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stage of its activity, and separating the formations on either hand
by a chronological barrier. It is manifest that the true Boulder
Clay, or ground moraine, south of the belt, must have been formed
earlier than that north of it, and that the two portions are not at
all synchronous. In sedimentary formations synchronism is found
in horizontal strata, but in glacial deposits it is to be sought in
linear belts, concentric with the margin of the glacier. This fact
finds illustration, and emphasis, in the demarcation introduced by
this singular corrngation of the wide-spread glacial sheet. It is
difficult to limit the value of such a determinate line, in the midst
of the complex drift formations, if fully established, and should
similar belts be found to mark other steges of glaciation, there
would be opened a definite line of investigation that promises
much assistance in unraveling the gnarled skein of Quaternary
history. _

‘While it does not follow, necessarily, that all formations over-
laying the true glacial clay, south of the Kettle moraine, are older
than those occupying similar relations to the newer Till, north of
it, 1t is clear, that similarity of stratigraphical sequence is not, by
any means, sufficient ground for assuming chronological equiva-
lence. - It is evident, that all endeavors at correlation between the
superficial deposits, on the opposite sides of the moraine, should
be attempted with much circumspection.

These suggestions have especial application to the discussion of
the vegetal deposits, so frequently found in the later Quaternary
formations. By many writers, the various deposits of this kind,
in the Mississippi basin, have been, very naturally, in the present
state of our knowledge, grouped together without reference to the
necessary discriminations above indicated, and, as a result, beds
of diverse age are referred to a common stratum. A general dis-
cussion of these deposits is not sufficiently germane to our sub-
ject to be fittingly introduced here, but it is appropriate to point
out the fact that some of the vegetal strata sustain such a relation
‘to the Kettle moraine, that they must be widely separated from
others, in the date of their accumulation and burial. Some of
these organic strata lie at the immediate foot of the moraine, be-
* neath fluviatile and lacustrine deposits that, I am confident, began
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to be accumulated during the accumulation of the moraine, and
through the agency of glacial floods; while it is even more cer-
tain, that other vegetal deposits accumulated much subsequently,
as those found in the red clays of Wisconsin, which are lacustrine
deposits of the great lakes formed after the recession of the glacier.
It would be too much to assume that all plant remains, found
south of the moraine, antedate its formation, but it is safe to
affirm that, with only phenomenal exceptions, e. g., such as escaped
glacial abrasion, all north of it are more recent.

The bearing of these definite determinations of the glacial outlines
and movements upon the question of the origin of the remarkable
driftless area of Wisconsin, Minnesota, Towa and Illinois (see map)
was early perceived, and it was clearly foreseen that this line of
investigation promised a demonstrative solution of the problem.
The driftless area manifestly owes its origin to the divergence of
the glaciers through the Lake Superior channel, on the one hand,
and that of Green Bay and Lake Michigan, on the other, and to
the obstacle presented by the highlands of northern Wisconsin
and Michigan. This obstacle the glacier surmounted, and passed
some distance down the southern slope, but apparently not in
sufficient thickness to overcome the melting and wasting to which
it was subjected, and so it terminated midway the slope. But
the deep, massive ice currents of the great channels pushed far
on to the south, converging toward each other; and, if they did
not actually unite, at least commingled their debris south of the
driftless area.! An instance closely similar to this, considered
from a dynamical point of view, may be seen, at the present
termination of the Viesch glacier, and illustrations of the general
principles involved in the explanation may be seen in connection
with several other Alpine glaciers,

If the evidence .adduced to show that the Kettle moraine was
due to an advance of the glaciers be trustworthy, then, to the
extent of that advance, whether much or little, the moraine marks
a secondary period of glaciation, with an interval of deglaciation

1Compare N. H. Winchell in An. Rep., Geol. of Minn,, 1876, and R. D. Irving, Geol. of
Wie., Vol. II, 1877, whose views are closely analogous to the above and each to the other but
are not strictly identical. See, aleo, J. D. Dana, Am. Jour. Sci., April, 1878.
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between it and the epoch of extreme advance. Its great extent
indicates that whatever agency caused the advance was very wide
spread, if not continental in its influence. The moraine, there-
fore, may be worthy of study in its bearings upon the interesting
question of glacial and interglacial periods.

It will also furnish definite data bearing upon the somewhat
mooted question of the origin of the Great Lakes, as well as other
questions involving both perglacial and postglacial topography.



