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EXPLAMATION OF UNITS

HOTE 1: This magp 5 8 product of collsbaraiion of siate and provings
geological surveys, univensitles, and the LS Geological Sursey and is
desigred for both sclenidic and practical parposes. [ was prepared in hwo
mmemmmindmpﬂphmﬁ:ruﬂlﬂwpu::fﬂrﬂﬂd
revednees ineluded 1w i ud.ru.n*mprepud cosmanilers.
Eﬂni1mmpl“1rﬂmmm Mmlmmlhupﬁnmud,ud
related 1o a uniborm map swmbol classilicaon. The map unit symbols and
duscriptions ase consistent with those of other maps of this serien

[Dafferences in mapping or interpretation n different areas were
resohed by cormespondencs to the extend podaible Mot diflerences on the
map simpdy redlect diflerences in available inlormation or diffenences in the
mapping philosophies of the compilers and may sncourge hurthar irvestign-

Surficial deposits have besn mapped ard deseribed in less than bosty
percent of the comterminous United States. Teaditonally, mapping of
I:.rrih:l.lll:l-upnd:-l'm been focused on glacial allndal eolian, loustrne,
maring, and lndshide deposits. Slope and wpland deposits have been
ﬂiﬂﬂi‘ldl'tuﬂulﬁllnr.‘h‘lﬂad areas. However, an enormoas amouni of
engindering corstruction and many impomant problems of land use and
Land management are associated with regions that have extensive slope and
upland deposits (colluviam, mesiduum, and solillection deposits, for
examplel. Thess materiak have many different phosical characterisiica
Therelore, an eifor has been made 1o dassily, map, and describs these
deposite, based in langs part on interpretations of the compiles, published
and unpublished subsoil and substratum dats, and the distribution of
bedreck parenl materials. The clawification is crude, but il reprezenss a first
slep toward systematic mapping of slope and upland deposits.

For scieniific purposes, the map differentiates Quaternary surficial
duposits on ihe basis of & combination of criteria, such a8 Bhology or
composition, ledure of particle sire struclure, genesn, siraligraphic
relathorahips, and age, &8 shown on the comrelation disgram and indicated in
the map unit descriptions. Soms constructional geamorphic leatune, such
&= end moraines, are distinguished &5 map units, Erosional landiormss, such
&5 stream ferraces, ane nod dstinguished as map units, and diflereniiation of
sequences of alluvial deposits of difierent ages in most regions is not possible
# the scale of the map. Most landslide deposits ane too small o be shown ab
this scale, but areas in which landslides are present are datinguished as map
urﬂlhﬁmmﬂumﬁ:uﬂum%mnmuamm
which a wide variety of derivative maps relating aspects of geologic histony
can be compiled.

For practical purposes, the map is a surfical materisls map, with
distinion of materials based an litholegy or composition, texture or paricle
sive, and local specilic engineering characteristics such as plasticity and
madrix carbonale content. It i not a map ol sails a8 sods ane recognized and
classified in pedology of sgroncmy. Raiher, # i o generalised map of soils as
recogrized i engineering geology. of of substralta ©F parenl maserials in
which pedologhe and agronomic sods ane formed As & maberials map i
serves as a base from which a wide variety of derivative maps lor use in
nlnfll'llng engineering, land use, or land mansgement projects can b

MOTE 2 The Pliocene Plestocene boundany defired by joim resclution
o thee [ntermational Unkan for Cruatemary Reseasch (INGLLIA) Subsommission
I=d on the Pllocens, Plesicoens Boundasy (the Iremational Commissbon
amid the Wiorkineg Gornow poof the Inbernational Correlatson Program
(HGCP Project No. 41 (Neogene/Quaternany Boundang s that at the Vrica
section insouthern Haly. The age of that boundary currenthy is infermed to be
163 Ma [Aguiree and Fatini, 1985)

Time boundaries between the early Pleistocens and middle Plenstacens
and between the middle Pleistocene and bate Plemiocens are Being
proposed by the INCUA Werking Group on Major Subsdivision of the
Messtooens (in preparation). The boundany between the early Plentocens
and middle Pleistecene & placed tentatvely ai the Mahsyama Boorhaes
magnetic polansy reversal. That reversal has nod begn dated directhy by
radiometric methods. It is significantly clder than the Bishop Tuff [revised
K-Ar age TIB ka; lreft, 198Z), and the estimated B-Ar age of T30 ka
assigried 1o the reversal by Mankinen and Daleymple [1979) & oo poung, In
Liah, the Mahnama-Brushes polansy reversal B recorded In lakie sediments.
The Bishop volcanic ash bed (K-Ar age 738 ka) cverlies a major paleosal
developed in normak polarity lake sediments above the reeersal horizon
(Eardley and others, 1973). The terrestrial record is compatible
with the astronomical age of TBS ka to the reversal by Johnson
(1982} howewer, on the hasis of terrestria chronometric and stratigraphic
clata, the reerrsal many have occurred approsimately 770 ka ago (Richmond
and Fullerion, 1986) !

The boundany betvween the middle Pletstocere and late Pleistocene B
placed arbitrarily at the beginning of marine cxopgen sotope substage be (al
Termination || or the stage 6/5 . That boundary alee B not dated
directhy. It was assigned ages of 127 ka by CLIMAP Propect
members (CLIMAF Members, 1984] and by Imbrie and others
(1984), and 128 ka By SPECMAP Project members (Ruddiman and
Melntywe, 1964), based in part on uraniam-series ages of deposits of the
mafing oxygen Bolope ubilage Se eustabc sea-level stand A
provisional sidersal age of 132 ka [(Richmond and Fulledon, 1986) B
derived by propection of the boundary onte the sstroncmecal lime scake of
Johnson [1982),

The Plestocene-Holocens boundary s baing proposed by the [NOLUA
Subrmmh-ﬁunmunﬂuh:mﬂunﬂﬂylnﬂuumﬂﬁuunhph:ﬂ
arbitrariby at 10)000 BF. [Hopkins, 1975,

feguirre, Emillanc, and Pasinl, Giamcarlo, 1985, The Pliocene Mlestooens
boundany: Epreodes, v B p 116<120,

CLIMAF Project Membsers, 1984, The last interglacial ocean: Chaaternany
Research, v 21, p 123-224.
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Showing location of the Quaternary Geologic Map of the Lake
Erie 4™ 6" Quadrangle in red [ U5, Geological Survey, Miscellaneous
Investigations Series, Map I-1420 (MK-17)] and other published
maps in the Quaternary Geologic Atlas of the United States in

yellow,

Eardley, &, J. Shuey, R T., Guvosdetsloy, Vasyl Mash, W. F.. Picard, M. D,
Grey, D, C, and Kulda GJ., 1973, Lake cycles in the Boaneville Basin,
Utah Geclogical Sogiety of America Bulleting v, B4, p. 211-215.

Hophins, [ M, 1975, T;.TI-I' ?Erh_qr-lﬂk nomenclabure for the Holocene

: .3, p.

Imbrie, John, Hays, J. [, Martirson, D, G, Mcniyee, Andrew, Meg A C
Morey, J. 1., Pisias, M. G., Prell, W. L, and Shackleton, M. .., 1984, The
orbutal thevong of Fleistocens climate=— Trom a revised chronoogy
ol the mardne %0 recard, dn A Berger, 1 Imbrie, 1. Hayes, . Kulda,
ard B. Saliman, ediors, Milankoviich and climale, par 1: Boston,
0 Rueidel Pub‘rl-ll'dr-gnl:mm-w, P 265-305.

leett, G AL 1982, The Bibop ash bed and some oldes, composiionally
similar, ash beds in California, Nevada, and Lkake 1S Gealogical

rey Open-File Repon 82-582, 44 p

Johnsam, B G, 1982, Brunhes-Matuyama magretie reverial dated a
TR0 ye BP by masing-astronomical comrelations Quatemary
Research, v 17, p 135<147

Marnkinen, E. A, and Dalrymple, G B, 1979, Revised geomagnetic polarity
time scale for the intereal (=5 Ma BF: Journal of Geophysical
Hesearch, v. B4, no. B2, p. 615626,

Hichmond, (. M., and Fullerton, [, 5, 1986, Introduction to Quaternary
glaciations in the United States of America, in Richmond, G. M., and
Fulleston, [ 5. editor, Cuaternan glaciations in the United States of
America Cuaternary Science Reviews, v 5, p. 3-10.

Auddiman, W, F., and Mclnhre, Andeesw, 1984, lee-age thermal responss
ard climatic role of the srdsce Atlantic Ocean, 40° N o 63* M-
Geological Sociery of America Bulletin, v. 95, p. 381-396.
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CONTACT

Aafinfin  DUNE FIELD—Mapped only where areas of dunes are oo
smnall to be shown as dune sand (ed)

s GLACIAL LAKE SPILLWAY OF MELTWATER CHANMNEL
EL T—— T ESKER

- CIRECTION OF ICE MOVEMENT— Direcion mdicated by
striated or groowed bedrock
- OHRUMLIN

ICE- MOLDED LANDFORM = Rock drumlin, dramlin, Bute, o

gresmne
bededio (AITER LIMIT OF GLACIAL ADVAMNCE— Hachured line
solid whene known, dashed where inferred. icks on side
o advance
sasnsannsas CREST OF END MORAINE —Mapped only in Omiaro and
wnder Lake Erie
BURIED END MORAINE— Ground moraime veneer of clayey
il {res, el ever an alder énd moraine Tapographic farm
of buried end maraing s preserved
f MANMADE LAND—Chiefly ffled land. open pil coal mines,
mine waste, and chemical ponds Larger aneas in

RELATIONSHIPS OF LATE WISCONSIN GLACIAL LOBES,

SUBLOBES, AND ADVANCES WITHIN LOBES AND SUBLOBES

numbers

unglaciated Ohie and Pennsybvania reprasent many small
arens of manmade land: materiak not disturbed by man
are the same a3 the surrounding map units

LOCATION OF IMPORTANT STRATIGRAPHIC SECTION

& Port Talksot, Plum Point, and “Bradnalle” sectons, Ontaro—
Type sections for Bradtville Till Tyeconnell Formation,
and Malahide Formation Siratigraphic sequence from
oldest to youngest sulbsuriace early Wisoonsin Bradiville
Till {leaeer unit from Georgian Bay ice lobe, upper unit
frorm Omtario-Ernie ice obel; early Wisconsin and middle
Whseaniin Tyroonnell Formation, inclading ic ok
o with peebee "C a hrom 47 7001200 BF
(GSC-21 T e Hﬂt:ﬁﬁﬂﬂﬂ-ﬂﬂ}: late Wiscomsin
Catfsh Crevl Till {several units, inchuding Etholsces
diamictors formerhy designated the Duradch Till and the
Southwold Till by Dreimanis and others, 1964) with lve
" apes ofwooed in 5l #rom 28, 200+ 15008 P {L-185-B)
1o 24,0064 1600 B P. (L=217=-0), Malahide Formatsorn
Part Stanley Till [2=6 till unis) deglacial and postglacial
lake sediment (Dreimanis. 1958, 1980, 1982, 1967
[rreimanis and athers, 1966; Teraimae and others, 1972
HKasrer aind others, 1978; Kamrow, 1954)

wd Don Valley Brickyard (Tosonto Brick Companyd section,
Ortario=Holosratype for York Till Stracigraphic
sequence, fmom oldest to voungest lllinoksn York Tilk
Sangaman Do Fermation; early Wisconain Scarborcugh
Formation and Poitery Road Formation: at least ikres
umits of earhy Wisconsen Sunnybreoh Tl separated by
vansed cliny and st earky and middle Wisconsin Thomchfle
Formator; labe Wieconsin Halton Till {Kamose, 1969,
1984; Karmow and Morgan, 1975)

w? Scarborough Blulls (Caithedral Cudia Park, Dueh Chureh,
HLi, Seminary, and Surmspoint Blufis), Ontario— Sratcspe
sections for Scarbornowgh Formation, Seminang Till, amd
Meadowcliffe Tilk holowtratosype section for Sunnybroak
Tilk necstratosype section for Thomditfe Formation,
Saeatigraphic sequence, [rom aldest o youngest earhy
Wiscansin Formation, Pottery Road Former
tian, and Sunnybrook Tk earky and middle Weconiin
kwgr by of Thomclile Formation, with M C
older than 500 B P, (GSC-1228] in lowser part; midd
Wisconsn Semenang Tilk mdddie Wiseonsin middle mambsr
of Thoencliffe Formation; middle Wisconsin Meadowclifle
Tk middle and late Wisconsin upper member of
Thanckile Farmation with themmoluminescence ages of
36, 000:45,000 yr and 32, T+ 5500 yr and " C ages of
2000690 BP. (G5C-1221) and 28300600 B.P.
(GSC-108Z); late Wissonsin Hahon Till (Karrow, 1967,
1969, 1984; Karrow and Morgen, 1975; Berger, 1984;
Lamothe and ofhers, 1984)

.4 Racky Fork (Gahanna) section, Ohio— Stratigraphic sequence,
ftrom oldest bo woungest: Rocky Fork Till {lormeriy called
(Gahanna Til), probably [linclan in age; bouldeny alhndum,
probably Sengamon and eardy Wiscorsin In age a
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Mumbers 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 Aow within lobes and sublobes at times indicated by the

comghes unitof outwash and allusium with " C ages older
than 46,600+2200 BP. (GN-3219) and clder than
SO000 B P (15G5=400; three uninarmssd till units, prokabiby
varly Waconsin in age alluvium and eolluvium with &
palecsol late Wisconsin Boston Till, bute Wiscorsin Dasksy
Till (Forsyth and Goldibait, 1962; Goldibwait, 1958
Fullemon, 1986; R P. Goldibwait and [ 5 Fullerion,
unpiab, data, 1972-74)

