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The records of glacial and post-
glacial lakes in the Great Lakes re-
gion were studied intensively by a
number of geologists in the latter
part of the nineteenth century and
during the first decade of the twen-
tieth century. The results were pre-
sented in the United States Geolog-
ical Survey Monograph 53, by Lev-
erett and Taylor, in 1915. During
the next 20 years there were no im-
portant contributions to the subject,
and the Great Lakes history as pre-
sented by Leverett and Taylor came
to be widely accepted. Modern text-
books of historical geology give the
Leverett and Taylor version of the
Great Lakes history.

The first serious revision of the
generally accepted history, and one
involving the Nipissing stage, was
made by Stanley in 1936, Bretz
published additional revisions in
1951, and the writer recently has
completed a two-year study of vari-
ous Great Lakes features (Hough,
1953). During the past three years
a few radiocarbon dates have been
obtained for events in the later lake
history (Arnold and Libby, 1951,
Libby, 1951, Libby, 1952).

A revision of the Nipissing stage,
required by some of the new informa-
tion, should be of interest not only to
geologists but to archeologists, be-
cause human oceupational sites have
been found associated with the Nip-
issing and related beaches.

THE LEVERETT AND TavrLor HigTory

In the history bresented by Lev-
erett and Taylor (1915), the Nip-
issing Great Lakes existed ag the last
generally well-defined stage before
the lakes in the Michigan and Huron
basins reached their present eleva-
tion. In the northern parts of the
Michigan and Huron basins and in
the southern part of the Superior
basin the Nipissing beach is one of
the most strongly developed shores
of the Great Lakes region. This
beach has been tilted by earth move-
ment since it wag formed, and it
occurs at successively higher levels
to the north, Gilbert, in 1898 (p.
605), as well as Spencer and Taylor
in their early writings, states that
the Nipissing beach descended below
present lake level in the southern
parts of the Michigan and Huron
basins. Taylor (in Leverett and Tay-
lor, 1915) later stated that the Nip.
issing beach of the north descended
to an elevation of about 15 feet above
bresent lake level and extended
throughout the southern parts of the
Michigan and Huron basins at that
elevation. A correlation thus was
made between the strong Nipissing
beach of the north and a weak beach
at an elevation of 596 above sea, level
in the south.

The Nipissing Great Lakes, ac-
cording to Leverett and Taylor, were
preceded by a complicated series of
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Algonquin lake stages which existed
while glacial ice stood in the lake
basins, forming some part of the
northern shore. These stages may be
summarized as follows:

Algonquin I, at an elevation of 605
feet, discharged southward both at
Chicago and at Port Huron; Algon-
quin II, at an elevation perhaps as
much as 100 feet lower, discharged
at Kirkfield, Ontario, to the Trent
Valley; Algonquin 111, at an eleva-
tion of 605 feet (because upwarp of
the land raised the Kirkfield outlet),
discharged at the old Chicago and
Port Huron outlets; ‘‘Lower Algon-
quin’’ stages formed in the northern
parts of the region while upwarp of
the land to the north was in progress,
but the lake continued to discharge
through the Chicago and Port Huron
outlets and the lake surface remained
at the same elevation (605 feet).
Figure 1 shows the Algonquin ITL
beach and the ‘‘lower Algonquin’’
beaches converging to the single
Algonquin level in the south, as de-
seribed by Leverett and Taylor.

SOUTH
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The original stage of Lake Nip-
issing came into existence, aceording
to Leverett and Taylor, when glacial
jce retreated from the Mattawa-
Ottawa valley and permitted the lake
to drain through a new outlet at
North Bay, Ontario. This was the
¢¢ope-outlet’’ stage, and it stood at
an elevation of <530 =7 feet (Liev-
erett and Taylor, 1915, p. 469) or
about 50 feet below present lake
level. Upwarp of the land to the
north raised the North Bay outlet,
and the lake surface rose until the
water discharged to the south
through the old Port Huron outlet.
Tt was assumed that the sill of the
Port Huron outlet somehow had been
lowered, during the period when no
discharge occurred there, from the
old Algonquin level to a level which
stopped the rising Nipissing waters
at an elevation of 596 feet. The
main Nipissing stage, or the Nip-
issing Great Lakes, then remained at
that elevation and discharged both
at North Bay and at Port Huron.
Following this stage the lake surface

NORTH

PORT HURON

Fig. 1.—Correlation of
peaches in the Huron basin,

warped northern peaches with horizontal southern
according to Leverett and Taylor.




