and gravel is intertongued with till or is replaced (hp), or swamp deposits (hs). Includes some ice-contact sand and gravel (clolh - oollerbien o Semun. Bchicdon dntemior srans oF hetlcick
LSGHEIBaly of the DRgong of Umeine conmn locione S B (at 1bﬂﬁ'adowchffe Till; holost.ratot?pe -srictlon lf'(f)fr S:_nnybrpok ° Mlllt_arook section, O}.uo—Type section for early Wisconsin till of possible early Wisconsin age; four units of late surfacgs or very gentle slopes cqmmonly are undifferentiated solifluction unoxidized till massive. and compact. 'Pebbles infrequent; cobbles or kn; l.; :s alreas c.>1 out:(/ias Zn lce-lc(cl)nta;:t ;and ;nﬁ gr.avel (gs, Eg‘ Ihs, Iat_erall;{ by till. Occurs as massive valleﬁ;. pliugs, arcuateleg_eg,oor s;;ster;lls (kgb), outwash sand and gravel (gg, gkl), lake clay, silt, sand, and gravel outcrop. Thickness of residuum generally 1-2 m; thickness of frost-
Termination II or the stage 6/5 transition). That boundary also is not dated e ESKER S;r 3 tineos;Ir.atotype sectl(f)rn or i c:rtnc iffe on:atlo;\. - Oll;dlllbrolgk Till (Whltce),h'l 96¥ o y ' Wisconsin till (Muller, 1960, 1977; Calkin and others, ICE-CONTACT SAND AND GRAVEL deposits and residuum. Collu_vmm generally pale brown or dark brown boulders rare. Clasts f:hleﬂy dolom{te. limestone, sandstone, and shale. oge'rl:inebc :%lisal r:, ss::l es :;sil?:zeeu)ca‘e:ta(,h a;1 o:x s‘:;;:m (}:'l i?sc(ah ss), of lmbr;]categoor overlappingridges. Thickness generally m, locally (Ica, Isa), arld areas of bedrock outcrop. Loqally overla.m by windblown shattered rubble locally 3-5 m
directly. It was assigned provisional ages of 127 ka by CLIMAP Project W‘a grap ; SebtluenC;‘ om o eSP o 9007\935- early town Run section, Ohio—Type section for late Wisconsin 1982; Fullerton, 1986) to gray, poorly sorted to massive, pebbly to bouldery debris transported Generally thin and discontinuous; in southern part of area mapped as Pl e g ) 'I';'h' e P), P“ !;0515 ) more than 60 m - ? sand and silt (eu), peat (hp), or swamp deposits (hs). Thickness generally LOAMY DECOMPOSITION RESIDUUM! — Yellowish-brown, brown, reddish-
nslions (CLIMAF Patest Mashose 190 and b Torkete and ot et DIRECTION OF ICE MOVEMENT—Direction indicated by Visconsin Scarborough Formation, Pottery Roa | Forma- Hayesville Tlll (Wh}te, 1961) . : . 022 Otto section, New York—Stratigraphic sequence, from OUTWASH SAND AND GRAVEL and deposited chiefly by creep. Included solifluction deposits yellowish unit tlb, includes older loamy till and areas of bedrock outcrop. Locally oM m°';;’_"§ an 2;“ Eaaine=t e Snos  SRHEIRY S oF SOl 99 OUTWASH SAND AND GRAVEL—Pale-yellowish-brown, yellowish-brown, 2-6 m, locally more than 10 m brown, or purple, noncalcareous loam, silt loam, and clay loam with
(1984), and 128 ka by SPECMAP,Proj ect members (Ruddiman and striated or grooved bedrock tion, and Sunnybrook Tl“:. early and .mlddle. Wllzconsm ol Navarre section, tho—Type section for late Wisconsin oldest to youngest: till of probable Illinoian age; cobble brown or brown to gray, similar to those described in unit nma. Included includes small areas of outwash and ice-contact sand and gravel (gg, G max:;num AHE “ess 3 AR i g pale-brown, or brown to gray sand and gravel. Generally calcareous in - ICE-CONTACT SAND AND GRAVEL—Pale-brown or brown to gray, clasts of acid shale and sandstone on flat or gentle slopes. Includes
Mclnty;e BODAS, Ssond 16 misk o iaam-sovios: ses of degentit of the "y DRUMLIN lower member of Thorncliffe Form_atlon, with C age Navarre Till (White, 1961, 1963) gravel; flood-plain silt, muck and peat; boulder gravel; LAKE CLAY AND SILT residuum pale yellow or brown to gray or black and stony to pebble free, kg), lake clay, silt, sand, and gravel (lca, Icc, Isa), and alluvium (al). “ "0“; e fan .e“kkmmda‘"el_“"‘( L le l“e_ ay '“C‘f-‘ e some glaciated areas, weakly calcareous or noncalcareous in unglaciated calcareous sand and gravel. Textures vary laterally and vertically, channery colluvium on steeper foot slopes and scattered bedrock