Galena Shale Tile and Brick Company section, QObio—
Siratigraphsc sequence, from oldest o youngest: hwo
units of Rocky Fork Till [formerly called Gaharnna Tilli,
probably [Bncian n age shale colluvium and bouldens
alluvium, probably late lllinokan, Sangamon, and earhy
Wisconsin in age: eompli unil of cubsash (and alluvium?j,
probably sarky Wisconsin in age; three unnamed till anits
of probable earhy Wiscorsin age; siatwash wilh imerbedded
till and flow till; bouldery and chanmery alluviam with
palecsol; fwo bl wnits of probable early Wisconsin sge
with paleasal alluvium ard loess with veng well devsloped
palecsol late Wisconsin Drarty Till (Fullerion, 1974,
1986; [ S Fullerton, unpub. data, 1972=T4)

Derwacter Sand and Gravel Company section, Ohio=
Sarntigraphic sequence. from oldest to woungest pees
llinpiard™) cutaash and till fwo unnamed Hinolan il
unitx; |[lnolan Butler Till earky Wiscansin Milhroak Tilk
ki Wisconain Mavarre Till {Tosten, 1973

Shenandoah sedion, Jhio— Strabigraphic sequence, from
aldest bo youngest six till units of Minolan and (or) pee
Minesian sge: till of [Baian of early Wisconsin age. earhy
Wisconsin Millbrock Till; late Wisconsin Mavarre Till; late
Wisconsin Hayesville Till {Tomern. 1965)

Lucas sectson, Ohic— Siratigraphic sequence, from oldest
to youngest lllimcian or pre-lllinotan ik [lnoiuan Butler
Till; earky Wisconsin Millbrook Tk late Wisconsin Navame
Tilk; late Wicongin Hapeswille Till {Tonmer. 1973

Millbrook section, Ohio— Type section for carhy Wiscorsin
Millbrock Tl (White, 1961)

Ciedtern Run sectian, Ohio— Type sedtion for late Wisconsin
Hayewille Till {Whate, 1961}

Mavarme section, Ohio—Type section Tor late Wiscorsin
Mavarme Tl (White, 1961, 1963)

Garfiekd Heights sections, Ohéo— Stratigraphic sequence,
from oldest to youngest prelllincisn (possdhly earhy
Metstocensd koe-contact sand and gravel " Sangamon
sedl of White |1953c. 1968), possibly early Pleistocena
and micldle Plisstocens in age; two unnamsed, thoroughly
decomposed, pre-lllinstan il unnamed [lincian “red”
till; Minciar Garfield Heighits Till with palecsol sheetwash
albwvium with palecsol, sccretion ghy, probatily
and earky Wisconsin in age; sarhy Wascensin Tawswille Till;
“lrwer” loess with involutions and peleosol and with "¢
age ol 28, 1954535 B P (K=361=3); late Wisconsin ke
thrust deposits (folded, sheared, and stached masses of
boess. Titusedlle TiL and older depositsf; undefomed
“upper” loess; proglacial lake cley and silt with six Y4C
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ages from 296001800 BP (W-71) w0 E2.210
+120 BF (IBC-3Z7). fmo unik of ke Wehconsin
Hiemt Till; Late Wisconsin Laveny Till; late Wisconsin Hiram
Tilll (Whize, 1953c. 1968: de Henzelin, 1957; Fulleman
and Groeniweld, 1974, Fullenon, 1966; D. 5 Fullenon,
G H Groensweld, and Aleksis Draimanis, unpub dats
1973=Td)

Unversal Clay Products section, Ohio—Type sedion for
warly Wisconsin Mogadore Till [White, 1960]

Brady Lake saction, Dhio— Typs section {or late Wiscorsin
Hern Till (Whise, 19640]

Sibver Croek section, Ohta— Type section lor late Wiscorsin
Hiram Till |Whaite, 1960}

Ashtabula River section, Ohio—Type secfion for late
Wiscomsin Ashtabula Till {White, 1960)

Valcourt sirip mine section, Penneyvania— Strabgraphic
sequence, from ofdest bo youngest: pre-lllinodan Shppery
Rock Till with palecsal lbnolan Mapledale Tl wath
paleosal fwo units of eardy Wisconsin Tikusville Tilk late
Wiscansin Kent Till (White and ctbhers, 19650

Vanport Seene Company section. Pennsyhvania— Type
section lor pre-lllinatan Slippery Rock Till Seratigraphic
sequence, from cldest to youngest: pre-lllincian Skppery
Rech Till o wmits of [inoian Mapladale Tl earky
Wisconsn Tiussille Tl late Wisconsin Bemt Till {White
and others, 1968

Magledale section, Pennsyhanis— Type section for llinalan
Mapledale Till (Whie amnd others, 1969)

Tirusville section, Penmyhvania—Type section for earky
Wisconsin Tiruswille Till (Whate and others, 1969

Gowanda Hespital section, New York—Stratigraphic se-
quence, from oldest o yowngest: ll of possible Dlinoian
aqe; organic 1t and clay, some of which s sheared into
averhing till swith "C older than 38000 BP
(VR urdddhmn-ﬂﬂaﬁlﬂﬂqﬁqﬂ-hﬂﬁ::'hmuﬁ'
till o poasible earky Wiscomin age; four wnits ol late
Wisconsin il (Muller. 1960, 1977 Calkin and others.
1982; Fullerton, 198465)

(o section, MNew York—Siratigraphls seguence, from
oldest to youngest tll of probabde llinokan age: cobble
gravel flood-plain i, muck and peat; boulder gravek
organic s, sand, muck, and peat with '*C ages older than
52,000 B.F ({GriN-2633, GrN-2634) and 63,900+ 1700
B.P. (GeN-3213); gravel and coganic gill with " C age
older than 52 000 B P, (Ge=2565, Gr-2632) vaills
of late Wisconsin age (MacClimock and Aplel 1944,
Muller, 1960, 1964, 1977 Fullerion, 1986)

Mill Creek section, Michigan— Stratigraphéc seguence. from
oddiest 1o youngest lake sih and clay: organic beds in lakie
sand, with " C ages of older 1l‘mn§gﬂm1ﬁn—ﬂ'§75r and
A8 300E800 (QL-1215); sand and gravel; middle Wis-
cansin Mill Creek Tl sand and gravel lower member of
late Wisconsin Fisher Road Till lake sand, st and clay,
upper member of Fisher Road Till{dveca Till of Eschman,
1978} [Eschman, 1978, 1980)
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LIST OF MAP UNITS

HOLOCENE
LAKE CLAY AN SILT {under Lakes Huron, Ene, and Ondasia)

LAKE SAND AND GRAVEL [undér Lakes Huran, Ene, and Ontaric)

HOLOCENE AND LATE WISCONSIN
ALLLIGALIM

LAKE SILT AND CLAY {under Lakes Huron Erie. and Ontaria)

LAKE CLAY. SILT. SAND. AND GRAVEL {under Lakss Si Clair and Erie}
LAKE CLAY, SILT, SAND, AND GRAVEL

LAKE SILT AMD CLAY

LAKE SAND AND GRAVEL

SWAMP DEPOSIT

FEAT

| DUNE sanD

ECHLIAN SAMND AND SILT

HOLODCENE AND WISCONSIN
BOULDERY COLLUNTUM AND ROCE WASTE

LMy COLLURILIM
LOw MY COLLUAILIM
LOw MY COLLUAILIM

LOaMY COLLULILIM AND LARNDSLIDE DEPOSITS
Areas with abundant or widely distibuted landshde deposics

Areas with scafered or localied landslide deposits

LATE WISCOMNSIN
Tills in Michigan, Ohso, Pennsyhamia, and Mew York

CLAYEY TILL
Graand maraine

End moraine
CLAYEY TILL (Ashiabisla Till and pant of Lavesy Till in nonheasiemn
Crhier)
Ground mosaine under Lake Erie
Emid mioiraine
AYEY TILL {part of Laweny Till im Ohhle amd part of Firam Till in Chdo
and Penraylvanial
Crround meosaine
Gaound moraine under Lake Erie
Ground moraime wineer ouer ronariered hummochy 1opograpky
of oldgr till or ice-contact sand and gravel
Emd mioraine

CLAYEY TILL
Garound moraine

Staqnation moraine
End morasne

CLAYEY TILL (part of Hiram Till i Ohiod
Geround moraire

Geound morsing venger over nonorented hummacky topography
of older till or ice-contact sand and gravel
LOAMY TILL {part of Dasksy Till, part of Mavarre Till and pan of Hapesville
Till en Qb Bart Till in Ohio, Pennsidvania, and New Yaork)
Ground miorains
Grownd moraing under Lakes Huson

Ground maraing veneer over naroriented hismmacky topography of
cider 1ill o ice-contact sand and gravel
Stagnation monains

Emd moraims

LEwaMY TILL [pan of Hayvesville Till and part of Laveny Tilll in Cihéay
Caound maring

Ground moraine veneer over nonorented hummocky lopograpky of
cider till or ice-contact sand and gravel

End mioraime

LOaMY TILL {©lean Till in Mew York and Pennsdhanial
Giround maraing

End moraing
LOw MY TILL

Ground moraine

Geouind moraine under Lakes Erie and Owniario

Geound moraine vemesr cver nonorented hummocky topography of
alder Hll or lce-contact sand and gravel

Slagnation moraine

End meoraine

Anenated diil

LOAMY TILL
Ground moraine

End meoraine

SANDY LOAMY TILL

Ground moraine

End moraine

Tills in Oingaric
CLAYEY TILL [Kettlebs Till)

CLAYEY TILL (Wildfseld Tilly

CLAYEY TILL [part of Haleon Till)
Ground moraine and end moraine

Geound moraing and end moraing undes Lakes Evie and Ondario

CLAYEY TILL (St Jesaph Tl
Ground moraine and end moraine

Ground moraine under Lake Huron
CLAYEY TILL {unnamaed gill)

CLAYEY TILL (part of Port Stardey Till
Ground moraine and end maoraine

Geound moraine and end motaine under Lake Friz
CLAYEY TILL [Wartburg Till)
CLAYEY TILL (Momington Til
CLAYEY TILL (Maryhal Tilly

LOAMY TILL (pant of Hahon Tl
Geround moraine and end moraing

Ground moraine and end mosaine under Lake Onkaria

LOAMY TILL |Wertworth Til)
Ground moraine and end moraine

Ground moraine and end moraine under Lake Ere
LOAMY TILL {part of Post Stanley Til)
LOWMY TILL {Rannach Till
LOWMY TILL (Elma Till
LOWMY TILL {Stratford Tdl)

LOAMY TILL [pant of Tavistack Till)
LOAMY TILL [past of Tasistock Till
LOAMY TILL [Catfah Creek THl)
SANDY LOAMY TILL (Newmarket Tilllj
ICE-CONTACT SAND AND GRAVEL
ICE-CONTACT SAND

KAME END MORAINE

UTWASH SAND AND GRAVEL
CUTWASH SAND

CITWASH SAND AND GRAVEL
ATTENUATED LAKE SILT ARND CLAY
SLACHKWATER LAKE SILT AND 5SaND

LOAMY SOLIFLUCTION DEPOSITS

LATE WISCOMNSIMN AND MIDDLE WISCONSIN
LAKE SAND, SILT, AND CLAY

WISCONSIN
LAKE SAMD, SLT, AND CLAY

LAKE GRAVEL. SAND, SILT, AND CLAY

EARLY WISCONSIN
CLAYEY TILL [Sunrybrook Till in Ontaric)

LOAMY TILL {Millkbrook Till in Chic)
LOAMNY TILL | Tusville Till in Pennayhanis)
SANDY LOAMY TILL (Mogadore Till in Ohic)

ICE-CONTACT SAND AND GRAVEL

WISCONSIN AND ILLINCLAN
CLAYEY TO SANDY SOLIFLUCTION DEPOSITS
LOAMY SOLIFLLCTION DEPOSITS

LOAMY SOLIFLUCTION DEPOSITS

EARLY WISCONSIN ANDY ILLINCGLAN
UITWASH SAND ANLD GRAVEL
SLACKWATER LAKE SILT AND SalD»

TLLINGRAMN

CLAYEY TILL
Giround morains

End moraine
LOAMY TILL {Butler Till in Ohicy
LOAMY TILL
ICE-CONTACT SAND AND GRAVEL
OUTWASH SAND AND GRAVEL

LAKE CLAY AND SILT

TLLINCIAN AND FRE-ILLINOIAMN
LAKE SO, SILT, AND CLAY {Casmichaels Formation in Pennsybvania)

QUATERMNARY
LOAMY TO CLAYEY SOLUTION RESIDULM
LOAMY DECOMPOSITION RESIDULIM

LOAMY DECOMPOSITION RESIDULIM

PRE-QUATERNARY
BEDROCHK

GLACLIAL DEPOSITS

B T,
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EXPLANATION OF MAPF UNITS

HOLOCENE

LAKE CLAY AMND SILT (under Lakes Huroen, Ere. and Ontaria)—
Becramish-gray, gray, of grayish-black caleareocus elay, silhy clay, and ik
Generally clay and sily clay imcamers of basins ard silt at basin margin.
Soft, fuid, compressible; may contain gas bubbles. Faimthy laminated to
massive Locally contains moluse tests, wood chips, and disseminated
pant debiris. Deepewater facies of modern lake deposits. Commanly
averladn bay lake sand {5} 1=6 om thick. Thickness generally 2<6 m mear
marging and E=20 mi in centers of basine Maximum thicknsess under
Lake Huron 15 m and under Lake Erse more than 40 m