Bevision of Nipissing Stage of Great Lakes

was lowered, by erosion of the Port
Huron outlet, to the present eleva-
tion of Lakes Michigan and Huron,
bausing at intermediate levels long
enough to ecut the Algoma beach and
a few other faint beaches,

Some more recent studies, to be
described later, have shown that cer-
tain steps in the foregoing history
are incorrect. With this knowledge
In mind, a critical reading of the
Leverett and Taylor monograph
(1915) reveals that almost the en-
tire history from the Algonquin to
the present synthesized by those au-
thors consists of statements which
are not supported by field evidence,
The parts of the history which are
based on direct field evidence are as
follows : Algonquin stage TIT is rep-
resented by a fairly extensive beach,
the ““lower Algonquin’’ stages are
represented by discontinuous beach
features in the north, and the ‘“two-
outlet’’ Nipissing stage 1is repre-
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sented by a strong beach in the north
and by a weak beach in the south.,
The various outlets involved obvious-
ly were in use at some time in the
history. Correlations between north-
ern and southern beaches are ques-
tionable, however, and the detailed
interpretation of events as presented
In this history is not supported by
facts.

Tar StaNLEY REvision

In 1936 Stanley showed that the
“lower Algonquin’’ beaches of Lev-
erett and Taylor, or their apparent
correlatives in the Georgian Bay
area, do not converge to the south -
but are essentially parallel. They
descend below present lake Ievel, in-
stead of converging on the ““highest’’
Algonquin beach at an elevation of
605 feet. The Nipissing beach cuts
across  the “‘lower Algonquin’’
beaches. Thege relationships are

shown in figure 2.
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The logical interpretation of this
information is that the lake level
must have been lowered by drainage
through new, guccessively lower, out-
lets and that no appreciable npwarp
occurred until after the entire
Algonquin series was formed. A fur-
ther consequence is that when glacial
ice retreated from the North Bay
area the lake surface may have been
lowered nearly to sea level. This is

-suggested by the relationship of the

“Jowest Algonquin’’ (Payette stage
of G. M. Stanley) to the highest
(main) Algonquin beach ; it is par-
allel and 190 feet lower. The lake
surface was lowered from an cleva-
tion of 605 feet to 415 feet before
upwarp occurred. Stanley suggested
that upwarp may have begun con-

giderably later than the Payette -

stage, and that the lake surface may
have been much lower. Stanley then
(1938) pointed out a channel in the
floor of the Straits of Mackinae, con-
necting the Michigan and Huron
basins, which has a present minimum
depth of approximately 150 feet, and
caleulated that the channel bottom
before upwarp was at-an elevation
of approximately 230 feet, or 350
feet below present lake surface. This
means that Lake Michigan may have
been at an elevation of 230 feet;
Lake Huron may have been still
lower, because the channel is recog-
nizable as a feature which extends
downward into the Huron basin.

Stanley’s work was confirmed by
Deane (1950), who likewise found
an essential parallelism of the
beaches from the (highest) Algon-
quin down to, but not including, the
Nipissing.

One consequence of accepting the
work of Stanley and Deane is that
the Leverett and Taylor Algonquin

stage 1T (the low-water stage be-
tween Algonquin I and I1I) should
be abandoned for a lack of support-
ing evidence. Algonquin I and ITI
thus merge into a single Algonguin
stage. This detail has no immediate
bearing on the Nipissing stage, how-
ever, and will not be discussed fur-
ther in the present paper.

Pre-N1pissiNg Low-WATER STAGE

The pre-Nipissing low-water stage
postulated by Stanley has been con-
firmed by the writer; coarse-grained
gediment and shallow-water organ-
isms were found in the Lake Michi-
gan bottom deposits down to a depth
of 850 feet (Hough, 1952). The low
stage in the Lake Michigan basin has
been named Lake Chippewa. The
existence of Lake Chippewa requires
a low stage in the Huron basin also,
which has been named Lake Stanley
in recognition of G. M. Stanley’s
work.

The Leverett and Taylor hypothe-
tical ‘‘original Nipissing’’ stage oc-
cupied a somewhat similar position
in the history that Lakes Chippewa
and Stanley now occupy-. The ‘‘orig-
inal Nipissing,”” however, was €oi-
ceived as following the greater part
of the post-Algonquin uplift, and
the lake surface was stated to be at
an elevation of approximately 530
feet. It is proposed that the term
“original Nipissing’’ be abandoned,
and that <‘Nipissing’’ be restricted
to a later stage when the lake sur-
face was raised back to the level of a
southern outlet.

