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LAKES OF THE CHEBOYGAN RIVER BASIN. 4

its accessibility shares the popularity of the lakes of the “Inland
Route” as a place for recreation. At the present time the snmmer
homes are largely near the south end of the lake and along the wes!
shore south of Crooked River. These locations are near Indian
River, the source of supplies, and along the route of the passenger
service from Conway to Cheboygan. There are abundant cottage
sites all along the shores, and the writer confidently looks for-
ward o @ much greater development of this lake as a summer re-
sort in the fnture.

Indian River Jeaves the lake at the extreme southeastern corner
and flows through the north side of a break in the upland which is
about a mile in width and extends to Mullet Lake. This rather
broad channel is flanked on either side by the high eliffs of Lake
Nipissing. Its bed, where not trenched by Indian and Stargeon
Rivers, rises gradually 1o a sand bar which extends from cliff to
cliff through the town of Indian River in a regular curve concave
to the west. This bar grew from the west and practically separated
the Burt and Mallet lake basins, forcing the outlet to the north..
On the gentle front slope of the bar are several minor beaches which:
were formed during the recession of Lake Nipissing and probably
mark levels of short duration, since small terraces and cliffs at like
elevations are found along the shores of Burt Lake. TIn the la-
goous behind these small beacheg swamp conditions prevailed, and
beds of marl were laid down one of which is shown in Plate TV,

Until thirty-five years ago, the Sturgeon River flowed behind
this bar into the Indian River and choked the channel with its
heavy deposits of sand. When the necessity of navigating Indian
River arose, the results of this deposition were recognized and an
artificial channel was dug which turned the waters of Sturgeon
River direetly into Burt Lake. Some idea of the amount of ma-
terial deposited by the river may be obtained from the delia which
has been built into Burt Lake since that time. It projects fully
three hundred yards beyond the general curve of the shore and at
present has split the stream into two distributaries. The west
shore of the delta curves outward gently but the turn on the east
is abrupt, showing that westerly currents prevail now as in former
times. The delta extends outward under water a shoet distance
only and drops rapidly from about ten feet to nearly twenty. The
sub-agueous terrace continues arcund the south and west sides
of the lake to the vicinity of Saegers Resort, where it is much less
definite, and disappears in the bay to the north.

To the west of the delta the Nipissing terrace narroy s, and the
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cliffs which rise above it to a height of thirty-five feet gradually ap-
proach the shore. At Pittsburg Landing this terrace stands sixteen
feet above the present lake level and is wide enough to afford an
ideal location for cottages, see Plate V, A, The lake side of the
terrace in places merges into a lagoon and marks a level of the lake
between Nipissing and the present. This shore is exposed to the
northerly and northeasterly winds, and the effect of the waves of
long reach is seen a short distance to the west, where the Nipissing
terrace has been entirely removed and hare cliffs in excess of fifty
feet in height reach from the shore to the top of the Algonquin
terrace. At Kingsley Beach the N ipissing terrace reappears with
moderate width and is backed by a low cliff rising to the Algonquin
terrace. This condition persists as far as Saegers with slight
variations in the width of the Nipissing terrace and the character
of the material of the present beach. For the most part, sand
beaches prevail, but at the Saw Mill and at Saegers where the
moraine comes to the shore the beach is strewn with boulders. The
low cliff between the present shore and the Nipissing terrace is,
as a rule, covered with grass, but in a few places fresh scars boldly
announce a renewal of wave work. At Saegers it has been neces-
sary to dump boulders along the shore to prevent the encroach-
ment of the waves, in other places the cutting has not as yet oblit-
erated a small terrace between the Nipissing and the present level.
Beyond Saegers the Nipissing terrace widens and slopes gently
to the lake. Trees growing to the water’s edge are being under-
mined by wave action and thrown over on the shore either by winds
or ice. As the shore swings into Poverty Bay the prevailing cur-
rents leave the shore and have built a spit running into the bay.
This spit has grown at least one-hundred vards from the shore and
supports a row of trees on its surface. Behind the spit is an ex-
cellent example of the filling of a lagoon by vegetation, mainly
rushes and cat-tails. Here again we find evidence of flooding, for
the outline of the spit has not the characteristically even contour
and is lined with tree roots partially excavated by the waves.
Around the bay, called by some Poverty Bay, the shores are low
and swampy, and show little wave action. The bottom here is
muddy, and in the shallow water vegetation, protected from the
strong winds, is growing outward from the shore, giving practically
no beach. Crooked River has built a small delta into the bay but
at present is flowing through an artificial channel. At the head
of the bay, however, Maple River has built a large projection
through which it flows in a series of distributing channels. Tt will
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be noted from the map. Fig. 37, that the brauches of the river avoid
the main part of the delta and now empty into small bays on either
side. This will result in the filling of these bays until the present
channels become so - clogged that further shifting is necessitated.
The even shore line of the bay northeast of Maple River is quite
in contrast to that to the southwest, and examination shows that a
low sand bar has developed from the eaxt side of Colonial Point,
extending to the mouth of the river and cufting off a part of the
low swamp about its lower course.