LAKE SAND AND GRAVEL (under Lakes Huren, Erie. and Ontaric)—
Birowm to gray, calearsous, well-sored to pocrly sored, ling to coame
sand with minor gravel Locally stratified, molluss tests and fragements
common Shore and nearshare factes of modemn lake deposits
Geenserally cverlies lahe silt and clay (ol B0, or bedrock. Includes kocal
boulder accumulaiions under Lake Erie. Where less than 15 km from
ghore, inclodes areas of thin Gl over badrock and extensive areas of
bedrock cutcrop. Thicknsess generally 1=5 m, rarely 10 m

HOLOCENE AND LATE WISCONSIN

ALLLAIUM =Y ellowish- brewn, brows, or reddish: beown 8o gray sie sand,
and gravel Generally caleareous very wealdy calcareous ar noncak
carecus where derived from weakly calcareous of noRcalcarecus
sandstone, silistone, amd chale in southwestem Mew York and
Penrsylvania. Stratified: bedding generally horizental. mademately 1o
well sarted. Textures vary laterally and werically, conirasting tetunes
may b inderbedded. Upper part commonly silt and fine sand wath minor
benses of clay and organic mailerial kower pam generally sand and
raunded graved, locally coblble or boulder gravel. Clast lithologses vary,
reflecting compositions of local bedrock and other surface maternals
Cwerbank and stream channel deposit underbes flood plams, low
siream terraces, and alhwaal fans. In nortbwestern Pennsybvania and
southwestern Mew York includes alluviak-fan depasits of nonstragified
rabble or bouldeny, cobbh. or pebbly medium to coarse sand In
Michigan, allwium is inchuded in other unis. Arcas of tll, cubsash and
urmm“ﬂmwwd[ﬁw.w. ks, lake clay, st sand, and
gravel {Bea, ke, b, and bedrock autcrop meludid locally, Cragrllain by
pead (hph or swam p deposits (hs) B places. Thickaess of cverbank and
channel albavium generally 1-4 m, rarely maee than & m; thickness s
allwdal [ans may esceed 25 m

LAKE SILT AND CLAY junder Lakes Huron, Ere. and Ontario)=[Lighi:
brown, reddishe brosn, reddish-gray, or browmnish-gray to gray or dark-
gray, weny calcareows sty clay and clay. Generally well sofed Massiee
o laminated; locally vanned. Much more compact than unit bme Localky
containg ce-rafted clasty, organic detritus absent. Dffihore and deepe
water [achis ol deposits of lormes ﬂucl-ul and posiglacial lahues
Cornmanly orerlain by well-somed sl or sand 2-28 emthick. Thickress
genarally 1=5 m, kocally 1015 m

LAKE CLAY, SILT, SAND, AND GRAVEL [wnder Lakes St Clair and
Ersei—A complex deposi of lake clay and silt (. ke) and lake sand and
gravel (18], Testures vary laterally and werically. Thickness generally
1=5% m, reredy more than 15 m

LAKE CLAY, SILT, SAND, AND GRAVEL=A complex deposit of silt and
clay (lca) and sand and gravel (Isal. Where chiefiy st and clay, thinky
laminated io massive with occasional ice-ratted clasts; whene chiefly
wand, sl sorted bo poorky sored, horizontally bedded or crossheedded,
fine to medium sand with minor gravel. Thin and discontinuous in same
areas; includes aneas of wave-washed o1 current-scoured till. Deposies
al beach ridges. aMibone bars, and spits of basmer glacial and postglacial
lakes inchuded: some cubwash and ice-comiact sand and gravel (D @5,
kg, k) ard allusium (B alae ncuded, Locally owverlain by eolian sand
and sili (ed. sul. peat (hp), or swamp deposits (hs], Thickness generally
1=10 m, locally more tharn 15 m

LAKE SILT ARD CLAY—"Yellouish-brown, reddish-brown, or brown 1o
gray of blutsh-gray calcarecus clay and silt Well beddied 10 massive,
commaonly laminabed, locally vanned; locally inerbed ded with sard and
fine graved. loe-rafted peblles, coblbles, and boulders common in beaver
part. Gulles commaon adjacent to major streams. Chiefly on extensies
flat, bow-lying areas formerhy occupled by large glacial and posbglacial
lakes, But alieo in small separate lake basing. Inchoded inclapey sl (ica) in
much of noritrasestern Chio, where lake silt and clay is a thin veneer
ot il Includes some lake sand and gravel {Sa). slackwater lake siit
arid sand [Ila), weve modified and cument-modified cutwash and ice
combact sand and legll, emterishor areas of wave-washed and
currenil- scoured :lqrqui [teal. allevium (al), small d-ll'l:-ld!pul-h.. and
aread of bedrock outcrop. Commanly overlain by eolian sand and sil
(e, wni], peadt (), or swamp deposits (ha), Thickness generally 1-3 mc
lecally mere than 15 m in Omano

LAKE SAND AND GRAVEL="Yellowish-becwn or pale-brown o gray,
cakareous fine 1o coarse sand with bocal lenses of rounded mediam
gravel or layers. Commaonly croasbedded; lentioular bedding or
tabular foreset bedding locally, Generally well sorted, without significant
silt or day. Clast composition varies, reflecting compositions of
msteriah tramiported by waves snd cumments. Nearthare. strand, and
dehale deposits of lommer glacial and | lakes and present
Giread Lakes. [ncludes depesits of beach ridges, affshore bars, and spits;
s includes imall areas of lake silt ard clay (lea), compl: lake deponits
{ice]. and bedrock cutcrop, Locally everlain by eclian sand and sile (ec,
ou, alhuvbum [ol), peat (e}, or seamp depesits [ha), Mapped only where
atenshee, Thickness generally 1=10 m. kocally more than 30 m

SWAMF DEPOSIT—Dark-broswn to black muck, mucky peat, and organic
residues mimed with fine-grained mineral sediment. Locally underlain
ke grayy or white marl, a very calcarecus, soft, crumbly clay that contains

e tests and fragments, or by shelly geifa, an anaerobic, pulpy.
freshweater mud containing abundant organic materal Inchides peat
(hph where peat and auamp deposiin have not been disiinguithed
Commondy overlies lake sile, clay, sand, or gravel (lca, ke, 58] on lormer
lake hads, or ounwash tand and gravel (gg. gsb in shandoned glacial
migitaater channel, e block depressions, and other shallow depressions
anid puﬂrT drained areas Mapped only where edensive Thiskness
generally 1-5 m, rarely 15 m

PEAT—Elack or dark-brown fibrous peat and decomposed arganic residuss
o fibrous peat and and silt comaining comminuted plant material
mm:mdanmwrﬁundnhhw oy of white mard, a very
calcareous, soft, crumbhy clay ihat contains. wse bests and fragments,
Commaonhy et lake depasits in low, poorky drained areas or sccurs
as bogs in oe-block depressions. Mapped only whene extensiee
Thiclness gererally 1-10 m

DUNE SAMND— Pale-browmn, crossbedded, well-sorted, weakly calcaneous 1o

very calcareous medium to fine sand In Michigan, sand chiefly quarsz
grairs with same ey minerals in Onzarie, sand chiefly limedtons and
dolomite graing Oecurs b8 mbkdive dume ridges parallel 16 present
shones of Lake Huron and as parabolic dunes on lormer lake beds
Dhansrs generally stabilized locally acthve whese vegetation has Bean
remioved. Small isolated aseas of dunes in Ontario shown by snbols
Thicknass ganeralhy 1-20 m

EQLIAN SAND AND SILT=—Fale- brosen or yelowish brown, well sofed 1o

deratebywall ported, weakhy cale redium bo fire sand and sil
Eredding thin, laminar, and horizontal to crassbeddied insand; si¥ (loess)
has weakly developed horzontal bedding or s massve. Oecurs as
undifferemtiated dune samnd, sheet sand, and silt {loess) on former lake
beds. Generally stabilized: blowouts and small parabolic dunes actwe
wihsirre vegelation has been removed. Mapped only in Cintario and Cehio,
whiere extenire Thicknem genaTalky 1=-10 m

HOLODCENE AND WISCONSIN

BOULDERY COLLUWIUM? AND ROCK WASTE —Deposits of collaviem
and rock waste that accumulated bebrw cliffs or stesphy shoping bedrock
caiterepd by rockiall and creep Clasi generally angular 1o subunclar
quartitic sanchsone, sandsione, of conglomerate. On upper pan of
slerpis, generally rock waste |an accumulation of blocks, Baulders, and
cobblis with no interstitial mabria); sandy or loamy mafris may b
present al depth. Rock waste generally coarsely sorted ventically and
laterally, average diameters of clasts increase downslope and increass
upward within deposit. Clests generally randomly orented. crude
imbricaton, 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 blochs or
baulders dependent an joinl Spacing and beddirg thichness in parenl
reck upslope: masimum diameters of blocks locally morne thar & m
Forms talus and debris cones on steep slopes: bocally Tormrs block fields
and block ptreams mare thar 850 m leng Rock waste generally grades
downslope Mo boubdery colluvium with sandy or loamy matrix, On
lvwer paris of dlopes, chiefly yellowssh brown, pale reddich brown,
becan, brownssh gray, and geay loamy to clayey colluviem with
scattered boulders. Cobors and textures reflect those of bedrock higher
on dopes. Boulders in matrierich collovium downslope from rock
waste lack point contacts. Where rock waste is absent, entire slops
oowered by bouldery colluvium wath sandy or loamy matrix. Bouldeny
coluvdum ocourt s falus cones and aprons and as Erlrmuur:lﬂmi
manile. Deposas generally mode extenshve on soulh-lacing than on
raribybacing dopes. Most deposits inactive: inderred to have accumulated
in & periglacial envirenmenl, contemporaneois with glaciation lathes
masth, Includes rackiall deposits and debris avalanche deposiis locally
superposed on periglacial deposits, colluvium of preWiaconsin age,
and bedrock outcrops on rdge crests; bedrock seldom exposed on
slopes. Thickness on upper pans of shopes generally bess than 3 mg
&tmn kwer parts of slopes commondy less than ©5 m., buf may
e m

IL LOAMY COLLLVILIM' — Pale-yellon, yellomdshe brown cr brown to gray or

Wack sandy loam, loam, silt loam, sty cley loam, clay keam, and silty
elay. Textures and colom vany, reflecting compaosition of bedrack Bigher
on sopes, Generally noncakeaseous of wiakly calcarsous, locally very
calzareous where deived from limestone Clasts dominantly angular
and subangular sandstone, quartzite sandstone, silistone, and shale
limesstone or conglomerate commaon localky. Most material on slopes s
colluvium, akhough induded solifluction deposits are widespread in
morbern part of area mapped ad unif el Materials on Aal upland
surfaces or wery gemithe slopes commonly are undilerensisted soliflaction
depesits and residusm Colluaum generally pale brown or dark broan
16 gray, poark) semed e massive, pabbly 1o bouldeny debris raniponed
and deposated chiefly by creep. Included soliffuction depesits pellowish
browam or brown to geay, similar bo those desertbed n unit nma [neluded
residuam pale yellow or brown 1o gray or black and stony to pebble free,
similar to that described in unit nla Whare derved from limestone,
residuum is towgh, plastic, silhy clay beams or silhy clay. Also included sre
small aress of sheebeash alluvum, stream alluvium (80, ook waste,
bedrock outcrop, and Bolated landslide deposits. Units mapped a3
Landslide diposits (jla, b} consiit of samu maserials bt are distinguished
o the basis of a greater abundance of landslide deposits. Thickness. o
eolliwium 1-2 m on gentle dopes, 2-4 m on leat shapes, bncally mare
than 10 m at toes of collsvial fars and sprons. Thickness of soldluection
deposits generally 1-3 m. Thickness of residuam generally 1-2 m thick
on flat surfaces, less than 1| m on gentle slopes

LOaMY COLLURALIM' —Same as loamy colluvium igll. bul conlams
scatiened ervatic clais of limestone, granite. granilec gneiss, ard
quartzite and includes areas of discontinuass leamy till of [Binoian age
{tho} bess than 2 mothick Mapped ondy in eastceniral Cihio

CORRELATION OF MAP UNITS

GLACIOFLUVIAL
ICE-CONTACT DEPOSITS oy AL
DEPOSITS

DEPOSITS

LOAMY COLLUWVIUM' —Ssme as loamy collaviem [cl), but contains
scatbered emvatic clash of granite, gnemss, greenstone, and quartzite and
imcludes areas of ducontinuous sandy loarmy or loamy till of cary
Wiscenian and lllinotan age bews than 1 m thick. Tl generally yellowish
brown or brown and infersely weathered and dissected. Throughow
misch ol area mapped as uns old, glasiation recorded only by scablaed
ermatic pebbles and cccasional ematic cobhbles and boulders on lamd
surfere boulders as large a5 2 m. Includes marmy extensive aneas of
bedrock cutcrop. Mapped only in norheasiem COhie and Pennsybvania

LOwMYy COLLUVILIM AND LANDELIDE DEPOSITS=5ame as loamy
oodlenvium |cl. buf distinguished an the basis of greater abundance of
lamdslide deposin. Landslide deposils are prodects of downsbope
meemeent of collusvium, solifluction deposits, residuam, and bedrock as
a resull of earthilow or slump Esmhilow deposits bypacally are
heterogeneous mactures of clay, sit, and sand with scattered angular
clasts of bedrock that were transporied and deposited as a result of show
florw of wet, bt nol fecessarily safurated, unconsnlidated materials
Areal extent of earhflow deposits commonly less than 0.405 hm'
[1 acre), akEhosgh some deposils are tens of meters 1o & bew hundred
meters wide and 15-30 m lang. Slump deposits bepically are masses of
wncorsolidated materials and bedrock that have molated and slid
dowrnilope as & unit, with litle or no fow; physical properties of
eransported maberials are nob alvered greathy and texihares, straiification,
and bedding of shumped colbavium, salilfucion deposts, residuum, and
bedrock are refained, slump deposies iypically less than 120 m wade,
with upslops bengths of 10-45 m and vemtical erowmn scarp displacemants
of 1=5 m Codhevium thicknes commaondy 1=2 mon gentlle shopes, 2<3 m
e Tonat sbopers, locally more than 10 m & boses of collavial fans and
aprons. Thickness of soliflucion deposit generally 1-3 m. Thickness of
residuam gendrally 1-2 m oon flag surisces and b than 1 m on very
gentle slopes, Eanthilow depesiis generally less than 5 m oohicks slump
deposits gensrally 2-50 m thick