—_—— t,)xygen 'isotope ki S T il sadend Sl A ok'ier th§n 53,900 B.P.(G§C—1228) in lpwgr part; middle 12 Garfield Heights sections, Ohio— Stratigraphic sequence, organic silt, sand, muck, and peat with ' C ages older than similar to that described in unit nla. Where derived from limestone, Locally overlain by eolian sand and silt (ed, eu), peat (hp), or swamp en moralgtla o l““‘t t I“'_‘ er f;o e lE"e- T';IC ‘I‘(:es areas °“ bedrock areas. Generally pebble or cobble gravel with interbedded sand and ranging from fine sand with minor silt and occasional pebbles to cobble outcrops. Thickness of residuum generally less than 1 m; thickness of
provisionst sidecssd sge of 135 b (ickanond ond Fellerton, 196 6-) . s ICE-MOLDED LANDFORM—Rock drumlin, drumlin, flute, or Wisconsin §emmary 'l?ll; m|d.dle Wlsc_:onsm'mlddle mem!)er from oldest to youngest: pre-lllinoian (possibly early 52,000 B.P. (GrN-2633, GrN-2634) and 63,900+1700 ILLINOIAN AND PRE-ILLINOIAN residuum is tough, plastic, silty clay loam or silty clay. Also included are deposits (hs) outcrop and loca accumu ations of boulders. Thic ess genera y2-15m local lenses of boulders in Michigan, New York, Ontario, and glaciated and boulder gravel. Locally interbedded with or contains lenses or colvhars dueislly 34
s saoarsindi ool by g ottt i of Thorncliffe Formation; middle Wisconsin Meadowcliffe Pleistocene) ice-contact sand and gravel; “Sangamon B.P. (GrN-3213); gravel and organic silt with 14C ages LAKE SAND, SILT, AND CLAY (Carmichaels Formation in Pennsylvania) small areas of sheetwash alluvium, stream alluvium (al), rock waste, Ground moraine—Thickness 1-2 m, rarely more than 3 m - CLAYEYTILL (Wartburg Till) —Brown to gray very calcareous silty clay and Pennsylvania; medium sand and coarse gravel with clay and silt lenses masses of clay, silt, flow till, or till. Sorting variable. Poorly to well
foacsominy (1982]) il L1111 1 QUTER LIMIT OF GLACIAL ADVANCE—Hachured line Till, middle and late Wisconsin upper member of soil” of White (1953c, 1968), possibly early Pleistocene older than 52,000 B.P. (GrN-2565, GrN-2632); two tills bedrock outcrop, and isolated landslide deposits. Units mapped as silty clay loam. Nonsorted; nonstratified. Low to moderate plasticity. in glaciated Ohio; sand and fine gravel with scattered cobbles and stratified; irregularly bedded to well bedded. Faults, folds, and slump
The Pleistoéene— Siatmans Sonseiion s Hebou miosteedusitis AN e A g A g B s g o Thorncliffe Formation, with thermolummescelr}‘ce ages of and middle Pleistocene in age; two unnamed, thoroughly of late Wisconsin age (MacClintock and Apfel, 1944; QUATERNARY landslide deposits (jla, jib) consist of same materials but are distinguished Ground moraine veneer over nonoriented hummocky topography of Ma'tnx {:arbonate averages 4Q—50 percent, c}.neﬂy calcite. Rare clasts interbedded silt and clay in unglaciated Ohio and Pennsylvania. Well and collapse structures common. Locally cemented with calciuln PRE-QUATERNARY
P Rsioriid i g e ok Ty Currae?xtl - th% ?)nm e gl el e A : 36,000+£5,000 yr and 32,70015500 yr and '*C ages of decomposed, pre-lllinoian tills; unnamed Illinoian “red” Muller, 1960, 1964, 1977; Fullerton, 1986) LOAMY TO CLAYEY SOLUTION RESIDUUM on the basis of a greater abundance of landslide deposits. Thickness of older till or ice-contact sand and gravel—Mapped previously as end chiefly limestone; some dolomite, sandstone, siltstone, shale, chert, and stratified; bedding varies from horizontal beds of well-sorted sand and carbonate. Clasts rounded to subangular; clast composition reflects that BEDROCK
arbitrarily at 10,000 B.P. (Ho Kins 1975)y p ) : 32,000£690 B.P. (QSC—1.221) and 2_8’3001500 B.P. till; Illinoian Garfield Heights Till with paleosol; sheetwash 023 Mill Creek section, Michigan— Stratigraphic sequence, from colluvium 1-2 m on gentle slopes, 24 m on foot slopes, locally more moraine, but constructional topography is inherited from underlying erratic igneous a'nd met.amorphlc rocks. Exposed on land surface only gravel with local cut-and-fill structures to irregular beds of very poorly of associated till (tle, tdg) in same area. Pebbles and cobbles chiefly
g oA PpKins, - sssssssssss CREST OF END MORAINE—Mapped only in Ontario and (GSC-1082); late Wisconsin Halton Till (Karrow, 1967, alluvium with paleosol; accretion gley, probably Sangamon oldest to youngest: lake silt and clay; organic beds in lake LOAMY DECOMPOSITION RESIDUUM than 10 m at toes of colluvial fans and aprons. Thickness of solifluction deposits. Thickness generally 1-2 m as ground moraine. Thickness generally 2-10 m sorted cobble or boulder gravel. In valley train deposits in unglaciated sandstone, siltstone, limestone, and dolomite in Ohio; sandstone,
