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STRATIGRAPHY AND CORRELATION
OF THE LATE WISCONSINAN GLACIAL
EVENTS IN THE LAKE MICHIGAN BASIN

E. B. EVENSON, D. M. MICKELSON and W. R. FARRAND,respectively Department of Geological Sciences, Lehigh
University, Bethlehem, Pennsylvania 18015, U.S.A., Department of Geology and Geophysics, University of Wis-
consin, Madison, Wisconsin 53706, U.S.A., and Department of Geology and Mineralogy, University of Michigan,

Ann Arbour, Michigan 48109, U.S.A.

ABSTRACT Meaningful correlations of
late glacial events between areas as
distant as the Great Lakes and southern
Quebec depend on the establishment of
detailed local chronologies, mostly from
studies in the Lake Michigan basin and
the St. Lawrence lowland now holding
the most promise for a radiometrically
controlled record of the late glacial (ca.
14,000-8000). Based on recent investiga-
tions in the Lake Michigan region, we
propose a revision in the deglaciation
. pattern and stratigraphic nomenclature.
Although oscillatory glacial retreat began
to dominate over readvance about
17,000 years BP, we define late Wis-
consinan as beginning at ca. 14,000
when the ice withdrew from the Lake
Border Morainic system. Following the
Cary-Port Huron retreat, the ice read-
vanced (350 km) depositing the red
Shorewood Till. This was followed by a
minor retreat and then by deposition of
the Manitowoc Till. Continued retreat
eventually uncovered an eastward outlet
and Lake Chicago dropped to the Two
Creeks low-water level. This deglaciation
was not as extensive as previously as-
sumed. The post-Twocreekan readvance
(125 km) to the Two Rivers moraine oc-
cured around 11,850 years BP. This
sequence argues for a normal, climati-
cally controlled progressive deglaciation
rather than one interrupted by a major
post-Twocreekan (formally Valderan)
surge. Based on the knowledge that the
Valders Till is late Woodfordian in age
we have proposed the time-stratigraphic
term “Greatlakean” as a substitute for
the now misleading term “Valderan".

RESUME Stratigraphie et corrélation
des événements du Wisconsinien supé-
rieur dans la partie ouest des Grands
Lacs. Les seules corrélations valables
entre les événements tardiglaciaires de
régions aussi éloignées que la partie
ouest des Grands Lacs et le sud du Qué-
bec dépendent de ['établissement de
chronologies locales détaillées. Les tra-
vaux effectués dans le bassin du lac
Michigan et les basses-terres du Saint-
Laurent semblent les plus prometteuses
a cet effet (de 14 000 & 8000 BP). Nous
proposons, a la lumiére de travaux ré-
cents dans la région du lac Michigan,
une révision du modele de déglaciation
et de la nomenclature stratigraphique
des événements tardiglaciaires. Le re-
trait, avec oscillations du front glaciaire,
commence a dominer a partir de 17 000
ans BP, lorsque la glace quitte le sys-
teme morainique de Lake Border. Ce
retrait (plus de 400 km) culmine vers
13 300 ans BP. Aprés le recul de Cary-
Port Huron, une réavancée (350 km) a
mis en place le till de Shorewood. Un
recul de moindre importance se produit
ensuite, aprés quoi le till de Manitowoc
est mis en place. Le retrait continu du
front a finalement dégagé un exutoire
vers I'est et le lac Chicago est tombé au
bas niveau de Two Creeks. La déglacia-
tion de Two Creeks n'était pas aussi
étendue qu'on le croyait. La récurrence
suivante de 125 km (ancien Valders),
jusqu'a la moraine de Two Rivers, date
d'environ 11 850 ans BP. Cette séquence
d’événements tendrait & confirmer une
déglaciation  progressive, normale,
contrdlé par le climat, plutdt qu'une dé-
glaciation interrompue par une impor-
tante crue glaciaire post-Two Creeks.
Du fait que le till de Valders est plutdt
d'age Woodford tardif, nous proposons
le terme de Greatlakien pour rempla-
cer le terme de Valders devenu trop
ambigu.