There is a sudden transition from the swamp of Maple River to
the higher ground of Colonial I’oint. This peint is a morainic
hill whose top was planed off during Algonquin time. The
Nipissing terrace is very well developed along the point but becomes
faint inland as it converges from the shores to the northwest. It
was impossible to trace the shore completely around the hill, but
from the elevation of the land to the northwest it is safe to con-
clude that this point was a peninsula with a very narrow neck, or
possibly a land-tied island in Lake Nipissing. The terrace is wider
at the end of the point than at the sides, due to protection on the
west side and excessive wave action on the northeast which has
removed part of this terrace since Nipissing time. A Post-Nipissing
terrace is well preserved on the bay side, forming a low, swampy
zone next the shore which never exceeds twenty feet in width.

Off the end of the point and continuing northward the subagueous
terrace is narrow and the “drop-off” sudden at about ten feet.
This continues, but gradually widens and loses its identity towards
the north end of the lake. The shore features on the east side of
Colonial Point are rather uniform, consisting of a well-developed
but narrow Nipissing terrace the outer edge of which has been cut
into low cliffs by waves at the present level, and a beach of coarse
material, residual from the disintegration of the till. One interest-
ing exception occurs at the small projection on the east side of
the point near the end. At this place the Nipissing shore recedes
from the present shore a distance of two-hundred fifty yards in a
slight indentation into which the currents are able to swing. How-
ever, at one of the lower intermediate levels the currents left the
shore and built a bar across the head of this bay, enclosing a shal-
Tow lagoon which is now dry and supports a growth of large trees.
This bar may be recognized on the present beach by the change
from the coarse material to sand.

North of Colonial Point the low ground which runs southwest-
ward to the Maple River swamp comes to the shore. The trees grow

11
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to the water’s edge and are being washe( dway at high water, giv-
ing alternate stretches of partly excavated tree roots and sandy
beaches. This Joyw tract is somewhat over a mile in width and
gives way to morainic hills oy whose slopes- the features are so
similar to thoge found on the east side of Colonial Point as to
need no further dexcription. Near the north end of the lake the
cliffs leave the shore Wwhich is then bordered by a swamp through
which Carp Creclk runs. The contour of the sand beach las a
scalloped effect, due to the broniinent deliy built by Carp Creek.
Currents ave active here, coming from opposite directions in each
re-entrant, but have not developed distinguishable bars at the pres-
ent shore. Tt jg possible that hars may have been built at higher
levels, but the nature of {he swamp and the heavy undergrowth
makeg their determination an uncertain task under the conditiens.

On the east side of the lake the SWanp gradually narrows and
is replaced by a morainic ridge of hard, red till, running slightly
east of south ang ending abruptly at Greenman Point, Along
this shore the Nipissing level ig represented hy a prominent ¢liff
but the terrace ig RArrow and steep, indicating a smal] amount of
Wave action during Nipissing time, This is to be éxpected from
the location of the shore which bprecludes the possibility of waveg
of long reach striking it éxcept at a very oblique angle. The present
beach contains mueh coarse material which is quite generally pushed
up above the strand, and in blaces patches of ice ramparts are to be
seen, best developed at Greenman Point, Evidence of ice action
is not common on {he shores of thig lake, and jtg presence on the
northeast shore leads to the conclusion that ice jams are the cause
of the shove rather than expansion. Tp addition, the size of the
lake is in excess of the maximum oy which expansion ig considered
to be effective.

