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also applied to dunes formed upon an old beach which from the
subsidence of the lake level finds itself much above the level of
existing waters. '

The beach dunes are characteristic of depositing shores and
to this class are to be referred those of the southern end of Lake
Michigan, while perched dunes are more characteristic of erod-
ing shores and are frequent along the east shore of Lake Mich-
igan, ranging from 10 to 400 feet above the present level of its
. waters.

While it is evident that the greater part of the shore dunes
of Michigan belong to one or other of the types just mentioned,
it is conceived that dunes may also have been formed fromsandy
material deposited by the action of ice and water about the
margin of the Pleistocene ice sheet and afterwards worked over
by the wind. Dunes of such an origin may be termed terrestrial
in contrast to those of lacustrine formation that derive their
material directly from the lake. It seems probable that some
of the interior dune areas of Michigan are of this type and
recently evidence has been obtained that at least a few of the
shore dunes are terrestrial rather than lacustrine in their
origin.

THE NIPISSING BEACH DUNES

The beach developed by the water of the Nipissing Great
Lakes has been carefully traced by Leverett and Taylor.! Upon
portions of this beach sand dunes have been subsequently de-
posited, although on account of the comparatively recent date
of its development, they are nowhere very extensive. At a
point near the north end of the bar separating Portage Lake
from Lake Michigan, a gravel ridge between 15 and 20 feet
above the present lake is partially uncovered just back of a low
fore-dune and again just north of Point Betsie lighthouse is a
similar ridge. From their height and general character it
seems probable that these beaches are Nipissing. On either
side of the mouth of the Platte River the Nipissing beach does
occur, extending for geveral miles, covered in many places by
low grassy dunes, but none of these appear as interesting as
some development upon the Fox and Beaver Islands.

_ 1Leverett, Frank, and Tiylor, F. B, The Pleistocene o Indiana and Michigan and the
history of the great lakes. U. S. Geol. Surv. Monograph 53: 447-463. 1915.
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ridge 20 to 50 feet high has been built up and in some parts
strengthened by a grassy fore-dune. The ridge is completely
fixed and was evidently formerly covered by a mesophytic
forest of maple, beech, and hemlock, with a small amount of
" Abies balsamea, Picca canadensis, and Populus balsamifera at
the outer edge. This has been cut off, and the dune cover now
consists of a few remnants of trees and coppice from the former
forest, together with such pioneers as Betula alba papyrifera,
Prunus pennsylvanica, Populus grandidentata, Ostrya virgini-
ana and Acer spicatum. '

A most distinetive shrub association has developed upon the
gravel of the Nipissing beach as well as upon the low dunes
which are developed before or are percehd upon it. It occurs
both upon High and Beaver Islands, and is characterized by
low growth, small thick leaves, a large amount of vegetative
propagation from buried stems and by a decided scarcity of
. grasses. On Beaver Island a scanty sprinkling of Agropyron
dasystachyum is almost the only grass present, but on High
Island there are in addition small amounts of Ammophila
arenaria, and Calamovilfa longifolia. The effect of exposure
to the strong winds of the west and south-west seems to be the
cause of a decided dwarfing in all the larger shrubs. Species
that upon other dune habitats attain a height of 3 to 6 feet or
even more are here reduced to a foot or less. Prunus pumila,
Cornus stolonifera and Sali® Spp. afford examples of such
dwarfing except when they occur within the shelter of the suc-
ceeding border zone of forest. The same thing is true of Pop-
ulus balsimifera which is seldom more than a yard high among
~ the shrubs, although it occurs rather freely within that associa-
tion.

The composition of this association varies somewhat,
although generally its dominant members are Arctostaphylos
Uva-ursi, Prunus pumila, Saliz longifolia, S. syrticola, Populus
balsamifera, and in some localities Potentilla fruticosa and
Cornus stolonifera. With these broad leaved shrubs Juniperus
horizontalis and J. communis mingle freely and in places be-
come dominant with the gradual elimination of the willows,
cherries, and poplars. Either the broad or needle leaved
shrubs may be sueceeded by the trees of a marginal shore forest




R

PAPERS ON BOTANY 115

in which Populus balsimifera, Betula alba papyrifera, Abies
balsamea, Thuja occidentalis and Picea canadensis are most
abundant. On the more open portion of these low dunes there
are mingled with the shrubs such herbaceous plants as Arte-
misia canadensis, Cirsium Pitcheri, Zygadenus chloranthus
and Lithospermum Gmelini,

HIGH PERCHED DUNBES
The rapid erosion along the east shore of Lake Michigan has
developed many stretches of steep shore cliffs cut in the
Fig. 2. Diagramatic east-west €ross sections through a shore
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cliff near Frankfort, Mich., showing stratified clays and gravels
upon which is perched a sand dune. Vertical height in feet at
the left of diagram. Horizontal scale one-half the vertical.

morainic material. These cliffs very much in height and are
frequently surmounted by dunes of considerable size, Only a
few of the most notable of those recently examined are here
described.