PE3IOME CTPATUIPA®MA W KOPPENAUWUA
NO3AHE - BWUCKOHCHMHCKWX NEAHWKOBbIX
NPOUECCOB B BACCEMHE O3EPA MWYMIAH.
CywecTeeHHbie KOPPEeNAUMM NOIAHE-NeAHWKOBbIX
npoueccos B8 paioHax CTONb OTAANeHHbIX Apyr OT
apyra xak Benwkwe osepa m oxHan yacT, Keebexka
38BWCAT OT YCTAHOBNE@HMA NOAPOGHBLIX XPOHONOrMiA
NOKANLHOrO NOpPAAKa. 3TM XpPOHONOrMKM MoryT BbiTh
COCTEBNEHbI rNABHbIM 06Pa3oM MNYTEM M3yueHWA
Gacceiina 03epa MwuuraH W 4ONMHLI pekw CBATOro
NaBpeHTHA, TEK KaK TaM B HACTOAWEE BDEMA MOMHO
CKOpE@e BCEro NONYYMTb PAAMOMETDMUECKM YCTa-
HOBNEHHbIE AaHHbIE O nocneasem JSleaHukoBom
nepwone (14 000 — 8000 net Tomy Hasan). OcHo-
BbIBAACH HA HEABBHO NPOBEASHHBIX WCCNEAOBAHMAX
B paioxe o3epa Muuuras, mbl Npeanaraem MIMeHWTL
B3rNAA Ha XapakTep OTCTYNAHUA NeAMWKOB W Nepe-
CMOTPETL cTpaTurpaduueckyio HOMeHknatypy. He-
CMOTPA Ha To, YTO KonebaTtenbHo@ OTCTYNaHWe NeaHu-
KOB HAYaN0 NOMMHWPOBATL HAA MX NPOABUMKOM
npuMepHo 17 ThICAY NET TOMY Ha3ad, Mbl YCTAHO-
BWNKW, w4TO ne near
npoueccsl noaobHOrO posa Havanucs Tonsko 14
THICAY NET TOMY Ha3ag, KOrAa NeAHWKM OTCTYNWAK
OT MOpeHHOW cucTembl osepa Bopaep. Mocne oT-
CTynawuA neaHwkoe B paione Kapw-MMopt ypow,
Nbabl CHOBA NPOABMHYAMCHL (Ha 350 KMm.) oTnomwme
KpacHyio LopByaCKyIO riuHy. 3a 3TuM NOcnenosanc
HE3HAUMTENBHO® OTCTYNaHWE NeAHWKA BbilsaBwee
oo MaHu A rauHel. MNpoaonmas-
WeeCcA OTCTYNaHWe NeAHMKOB NPWBENO B KOHUE
KOHUOB K OUYMWEHMIO OTO NbAa BOCTOUHON uYacTw
o3epa Yukaro B pesynstate 4ero ypoBeHb BOAbI
B HeM ynan ao yposHA Ty Kpukc. Moaobroe otcty-
naHue neaHMKoB He BbiNO CTONGL KPYNHBIM Kak npea-
nonaronoch . paHbwe. Mocne oyuweHwA OTO nbaa
paitona Ty Kpuxc, npumepno 11 850 neT tomy Hasaa
wabnioganace HOBAA NPOABMMKA NEAHMKOB HA 125km
00 mopexHo# cucTemsl 8 paiore Ty Pusepc. Moao6-
HaA NOCNeAOBATENLHOCTL CBMAETNLCTBYET O HanW-
UMK HOPMANBHOTD, KNWMATUYECKH KOHTPONMPYEMOro,
NPOrPecCMBHOIO OTCTYNAHUA NENHWKOB, & HE O TOM,
410 noaobHoe oTcTynaHue GbIN0 NPEPBAHO KPYNHbIM
NPOABMMEHWEM NEAHMKOB BNEpea NOCne Toro, Kak
OHM OumcTwnu padon Ty Kpukc. 310 HactynneHwe
HOCWNO paHbwe Banb 0 HacTy-
nnexnA. OCHOBLIBAACL HA AOKA3ATENLCTBAX TOrO,
yTo Bo3pacT BannnepaHckoro TMANA COOTBETCTBYET
BospacTy noaaxero ByadopawaHckoro, mbli npea-
NOMMNK 3aMEHUTL BBOARWMA B 3abnywaeHwe TepmuH
«Bansaepanckui> TepmuHOM «BenwkooaepHbifts.
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INTRODUCTION