At the end of Greenman Point ay interesting hook discloses con-
siderable current action along this shore.  The hook, a sketenh of
which is givén in Fig. 88, rounds the point angd doubles back on
itself almost parallel to the maiy shore, extending well into Boup-
asau Bay and enclosing part of the Swamp into which this bay
heads. The material Is finely graded from cobbles four to five
inches in diameter near its land connection to fine sand at its end,
and has been supplied entirely from the cliffs to the nortn, The
weak currents moving south are unable to cross the bread entrance
to the bay and deposit materia] which is subsequently worked into
the bay by the strong southwesterly windsg, At the head of the
bay the ouly effect at present of Wave or current action jy the under-
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the formation of definite rampirts. The small point about midway
between the ends of the lake. A oy map. is an almost isolated mor-
rainic hill which may have been an islandg during Nipissing time
since the main ¢liff runs back of it. It is virtually lined with
bonlders, Targe and small, which are shoved up into a wall. See
Plate V. It ig possible that some of these have been cleared from
the adjoining farm and dumped here, but the regularity of the
wall and the presence of drift logs four and five feet above the
present level shows clearly that ice push is intense at this point.
The Nipissing terrace Lere is relatively wide ang strewn with
boulders. This shows that the action of the waves was strong in
this locality during Nipissing time, and the terrace is cut rather
than built. A glance at the map shows that the strong northwest-
erly winds have considerable reach here and that the direction of
the shore is favorable for heavy pounding by the waves and for
efficient current action 1o remove the disintegrated material. South
of the point the land is low and was covered during Nipissing time.
Three definite bars below the Nipissing level were found in this
SWampy depression, each of which cuts off a crescent shaped lagoon.
The lower oune was formed at the present level, but the remaining
two  stand higher and mark levels intermediate between the
Nipissing  and bresent.  The material in these bars was de-
rived from the north and was distributed as far as the point just
north of Tuscarora Beacl, The present shore at this point shows a
hook-like form which is being built largely from the south. Tn
reality, this form is being built more after the fashion of V-shaped
embankments, for material is supplied both from the north and
the south, although there is no enclosed depression. The currents
from the south are the stronger and the hook is consequently turned
to the north. The point itself is cansed by the projection of bould:
ery drift, some of which has heen pushed northward into a spit of
toarse material at a level above the present. From the size of the
boulders this evidently has been formed largely through the push of
drifting ice blocks. See Loug Lake, Alpena County, for similar
forms. South of the point the waves are actively catting the Nipis-
sing terrace and have formed adow, freshly cut cliff from which the
material of the look is derived. Along Tusecarora and Wautan
beaches the waves are cutting the outer edge of the Nipissing ter-
race, in places exposing the houlder clay. The terrace here has,
therefore, been cut. Large boulders have been lined on the beach
by ice, but their paths on the lake side are obliterated.
South of Wautan Beach the Nipissing shore continues almost

™
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reduction in the size of the lake was accomplished by the uevelop-
ment of bars acrosy indentations, Ip fact, nnder the present condi-
tions it ig unlikely that any great changes in onthine due to this
cause will occur, except possibly at Greenman Point. Here the
southerly winds secm to be able to distribute the material brought
along the point, and the bay may be filleq but not cut oft. The
only otler large point, Colonial, is being attackeq by the waves.
Possibly the greatest development wij be the delta of the Maple
River which may fill the bay into which it Hlowsg,
largely on the rate of deposition, for it see
will be abandoned as an outlet of Dougl
of this lake).

This depends
ws likely that thig siream
ass Lake (see description

Wave action has predominated on this lake and the terraces
are the prominent features on the slopes facing the shore.
cases the Nipissing terrace is complete but, for
has been cut into at lower levelg, Under existing conditions, wavye
action is also the brominent agent, and g relatively narrow Tterrace
and “drop off” ig present, especially well developed along the sides
and at the south end. The depth of water at its ontside edge is
between ten anq eleven feet and thig Is much less than the wave base
for this lake, which reaches a depth of at least thirty feet. Tn {his
case the submerged terrace has been formeq mainly
Ievel and indicates that the depth at which effe
tion of sand ceases is about one-thipg of the w
greatest storms.

In some
the most part,

at the present
ctive transporta-
ave length during the
Burt Lake, on account of its size, depth, regular outline, and
slight elevation above Lake Huron Will become extinet very slowly.
Filling by vegetation, although in progress, is not effective (qne
mainly to the lack of protected shores. It js most active in the
bay west of Colonial Point and in Bourasan Bay on the east side.
Both of {hese bays support a heavy growth of rushes during the
summer, and in the former marl eovers much of the bottom. Con-
siderable sediment is brought to the lake by streams but they
supply only the minor part of the water of this lake. The pres-
ence of extended areas of sand in thig locality increases the im-
portance of ground water over surface drainage, and much of the
water is supplied from this source. Ip fact, there are bhut three
streams of any importance which enter the lake—Sturgeon, Maple,
and ‘Carp—and of these Maple River may possibly be abandoned.
There ig the possibility that these streams will develop and drain
much larger bhasing in the future, and m

ake sedimentation g factor
of importance. Deepening of the outle

t at the present time is at
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MTULLET LAKE

A short distance east of Burt Lake aud. connf}slted with it, b; 1tvhe
Indian River lies Mullet Lake, see map, Figure 3‘.' T]?ese t\;}o. d,\?i
are very similar in shape and size, the greatest difference e_l}ngv lt
the 01?1'(;nlwation. Disregarding the extinet arm .at the SOI;} 1Welsd
end, Mullet Lake is almost identical in le.ngth with Bur? La E}’, adlif_
the ’3\'e1*-;1ge width and size, 26.8 square miles alj? not ma'tfe?u:: 1) o
ferent. The outline of the shores shows. 0011§1L1e1’able utleclitarmi
especially on the southeast side. The pO.llltS for th‘e 11?(’?‘31 (Il)iarecﬁon
directly out into the lake and have about the.sam? genevm )
as 001<U)nial Point and the northeast shore of Burt Lake. )