A half mile north of Frankfort the eroded shore shows dis-
tinct stratification of morainic clays and gravels while upon
the moraine there is perched a dune, the top of which, accord-
ing to the maps of the U. 8. Lake Survey, reaches the height of
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390 feet above the lake, about 100 feet being sand (Fig. 2A).
This dune area is about half a mile long and about half that
width, and has recently been mapped and described by Water-
man2. The upper stratum of morainic material is largely com-
posed of boulder clay, giving when eroded a number of “razor-
back” cliffs. The dunes have been fixed and forested but
through them has cut a complex of wind-sweeps ending in a
semicircular blow-out popularly known as “PThe Crater” (Fig.
2B). The wind-sweep throughout the greater part of its chan-
nel has cut quite through the sand and has exposed the surface
of the morainic plateau. The sand of which this perched dune
is composed may well have been derived from the waters of the
former Lake Algonquin, although there is nothing to show that
they are not of terrestrial origin. In this connection it may be
recalled that the moraine upon which the dunes are perched are
at least 150 feet above the supposed level of Lake Algonquin or
of the Nipissing Great Lakes.

A second example of even more remarkable perching is
found four miles north of Empire in the Sleeping Bear dunes.
Here the morainic substratum is in the form of a kamelike
ridge with its long axis parallel to the Lake Michigan shore
and its flat top about 400 feet above the lake. At the north and
east of this plateau the gravelly gurface is much lower, while
an east-west section through the ridge just north of “The Bear”
shows that a peak (Fig. 3A) of gravel near the eastern gide
projects above the sand which has been swept from the plateau
and is moving towards the east. That the greater part of this
plateau was formerly well covered with perched dunes is

 evidenced by the great banks of sand on the west side where
they present a great advancing lee front over a mile long with
a maximum height of over 300 feet (Fig. 3A). Upon this wind
swept plateau the most conspicuous dune remnant, perched on
the edge of the shore cliff, is the isolated mound some 90 feet
high and four times as broad, known as the “Sleeping Bear”
(Fig. 3B). The north and east slopes are still well covered with
the remnants of a mesophytic forest in which Thuja occident-
alis, Sorbus americand, Acer saccharum and Tsuga canadensis

2 Waterman, W. G. Ecology of Northern Michigan dunes: Crystal Lake
Bar region. Rep. Mich, Acad. Sci. 19: 197-207. 1917,
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are conspicuous. The other sides are being eroded but show
signs of having been covered with forest.

It seems quite probable that dunes of the size of Sleeping
Bear or even larger could have been formed at the top of a high
shore cliff, but it is difficult to imagine that the great mass of
sand that has been swept from the morainic plateau and forms
the great moving dune advancing towards the east could have

been so brought up from the lake at least 300 feet below. The

hypothesis of a terrestrial origin for the sand would on the
contrary seem more suited to explain the situation if it could
be supported by adequate data. Such data have not been ob-
tained in the Sleeping Bear area but appear upon one of the
islands to the north. : ;

South Fox Island, lying in Lake Michigan about 35 miles
north of Sleeping Bear Point is about 5 miles long and a fourth
as wide, the long axis of the island running some 30° west of
 north. The chief topographical features are a continuous
ridge of morainic material capped with dunes, varying from
200 to 325 feet in height, and from 200 to 400 yards in width,
~ running along the western side and a gravelly ‘plain of low
elevation which occupies the eastern side of the island
(Fig. 4A).

The western shore is being rapidly eroded and the cliffs rise
abruptly from a very narrow beach strewn with pebbles and
glacial boulders. The cliffs are composed of mixed morainic
clays and gravels while a distinet horizontal line separates the
lower more stony mass from the upper more sandy material.
This line has an elevation running from about 125 feet at the
south of the island to somewhat more than 200 feet at the
north. This upper stratum of sandy material has been some-
what worked over by the wind and at least one large wind
sweep has developed, the trough being floored with glacial
gravel and the whole terminating in a bald dune, about 325 feet
high, forming the highest elevation upon the island (Fig. 4B).
Much of the sandy stratum, however, presents evidence of hav-
ing been deposited by agencies other than wind. The evidence
consists in an admixture of pebbles, bits of rock, and particles
of soil both larger and smaller than the grains of wind-blown
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sand. Tt seems most probable that this sandy soil was depos-
ited simultaneously with or immediately following upon the
formation of the kame-like ridge upon which it rests, and that
it is due to similar combined action of ice and water. The exact
method of its deposition may be more definitely explained upon
further investigation, the main point of interest at the present
time, however, is that the sandy mounds which cap the ridge
are not composed of lacustrine sand piled up by the wind, but
have an origin connected more immediately with the former
ice sheet. It is evident that this material being largely sand
and lying in an exposed situation has been subject to disturb-
ance and working over by the wind. Dunes have been and are
being formed from it and these dunes may be termed terrestrial
in origin.

If it be granted, as the evidence seems to demand, that these
perched dunes of Fox Island are terrestrial, it seems highly
probable that many of those of the Sleeping Bear area had a
similar origin, for the topography of the two regions is so
extremely similar. The large mass of material in the advancing
dune swept from the plateau upon which the Sleeping Bear
dune rests would present no difficulty when explained by the
hypothesis of terrestrial origin.

Without extensive investigation it is impossible to say just
how many of the sand hills upon South Fox Island are dunes
and how many are made up of glacial sands. It is certain that
the high bald dune in the center of the island is composed of
wind-blown material and is still slowly moving across the
island, but it seems highly probable that many of the peaks
which immediately surmount the shore cliff were, in their
deposition, intimately related to some phase of glacial activity.
The hills at the east of the shore ridge probably are in part
dunes, and in part glacial sand hills, the two showing no differ-
ence in plant covering.

The variations in the plant associations of the various dune
regions mentioned will be discussed elsewhere but it seems
worth while to call attention to the climax mesophytic forest
as developed upon the sand hills of South Fox Island. Although
‘Jess than 25 miles from the mainland, where these species
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