In a recent series of papers (EVENSON, 1973a, 1973b;
EVENSON et al., 1974; MICKELSON and EVENSON,
1975; EVENSON et al., 1976) we have proposed major
revisions of the late glacial (ca. 14,000-7000) ice-front
positions, rock- and time-stratigraphic nomenclature,
climatic interpretations and deglaciation patterns for the
Lake Michigan glacial lobe. These revisions are based
on investigations in the type areas of the Valders, Two
Creeks, and Two Rivers deposits and on seismic in-
vestigations by LINEBACK et al. (1974) in the Lake Mi-
chigan basin. Because there have been numerous at-
tempts to correlate late glacial chronologies and events
in Québec (i.e. EVENSON and DREIMANIS, 1976;
LASALLE and ELSON, 1975; OCCHIETTI, 1972; TE-
RASMAE, 1959) with those in the Lake Michigan basin
we feel that it is important that our new data be brought
to the attention of those working in Québec and its
environs. This paper is an encapsulated version of
EVENSON et al. (1976) and EVENSON and DREIMANIS
(1976). The reader is referred to these, and all the
above mentioned papers, for details and a complete
review of the development of the proposed revisions.

GLACIAL HISTORY OF THE
LAKE MICHIGAN BASIN (ca. 14,000-10,000)

Table 1, taken from EVENSON and DREIMANIS
(1976), is a correlation chart of the stratigraphic no-
menclature for the Great Lakes region. This paper will
concentrate on the explanation and justification of the
revised nomenclature presented in the left hand column
of the table as compared with that of WILLMAN and
FRYE (1970; second from left); in addition, the table
will serve as a frame of reference for those more familiar
with one of the other chronologies shown.

Figure 1 is a time-space diagram for the Lake Mich-
igan basin (EVENSON et al., 1976). This diagram will
serve as the basis for our discussion of the mode of
deglaciation of the Lake Michigan basin. In addition, it
can be used to present our revisions in the time- and
rock-stratigraphic terminology for the region. Several
important changes in nomenclature and ice front posi-
tion are presented in this diagram and important con-
clusions, concerning the style of deglaciation and the
concept of glacial surging in the Lake Michigan basin
can be drawn from interpretation of this diagram.
Formal rock-stratigraphic and time-stratigraphic units
are shown in bold type. Informal units, drifts and
moraines shown in italics. This diagram was construc-
ted by plotting to scale, new ice marginal positions as
presented and documented by EVENSON et al. (1976;
see Fig. 1). Comparing this diagram with others for the
same area (FRYE et al., 1960, 1965, 1973) we see several
important changes. For the first time a major retreat
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TABLE 1. Time-stratigraphic units for the Great Lakes region.

Note for (*) in the right side column. The divisions in paren-
theses have not been recognized with certainty in this area,
and therefore Lake Michigan lobe terms (after WILLMAN and
FRYE, 1960) and dates after various recent sources have been
used (from EVENSON and DREIMANIS, 1976).

Unités chronostratigraphiques de la région des Grands Lacs.
Note explicative concernant la marque (*) dans la colonne de
droite: les divisions entre parenthéses n'ont pas été fermement
établies dans cette région; c'est pourquoi nous avons utilisé
les termes se rapportant au lobe du lac Michigan employés
par WILLMAN et FRYE (1960) et les dates suggérées par divers
auteurs, notamment EVENSON et DREIMANIS (1976).

(400 km) is proposed during the Cary-Port Huron (Mac-
kinaw) interstade making this a major deglaciation event
in the Lake Michigan basin. This retreat has been rec-
ognized for some time in the eastern Great Lakes
(TAYLOR, 1913; LEVERETT and TAYLOR, 1915; FLINT,
1955; DREIMANIS, 1969; DREIMANIS and GOLD-
THWAIT, 1973) and our identification of the event ap-
pears to suggest (see EVENSON and DREIMANIS, 1976,
Fig. 2) retreat along the entire Great Lakes Laurentide
ice margin. Evidence for the position of the Lake Mi-
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FIGURE 1. Time-distance diagram for the Lake Michigan
basin. Vertical scale represents time in thousands of radio-
carbon years BP; the horizontal scale is the approximate
distance along the glacial path of the Lake Michigan Lobe.
Formal rock-stratigraphic and time-stratigraphic terms shown
in bold type. Informal units, drifts and moraines shown in
italics; T.C.F.B. = Two Creeks Forest Bed; C.B.B. = Cheboy-
gan Bryophyte Bed, these localities are projected into the lake
basin along logical ice margins to maintain their proper strati-
graphic position (from EVENSON et al., 1976).

chigan ice-front during this interstade is provided by
the Cheboygan County Bryophyte bed reported by
FARRAND et al. (1969). Although no evidence can be
presented to demonstrate the maximum extent of this
retreat, the presence of the Bryophyte bed in Che-
boygan County suggests deglaciation of the entire
southern Peninsula of Michigan at this time (ca. 13,000
BP). This is in agreement with evidence farther east
which suggests that the Huron, Erie and portions of the
Ontario lake basins and southern St. Lawrence lowland
were ice free (see Fig. 2 and p. 5; EVENSON and
DREIMANIS, 1976).