The surrounding country stands well above th.e l.ake andJE asa a
somewhat northwest-southeast trend, althoug.h this is 11101171(3 ef;fengs
parent. Across this topography the d.eep bz‘lsm of t‘I}Ie la ;el f{oute”
as a part of the peculiar depression in which the 1{1 a.n(, e
lakes lie. Curiously, the deepest par]t of Mlglllleetbf;;; (1; e
in the constricted central portion, w 'lcireas ros iy 3 anse at
the north end is relatively shallow. XNortheast of ar }ne <o
ing Dodge and Needle points, thei \\ialter;;lzfli §§§Z§;12121;.101 ?; i(;::

i (1 is, furthermore, marked by severs :

1?1 ;]iil;u\lvirl'lldtllése two points. The drop to deep wzﬁ:er 151 %1;1(11[11:11;

towards the southwest until a deethlffm%h Wlll:?i 11};11;;(150 O? e

arrow y he lake is reached. This trough is xees; A
;11311]({)1-\(\3(’11)?;2‘502etep throughout and ex‘tends sout’hwest\sjgl'\(ieq‘izﬂi
steep upward slope which follows a snnlonsra.)}ul-se 111((1)(13(1 le Nsterei)
from MeArthur Point. Tt is well deﬁnfd a’nd 1sI )1011’1’ e\dg{in P
slopes on all but the northeast side. Several “holes” exist
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bottom of the lake, the deepest Iying off Loug Point and reaching
a depth of one hwundred forty-five feet. Another is Scotts Bay
which drops to more than eighty-five feet,

The origin of the depression in which this chain of lakes lies has
been discussed at the beginuing of this chiapter and in Chapter T.
The pecularities of the shore line and the bed of the lake are ex-
Plained by the distribution of the glacial formations. The last jce
sheet covered this lake from the northeast and retreated in the
same dirvection. The main depression was in existence previous to
the advance of the ice and caused a local advance of the ice front.
As the ice retreated over this country its front halted in the vieinity
of Red Pine Point, building a moraine, The ice still filled the lake
basin at this time, therefore the moraines do not cross the lake.
On the west side of tlhe lake, clay hills are present which are in
Iine with Red Pine Toint and the morainie ridge near the north-
east end of Burt Lake, making it probable that thig line marks a
position of the ice front, In width the moraine reaches to Round
Point and thus accounts for the narrow central part of the lake.
This moraine is not of the distinet knob and basin type for it was
deposited under the waters of a lake which washed the ice front
and, therefore, shows much less relief. Furthermore, it was covered
by Lake Algonquin, and, in addition to the planing off of the hill-
tops, a veneer of sand or clay, depending on the proximity to the
shore, was deposited over much of this territory. This moraine is
traced with difficnlty and some doubt may be expressed as to the
correctness of the interpretation given above. Tt may be that a
stagnant block of ice occupied the deep trough of the lake, but at
any rate, its border stood at one time at the steep slope running
northwestward from McArthur Point. Two moraines also cross the
course of the Cheboygan River, running in the same northwest-
southeasterly direction. The first moraine crosses the river soon
after leaving the lake and is bordered by an outwash plain whiech
extends to the southwest and accounts for the shallow lower end
of the lake. The Black River flows between this moraine and a
narrow ridge in the vieinity of Cheboygan.

Upon leaving Burt Lake via Indian River, the amount of artifi-
cial control of the stream is somewhat surprising and bears strong
evidence of the popularity of these lakes as summer resorts, for the
main traffic through them ig by resorters and tourists. The long
piers, the dredged channel, and the diversion of the Sturgeon River
into Burt Lake from Indian River are readily explained when it is
realized that the drop from Burt Lake to Mullet is less than one
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what higher. The slopes are composed of til] and much coarse ma-
terial is found on the beach, which has been pushed into a feeble
rampart or lined along the shore by ice action. Topinabee is one
of the important resorts of the lakes of the “Inland Route” and
there is g geographic reason for this.  Along the shore are found
a series of terraces and cliffs which mark the higher levels at which
the lake formerly stood. The diagram of the terraces on Burt
Lake, Tig. 39, will perhaps give an adequate idea of the relations
of these terraces. Next the shore a low cliff is found locally which
is receding into a terrace about four feef above the present level.
This terrace reaches a width of fifty feet at Topinabee and is
flanked on the lang side by a low grass-covered slope, the hottom
of which marks the shore line at tie time when the lake stood at
this level. Above this cliff is a much wider terrace which gradually
rises to g height of sixteen to seventeen feet above the lake and
ends abruptly in g steep cliff more than forty feet high. This eliff
and terrace were formed by Lake Nipissing and are continuous
with those found at approximately the same level on Burt and
Crooked lakes. Near the top of the high cliff is g slight notch, in-
dicating a level of short duration. Above this stands a broad ter-
race upon which much of the town is built. The highest terrace
terminates at the base of a cliff and was formed by the waves o
Lake Algonquin. Quite generally the terraces are sandy, the rye-
sult of the action of the undertow, and the cliffs are in clay and
stand at a steep angle. The sandy character and the nearly level
surface of the terraces insures dryness and affords exeellent loca-
tions for buildings. The Nipissing terrace is the usual choice of
location for summer homes, on account of its proximity to the
lake and the excellent water supply derived from flowing wells.
Another factor is that the railroad has taken advantage of thig
level strip which persists the entire length of the lake, making the
resorts readily accessible,