Areas wilh abundant or widely distributed landslide deposits— Lardslide
deposits genserally present in 10=30 percent of ares

Areas with scattered or bocalized landslide deposits—Landslide deposits
giemerally present in 2-10 percent of ares

LATE WISCONSIM
Tilks m Michigan, Chhio, Pennsyhania, and New York

CLAYEY TILL—Yellowish-brown, pale-brown, or brown 1o bght- or dark-
gray. calcarecus clay boam, sty clay loam and clay. Mondorted 1o very
poody srabified. Pebbles infreguent, veny few oobbles and boubders.
Clasis chiefly sandeione, limestone, and shale in Michigan and
Emestione, dolom e, and shale in Mew York Cobbles and boulders of
ematic igneous and metamorphic lithologies conspicuocus  locally,
Inclades small areas of owtwash and ice-contact sand and grevel (gg.
kgl lake clay, silt sand. and gravel (lca, ke, |8a), ard allwvium {al). In
places everlain by eolian sand and si (ed, su), peat (hp), or seamp
deposits (hs)

Ground morabne— Thickness genasally 2-30 m

End moraine=—Broad, low ndges, locally with humemocky sopography.
Thickness generally [0=-30 m
CLAYEY TILL (Askiabisa Till and part of Lavesy Till in nodbeastems
i) —Brown or dark-brown 1o bluish-gray or gray, calcargous clay
lsarn, silty cloy boarm, and sy clay locally reddish Brown where
composed primarily of red shale. Norsoried to very poorhy sorted. More
pebbly thiam wnits oo and toge shale granules and peibbles commaon ta
abundant Cobbles and boulders chiefly Bmesione, dolomite, granite,
greiis, and quartzite Inclodes small aress of Ke-contect sand and
aved [kgh, lake clwy, sil, sand, and gravel (lca. loo, bsa), older clayey or
Lﬂu alluviim [a), and bedrock owuictop Locally overdain @ solian
sand and silt {ed, ou), peal (hpl. o8 swamp deposits | hs)
Ground moraing under Lake Ene=Inchides areas of bedrock ouicrop
and local sccumulations of boulders. Thickness generally 1-3 m
End moraing=FBroad, low, bl ridges, gemerally with wellk-developed
oonstructsonal topogeaphy. In places, ridge segments are s
end moraines of clayey till that overlie end morsing rdges ol alder
cleyey or loamy tll Thickness locally more than N m
CLAYEY TILL [part ol Laveny Till in norheastern Ohio and part of Hiram
T s mostheastern Oble and Pennsdvania not lormally namsed
alsirwhare) — Dask-yalloaish- brewn, reddish-brown, or brosan ta blunb-
gray of datk-gray, very calcareous clay boam, sily clay, clay. and sily
clay loam Monsosted io veny poory sorted locally ssah faind pseude-
siratificaiion or streaks of imerstraified clay, Pebbles infrequant, verny
firw cobbles and boulders. Locally composed entirely of mconporated
lake clay and silt with ro clasis. Pebbles chiefly limestone or dolomie;
rare large bowlders chiefly granite, gnelss, or quarizite. Matrix smooth
and tacky where moit generally blocky structure where dry, fommang
1-Z cm cubes ar prisms or wilh horzontal parting. Undrained shallows
dm; SO THEA l-utnlyﬂn surfsce [n pul'l!d rortheaitern Ohio
and norilawestern Penneyvania, sl i than and disconiinuous and aneas
of clder clayey of kamy il or bedrock cuterop are Encluded. ln
northessbern Ohie, inchedes large areas of clayey il overlasn by lake
claw, silt, sand, and gravel (lea, kee, Isa). Throwsghow mapped area,
ncludes small areas of econtact and outwash sand and gravel (gpg.
kgl lake clay, sil, sand, and gravel (kca. loc. leal, and sllwesum (al)
Locally overlam by echan sand and sile [ed, eu], peat (g, or saamp
depowits [ha)
Ground moraine— Thickness genesally 1-10 m

Giround moraine under Lake Erie—Includes areas of bedrock cutcrop
and boeal secumailations of boulders. Thicknes generally 1-3 m
Ground moraing versesr over nonosisnted hummocky iopography of
older till or we-contact sand and grawel=Mapped previously s end
meoaine, but constructional lopography i iInherited from underlying
depeosits. Thicknets genserally 1=3 m
End moraine—Broad, low ridges with undulsting surfaces and local
subdued hummocks. loeblock deprewtions common locally. Thickness
generally 3-25 m
CLAYEY TILL—Yellkowish-brown, pale-brown, brcam, ar grayish-broam to
z‘? calcarenus sy cloy boam and clay boam. Similas 10 unil 1ea, bl
el arl more pebibky. Inchades areas of outwaih and koe-confacl
wand and gravel (gg. kgl bake clay, silt sand, and qravel [kea lsg), and
albaviem (al. Locally overlasn by peat (hpl of swamp depesils (ha)
Ground moraine— Thichness generally 2-10 m

Stagnation moraine—Broad, imegular arca of hummedsy collapsed
topography, locally with edisintegratbon features and icesblock
depressions. Thickness generally 3-15 m

End morame—Broad, low ridges, ocally with hummos kg iopograpisy. [oes
block depressiond commaon bocally. Thickness generally 3-25 m

CLAYEY TILL (part of Hiram Till in norbeastern (ihio]=—Dark pellowisks
brosn or brown to bluish-gray or dark-gray, calcaneows silty clay loam,
clay loame and sl boam: kocalhy reddish brown where composed
primarily of red shale. Monsorted to very poorly sored. Sparingly o
moderabely pebbhy cobbles and boulders rare. Similar o unit 8, but
less elwpiy and locally more pebbly, Thin and discontimuoes localky
inclisdes areas of older clavey or loamy il Incledes small aneas of
outwash and fze-contact sand and gravel (gg. kgl Lake clay, silt, sand,
and gravel (ks t84], and allevium (al). Locally overlain by peat () or
samp depodits (hi)

Ground moraine— Thichness generally 2—4 m, ranely & m

Ground moraiinve vereer over roncrsented hummocky topography of
aldar tll or wd-contact sand and gravel—Mapped proviously s énd
meoeaing, but constructional iopography @ inherited from underkying
deposits. Thicknews genserally 1=3 m

LOxaMY TILL (pan of Darksy Till in sowb-central Ohie: pan of Navarre Till
and pant of Hapesdlle Till in nonbeast-contral Obie: Kent Till in porth-
eastemn Ohio, Pennsylvania, and pan ol westem New Yok not lormally
marrd alspshars)—Yellowhh-brown 1o alve-gray, bluish-gray, gray,
of dark-gray. calcaseous koam and sil loam. Locally sandy loam in
roetheastern Ohio amd Pennsydeania, near southern limit of Kent TiL
Monsorted 1o poorky somed Typically has horzontal platy structure,
breaking imto irregular 1.5 em thick Generally moderaiely
pbivhy bocalhy cobbly or bouldeny. In Mea York, locally veny stomy with
gritty matrix and abundant angular granules of shale and silistone.
Girawel lenses or intevbeds common i nomheastern Chio e Michigan
and certral Dhio, pebbles, cobblet, and small boulders chielly dolomie
arwl lnestone: Large bouldens chiefy smatic igreous and melamorphic
lithalogees and quarsite On uplands in eastern Okio, Penrarhania,
and Mew Yeork il is thin and discominecus; clasts dominantly
sandstone, silstone and shale Includes areas of pre-late Wisoonan
lowmy till and bedrock oaterop Locally includes areas of oubsash and
toecontact sand and gravel (pg. kgl, lake clay, silt, sand, and gravel (lca,
loe, 154), and alluviam {oll. Locally overlain by eclian sand and silt {ed,
sul, peat (hph, or swamp depodits [ha)

Ground moraine— Thickness generally 1-3 m, rarely & m

Ground moraine under Lake Huron— Includes aress of bedrock autcrop
and local accumulations of boulders. Thickness generally 1-2 m

Ground maraine veneer aver nonafented hammacky topography of
clder 1l or wee-contact sand and gravel—Mapped peeioush as end
moraang in Pennsyleania and norbeasierm Ohéo (Shepps and others,
1959, Goldtbavait and others. 1961). Mose recent investigations
indicate surface mosphology s largely inheriied from hummocky
topogragty o earhy Wisconsin il and boe congact deposits, and the late
Wiaconsin till i a lairly contnuous veneer owver the buried topography
{White and ctbers, 1969, Whise, 1969, 1982 White and Totten, 1985;
G;aw. Totton and 5 M White, unpub mapping Thickness qlrll'ra"y
1-3m

Siagnation moraine—Brosd irregular areas o hummocky collapsed
topograpiny, bocally with ce-disintegration features and ce-block
depressions. Thickness generaliy 4-10 m

Erd maraire—Broad, bew rddges or comples aness of narrow, concen ric
of everlapping ridges with knab-and-ketile iopographny and undiained
depressions. Thichnira generally 8-30 m

LOAMY TILL (part of Hayeswille Till in nombeass-contral Ohic and pant of

Lavery Till in northeastern Ohic) — Blroan o darh:birowm bo dark- gray
or dark:bluish-gray. calcareous clay boam, loam, and siliy clay loam,
Monsored to poory somed Generally oxidized throughout with
harizontal parting. breaking into 1= to 3=cm cubes or prisms;
unoakdized bl massive and compact. Pebbles infrequent; cobbles or
bonibders rare. Clasts chiefly dalomite. himestone, sandibone, and shale.
Generally thin and discontineoas; in southem part of area mapped ad
unil 1l imcludes older loamy ol and areas of bedrock outcrop. Locally
includis small areas of outwash and ice-conact sand and gravel (gg
kgi. lake clay, sil, sand, and gravel (ica oo, Isal. and alluvium {af)
Locally owerlain by eclian sand amd sie (ed. eu), peat (hp, of swamp
deposits [hsh

Ground moraine=—Thickness 1=2 m, rarely more than 3 m

Ground moraine weneer over nononsnted hummocky fopographby of
older 1ill o7 kKe-contact sand and gravel—Ma privioushy & end
maraing, but constractional 1opagraphy i inherited from undirhing
diposits. Thichnes generally 1-2 m

End moraime—Broad, s ridges or comples areas of namow, concentric,
or cwerlappang ridges with knobsandskeitle iopography of imegular
hummaocks and undrained depressions. Thickness generalhy 3=6 m

LMY TILL (Clean Till in Mew Yook and Pennsykeania) — Yellowish- baomam
air grayish-heows to gray, calearsaus of noncalearecus loam, sil laam,
and sandy loam: lecally mottled brown and gray sily clay loam o siliy
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clay whirte derived chielly from shale. Texine refllects compasition of
bedrock. Generally nonsartid; leraes and interbeds of sk, sand, ard
gravel uncomemon Upper 0851 m loose: Fam to compact below 1| m.
Mederataly desdloped plang struchure where clavie hard whers dry amd
tacky to moderaiely plasiic where moist. Pebbly to bouldeny rubbly
wheere derived from pointed sandstone or conglomenate; commonhy weng
stoamy in end moraing. Clasts dominantiy local bedrock Iehalogies: Bl i
B0 percant sandsions and siltstone wsth minor shale, limestone, and
conglomierate erraths igneous and metamorphic bologses commaonby
comprise less than 1 percent of clasts Thin and discantinuous on hill
summils and uplands; thick bl genserally only on kower slopes and in
valleys. Inchades arvas of solifluction deposits (Ale), outwash and ioe
contact sand and gravel | kgl lake s5h s clay (les), alluvum (al,
ard bedrock outcrop, Locally caserlain by peat (hph or swamp deposits

L
Thee Clean Till (1) has beer assigned a late Wisconsin age [Crowld
and Seven, 1980), a middle Wiseonsin age (Calkin and others, 1983,
arid an eatly Wacomsin age (Muller, 197 7). Seratigraphic data in New
Yoak [LaFleus, 1979, 1980; Braun and cthers, 12085 indicate the till i
thi same age as the late Wisconsin Kent Till {tf in nostheastérn Cihio
and morthwesiern Pennagdvania (Fullerion, 195G
Ground moraine= Thichness generally lessthan | 5 man uplards. 3-6m
im valleys
Emd moraime=—Low ridges, gemnerally with subdued constructional
topography. Thickness generally 5=10 m, bocally more than 15 m
LOAMY TILL— Pale-yellow, wellowish-barram, pabebrowr brown, or dark-
bedrasn 10 IHH-gnn.r. qray, or Huhh-wuy' calcareous kram, 8 koam, clay
lpam, and siley clay loam Nonsoried to poody somed Typically has
rreguilar honeontal platy structure; moist bl tecky where clagey.
Jointed, with light-gray cakium carbonate joint fillings. Sparinghy
pebbdy io pebbhy, generally less pebbiy than units O and th and more
peibebdy Chan wnits ted and o, Meary pebble free where devived chiefhy
from incomparaied lake sediments. Cobbles and boulden commen
lecally, particularly in end moraine, Pebbles, cobbiles, and senall
boulders chislly Emesions, dolomite, siltstons, and sandstons in Ohio
and Mew York and shale, silistone, and sandsione in Penrmyluania;
large boubders chiefly ematic crgstalling igrecus and metamorphic rocks
and guarizite. Thin and discontinuous on uplands; inchades aneas of
oldertill and bedrock outcrop. Includes small areas of outassh and ces
contact sand and gravel (gg. kg, ake clay, s, sand, and gravel {lca, loc,
tun). and alluvium (af). In Ohio, commonhy owerlaim by windblown wh
{lowss] 1545 em thick: boess cover generally absent elsewhire.
Throwghout mapped anes, locally owverlain by peal (hpl of swamp
deposits [hasj
Ground moraine=Thickness generally 1=3 m, rarely 6 m