LATEST WOODFORDIAN ADVANCES

Following the Cary-Port Huron retreat, the ice read-
vanced to the Shorewood-outer Port Huron limit as
shown on Figure 1. This advance of over 350 km into
the waters of Glacial Lake Chicago (195 m, a.t.) de-
posited red clayey till on land as far south as Milwaukee,
Wisconsin and Muskegon, Michigan. This advance also
deposited a prominent subagueous end moraine on the

v

Diagramme spatio-temporel du bassin du lac Michigan. L'é-
chelle verticale représente le temps en milliers d'années 14C
BP; I'échelle horizontale représente les étapes approximatives
tout au long du lobe du lac Michigan. Les termes litho-
stratigraphiques et chronostratigraphiques conventionnels ap-
paraissent en caractéres gras. Les unités informelles, les
dépbts glaciaires et les moraines figurent en italique; T.C.F.B.
= lit de la forét de Two Creeks,; C.B.B. = lit & Bryophite de
Cheboygan; ces deux localités sont projetées sur I'axe longi-
tudinal du bassin du lac Michigan et associées & des positions
logiques de la marge glaciaire afin de maintenir leur posi-
tion stratigraphique véritable (d'aprés EVENSON et al., 1976).

floor of the Lake Michigan basin. The drift deposited
during this advance is mapped in the Lake Michigan
basin as the ‘“Shorewood Till Member of the Wedron
Formation' by LINEBACK et al. (1974) who assigned it a
late Woodfordian age following EVENSON (1973). On
land, this morainic system correlates with the outer Port
Huron (Whitehall) moraine at Muskegon, Michigan
(FARRAND and ESCHMAN, 1974) and with the red till
limit (Vaiders tiil of BRETZ, 1951) occurring as far south
as Milwaukee, Wisconsin and Muskegon, Michigan.

The next recorded event in the Lake Michigan basin
is the deposition of the Manitowoc till (Fig. 1). The
amount of retreat which occurred between the deposi-
tion of the Manitowoc and Shorewood tills is unknown,
but the lithological similarity and lack of a terminal
moraine for the Manitowoc till argues for simple retreat
rather than significant retreat followed by readvance.
Retreat from the Manitowoc limit occurred prior to the
drop from the Glenwood Stage of Giacial Lake Chicago,



as Glenwood shoreline features are developed on the
tills along the shore of Lake Michigan as far north as
Two Rivers, Wisconsin and Manistee, Michigan (EVEN-
SON, 1973a and b). Recent investigations by MICKEL-
SON and EVENSON (1975) in the type areas of the
Valders-Two Creeks-Two Rivers deposits have also de-
monstrated that the type Valders till is Port Huron in age
rather than post-Twocreekan (Valderan) as previously
assumed (see discussion of nomenclature which fol-
lows).

The multiple Port Huron event (Shorewood and Mani-
towoc tills) of the Lake Michigan basin has reco-
gnizable counterparts in the eastern Great Lakes region
(LEVERETT, 1915; CHAPMAN and PUTNAM, 1966;
KARROW, 1963), and if our correlations are correct
(EVENSON and DREIMANIS, 1976), this may indicate
that at this time the Laurentide ice activity in the central
Great Lakes region was still synchronous with that in
the east.

TWOCREEKAN DEGLACIATION

Following the deposition of the Manitowoc Till
Member, the Woodfordian ice retreated far enough
north to uncover a low, eastward-draining outlet for
glacial Lake Chicago and the water level in the Lake
Michigan basin fell to the Two Creeks low water stage.
At this time, the well known Two Creeks Forest bed
developed at Two Creeks, Wisconsin (for details, see
BROECKER and FARRAND, 1963; BLACK, 1970; EVEN-
SON, 1973a and b). Some authors have interpreted the
Twocreekan deglaciation as a major deglaciation in-
volving considerable ice-front retreat (HOUGH, 1963)
and climatic amelioration (ANDERSON, 1954). However,
others (FARRAND et al., 1969, 1974 ; PREST, 1970) have
argued for minimal retreats just adequate to open an
eastern outlet for the waters of the Lake Michigan basin.
Based on the interpretation by FARRAND et al. (1969)
that the Cheboygan bryophyte locality was not de-
glaciated during the Twocreekan retreat, we suggest the
limit shown on Figure 1. This reduces previous es-
timates of Twocreekan deglaciation by at least 30 km.
KARROW et al. (1975) have demonstrated that the On-
tario basin was ice free during the Twocreekan Sub-
stage and there is an impressive array of evidence
indicating that the southern part of the St. Lawrence
Lowland was ice free in open connection with the sea.