Such are the terraces that practically surround Mullet Lake ang
much of the interest from our viewpoint centers around them, Ag
alveady stated, the Algonquin and Nipissing shores are continuous
around Burt and Mullet lakes, the former standing well back and
above the present lake. That is to say, there wag g continuous baody
of water in thig region, and the tracing of itg shores with their
varied topographie forms ig a profitable and pleasing study. The
level below the Nipissing, which we shall call the Post»l\'ipissing
stage, stands at about the same level ag op Burt Lake, four feet
above the present, but the lakes were probably separated by a bar
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at Indian River. The Post-Nipissing stage was of relatively short
duration and the terraces are narrow or absent except at the ends
of the lake. The absence of this terrace in many places indicates
that it has been destroyed during the succeeding stages.

Northeast of Topinabee the Post-Nipissing terrace widens and is
followed by the railroad. It slopes gently to the water’s edge where
the trees are washed by the waves. The inefficiency of the waves
here is due to the protection afforded by the vegetation and the
lee position of the shore with reference to the prevailing strong
winds. Conditions soon change, and south of Nigger Creek the
Post-Nipissing terrace has been entirely removed. In its place is
a cliff in the outer edge of the Nipissing terrace. The seclion af-
forded by this cliff shows till covered by stratified sand and
furnishes the key to the nature of the terrace. At first waves were
active and carved a cut terrace but, as the cutting advanced land-
ward, more and more of the outer portion of the terrace came
into the zone of deposition by the undertow, hence the covering of
sand. DBeyond the cliff the Nipissing ferrace recedes from the
shore, following the depression in which Nigger Creek flows, and
a narrow terrace of the Post-Nipissing stage is present at the
shore. Currents are active at the entrance of Nigger Creek and
have built spits from both sides at the present level. The spit
on the north side is the better developed and has forced the stream
to make a sharp bend to the south before entering the lake. Near
the lake, Nigger Creek is an almost stagnant pool, Plate VI, A,
which is being filled with hydrophytic (water loving) vegetation,
through which stand trees with submerged bases. This condition
is due to the raised water-level and will soon kill the trees, making
this an unattractive, mosquito-breeding swamp. For about a
gquarter of a mile north of Nigger Creek the railroad embankment
interrupts the natural contour of the shore but runs farther in-
land at the blunt point beyond.