Ground moraine ander Lakes Ere and Omtanio—Includes aneas o
bedrach oulerap and local accumulatians of boulders Thickness
generally 1=2 m

Ground moraine weneer over nonorsenied hummosloy topography of
older tlll or ice-contact sand and gravel—Mapped previcusly as end
meoraine, but constnectional 1opography is inherited from underhying
deposits. Thickness generally 1-3 m

Stagnation moraine—Broad, imegular sreas of hummocky collapsed
lopograpkny, locally with ke disintegration [eatures and ice-block
depresitons. Thickness genevalby 3-10 m

End moraine—Broad low ridges, namow shamply defined ar
somphix ateas of concantmis of overlappirg ridges with krob-and-kettle
iopography or irregular hummocks and undnained depressions. Till end
meoraire bocally s replaced by kame end moraine deposies (on) that are
ncluded in map unit. Thickness generally 4=15 m

Aftenuated dritt=Thin. decontinuows deposits of loamy till separated by
numercus or extensive bedrock cutorops. Thickness generalby less than
1m

LMY TILL— allomvish: biroswn. pachii b Brosn, gragis b-boown brownish-
gy, grag. FEhagray. or mon@hoalcareons loam, simoam, ana ooy
loam. Locally sandy loam or loamy send. Nomoned to poorly soried
Friatde: loosely compact to compact. Blocky structure nses and pods
od sand and gravel common. Vertical points typically 5=10 cm apan,
fillied with light-gray secondary carbonate. Moderately pebibly bo peibbdy;
cobbles and boulders abundant locally. Clasts chiefly limestone and
dalomite, some shabe, sandsdone, chert, and ematic granite, gneiss, ard
guasteite. Gererally mare sandy ard less clayey than umit g matrix has
msch lower carbonate content and lower magnetic susceptibiling
limestene clasts less abundani and cher clasia more abundant than n
unit thg, Inclades areas of outwash and ice-comlact sand and gravel (g,
kg, aBuviam o), and bedrock outerop Commonk cowvered by
windblown silt {loess) 20=20 cm thick locally overlain by peat (hpil or
suvamp deposits (hs)

Ground moraine=—Thickness generally 2=-3 m, rarely & m

End morame—Broad low rdges; nardw shamply defned ndoes, or
comphes areas of cancentric or overlapping ridges with knob-and- katile
tapograpky of imegular hummocks and undrained depressions.
Thickness generally 3-15 m

SANDY LOAMY TILL—Reddsh-brown o light- or dask-gray, calcareaus
samndiy clay bvam, sandy loam, and boamy sand Monsomed ta poarky
sorted. Commondy contains lenses of clay or st Pebbly to bouldeny
Pebbles and cobbles domimantly limestone, dolomite, shale, and
sandstone; boulders chaefly ematic igneows and metamonphic rocks
Depotite locally resemble outwash sand and gravel (gg), owing to
abundance of will-rounded clasts. Deposits ane nonstralified, however,
and include bnses of clayey or silty Gl and flow gl Mapped onby in
Michigan, Includes aseas of fner-texured ol {1, i), cubsash and jce-
comtact sand and gravel (gg. kg). lake clay, sili, sard, ard gravel [lca, lsa).
and allustum (af. Locally overlain by eolian sand and silt (scl au), peat
(hpl, or sewmp: deposits | hs)

Ground moraine=— Thickness generally 2-20 m, locally 30 m

End moraine—Beles of hummocky tilll ridges with ce-block depressions.
Thickness generally 10=30 m, locally more than &0 m

Tills in Omlasio
(Ground moraine and end moraine ot distinguishsed)

CLAYEY TILL (Ketiledsy Till)— Brown o gray, wery caleaneaiss silny clay and
1k loam MNonsorted, locally migrbedded with Lake st and clay, Clast
free or with occasional pebbles; pebbles chiefly imesione, dolomite,
and sitsione. Blocky smacture; moderate plasticity. Secondang carbonate
concretions common Doours as discontinuows groand monine venser.
Inchedes areas of lake clay, uit, sand. and gravel (lea, 18a), alluvium jal).
and alder till Thickneis generally bess than 2 m, lecally 12 m

CLAYEY TILL [Whikdfald Till)=[arik: gray, veny calcareous clay boam, silby
clay loam, silty clay. and clay. Nonsorted: nonstratified: low o
intermediate plasticity. Matrix a3 much a3 35 percent carbonate,
primariy cakite Occasional pebbles; clasts chiefly bmestane, siltstone,
ihale and emralic ignecus and mmrrmhu: rosghes. Dherved chielhy lrom
incorporatid lake sih and clay: commeanly contains ripup clases of sili
and clay. Cecurs as bowsneliel ground moraine. Includes small areas of
lakee sili and clay {lca) and alluwdum (al). Thickness generally 0.5-2 m,
locally 5 m

CLAYEY TILL (part of Halton Till— Reddish-brown or yellowish-brown to
gray, weny calearecus clay bam, sl elay loam sy clay, and elay
Localby loamsy, similar to umil tha Nonsorted, nonstratified: may contain
bl o Tl umits naear lowser and upper confacts. Low plasticity, Matrix
carbonate cortent variable, chiefly dolamite. Sparingly 8o moderatehy
pebbly clasts chielly shale, dolomite. and limestone; some errabc
ignecus and metamorphic rocks Inchides small arens ol bce contact
sand and graved [ kg, lake clay, s8t sand, and gravel (ica, ksa), allsvium
(af). and bedrock autcrop. Lecally cverlain by peat (hpl or saamp

deposics (hs)

Ground moeraine and end moraine— Thickness generally 2-& m, localhy
MHim

Ground mosaneg and end moraing ender Lakes Ede and Oniako—
Includes aress of bedrock owicrop and local acowmulations of boulders.
Thickness germerally 1=15 m

CLAYEY TILL (5t Joseph Tilll— Y ellowish-brown to gray of dark-gray, veny

calcareous silty ey loam and sl loam. Clay content ingreases
savigibraanid boow plasticing, Matrix chielly incormpomeed lake b and clay
in places oogurs primarily as deformanon il Norsored; nonstratified,
kacally itercalated with Lake silt and clay. Matnix averages 45 percent
carbonate, primardy dolomite. Pebbles infrequent; clasts dominantly
limesione and dodomite some sandstone, shale, and eTratic igneous
and metamonphic rocks. Limestone increases soutbward relabve to
dolomite; hillte and jasper conglomerate ematics common kecally
Pronounced columnar pointing blocky strecture: clay shing and
secondany carbonate comman on joinl and fractene surfaces. Includes
some ortwadh and ice-contac dand and gravel (g, gg. ke, kg, Iske clay,
will, sand amd gravel (bea e, and alluviom (8. Locally overlain by
#alian sand and sk (ad, eu), peat (hp). or swamp deposits (hs)

Ground moraine and snd moraime=Thicknsss generally 2=25 m

Grownd moraine under Lake Huron—Inchades areas of bedrock outcrop
and local accumulabons of boulders. Thickness generally 1-3 m

CLAYEY TILL {unnamed mili— Yellowish- broun 1o gray caleateous silng clay
and gilty clay loam, Monsosted, containg lprses and inclusions of lakg sile
and elay, Low plasticiny Matrix cashbonate averages 40 percent,
dominantly caleite. Noasly stone free; rare pabbles chiefly bmasione
Intersedy pointed: secondary carbonate on point surfaces. Distnguished
frem unit tak chiefly on basis of heavy-mineral composition. Occurs
chiefly as ground moraime and as veneer on odder #nd moraine
Imnchudes small areas of outwash and ice-contact sand and gravel{gs, gg.
ks, kgl. lake clay, sil, sand, and gravel (lca l8a), and alluviem (s
Localby coerlain by eolian sand and st (ed, au), peat (hp), or swamp
deposits (ha). Considered by some geologits o be an appe membaer of
Rannach Till {thgl, Thickness generally 1-6 m

CLAYEY TILL ipan of Port Seankey Tilll— Yelowish-brean or brown 1o
gray, very calcaseous silty clay boam, silty clay, and silt loam. Nonsoried;
gensTally nonstratifed. locally contains fow 1l units; locally inserbedded
with lake sedimenes. Blocky sinscture, with clay shins of secondary
carbonate on frachure susfsces. High plasiciy, Maina casbonate
averages =40 dominantly calcite. Pebbles infrequent; clases
primarily dolomite or limestone, depending on compositon of kocal
bedrock: thale sandsione, sistone, cher, and erratic igneous and
meelamonphic rocks generally constitule less than 20 percent of clasts.
Inchudes aress of sutwash and ice-coract sand and gravel (ge, gg. ks,
kgl lake clay, 388 sand, and grawel (kca, l3al, and allusium (al). Localky
aoesnrlain by eolan sand and sl (ad, au), peat [hpl, or swamp deposts (R

Ground moraing and end morsine—Thickness generally 2-15 m;
masimum thickness &5 m

Ground moraine and end morsine wnder Lake Erie=May include some
end moraine of unit tkk under Lake Erie. Includes aseas of bedrock
anatorop and bocal acoumulations of boulders. Thickness genernally 2=15 m

CLAYEY TILL [Warthurg Tillj— Brown to gray very caleanaaus silng clay and
silty clay boam. Monsorted, nonsiratifed. Low 1o moderate plasticiny
Matrix carbonate averages 40=-50 percent, choefly calcite. Rare clases
chiefly limeitone; some dolomite, sandsione, wlistone, shale, chert, and
erralic igneous and melamaorphic mcka. Exposed on land surface only
& ground morsine. Thickness generally 2-10 m

CLAYEY TILL {Momington Til) —Broen to gray or mottled, very calcansous
silty clay loam, sty clay, and clay. Basal pant bocalby s delormation gl
Morsarted. ronstratdied low to medm plasticiny. Matrin carbonate
asverages A5=40 percent gererally chiefly caleite, dolomile increasss
northasard Almast pebble free: clasts chiefly lmestane and dolomise;
soimee sandstone, silisbone, shale, and erratic igreous and melasmorphic
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mocki. Checund ad llad o weakhy Nuted groaund moraing [sckides areas ol
autwash and we-contact sand and gravel (ga, g9, ke, kg, lake clay, silt,
wancl, amd gravel (lca, i), and alluvium (o). Locally sverlain by peal
(hgH ar wamg depenits (b}, Considered by some geologises 1o be an
upper mambser of Tavisock Tl (ikd, ko). Thickness generally 1-3 m
CLAYEY TILL [Marghsll Till— Brown 1o gray. veng calcareoaes siltg clay, il
clay loam, clay, and minaor kam, Monsorted, locally isigrcalated with
lake sedimenis Blochy structure; low 1o moderabe plasticity. Matrix
carbonate swerages 35 percent, generally dominsntly calcie. Pebbles
imfrequent. Clasts primarily dolomite; some sandsione, sitstone, shale,
cherl, and erratic igneous and metamomphic rocks. Ocours chiefly as
gronsnd mioraing; locally as thinvenes of ground moraine on older end
maraing ncledes small areas of outwash and ke-contact sand and

el |gE, ki, kgl, lake sand and gravel (Ia), and allavium [ah.
Locally over by peat (higl or swamp deposits (B8l Thickness
generally 2-15 m

LOwMY TILL (pan o Hakon Til) —Yellowish- brown o gray, very calcaracus
laam, sl loam, sandy loam, and clay boam. Locally clayey, sirilar tounit
ek Men d, nanstralified may contain baeal flow 8ill units near kowes
and upped confacts. Low plasticay Matrix carbonate sontent variable,
chielly caleite. Oecasional prbbles; clats chiefly limestone and shale,
with some erratic ignecas and metamorphic rocks. Qecurs chiefly as
bz i grourd movame, [ndudes areas of outwash and ice-contac
sand and gravel (gg, kg, lake clay, sl sand. and gravel (lca, 15a), and
alcniam [8l). Locally cverlain by peat (hpd or swamip deposits [ hey

Ground moraineg and end moraine=Thickness generally 2-6 m, localby
A0 m

Ground moraine and end moraing wunder Lake Onkario=—hcludes areas of
bk wwicrop and bcal sccumalations ol boulders. Thickmess
generally bess than 1 m

LOAMY TILL (Wenbearth Till— Yellowish-booun to gray. very calearesus
koam and sandy loam: locally cday loam. Nonsored. ronstratified. Liow
plasticity or nonplastie. Matria 30<300 percent carborate, dominarithy
dolomite. Fiasile sitnuciure common Moderately pebbly (o pebbis
kocally story. Clasizs chielly dolomite; some limedone, silistone,
sarsditone, chert, and emstic ignecus and metamanphic rocks. Ooours
as ground morsing and a8 drumling. Inchudes areas of cubsash and ke
centact sand and gravel (g4, g6 ke, kgh lake clay, sit sand, and gravel
[lca, tsah, allavium (a), and bedrock oulcrop. Locally overlain by eolian
sand (o), peat (hpl. of swamp depoiits (ha)