POST-TWOCREEKAN ADVANCE

The last major glacial event recorded in the Lake
Michigan basin is the deposition of the Two Rivers
Till — the till over the Two Creeks Forest Bed (Fig. 1).
This till was named by EVENSON (1973a). Along the
margins of the Lake Michigan basin the Two Rivers Till
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can be separated from similar older red tills on the
basis of shoreline development (EVENSON, 1973a). In
the type region of the Valders Till, it is possible to
separate the Valders Till and Two Rivers Till on the
basis of: depth of carbonate leaching, distribution of
buried forest beds, ice flow directional indicators and
stratigraphic criteria (EVENSON, 1973a and b; MICKEL-
SON and EVENSON, 1975). As indicated on Figure 1,
the Two Rivers Till extends just south of the Two
Creeks type locality. This interpretation reduces the ex-
tent of the post-Twocreekan readvance by nearly 175 km
along the axis of the lake basin and precludes its cor-
relation with either the type Valders Till at Valders,
Wisconsin (as suggested by THWAITES and BERTRAND,
1957; and many others by usage) or the red tills oc-
curring in the southern portion of the Lake Michigan
basin (BRETZ, 1951). This reduction of both the Two-
creekan retreat and the post-Twocreekan advance de-
fines a post-Twocreekan advance of approximately
125 km.

Following the deposition of the Two Rivers Till, the
ice retreated to the northwest possibly stopping at the
Sands-Sturgeon Moraine (MARTIN, 1955) about 11,000
years BP. Following retreat from this moraine, the
ice evacuated the western Great Lakes basins and their
history from this point is recorded by a series of glacial
lakes which are not the subject of this paper. The ice
must have continued to retreat northward, but its history
is not well documented or dated in the region north of
the western Great Lakes region. SAARNISTO (1974)
concludes from geological and palynologic evidence
that the retreat of the ice sheet was interrupted by
successive halts between 11,000 and 10,100 years BP —
during his Algonquin Stadial (Table 1), and that the ice
had retreated north of the Hudson Bay divide by 9000
BP.

INTERPRETATION AND REVISION
OF NOMENCLATURE

The revision of the deglaciation history and strati-
graphic relations in the Lake Michigan basin requires
reappraisal of some well-known late-glacial events and
revision of the nomenciature associated with this period
of time. Our revision of the deglaciation style and the
associated climatic implications are likely to influence
the manner in which deglaciation sequences in other
areas are correlated with those in the midwest and the
nomenclatural revisions are keys in establishing clear,
meaningful correlations with type time- and rock-
stratigraphic units of this region. The changes are
detailed elsewhere (EVENSON et al., 1976) and only the
major changes will be reviewed here.

The term “‘Valderan Substage' is replaced with the
term "Greatlakean Substage’ as shown on Figure 1.
The Valderan Substage was proposed by FRYE and



GLACIAL EVENTS IN THE LAKE MICHIGAN BASIN

WILLMAN (1960) to include those deposits younger than
the Two Creeks Forest Bed and older than the top of the
Cochrane till of HUGHES (1956, 1965). The name “‘Val-
deran” is derived from the Valders Till of THWAITES
(1943) which was assumed to be correlative with the till
over the Two Creeks Forest Bed; see discussion by
FARRAND (1976) of Valders terminology. The type
section of the Valderan is at the Two Creeks forest
bed locality (FRYE and WILLMAN, 1960) and does not
include the type Valders Till (of Thwaites) nor a unit
which correlates with it (MICKELSON and EVENSON,
1975). The use of the term "Valders” for the till at
Valders quarry has priority (as applied by THWAITES,
1943) and the definition of the Valderan Substage (of
FRYE and WILLMAN, 1960) is invalid as it does not
include the Valders Till as is suggested in its definition.
We now restrict the use of the term “'Valders Till"" to
the type till at Valders or its demonstrated equivalent.
The term "Valderan Substage' is rejected as invalid on
the basis of priority and definition. The rock-strati-
graphic basis and type locality for the time-stratigraphic
term "Greatlakean’' remains essentially the same as
that proposed by FRYE and WILLMAN (1960) for the
Valderan Substage (see EVENSON et al., 1976 for dis-
cussion and details).