Along this point the greater efficiency of the northerly winds is
again apparent. On the southern side of the point the Nipissing
cliff is perhaps a thousand feet from the shore, the intervening
space being occupied by both the Nipissing and Post-Nipissing ter-
races. Along the present shore a well-developed rampart has
been pushed up by the ice to a height of four feet, one of the
strongest on this lake. The northeast side of the point is quite in
contrast to this, for the waves have reduced the low terrace and
are actively cufting into the Nipissing, exposing fresh cliffs of
boulder clay. In the bay between this point and Long Point, both
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the .Nipissing and Post-Nipissing terraces are present and are
relatively wide. A railroad embankment obscures the "condiﬁ(‘)ns
along the‘ present shore but this wide indentation probabl%' Wﬂ;
never cut off by a bar. Near Long Point a small ice ram ')“u":f in il
cates a moderate amount of jce push, S
Long Point is interesting in that it is a region where wave action
has been excessive with practically no evidence of (]epmitioﬁ ex-
<"ept on the sub-aqueons terrace. The Nipissing and P;)sf-\'i )ié-
s‘mg‘ terraces are present on hoth sides and ('01(11‘1'511;"‘ fo 0\'{)93"(%
tion, are hetter developed on the nort) side, (Tonmhim:(}ll 1:]1’(*
reach a width of more than one-fourth mile, bhut oﬂ‘%hore 1\ a s ?
mel'*g(.%d terrace of almost double this width. The Slﬂ)lllel";"e‘d “:*1)
race 18 well defined all along the northeast shore f?l(‘i;lfr ﬂ:@ dee -
est portion of the lake and drons off at about ‘r\volvé fehef Aﬁ]liﬂ'h‘rllp;
lower than in Burt Lake. Both lakes are Sil]]i]{ll; in m/ i ‘1
sh;m‘e and the greater depth of the “Irop-off” in \{nﬂef‘(* ':ef m;‘
;;;;11{;{:; to a greater rise in the water level than ‘ro :m/v c](:mi()de)r'e
able erence in the force of the erosiy o i is also
shown by more active cutting on the (::1];:)011?51]::()1qu ?fnifmﬂ ?ISO
FYOm I:‘_’hg' Point to Dodge Point the shore is ‘(mln‘);;}jﬂri{i’.l r
E::\l\;ﬂﬁlq\‘gh ]ﬂle (i%xcepti()rl of a shallow indenta’(i(;n l.;;;l;th Oolf
avdtild beacn.  Conditions are verv uniform . » thi 7
the features consisting of The”I:ji]‘)i(;s)ingj“;(:(?] T‘}(])::i;h;i'Sf:et(‘]{’
races which are relatively constant in Widﬂl and e;'*o; more ‘Te]h
‘ vhich ¢ ! : xtend more than
a gual’rel of a mile back from the shore as a rule. The bl
pomnt near Hiawatha Beach ig an exception. Here’ v‘1‘hiH ef ’““f
tant material has increased the work of the waves (’md} ‘gtllem‘s—
1.‘he ‘terravces, exposed and submerged, are well (lex;cjl(() e(i (ﬂ e
:]le(;’c.lrél.l "of the shore line reflects the/diﬂi(:ulties ermoufl)lte,redl.e 11)71:?1
;n ,;[111111?;1‘(212'1;:-21:]]();1 Ctﬁe ‘slfor‘e projects slighﬂy at Silver Beach but,
e ¢ pd,lt o ;hl(:f N (}n accumulation of large boulders, For
woul and vegetation growing i the waten e AT
Hiawatha Beach and b:11% othzl' ])I:u‘e;@ ‘adloel]:r t]n o g Delow
trees have heen uprooted, at’:cunmlﬁi'i;)m o;'hm‘l?l ]0“) Sl}ore N
nishing a hint as to one method by 'whikch th d]l le? ]Jle_sellt> o,
Ice action is effective along the sl;ore and hf 3 a"le ‘IS s e
at various places, notably near Hiawatha i; Pl . EIP o e
Tory it Dl ’ ¥ near ath each. Even on the
vepetains lif ai]tl;n;ss asnll)zltlllld ;:mpdrts are found, but always where
‘lléill‘llire Z?orels are T»omewhﬂt higher and the beach is of clear sand
«1ollg the snarp bend in the shore line vards I {
Favorable shore conditions and the pr-o:ecttioc)\zldi'i};nl);)’c(}iil i(l)llllzlts
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aftorded by the point make thix an ideal location for the summer
resort of Mullet Lake. Also the topography of the point is such
that it is not necessary for the railroad to follow the shore, and
the inconvenience of the tracks and danger of accidents is partial-
Iv eliminated. One of the landmarks of this part of the lake is the
sharp knoll above the point ¢rowned with a clump of pines which
are elsewhere lacking. The Nispissing terrace surrounds this hill on
all sides except the northwest, where the island rises just enough
to make it uncertain as to whether this height was an island or
a narrow-necked peninsula at that time. By using this sag, the
railroad is able to keep its tracks straight and at the same time
follow the {errace. On the lake side, the knell was cut inte
a steep cliff at the foot of which lie quantities of coarse beach ma-
The beach pebbles have been quarried to some extent but

terial.
The Nipissing terrace is broad

their use was not ascertained.
and near the lake is sandy, furnishing excellent sites for the build-
ings of this deservedly popular summer resort. The Post-Nipis-
sing level is here represented by a terrace which does not exceed
fifteen feet in width and whose edge is pushed up into an ice ram-
part at the tip of the point. Little, if any, deposition by currents
is to be found here,

Beyond Dodge Point, the Nipissing terrace fringes the hills
which run to the northwest and is narrow, but the Post-Nipissing
terrace widens and extends around the foot of the lake. This low-
er terrace stretches along the course of the Cheboygan River in
a V—and ends in a low outwash plain immediately in front of a
narrow moraine, the hilltops of which were bevelled by the waves
of Lake Nipissing. The evidence of this is to be seen in the river
banks where stratified sandy material gives way to hard clay cliffs
about sixteen feet high before Strawberry Island is reached.