Ground moraing and end momine— Thickness generally 1-15 m

Ground moraing and end moraine under Lake Erie—Some end moraing
enay b ineluded in unit toe under Lake Exe. |ncludes areas of bedrock
mwﬁaﬂmw o boualders, Thickness generaly |=3 m

LOAMY TILL (pan of Port Stanbsy Tilll—Fabe-breawn, yelloaiah- brown, o
rddish- broawm 1o gray, very calcareous koam of sandy loam, Nonsored;
monstratdied: locally eontains enses or inclusions of wand. Low plasticing
or nonplastic; fissile sineciure common, Matrix cartbonate averages 45
percent, mosthy dodomite. Moderately pebbly to pebbly or stony; large
dolomite boulders common Clasts primaridy dolomifte; some limesbone,
wuitshone, wandstone, and emwatic igneows and metamanphic micks
Occurs as ground moraine and as drumbine. Inchades areas of owhaaih
and jce-contact sand and gravel (ge, G, ke, kgl lake wand and gravel
[taab. and albuviam (al). Locally overlain by peat (pd or seamp deposite
(s} Thickmness generally 2-15 m

LOAMY TILL [Ranmoch Tillj=—Gray io brown, veny calcareous silt loam and

sty chay loam. Tewture becomes finerwestaard . Monsomed; nonstratified
Low plasticity. Blocky strediure common; secondary carbonate on
tracture surfaces. Mabris cartonate sverages S=fdl percent, dominanthy
cabcite in souwlh and dolom@e in roath. Pebbles inlrequent, domanantly
Emestone; some dolomite. cher. sandstone, siltsione. shale, and ereatic
ignaais and melamarphic recks. Oecur in end marainds and as ground
moraire. Inclhades areas o oulwash and ice-conlact sand and granel [gs.
a5 ks, kg, Lake elay, sl sand, and gravel [ics, laal, and allusdum (af)
Lomfy overlein by jwed thEt or smmp daposts {hs, Thickne:s
generally 2-6 m; maximum thicksess 70 m

LOwMY TILL (Elma Tily="Yellowish-broun to gray, very calcareous sili
loam, loam, and silty clay boam; generally mose clayey in south and
mone sandy in porth. Nonsored; nonsiratified. generally lacks. inlusions
ol sratified drilt Fiasile struckire; bow plasticity o nonplastic. Matss
carbonale averages 45-55 percent chiefly dolomite in nosthand calcte
in sowth, Sparingly pebbly 1o pebbly clasts dominanihy doloméie in
nieath and limasions i seuth: some sandsions, sifistone, shals, chert,
and erraiic ignecus and metamorphic rociks. Ocours as groand moraine
or a3 drumlins. Incluedes areas of cubsesh and ce-contact sand and
gravel (ge g ke, kel lake clay, silt, wsnd, and groel (lca, |2a), and
alluvium (al. Locally cverlain by peat [hpl, swamp deposits (R, or a
thin veneer of younger till Thickness generally 2-15 m

LOAMY TILL {Stratford Till)— Pabe-brown 1o yellowssh- brown or gray, veny
caboareous kam and sil loarm Monsored; nonstratified. Low plasiicing
sodi. Matrix carbonale averages 50 percent. caleite and dolomaie about
wqual, Moderatioly pablly, Clasts dominantly limestone same dolomiie,
sanddsione, silimone, shale. chert, and emalic igneous and metamorphic
rochs, Checurs a5 thin ground moraine. Includes areas of outwash and
econtact sand and gravel (gs. gg. ks, ke, lake clay, silt, sand, and
‘gravel (kca, Isal, and alluvium (afj. Locally overlain by peat (hpj or
swamp deposits (hs). Thickness generally 1-3 m

LOAMY TRL (part of Tavistock Tilll=—Light-brown bo brown or gray, veny
cabcaseous silby clay boam, silt loam, clay boam, and silsy clay.
local lerses or thin interbeds of lake sediments. Massive 1o blocky
siructune; very sl bow plasticity. Matris carbonate sverages 1545
percent, dolomile dominant in norb and caleile dominant im south
Pebbles rare. Clasts chiefly dalomite or limesions, depending on local
hadroch lithalogqy some sandsions, silistons, shale, and erratic ignecus
and metamorphes rocks. Ocours chigfly as lowereliel ground moraine
that lecally is fluted, or as drumbing, locally as veneer of ground moraine
on older end moraine. Includes areas of cutwash and ice-comact sand
and gravel (g, gg. ke, kgl lake clay, sl sand, and gravel [lea, ), and
alluvium (all. Locally overlain by peat (Pp), Swaep deposits (ha], or &
thin veneer aof POUNGET il Thickness genaralby 2-12 m

LOAMY TILL [pamn of Tavistock Tillj—"ellowish: brown o brown or gray,
very calcareows loam, st loam, and sandy boam; locally clay boam and
siity clay boam NMorsored: kcally intercalabed with stratified wediments
Fissile structure. Low plasticity or nonplastc. Matrix carbonaste sverages
4] percent either calcile or dolomilte may be dominant. Moderately
pebblky. Clasts chiefly limestone: some sandsione, silistione, shale, and
erratic ignecus and metamorphic rocks; bilte and psper congiomerabe
erratics common locally. Hed shale chips in matrix are a diagnostic
fewtume of the Bl Chocurs as ground morsine and as drumling. Includes
areas of subassh or kee-contact sand and gravel (g8 ga. ke kg, lake
chawy, sile. sandd, and grosel (hea, 188, and alluvium (8l). Locally overlain by
pasd (Bpy. swamp deposity (ha), o b thin veresr of wounger till
Thickness generally 2-12 m

LOAMY TILL (Catfish Creeh Til)="Yellowish-brown or broswnishgray 1o
gray, very calcarsous loam, silt loam, and wndy lbam RNonsored,
morstratified Massive, compact bow plasticisy or nonplastic. Matrix
carbonate averages 15-60 percent, dominanily dolomite. Moderatehy
pebbly 1o pebbly, cobbles and boulders common Clasts chiefly
dalomite and limettone some sandsione. silisione. shale, chert, and
erratic igrecus and metamorphic racks, Occurs as ground maraine and
e moraine Inclhides small areas of outwash and ke-conact sand and
gravel (G5, g9. ks, kgl loke clay, sil, sand, and gravel [lea, Isa), and
allwwsum {afl. Locally overlain by peat (hgl or swamp deposits [hsh
Thickness generally 2-15 m

SANDY LOAMY TILL [Newmarket Ta)l—"Yellowish-brown of beoan b
light-gray, calcarecus loam and sandy loam. Norsoned: nonstratifisd;
contains abundant lenses of sand and gravel Nenplastie; soft to very
sfiff. Matrix Z0=) percent carbonate either calcite or
dolomite dominant Moderately pebbly te pebbly clasts choelly
limestone and sulistone or dolomile and siltsione, depending on
compoition of local bedrock: emratic ignecus and melamorphic rocks
cormman. Oecurs a8 ground morasine or ham end moraine.
Inchedes wrmall aress of cubwad b and ice-contact sand and grenel [ g6,
k3, ko). lake clay, sl sarad, ard gravel (kca, Isa), and alluviam (&l
Thickreis generally besi than 3 m. bacally 12 m

ICE-COMTACT SAND AND GRAVEL —Yelluiih- brcrait 61 paale- b e
geay, generally calcarsous sand ard gravel Teatures vary laterally anc
verthcally, ranging from fine sand with miras ile and oocasional pehbles
b cobble and boulder gravel Locally capgund by, interbedded with, or
containg lenses or masses of clay, st flow till oF Bl Sorting varable
Fosorhy to well stratified, imegularhy bedded towell bedded Fauhs, folds,
ard slump snd collapse structures common. Locally cemented with
calcium carbonate. Clasts rounded o s T, compositon reflects
that of bocal 1l Larger clasts chiefly limestone. dolomile, and ematic
ignecus and metomomphic lithologies on il plaine and in lowlands;
ehisfhy sandstone and siltstone on uplands in Ohio, Penmsybania, and
Minw Yark Surlsces generally hummacky 1o knobly or with nelsted
o e comumanhy pimed with boe-block depressions. Deours in amas,
hame terraces, kama deltas, kama ond moraines, intedobate morsines,
eskers, and ke-fraciure fillings, Eskers incicated by symbol localky
Kame end moraine (ke) is distinguished enby im New Yook and
Fermayhania. Includes some exbiumed earky Wisconsin and [llinoian
kame and kame terrace deposits (kgh, kgi| in Ohio and Pennayhuanda.

esut ma areas includes some owtwath sand and gravel (g,
. clay, sile, sand and wul.rIHh:-l ke, leal, aluvium (all, and 8l
Localhy cverlain by eclian sand and silt jed, eul. peal (hph, or swamp
deposits (hs), Thickmess genemally 2-30 m, locally more than 60 m

HCE-CONTACT SAND— Yellowish-bromm or pake:brown Bo gray, calcaneous
fine bo conrse sard with minor silt. Pootly to moderately sorted; poorky
o well stratified Folds, fachs, amd slump and collapse structuses
eommon May contain sattend peblles, Clast Bholegy similar to thas
o cubsash sand and gravel (gl in same area Serlaces generally
hummochy, commondy with ice-bloch depressions. Ocours in amas,
kame deltas, kame terrsces, and eskers. Eskem indicated by symbal
kixally, [ncledes small areos of lce-contect samd snd gravel (kg
abwrash sand and gravel (oo g8l Lake clay, silt sand, and gravel (lca,
lcc, Isaj, and alluviam (ol Lecally overlain by eolian sand and il (ad,
euf, peat (hpl. or swamp deposits (hsj. Mapped only in Omtario;
incleded in kce-contact sand and gravel (kg elsewhere Thickness
generally #=30 m

HAME END MORAINE—Linear or arcuate end moraine ridge of ioe
contac sand and gravel similar 1o unit kp Sand and gravel bocalhy
capped by, interked ded with, or containg linses or maases of silt, flow
eilll, cr il |n places sand and gravel s intertongued with 1l or s replaced
lazerally by bl Chocurs as massive valkey plugs, ancaate ndges, or spstems
af imbricated or cverapping ridges. Thickness generally 8-30 m, koecalhy
mire Than &0 m

OUTWASH SAND AND GRAVEL = Pale-yellowish: brosam, wellcratsh: brown,
parles bronwn, o brosen 1o gray sand and grevel. Generalhy calcarecus n
glaciafed areas, weakly calcareous or noncalcarecws in unglacialed
areas. Generally pebble or cobble gravel with interbedded sand and
local heses of boubders i Mickigan, New Yark, Ontabo, and glaciated
Penrayivania; medium sand and coarse gravel with clay and silt lenses
if glaciated Ohie: sand and fine gravel with scattered cobbles ard
irnerkiedded silt and clay in unglaciated Ohdo and Penmsylvania. Well
aralified bedding vares from borzontal beds of welksorted sand ard
gravel with local cut-and-fill structures to lmegular beds of veny poorhy
sorted cobble or boulder grasel In valley train deposts in unglaciated
Ohio and Pennaylvania, gravel beds alternate with silt beds and are
continuous for greatl distances. Textures generally vany laterally and
warticalhy tewthures become finer doanstrenm in valley main depodin
Clase lthology varies with that of keal Bedrock and (il in glacialed
terrain Cabbli and boulder abundant where ounwash deposits head
neas amd moraines of Kecontac deposits. Clasts generally rounded,
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size of lasgest clasts decieates doumalream in walley Erain deposis
Clasis chielly sanditone, limesione, dokmite, sltstone, sandy shale,
and erraric sgnaeous and metamarphic rocks in Michigan, Ontaro, New
York, and glaciated Ctio ard Penmsyheania: chielly quantzitic sandstone,
cherty sandsione, sltstone, and sandy shale in unglaciated Ohio and
Pennsylvania Grave] locally cemenbed by caleium carbanate. Surfsce
generally smooth; locally patied weth ice-block depressions. Oeeurs as
terrace remmants, valley trains, cubsash plaine. delta topset Bods
gahuash fans and aprons, and fills in abardoned melbaster channels
Includes same Bill, ke contact sand and gravel (kg ks, lake clay, s,
samd, and gravel (lca loc. lsa), and alluvium (alf. Locally overlain by
salian samd and il (ed eu), peat (ha), or swamp deposits (hs), s
nonbeastemn Ohto and Pennsyhania locally overlain by thin il
Thickress generally 1-15 m, locally more than 30 m

OUTWASH SaMND—Pabe-brown la gray, calcarecus, line o pebbly coarse
sang Well sorted; well siratilied to poory stratified: beds or lnmses of
granale or pebble gravel and benses ol sl locally, Clasts rounded. Class
lithalogy similas to that of sutwssh sand and gravel (gg) in same srex
warkes with that of bedrock and till in same reglon, Oecurs princ an
shewt deposits beneath termcoes and outwash plains and s channel
Surfeces smooth or pined with ke-block depressions. Inchedes same
outwash and ke-contact sand and gravel (gg. kg, ksh lake clay, sile
sand, and gravel {lca, loc, Isa), aliuvium (al), and till Locally averlain by
eolian sand and silt (ed, eu), peat (hp)l, or swamp deposits |hs)
Thickness generally 1-6 m

| OUTWASH SARD AND GRAVEL=A complex deposit consisting of

outassh nand ard gravel (ggl. ice-contact sand and grevel | gl keke sile
and clay [lca), and lake sand and gravel (1sal. Inchedes allustum (al) inset
Into older deposns. Localy owriain by eohan sand and wl | ed, ou), peat
[hgi, or swamp depaosits (hs). Mapped only in Penrsyhania Thickmess
generally 1-10 m, locally more than 30 m

ATTENUATED LAKE SILT AND CLAY—Thin and disconfinuous lake silt
and clay (e over bedrock Most of anes i wave: or currend-asshed
bedrach Thichness of sl and by generally bess than 1 m