The absolute age of the end of the Greatlakean is
approximate at ca. 8000 years BP (HUGHES, 1965;
WILLMAN and FRYE, 1970; EVENSON et al., 1976). It
marks the end of the Wisconsinan Stage (Table |) and is
followed by the Holocene Stage as defined by WILL-
MAN and FRYE (1970, p. 126). This places the Pleisto-
cene-Holocene boundary, as defined in the Great Lakes
Region, somewhat younger than that favored for the
worldwide reference boundary (INQUA, Paris 1969,
TERASMAE, 1972). This is acceptable because we con-
sider the Greatlakean and all other units of this rank or
lower (i.e., Woodfordian, Twocreekan, etc.) in the Great
Lakes Region as local chronostratigraphic units as
defined by the International Subcommission on Strati-
graphic Classification (1970 Article VIl-H) and apply the
term “Greatlakean'’ as suggested in Article Vil-l. We
make no attempt at this time to define a reference
boundary between the Pleistocene and Holocene in
terms of an international stratotype with worldwide
validity. When defined formally, and if the age of 10,000
radiocarbon years BP is accepted, the worldwide Pleis-
tocene-Holocene boundary will occur within the local
time-stratigraphic Greatlakean Substage.

Our revision of the pattern of the late Wisconsinan
deglaciation of the Lake Michigan basin (Fig. 1) argues
for a normal, climatically controlled, progressive de-
glaciation rather than one interrupted by a major
(320 km) post-Twocreekan surge as previously assumed.
Surging was suggested by PREST (1970) and WRIGHT
(1971) to explain the then-accepted 320 km advance that
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appeared to be restricted to the Lake Michigan basin
and unaccompanied by ice front advances elsewhere or
by fluctuations in the pollen record (CUSHING, 1967;
DAVIS, 1967, 1969). Our demonstration that the Great-
lakean advance was approximately 175 km less ex-
tensive than previously assumed appears to harmonize
the geologic and palynological data without requiring
surging. In addition, LASALLE and ELSON (1975) have
recently suggested that the emplacement of the St. Nar-
cisse moraine may have been contemporaneous with
the advance (called “Valders” by them) that deposited
the Two Rivers Till over the Two Creeks Forest Bed in
early Greatlakean time. Thus, they argue that the Great-
lakean readvance was not restricted to the Lake Mi-
chigan basin as suggested by WRIGHT (1971). Like
LASALLE and ELSON (1975), we do not reject the con-
cept of Quaternary surging, however we do not feel it is
supported or required by evidence associated with the
Greatlakean ice activity in the Lake Michigan basin or
eastern Canada.

Based on the similarity of radiocarbon age of the
earlier Greatlakean events in the Lake Michigan basin
(EVENSON et al., 1976; SAARNISTO, 1974; BROECKER
and FARRAND, 1963) and those of the St. Narcisse/
St. Faustin system of Québec (PRICHONNET, 1977;
LASALLE and ELSON, 1975; GADD et al.,, 1972; LA-
SALLE et al., 1972; OCCHIETTI, 1972, 1974, 1976 and
pers. comm.; TERASMAE and LASALLE, 1968) it is
tempting to attempt correlations of these events (DREI-
MANIS, 1977). However, meaningful correlations of
glacial events between these two areas involve a high
degree of speculation and are fraught with special dif-
ficulty for several reasons. For example, the deviation in
radiocarbon dates obtained on terrestrial vegetal ma-
terials and marine shells may be very large, the statistic-
al errors on many of the available dates are very large,
the effects of melt down associated with invasions of
marine water are largely unknown as is the importance
of continental versus maritime climate relative to the
behavior of a major ice sheet retreating in an ameliorat-
ing climate. In addition, there is a vast area separating
the areas where detailed studies have been performed.
For these and other reasons, we are reluctant to pro-
pose correlations at this time. However, we continue to
view with interest, the concept that it may be possible
to correlate, both on radiocarbon chronologies and on
the predicted response of the ice sheet to climatic
change, the major late-glacial fluctuations recorded in
the Maritime region of Canada and in the Great Lakes
region of the United States and Canada.
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