The shores on either side of the outlet are low and sandy but,
except for local patches, are covered with drowned vegetation which
offers passive resistance to the onslaught of the waves. This is
well illustrated along the shore in one locality between Dodge
Point and the outlet where the vegetation has been cleared from
the shore. The result, shown in Fig. 40, has been a recession of
the shore line of forty to fifty feet but unfortunately the time dur-
ing which this was accomplished was not learned. From this we
can realize what may be expected from wave action when the trees
bordering the shores are killed and removed.

The Post-Nipissing terrace narrows after leaving the outlet
and becomes a narrow strip of variable width along the north-
south trending shore of the east side, as far as Needle Point. Tts
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width varies with the topography. widening in the depressions
and narrowing at the points, and is always flanked by the Nipis-
sing terrace which developed to a much greater extent on this shore
than on the opposite side of the lake. This is due to some extent
to the flatter topography on the east but also to the exposure to
storm winds from northerly and westerly directions. Thig devel-
opment of the Nipissing terrace is wel] shown north of Aloha
where its width reaches nearly one mile.  Beneath the lake in this
shallow portion the submerged terrace ig poorly developed, and
from Dodge Point to beyond Needle Point the hottom slopes grad-
ually 10 moderate depths. Along this same shore, adjustments by
both waves and currents are slight.  The broad terraces are sand
covered and often are composed entirely of this material on the

Fig. 40. Recession of a flooded shore line dque to removal of vegetation, Mullett Lake.

outer or built portions. Consequently, they are easily removed
by the waves and the shore is generally receding except where
held up by vegetation, In fact, the recession of the shore is great-
Iy retarded here both by trees still standing and large quantities
of driftwood which line long stretches of the beach. The projec-
tions of the shore line are slight and blunt, and are due to irregu-
larities in the original topography rather than to differences in the
resistance of the material. One exception to this statement occurs
at Point A, on the west side of Mullet Lake, see map, Fig. 37, which
is lined with boulders and is probably composed of till.

As in the case of the Michigan Central, on the west side {he
Detroit and Mackinaw R. R. uses the terraces for its roadbed as
far as Aloha. This town is favorably located for resort purposes

-

LAKES OF THE CHEBOYGAN RIVER BASIN 93

but is more exposed to storms than locations on the west side of
the lake.

From Needle Point on, the irregulavities of surface and dif-
ferences in resistence of the material cause a much more Lroken
shore line, in fact a narrowing of the lake. It is probable that a
moraine, laid under water and later covered by Lake Algonquin.
crosses or runs to the lake shores here. Needle Point is composed
of compact boulder clay which in itself is resistent to erosion and
also furnishes many Dboulders to act as a breakwater. It wias for-
merly less sharp and extended about eight Lhundred feet farther
out into the lake. The contrast between the north and south sides
of the poiut, in accordance with practically all similar features of
the lake, illustrates very strikingly the importance of storm winds,
here northerly, in the crosion of the shores. The north side i
rapidly being worn back and for a short distance near the tip a
storm beach has been piled up, enclosing a narrow lagoon. The tip
of the point is kept sharp by the recession of the north side, aud
directly in line with it is a small island which was formerly a part
of this point. This is clearly a remnant or outlier and was never-
a land-tied island, for the remnant of the connection is now a suke
merged boulder ridge. On the south side of the point evidence of
cutting at present is not to be found, but instead the beach is of
even contour and composed of assorted material which decreases
in size with distance from the point, its source. The bay south-
west of Needle Point is bounded by swamp and the shores lined
with driftwood, stumps, and standing trees. The beach, where not
obscured, is of sand but no indications of a bar were found.

The broad projection culminating in Round Point is due to hills
of resistant clay in proximity to the shore. At the Indian Reserva-
tion the Post-Nipissing terrace is obliterated and the waves are
now cutting into the Nipissing terrace, exposing boulder clay in a
cliff eight to ten feet high. A sandy depression to the west ae-
counts for the smooth beach of wave-worked material which soomn
gives way to a knob rising sixty feet above the lake. This hill is
flanked by the cliffs and terrace of the Nipissing stage on all but
its landward side and was an island at that time separated from the
mainland by a shallow strait, almost duplieating the hill at
Mullet Lake Station. On its northern ¢xposure, wave action is
excessive and is cutting a cliff in the Nipisasing terrace. The tip of
the point is low and is a triangular remnant of the Post-Nipissing
terrace. It does not show the wear that takes place on either side,
and probable some deposition took place here when the lake level
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stood lower than at present.  Ice action hay formed a small ram-
part on the tip,