SLACKWATER LAKE SILT AMD — Palie-yellos, yallceavishe:brown,
and brown bo gray, caliatesas 1o noncalcareows silt and fine sand. In
some vallevs, chiefly sil with kocal imterbeds of plasiie clay ar fine sard:
in other valegs, chiefly fine samd with inlerbedded sile Clasis
daminantiy local bedrock Includes extersive allussum (al) in upper
pars of valleys and namow bbons of slluvium ial} inset inlo terreced
shachaater lake deposits i kwer paris of walleys. Lake deposils
ecmmanly grads inde ar intedinger wath alluvium (al) in upper parts of
valleys and with outwash sand and gravel (gl in lower parts of valleys
Dieposited in shallow slackwaber lakes ihal lormed where sn cubaash il
in & trunk valley dammad & ke in o tributany vaBley. Locally anerlain by
;'Iﬂl:lhl.'.nuﬂ wand and silt Thickness generally 1-4 m, localky meore than

m

LOAMY SOLIFLIMCTION DEPOSITS' — YVelaudsh:-brown, pali-brown, or
broam b0 gray, generally noncalcareous or very wealkly calianeous
sandy boam, loam, sili boam, silty clay boam, and day loam Soldluction
deposits comprise appraximately half of area mapped as unit nic; thin,
discontinuous, boamy till (B8 on summits of small knolls and hills and in
poody draimed aress, and collivium on steeper slopes comprse
remuainder al area. Selfluction and related periglacial deposits similar to
those in unil nme howeess, Block felds, Boulder rings, and Boulder
siripaes are uncommon and salilloction depodit locally ane com posed ol
redepasited fll Collusium similar o thar in unit nls kacally consssms of
till redepositied by creep. Includes aneas of bedeoek outerop, vallas
bottom deposits of alluviem (s, and landsbde deposits, Thickness of
saliflsction deposiss generalby less than 1=3 m on upper pans of slopes,
wccaskonally more than 6 m at bases ol slopes. Thickness of till generally
biss than 2 m. Thickness of colludum generally 1=3 m

LATE WISEONSIN ANM MIoDLE WISCONSIN

LAKE SAND. SILT, AND CLAY=A comples deposit im bluffs on nomh
shore of Lake Erie, consisting of posighacial and deglacial lake sand, silt,
and clay;, 2= units of lale Wiaconsin clayey Port Stanley Till with
inberbedded lake deposits; several units of lale Wisconsin loamy Catfish
Creek Till with associated ice-contect sand and gravel and interbedded
hhldlpmhundnﬂﬂlﬁ'mhnndaﬂ“ﬂ'ﬂnnﬂﬂnlﬂhﬂuﬂd
clay (sirabigraphic section 1) Youngest lake deposits similar 1o units e
and lea. Por Seanley Till (tee) purplish gry, wery caleaneous silty clay,
silty clay loam, and sill bbam: very few clasts Cadish Craelc Till (i
generally griy, very cakcareous sandy loam of loam: abundent clasts
and inberbedded sand and gravel Total thickness gererally 10-35 m

WISCONSIN

LAKE SamD, SILT, AND CLAY—A complex depos in bluffs on norhesest
share af Laks Cnbaria in Ontaria, consiiting of deglacial and postglacial
lake sard, late Wiscomsin Hakon Till; lake clwy, sih, and sard of late
Wisconiin and middle Wieonsin upper membar of Thamclille
Formation; middle Wisconsin Meadowcliffe T lakoe clay, st and sard
ol middle Wisconsin méddle membsr of Thosmehife Formabon: middle
Wisconsin Seminary Tilk kake clay, silt, and sand of middle Wisconsin
and early Wieconsin lower member of Thomiclife Formation; sarly
Wisconsin Sunnybrook Tilk fluvial sand of eardy Wisconsin Potteny
Foad Formation; dellaic sand of early Witconsin upper member of
Scartaors Formation; and lahe clay of early Wisconsin lower
mermber of Starborough Fermation [stratigraphsc section 3] Youngest
lak depoaits similar 1o wnit b Habkon Till is unit tka The three
mermnbers ol Thomelife Formation consist chiefly of well-stratified fine
sand, lecally with deltaic foresst bads, and subordinate mansive sill and
vaneed clay and st Meadowclifie Till gray calcarecus clavey 1l clasia
chiefly limestone, erratic ignecus and metamorphie recks, amd shale,
with minor dolomEe. The Seminany Till graw, calcarecus. moderately
siony clay loam; clasts chiefly limestone and shale, with minor dolomite
and sgneows and metamorphic rocks. Sunnybrook Till (e darke gray
calcareouws clay loam, clay, silty clay loam, and silty clay, clasts chiefly
Irmedone and shale, with mings ematic jgrecus and metamomphic
macki, dalemite, and sanditane Poltery Hoad Formaton is charnel
sand Upper member ol Scarbaroagh Formation is deltaic coarse sand
with foresst bads and cromikieds, baver mom b= s Baddad elay, dil, and
sand with disseminated plam detribus. Total thickness generally 30=-50m,
lacally more than 100 m

LAKE GRAVEL SAND, SILT, AND CLAY—A complex deposit of late
Wiscmnim, middle Wiscontin, and earky Wiirorsin wratilied materiak
and il Undiflereniiated late Wisconsin lahe sill and clay {kca) and sand
and gravel (lsal overlie late Wiseonsin cubaash wand and gravel (gal.
middle Wiasconsin alluvium {al], earhy Wisconsin sandy loamsy 1 (og),
owhuash sand and gravel |pgad. and lce=contact samd arnd geavel (ghl in
walleys and on gentle slopes. Till, cunwash, arnd icescontact sediments
on hills and steeper dopes. Lake sediments in valleys dissecied and
imterrupted by inset deposits of wounger late Wisconsin cubsash sand
and gravel (90 and alludem (all. all of which are incleded in unit gk
Srratidied deponits I-nl:d-l'y' cverlain by peat (o) or ssamp deposits (ha).
Mapped only in nornheasiem Ohio, in an area thal propcted as a
nusnatak dusring macimum late Wiscondin glaciation. Thickness of lake
sediments generally 1-10 m

EARLY WISCONSIN

CLAYEY TILL {Sunnytrock Till in Ontario)—Dark-gray or gray, calcarecus
sy hosm cly, silby clay loam, snd sy clay. Monsorted; nonstratified
Low 1o moderate plasticity. Matrix carbonate ranges from 12 to 20
percEnts calkeite generally dominant Nearly pebble froe. Clasts chilafly
limestone, minar dolomite, shale, sandstone, and ermatic greecus and
melamarphic rocks. Mapped only in vicinity of Taronto. Thickness
ganrally -9 m, locally 30 m

LOaMY TILL (Millerosk Till in nomheass-central Ohial—Olive-brown te
dark-olive-gray, weakdy calcareous loam and silt loam with sbandant
lenses of gravel sand and sl Weathered: commonly leached
threughout, Mensored te very poarky sored; derse, hard, compact
leragular Blocky seruchure: breaks around pebbles and cobbles and
brewks throwgh sand graing. Interse mangoneis oxide and ion caide
staing onclasts and poimi suraces. Pebbly 1o stomy: cobbles and boubders
common. Pebbles, especially gransie, commaonly partly 1o complelely
rotied. Discontinuous, Smacih, roling erosional sarface topographyy
subdued constnsctional topography rane. Indudes sellluction deposits
inmal, colluvium {cfl, and aness of bedrock outcrep; locally inchudes ioe-
contact sand and gravel (kgb) and allusium (o). Locally cverdain by
windbilown sand and silt (eu] or swamnp deposits (hs), Thickness generally
less than 3 m, locally more than 10 m

| LOAMY TILL (Tinaswille Till in Penrsylvanial—Olive-brown to light-olve:

gray, light-gray, or dark-gray, weakly calcarecus loam, silt loam, and
sandy loam with lenses of gravel, sand, and st Infensely weathered;
gurerally lrached threughout Monsarted to very poorly sorted. Upper
par hypecally boose and story, with horgomal parting; lower part
gererally compact, derse, hard Inense manganese oxide and iron
axbde shains om surlees of joints and clasts, Moderately pebbhy 1o sony;
cabibles and boulders common Pebbles and cobbles chielly wanditone,
siltstone, and sandy shale, boalders chielly granie, gneiss, greenstone,
and quarizie Commonly discontinsous. Smooth. rolling, eresional
topography. subdued constrwctional opography wery rase. Dissection
nearky idendical to that in region to east, characterired by loamy
soliflection deposits and weny thin and discontinuous [lincian il [nik)
Includes solifluction deposits [nemal, coludum (cl), and aress of
edrock outcrop: kocally includes outsash sand and gravel {pgl. oe
contact sand and gravel (kghd, and alluviam {al}. Locally overlain by
windblown sard and silt (o], peat (hplh, or swamp deposits (hsd. Thickness
gemerally 1.5-3 m, locally mane than 10 m
SANDY LOAMY TILL [Mogadore Till in northeastemn Chhic)—Yellowish:
birgesm b bluishe gray or dark-grey, weakly calcareous sandy boam andd
loam with abundant interbeds and lenses of gravel, sand, silt, and fow
till. Monsoried to very poorly sorted: dense, hard, compact Intense
manganese cuide and iron cxbde stains on surlaces of joints and clasts.
Pebbly, commonly cobbly or bouldery. Clases chiefly sandstone,
tiltitone. limesdtone, dolomite, and shale. Consists of ground moraineg
and sabdued hll'ﬂﬂﬁthy%ﬂ“ﬂﬂl“nﬂﬂbldbﬂmm
o ihis scale. Depresssors on hummacky sufaces generally filled with
soldfluction deposits (nma). alluviam (af). ke depodsts [lca. kea), peal
(. o pwamp depesits (ha). Incledes soms ice-contact pand and gravel
(k@b outwash sand and gravel (ge. gkl beke ey, st sand, and gravel
(lca, |sa), and areas of bedrock owicrop. Locally averlain by sdndblenn
sand and silt {su), peat (hpl, or ssamp deposits (he). Thickmess generally
2-6 m, lacally more than 10 m
ICE-CONTACT SAND AND GRAVEL—FPale-brown or becevn o gray,
calearenas sand and gravel Texiures vary laterally and vertically,
rll:?iﬂg fram fine sand with minor silt and cccasional pebbles o cobble
and boulder gravel Locally interbedded with or containg lenses or
mmsdes of clay, sile, flow Bl or BIL Sosting varable. Poorly 1o well
siratified; irregualarhy bedded o well bedded Faults, {olds, and slump
and collspss structures common. Locally cemanted with calcishn
carbonale, Clasts rounded to subargular; clast composition reflects that
of associated Hll (te, 1dgd in same area. Pebbles and cobbles chiefly
sandstone, silbvione limesions, and dolomite m Ohlc sandsione,
siltstone, sandy shale, and quartzite in Pennsylvania. Boulders chiefly
sandstone, limestone, dolomite, and errabic igneous and metamcaphic
racks in Obie; sandssone and ematic quarizile, granite, gneiss, and
enstone in Pena la. Surface morphology generally subdwed:
ﬁntuﬁn- rearhy with soldluction deposits (nma). alluvium [al),
bt (D), of saamp deposizs (he), Oecurs in kames, kame termaces, and
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kame deltas. Inchudes some cutsash sand and gravel (gg. gk, lahe clay,
ult, wand, and gravel (ica, loc, isa), allusdum (ai). and gl (the. idg). Localy
cverlain by windbloan sand and silt {jou). Thickness generally 2-30 m,
loscally mare than 60 m

WISOONSIN AND ILLINOLIAN

CLAYEY TO SANDY SOLIFLUCTION DEPOSITS — Yellowish-brown or
becen 1o gray. generally noncalcarecus of veny weakly calcareous
oy 1o sandy debris on mederate to steep slopes. Rock ragmenes
may comprise less than 2 percent fo nearly |00 percent ol depasis
Miatrin may vang from clay to sand, reflecting compasition of bedroch
hégher on slopes. In moeth, soliffucton depouts are cheefly either
{1} heterogenecus, nonstratified, nonsoned rebble, consisting of angular
or subangular flagstones or channers with vodds and litthe or no matris
o | 2} wnbecsted w'l:ra'rgulurnr arupalar ﬂ-ug:lum-l or channers in a silty
of sancly matrin. Fanber seuth, solifuction deposits ane chielly either
1] Tainghy seratilied siln; el koam with accasiona fragenerts of sandstone,
siltstone, and shale, of (2} masshee sty clay with lew or oo rxh
fragments. Clasts chiefly sandstone, siltsione. and shale, lacally
limestone or conglomernste, derived from bedroch hagher on shopes.
Traraportation and deposition mierred fo have oocurmed confempos
ranvecusly with glackstion farher morth. Small block fields, boulder
mﬂ:uml land, and ul!l'hlkr‘rphrnnrnﬂu mdw ol sewere

1 i ol ectivity comman locally. Deposigs gen sdnkde. with
welldersdoped scal profiles: modiled by creep and landslide activity
lecally, Inchaded landslide depasits have hummochy topography and
ccour mainly o shost steeply sloping iributary valles, Landslde
deposits generally are 0. 1-005 km wide and less than 0.5 km long,
Lamdshde deposits generally comprise less than 5 pencent of unit and
are more abundant in north, near imit of glacial deposits. Includes small
areas o collevium, residuum, and bedrock oulcrop. Thickness of
salifuction deposits generally 1-3 m on gentle slopes. locally 6= 10 m a1
bases of shopes; thicknes of Block-lleld deposits generally less than
B0 pr thickness of landslide depesits generally ks than 5 m, locally 10 m