TRANSITION TO THE NIPISSING STAGE

Following the extreme low-water
stage, Liakes Chippewa and Stanley,
there was uplift of the land to the




Revision of Nipissing Stage of Great Lakes

north, warping the old heaches and
raising the North Bay outlet. The
lake surface was raised until the
water discharged to the south, after
which no further rise in lake level
was possible. This period of rise
from the Chippewa-Stanley low
levels to the level of the southern
outlet is a transitional stage, and the
term ‘‘Nipissing’’ is here applied to
the stage of static level which fol-
lowed the transition.

Norru-SourH CORRELATION OF THE
Nr1PissinG BrACHES

None of the old beaches in the
northern parts of the Michigan and
Huron basins ean be traced to a
Junetion with any of the beaches in
the southern parts of the basins.
‘Erosion has removed all the old
beaches above present lake level on
both sides of the Michigan and the
Huron basing in the critical areas
where the tilted northern portions
approach horizontality. This fact
may be gleaned from the Leverett
and Taylor monograph only by very
careful study. There is thus no di-
rect field evidence for making cor-
relations between the northern and
southern beaches.

As stated in the foregoing sum-
mary of the Leverett and Taylor his-
tory, Taylor and others at one time
had postulated that the generally
accepted Nipissing beach in the
north, in the warped area, descended
below lake level in the south. When
Taylor later stated that the Nipissing
beach descended from the north to a
position of horizontality above pres-
ent lake level at an elevation of 596
feet, he had no further field evidence
on which to base his revision. Tt ap-
peared to be a more logical deduc-
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tion in view of his current coneept
of lake history. With nothing more
substantial to support it, Taylor’s
level for the Nipissing stage is not
defensible.

The writer has made a new re-
vision in which the Nipissing beach
becomes horizontal above present
lake level at 605 feet. This not only
appears to be logical in his concept
of lake history, and to be a correla-
tion of northern and southern
beaches which compare more favor-
ably in strength of development ; it
is supported by radiocarbon dates
obtained for beach materials in both
the northern and southern areas.
The reasoning which led to the sup-
position that the Nipissing stage
stood at 605 feet, the old Algonquin
level, will be summarized before sup-
porting data are presented.

THE N1pissiNg STagE

Resorting to an arm-chajr analysis,
the writer reasoned that the Nip-
issing stage should have existed at
the same elevation as did the earlier
Algonquin stage. This reasoning is
as follows: the discharge of the Al-
gonquin stage (Algonquin T and TIT
of Leverett and Taylor) passed
through the southern outlets, with-
out cutting them down, for a long
period of time during which the
strong Algonquin beach was formed
throughout much of the Michigan
and Huron basins. The outlet chan.
nels apparently were stabilized in
relation to the discharge of Lake
Algonquin, and a greater volume of
discharge would be required to ini-
tiate downcutting. No source of
greater discharge late in the Algon-
quin stage is known. In view of the
work of Stanley, Deane, and the
writer it appears that the lake waters




138

were drained down to suceessively
lower levels, including the Chippewa-
Stanley low-water stage, before any
appreciable upwarping in the north,
and that the drainage was through
new lower outlets to the east and
to the northeast. The Chicago and
Port Huron outlets presumably were
abandoned while they were still at
the level which had controlled the
Algonguin stage. ’

When the water Tose to the Nip-
issing stage it presumably would
have found the outlets at the same
elevation they had had when they
were abandoned. Because the Nip-
issing-stage lake drained largely
through the North Bay outlet at
first, and only slowly sent additional
quantities of water to the south (be-
cause of the slow rise of the North
Bay outlet), the initial cutting power
of the Nipissing discharge through
the Port Turon outlet would have
been less than that of the Algonguin
discharge. The strong development
of a single Nipissing beach in the
north indicates that the Nipissing
stage was comparatively long and
stable. When the North Bay outlet
was raised sufficiently, the entire
Nipissing discharge (from all of the
upper lake basins) was finally di-
verted to the south. At this time
downeutting of the Port Huron out-
let was begun (the Chicago outlet

was on bedrock), which terminated

the Nipissing stage. »
According to the foregoing reason-
ing, the Nipissing-stage lake occu-
pied the old Algonquin beach in the
southern, unwarped portions of the
Michigan and Huron basins. This
conclusion is supported by a com-
parison of the generally accepted
Nipissing beach of the north, which
is a strongly developed feature, with
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the Algonquin level (605 foot) beach
of the south, which also is a strongly
developed feature. The beach at 596
feet in the south, which Leverett and
Taylor designated as Nipissing, is a
much weaker feature and compares
more favorably with the Algoma
beach of the northern areas, which
lies in a position between the Nip-
issing and the present lake level.