under Lake Erie 1969, 1984; Karrow and Morgan, 1975; Berger, 1984; and early Wisconsin in age; early Wisconsin Titusville Till; sand, with 1 C ages of older than 37,000 (Gx-4975) and deposits generally 1-3 m. Thickness of residuum generally 1-2 m thick - End moraine—Broad, low ridges or complex areas of narrow, concentric, - CLAYEY TILL (Mornington Till —Brown to gray or mottled, very calcareous Ohio and Pennsylvania, gravel beds alternate with silt beds and are siltstone, sandy shale, and quartzite in Pennsylvania. Boulders chiefly 1 tor putposes ofithis mmap. soliflietion depoet i s genersl tarm formatanal ianspored and
i mpan BURIED END MORAINE—Ground moraine veneer of clayey Lamothe and others, 1984) “lower” loess with involutions and paleosol and with 14C 48,300+800 (QL-1215); sand and gravel; middle Wis- LOAMY DECOMPOSITION RESIDUUM on flat surfaces, less than 1 m on gentle slopes or overlapping ridges with knob-and-kettle topography or irregular silty clay loam, silty clay, and clay. Basal part locally is deformation till. continuous for great distances. Textures generally vary laterally and sandstone, limestone, dolomite, and erratic igneous and metamorphic deposited by viscous flow of unconsolidated debris 3 it k. il s Mstorte
Aguirre, Emiliano, and Pasini, Giancarlo, 1985, The Pliocene-Pleistocene till (tca, tcg) over an older end moraine. Topographic form e4 Rocky Fork (Gahanna) section, Ohio— Stratigraphic sequence, age of 28,195+535 B.P. (K-361-3); late Wisconsin ice- consin Mill Creek Till; sand and gravel; lower member of - LOAMY COLLUVIUM!—Same as loamy colluvium (cl), but contains hummocks and undrained depressions. Thickness generally 3-6 m Nonsorted; nonstratified; low to medium plasticity. Matrix carbonate vertically; textures become finer downstream in valley train deposits. rocks in Ohio; sandstone and erratic quartzite, granite, gneiss, and transported and deposited by mass-wasting processes, chiefly creep. Sheetwash alluvium is material
boundary: Episodes, v. 8, p. 116-120. of buried end moraine is preserved from oldest to youngest: Rocky Fork Till (formerly called thrust deposits (folded, sheared, and stacked masses of late Wisconsin Fisher Road Till; lake sand, silt, and clay; PRE-QUATERNARY scattered erratic clasts of limestone, granite, granitic gneiss, and LOAMY TILL (Olean Tillin New York and Pennsylvania)— Yellowish-brown averages 3540 percent, generally chiefly calcite; dolomite increases Clast lithology varies with that of local bedrock and till in glaciated greenstone in Pennsylvania. Surface morphology generally subdued; . E ‘"d: S f"‘!d nfi | dr . oo Chie‘f'yihet?tﬂ:“:iomll\'@s:- Decompositit;:ln
CLIMAP Project Members, 1984, The last interglacial ocean: Quaternary f MANMADE LAND—Chiefly filled land, open pit coal mines, Gahanna Till), probably Illinoian in age; bouldery alluvium, loess, Titusville Till, and older deposits); undeformed upper member of Fisher Road Till (Avoca Till of Eschman, BEDROCK quartzite and includes areas of discontinuous loamy till of Illinoian age or grayish-brown to gray, calcareous or noncalcareous loam, silt loam, northward. Almost pebble free; clasts chiefly limestone and dolomite; terrain. Cobbles and boulders abundant where outwash deposits head depressions nearly filled with solifluction deposits (nma), alluvium (al), ;?l:s:::;r:ts el :rani::; gl-mfna::sidic:: % Toaokitls sesidow prewliy 'c'hi:ﬂ? ?;pir:-c;:?ac:

Research, v. 21, p. 123-224.

mine waste, and chemical ponds. Larger areas in

probably Sangamon and early Wisconsin in age; a

“upper” loess; proglacial lake clay and silt with six 14C

1978) (Eschman, 1978, 1980)
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(tlo) less than 2 m thick. Mapped only in east-central Ohio

and sandy loam; locally mottled brown and gray silty clay loam or silty

some sandstone, siltstone, shale, and erratic igneous and metamorphic

near end moraines or ice-contact deposits. Clasts generally rounded;

peat (hp), or swamp deposits (hs). Occurs in kames, kame terraces, and

solution of carbonate rocks, with no app

b lateral port
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