LOwMY SOLIFLUCTION DEPOSITS! —Yellowds b brown, pale brosn, o
dark:brosam 1o gray or Black, generally noncalearecus to vy woakly
calcarenus sanchy boam, loam, st loam, siliy clay loam, and clay leam on
uplands. Soliflisction deposits comprise 50=70 percent of ares mappsed
a3 und nla remainder & unddferentiaied colluvium and resbdsum.
Soliluction depaosits are chisfhy stheer | 1] Fainkly stratifeed sandy loam,
hoarm, aill boarm, silty oay boam, or clay loam with oocasdonal clasts or
fragmienis of sandstone. silistone. shale, and limestone: or () massive
siloy clay loam or clay loam with Tew or no rock Irngments. Small Bock
fields, boulder rings, boulder stripes, areas of paterned grownd. amd
oiber phenomena indicative of periglacial frost activiny common in
riorth, near limit of glacial deposits. Collavium included generally s
pabe-browm or dark-broswn bo Bght: or darksgray, poorly soned to
masiise, pebbly 1o bouldeny debris that was transported and deposited
by creep anslopes. Residaem included is yellowish- brown, pale browmn,
of bfowm, stomiy 1o pebble-free loamy malenial that s a prodwst of in-
place decompasition of samdstone, silmons, shale, and limestone on
flat or gentle slopes. Includes some ateas of bedrock owicrop and
lardslide deposts. Thickness of soliluction deposits generally 1-3 m;
thickness of block-field deposits generalky less than 10 m. Thickness of
colluvivm generally 1=2 m on upper parts of shopes, 2=1 m on lower
party of sdopes. Thickness of residuum generally less than | m on st
swrfaces. 1-2 m on veny gentle slopes

| LOAMY SOUIFLUCTION DEPOSITS'—Similar to boamy soldluciion

chispovits |rillaj, bait distinguished on the hasis of presence of discominuous
sanchy baammy till {Mapledale Till of llncian age Soliffuction depasits
lecally consist of redeposated Gl Till i dark-veloudsh-brown, nan
calearpous, moderately 1o sony sandy loam, loam, and clay
loarm, Tl thin, imtensieely seatbered, and very disconBnuous Cobbles
and boulders, chiefly local sandsione, abundant locally, erratss clasts
dominandly quartzite Boulders of guarizile, granfle, gneiss, and
greensione, generally kess than 0.4 m in diameter, scafered widely on
land surface. Topograpty maturely 1o submaturely dissected and onby
dightly less eroded than adjacent unglaciated topography. Includes
wome sheetwaih allusum (8 stream allussumn [af), sreas of bedrock
cutcrap, and landslide deposits. Inchaded till and residuam localby
cugilain by lési than 1 m of windblown it [loeis]. Thickness of
salifuctian deposits generally 1-3 m. Thickness of colluvium generaliy
1=2 m on upper pars of dopes, 2-4 m on lower parts of slopes, locally
more than 10 m & soes of colluvial fans and sproms. Thickness of
reshdusum generally 1-F mon flat surlsces, less than | m on veny gentle
shopes. Thickness of 1ill gemarally less than 1 m

EARLY WISCONSIN AND ILLINCIAN

OUTWASH SAND AND GRAVEL—Yelowish-brown, pale-brown, or
Ererwns 16 gray sand and gravel Generally pebble or cobble grevel with
imerbedded sand and local lenses of boulders or 4ill. Calcarecus where
rrd bewchard, Wiell itratified: bedding varies from hotizonial beds of well-
sorted sand and gravel with local cut-ard-El structuees to irmegular beds
al poorky sofed cobble or boulder gravel Testumes wany laterally and
wertically. Clast lhology vanes with that of associated il (included in
wné cid). Clasts rounded, chiefly sandstone, silistone, sandy shale, and
emmatic igneous and metamorphic rocks. Ooours In termace reminants as
mighiple levels higher remnants may be llinolan in age and bewer
fEEimanls ey be earh Whconsin Indudes nset late Wisconsin
cutwash wand and gravel (ggl and alluvium (all. Locally owerlain by
windbdown sand and sl Mapped oaly in esstern Ohio. Thickness
generally =3 m

SLACKWATER LAKE SILT AND SAND— Pale-pellow, yelliowish-Brown, ar
dark-beosmm to gray, weakly calearecus or noncaloaneaas silt and line
sand, locally with interbeds of plastic clay, Intemsely weathered and
dissected. Ccours in termace remnants im walleys tribulang to major
cubwash valley flls Lake deposits grade nto of nbenongue with
crubwash im lower parts of valleys. Includes inset depossts of alluvivem (al)
Lecally cverlain by windblown sand and sile (eu]. Thickness generally
1=4 m, locally more tham & m

ILLINOILAM

CLAYEY TILL—"ellowish:Browr, becawn, of motibed brewn and gray 1o
blaishe grag. weakly calcareous clay and sty dlay, Contains lenses of
pooty soried gravel Monsoried to very poorly sorted. Hard, compact,
deeriser; stichy where moid Moderately petsbily 1o stomy: clasts dominantly
sanddone and silistone chanmers [Intensely weathered: leached
Ihreaighout where less than 3 m thick Mapped onl in New YWork

Girsund meraine— Thatknesas generally 2-4 m

End merasine—Subdued eill ridges. Thickness baeally mare than 18 m

LOAMY TILL (Butler Till in east-central Ohiol— Yellowish-brown, dark-
yelloagsh-brown, dirk-brown, or grayish-brown to dark-gray, wealkly
caleareous loam. clay loam. and sl loam. Monsorted fo very poarly
soriid, Thick clay skins and indense iren cakde and manganess oxide
ALAA G il dairCi i Db, heral, cownpac], cuadisgd Ul bypically has
plety horizontal pariing. Pebbdy: locally stony. boulders uncomman
Clasts chiefly sandsions fragmentsc Emestons ghaizs and rotted granite
pebbles common inlesched tll Intensedy weathered: ganarally leac hed
throwghout where less tharn 3 m thich. Gemerally thin snd disconlinusui
thick till kacally on lower shopes. where £ Is covered by colluvium and
salifluction deposits. Smooth, rollimg. erosional topoegraphiy, subdsed
constructonal lopagraphy (stagnabon moraineg] locally on lower slopes
in magor vale. Incledes areas of solifiuction deposits, colluviem,
bedrock outcrop. and landslide deposits Commonly overlain by
wihdblenin gand and sl [ou) or alluviem (8. Thickness generally less
than 3 m on uplands, 36 m on lower slopes

LOAMY THL—Light-cearge-red. crange-yellow, broamish-yellow, yellouwih-
becaen, pale-brown, brown, Brownish-gray, gray, or mastled, moderalely
calcareous bo noncaleargous will loam, clay laam. and silby clay loam.
Intensely westhered, leached and porous inupper 3 m Thich clay skens
and infense manganess oxide and ron oxide staim on joint sufaces
Sparingly pebbly to moderately stony; pebbles and cobbles commaon,
bouldert rare. Clasts dominandly local sckd shake, sandsions, coal, Mt
amd chert ematic clasts chielly limestone, granite, granitic gneiss, and
quartzite. Weak consfructional fopography retamed locally. Mapped
oy whene extensive and more tham 2 m thicke till s incleded inounie cic
whete discontiruous. Commonly overlain by windblown sit (loess)
1=2 m thick, Mapped only in east-central Ohio. Thickness generally
mafe than & /M mazimem thickness mane than 45 m in buried valleys

ICE-CONTACT SAND AND GRAVEL—'Yellow, red, reddishe-brown, o
brossm to brownishegray sand and gravel Noncalcareows in Mew York,
cakareous in Ohio where not leached Tewtures vary laterally and
vertically, ranging from fine wand with occasional pebbles o cobhle
grevel with lenses of flow till. Generalby well stratified and moderately ta
poody sorted. Sand commonly crosbedded. Gravel uncemented in
New Yark: commanly cemented by secondany calcium carbonate in
O, Fawlis, lolds, and slump and collapse structures commion. Clasts
roiandied i subangular clast compasition rellects that of asseciated 1ill
{oemy o). Im New York clasts dominanily siltstone and sandstone: in
Obkio, chiefly Emasione, sandsions, and sendy shale. Very subdusd
hummocky iopogaphy locally, ke-block depressions generally filled
with alluvium (al), windblown depasits {eu), peat |hpl, or swamp
deposits (hs). Ooours in kames and diasected hame temace remnanis.
Imcludes small deposits of cubsash sand and gravel (ggi). tll {to). and
alluvium (af). Localby ovwerlain by wirdblown silt. peat (hp). or ssamp
dapoilti (hal. Thickness genarally 2-20 m, localy more than 30 m

CUTWASH SAND AND GRAVEL—Pale-yellow, wellow, red, reddish-
beowmn, or brown bo dark-gragdsh-brown sand and gravel Ganerally
calcarepus of wealkly calcareous where not leached. In Ohso, genaraliy
horizontally bedded gravel underlalm by plastic stk and elay: geavel
lecally cemented by secondary calcium carbonate [n Mew York,
dominantly bedded, uncemanted pebble and cobble gravel with
subordinate sand. Intensely weathered. Clasts rounded. Clasts chiefly
quartzite, sandstone, sandy shale, cherty sandstane, concretions, and
resistant erratic ignecus and metamorphic rocks. Depressions illed with
allundurn {al}, wirdblown wand snd silt [sul, peat [ b, or swamp depodits
[hs]. Includes small arvas of kvle Wisconsin cubwash sand and grawvel
{gg) and slhrdum (al). Commanly overlsin by windblouwn silt (5-3 m
thick;: kecally overlain by peat (hpd or swamp deposits (ha). Thickness
generaly 3-6 m, locally more than 30 m

LAKE CLAY AND SILT—Yellow, yellowish-brown, grayish-brown, or
midiled yelow and grayish-brown 1o gray or blulih-gray. calearecus o
rancalearecus clay and silt, localy with mince fine sand Well bedded 1o
mastive; commienly laminated or varsed. Locally und erlain by grased
and sand Commonly dissected by deep gullies Ooours in terrace
remnangs in valleys blacked by lllinolan ice. Incledes some oubaash and
ioe-contact sand and gravel (ggi, kgl and albavium (al). Localby overlain
b wind bbb eand and st Thickness generally 2=10m

ILLINCHEAN AND PRE-ILLINGLAN

LAKE SAND, SILT, AND CLAY (Cammichacls Formation in Pennsyleania) —
Faleyellow, pellow. orangs-red, red. reddish-brown, yellowssh-bronm,
of brown, generally noncaleareous wand, sil, and clay. Stratified:
mosderately fowell soried. In mary areas, intersely weathered coarse
channel gravel is cverlain by bess weathered shacbowater lake deposits
consisting of upwardsfining sand, mmegulary bedded sand. interbedded
sand and clay, or sand with bnses of silt and clay, similar to wnits B and
i, Clasts local bedrock kthologies, doménantly resistant semdstone and
wndy shale Oocuri in remnants of fwo terraces Slackaster lake
chir oA in-'hiﬂ'lnl lerrace remmants (as much as $ m abowve present
sieamd have riversed remanend magnetic polanty, indicating earhy
Pliistocene age, deposilts in kaver terrace remmants have posmal
pelasing and ane cormelaied with [noian il included in uniss nlb and cid
{R. B, Jacokson, [ P Elston, and J. W, Heaton, unpub. data, 1967,
Locally overlain by collusium, shaerwash allinsum, of sandblosn wand
and sdt. Thickness generally 1=30 m

QUATERMARY

LOwMY TO CLAYEY SOLUTION RESIDULM' — Pale-yeliow, yellowish-
brown, yellowish-red, or reddish-brown, noncalcareows to weakly
calcargous silt loam, sy clay loam, clwy loam, silty clay, and clay,
Chiefby solution residuum derived by in-place sobution of limestone amd
dolomite that locally contain thin inferbeds of shale and sandsions
Genserally tough, moderately plastic to plastic, silt loam to clay. Contains
tragments of chert where developed on sliceous carbonate rochks
fragments of chert, shale, and zandstone where developed on
interbedded carbonate and clastic rocks. Includes colluvium on
maderately deep sdopes and boat dlopes. Calludum i poady sorted,
poodly siratified material with angulsr 10 subangular [ragments of
lmesione, dolamiie, and chert; fragmenin ol shale and sandsions
comaman localky, Colors generally darker in colluvium than im nisidosm
Ouicrops of bedrock common kocallp. Sinkholes and underground
cavemns common Thickness of solution ressduum generally less than
1 mc fhickness of colluviam generally 1=3 m, locally mone than 10 m

LOAMY DECOMPOSITION RESIDULM' —Pale yellonw, yellowish brown,
brossm, or dark: beosan, noncalanaous 1o weakiy calcarecus sandy loam,
loam, and sili boam on redge crests. Chielly residuum demived by ine place
decomposdtion of sandstone and minor shale Incledes areas of
hetercgenecus, nonatratified, nonsored nibble foamed by frost shattering
of sanditone and quarzibic sandstone Bauldery where derved from
quanzitic sendstans; channery where devived from bedded sandstone;
small sandstone and shale ragments common ebewhere. Residusm
commank grades laterally inte bouldery collaviem and rock wasle
jcbbi amd collsvium o slopes. Includes aiensive areas of bedrock
outcrop. Thickness of residoum generally 1=2 m; thichness of fross-
shsttered rubble locally 3=5 m

LOAMY DECOMPOSITION RESIDLLIM —Y allousshe brosn, brosn, reddiche
brosmm, or purple, noncalcaneous. loam, silt boam, and clay boam sdth
clasis of acid shale and sandstone on (lat or gentle slopes. Includes
chanmery colbaviem on sesper loot slopes and scalered bedrock
oicrops. Thickness of residuum generally less than 1 m: thickness of
oollrvium generally 24 m

PRE-JUATERNARY
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