RADIOCARBON DATES
When the radiocarbon dates for
various beach features in the Great
TLakes region (Arnold and Libby,
1951 ; Libby, 1951 ; Libby, 1952) are

first assembled, they do not fall into

a reasonable sequence. The dated
events as identified in the original

reports are listed below :
Age in years
Mankato glacial substage .

maximum ....oeeenese 11,000
Lake Grassmere beach
(Erie basin, approxi-

mately correlative with
Toleston heach of Mich-

jigan basin ............ 8,513 == 500
“Toleston level beach”

(605 ft.) in Chicago

ATEA v evennrvasore e 3,469 = 230
Nipissing beach, Lake Su-

perior basin .......... 3,656 == 640

Nipissing level (594 ft.),
Burley site, _Lake Huron 2,619 == 220

1f, however, it is assumed that the
Nipissing-stage lake rose to the Al-
gonquin level (605 feet), as sug-
gested in the foregoing discussion,
and the names of the beaches are ad-
justed accordingly, the radiocarbon
dates fall into the correct sequence:

Age in years
Mankato glacial substage

maximum ...eeneeeons 11,000
Lake Grassmere beach
(Toleston) «.ceeverens 8,518 == 5G0

Nipissing beach, Lake Su-
perior basin
Nipissing beach (‘“Toles-
ton level” beach, 605
foot) in Chicago area..
Algoma level (594 foot),
Burley site, Lake Huron 2,619 = 220

3,656 == 640

3,469 = 230
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It is concluded that the Nipissing
stage occurred about 3,500 years ago
at an elevation of 605 feet above sea
level, and that the Algoma stage oc-
curred nearly a thousand years later
at an elevation of 596 feet.

TrANsITION FROM NIPISRING TO
PrESENT

During the lowering of lake level
from the Nipissing stage to the pres-
ent (by downcutting of the Port
Huron outlet), there was one well-
defined static period, during which
the Algoma beach was formed. In
the northern areas, where the iden-
tity of the Nipissing beach is un-
questioned, the Algoma beach is
recognized as a lower beach of mod-
erately strong development. It, like
the Nipissing, is warped upward to
the north, but it rises at a gentler
rate. It is this beach that the writer
correlates with the 596-foot beach in
the southern, unwarped areas.

The cause of the Algoma static
period is not definitely known, but a
detailed study of theSt. Clair-Detroit
River outlet channel by Leverett and
Taylor (1915, pp. 494-495) provides
a possible explanation. Tt is evident
that in comparatively recent time
the Detroit River has shifted later-
ally from a bedrock-floored portion
of its channel to a new location on
unconsolidated material, and in mak-
ing the shift has locally increased its
gradient. The writer suggests that
this channel shift may be related to
the Algoma stage. During the lower-
ing from the Nipissing to the pres-
ent, the outlet channel may have be-
come graded to the temporary base-
level of the bedrock section of the
channel, and thus have held the lake
at the Algoma level. Downecutting

1952),
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began again after the lateral shift,
and the gradient of the channel was
adjusted to a lower base-level, cans-
ing a drop in lake level.

Faint discontinuous beaches be-
tween the Algoma and the present
levels presumably record brief static
periods, but no explanation for these
is known.

Drscussiox or TR BurLey Simr

The date for the 594-foot level at
the Burley site (Port Franks, On-
tario), near the sountheastern shore
of Lake Huron, was obtained by ra-
diocarbon analysis (Libby, 1952) of
charcoal taken from a site of human
occupation. The charcoal was a8s0-
ciated with evidences of g prehistoric
people in the first or lowest occupa-
tional stratum. Two additional oc-
cupational strata occur at higher
levels and contain records of more
advanced cultures (Jury and Jury,
A geological study of the
Burley site made by Dreimanis (in
Jury and Jury, 1952, pp. 72-75)
showed the following section :

Elevation
of base
Horizon above seq level
8. Wind-blown sand ........ 00
f. Dark sand (38rd occupa-
tional layer)
e. Wind-blown (?) sand..... 598
d. Dark layer (2nd occupa-
tional layer)
¢. Stratified alluvial sand..
b. Dark sand (1st occupa-
tional layer)
a. Sand

The approximate elevation above
sea level of the base of each horizon
is given as caleulated by the present
writer from data on the elevation of
the top of horizon b and the average
thickness of the other horizons, as re-
ported by Dreimanis. Dreimanis, fol-
lowing Goldthwait ( 1910, p. 18) and
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Taylor (Leverett and Taylor, 1915,
pp. 449 and 459), as most students
of QOreat Lakes history have done,
accepted a Nipissing identification
for the H96-feet beaches and there-
fore assigned an early Nipissing age
to the dated horizon at 594-595 feet.

Te stated that the dated horizon (b)"

was occupied in early Nipissing
time, that the lake level then rose to
15 feet above the present level (to
clevation 596), and the former living
site (b) became flooded and covered
by alluvial sand with intercalated
streaks and lenses of plant remains
(horizon e¢); then the lake level
lowered and the river terrace became
inhabited again (horizon d). Ap-
parently wind-blown sand (horizon
e¢) covered the second occupational
stratum, a third occupational strat-
um (f) then developed and this, in
tarn, was covered by wind-blown
sand (horizon g).

The present writer suggests a dif-
ferent interpretation of the Burley
site stratigraphic section. The Nip-
issing stage stood at an elevation of
605 feet, water level then was low-
ered to the Algoma stage (elevation
approximately 596 feet), and after
a further slight lowering the Burley
cite was first occupied. Because the
Burley site is on a viver deposit a
mile from the lake, the alluvium (e)
which covered the first oceupational
horizon (b) could accumulate with-
out requiring a rise in lake level.
All subsequently deposited cover ap-
pears to be of wind-blown origin.

This interpretation is compatible
with the writer’s conclusion that the
Nipissing stage occurred about 3,500
years ago at an elevation of 605 feet
above sea level and that the Algoma
stage occurred about 2,600 years ago
at an elevation of 596 feet above sea
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level. The Burley site, therefore, ap-
parently was first occupied during
late Algoma time.

SUMMARY

High-water stages preceding the
Nipissing are represented by the
Toleston beach in the Michigan
basin, at an elevation of 605 feet
above sea level, and by the early
Algonguin beach in the Huron basin
at approximately the same level ;
these were merged into a single lake,
the Algonquin stage, at elevation 605
feet, by retreat of the jee from the
Little Traverse Bay-Lake Huron
lowland. The Algonguin-stage lake
discharged at Chieago and at Port
Huron.

The Algonquin stage terminated
when retreat of glacial ice uneovered
4 new lower outlet at Kirkfield, On-
tario. The lake waters drained down
below the level of the southern out-
lets, leaving them at their Algon-
guin-stage elevations.

Quecessively lower lake stages dis-
charging through successively lower
outlets followed, until the extremely
low Lakes Chippewa and Stanley
existed in the Michigan and Huron
basins, respectively. — These dis-
charged at North Bay, Ontario. Up-
warp of the land to the north then
occurred, raising the North Bay out-
let and raising the water level in the
Michigan and Huron basins. ‘When
the North Bay outlet was raised to
the elevation of the old southern out-
lets, discharge occurred at three
points : North Bay, Port Huron, and
Chicago. This initiated the Nipissing
stage. The elevation of the Nipissing
lake was the same as that of the pre-
ceding Algonquin stage, 605 feet
above sea level, because its elevation
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was determined by the southern out-
lets which had been abandoned at
the Algonquin level.

In the southern half of the Mich-
igan basin three lake stages stood at
the 605-foot beach : the Toleston, the
immediately succeeding Algonquin,
and the post-low stage Nipissing. In
the southern part of the Huron
basin the early Algonquin, the Al-
gonquin, and the Nipissing stood at
the 605-foot beach. Farther north,
upwarp of the land raised the older
beaches, and the N ipissing beach was
formed at a level which cut across
the older beaches. Further uplift oc-
curred after Nipissing time, so that
the Nipissing beach now also rises
to the north but not as steeply as
the older beaches. Downcutting of
the Port Huron outlet, probably
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caused by diversion of the entire
Nipissing discharge to the south
when the North Bay outlet was
raised above lake level, terminated
the Nipissing stage. The level of the
lowering lake was stabilized for a
time at an elevation 596 feet above
sea level, when the Algoma beach
was formed. The cause of this static
period is not definitely known, but
it may have been because the outlet
channel was stabilized on bedrock
until the outlet channel shifted later-
ally to unconsolidated material. Fur-
ther downecutting of the channel low-
ered the water to the present eleva-
tion of lakes Michigan and Huron,
The Nipissing stage is dated as
about 3,500 years old, and the
Algoma stage is dated as about 2,600
years old, by radiocarbon analysis.
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