Along the shore hetween Round ang Stouey points, the Nipissing
terrace is again in evidence and the adjustment of the shore is
broken only by one minor point of boulders. The Nipissing cliff
rises to the high Algonquin terrace 3 few rods back of the shore,
Stoney Point ig merely a repetition o a smaller scale of the ma-
Jority of the points on the lake. The clay of the Nipissing terrace
is cut into a cliff six to eight feet high on the nortn side, but around
the point there ig little wave action, leaving intact hotn of the
Tower terraces, However, the end of the point shows the relations
of the different levels so well that a photograph is reproduced in
Plate VI, B. XNote the beach of coarse material with many large
boulders and the till cliff of varying height. Near the end of the
point (center of view) the cut terrace of the ]”ost»Nipissing level
is present and has been cut into a low Cliff by the waves at the
present level. This ends abruptly at the left in an ice rampart
which containg many large boulders and was formed during the
Post-l\'ipissing stage. Beyond the rampart is the surface of the
Nipissing terrace, here in the cut portion.

The bay between Stoney and Red Pine points almost exactly re-
peats the conditions for the bay north of Stoney Point and need not
be described. Red Pine Paint, however, is an extended morainic hill
which compares favorably in height and is in line with the high-
land extending beyond Topinabee towards the northeast end of
Burt Lake. This is probably an extension of a moraine but did not
continue across the lake basin, Tt ig heavily wooded and is alto-
gether one of the finest locations on the lake, Tt is one of the few
points that show any tendency towards growth from current action.
At the present level a small spit ig extending to the northwest but
apparently very slowly. The position of the drop-off gives us some
idea of what has gone on in the very recent past and shows a much
greater deposition than at present. The growth of the Spit to the
northwest is unique for this lake and requires explanation, The
wind directions which may affect this point are about equally di-
vided between the two sides, but in violence those from the north-
erly quadrant are the more important. Yet the force of the waves

tossed by these windg is lesseneq by their passage across the grad-
nally shoaling bottom, but on the southwest side the submerged
terrace is narrow and the waves strike the shore with byt slightly
diminished intensity. Also the regular shore {o the southwest with

its nearly continuous cliffs turnishes abundant Mmaterial and allows

Y
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lifting of the water level are excellently illustrated on this lake.
The flooded bays and inlets, the fresh cliffs and the trees standing
in water, together with great quantities of driftwood which line the
exposed Shom\ stand as evidence of this fact. The future dev elop-
ment of the shores of this lake must result from the increased
activity of the waves and will consist at first in a recession of the
shores. At present this is proceeding somewhat slowly as the
shores are protected by vegetation, but it will increase when this
protection is no longer available. Adjustment should oceur first
along the low shores and indentations since here the waves are
working in the veneer of sand which covers the entire depression
in which the lake lies. Still, such places are regions of deposition
rather than degradation, and we may confidently look for a grad-
ual building out of the beaches in such places, except in the limited
number of bays where currents may leave the shore and form bars.

Evidences of ice action on this lake indicate moderate effects.
Ramparts are found mainly on the points aud are discontinuous and
poorly developed. In the bays the material is sand and ramparts
are not developed or, if so, are quickly reduced by the waves at
the present period of excessive activity. We are uncertain as to the
shore features of this Iake under normal conditions, and encounter
difficulties in attempting to discuss the relative importance of ex-
‘pansion and ice jam. In some of the bays expansion should be
active, but in general the lake is too large for expansion and power-
ful ice jams are to be expected.

The agencies working towards the extinction of thig lake are
apparently making little headway. Irilling of any sort is insignifi-
cant, especially since the diversion of the Sturgeon River into Burt
Lake, Vegetation has made little progress in the main body of
the lake on account of the excessive wave e action, and there are few
localities where it is likely that it can establish itself in the future.
Some deposits of marl are present on the shores, it is true, but we

can hardly Iook to this alone to fill such a large basin. The tribu-
tary streams are few and as vet have deposited little material. As
these streams lengthen their cour ses, more sediment will be brought
to the lake and filling from this source will incre ase. Aside from
a change in climate which cannot be foreseen, there remains the cut-
ting down of the outlet. With conditions as they are at present,
this is impossible but might suceeed in lowering the level to that
of Lake Huron, fourteen feet lower, provided the dam at Cheboygan
is not mamtamed This would bring the level just low enough to
expose the present submerged terrace and would not materially
change or reduce the size of the lake except at the north end. How-

* pied the basin of the northern part of Lake Huron.
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ever, the rising of the land to the northeast of the (Jrreat. I"akes:
iﬁ i{se]f a clowzprocess. increases the importance of the incisxion of
the outlet, but an uplift of seventy-five feet or more is necessary
if the lake is to be drained.

BLACK LAKE

Slightly over three miles from its mouth the Cheboygan River

divides, one branch conuecting with Mullet Lake and the other
taking a southeasterly direction. Some difference exists as to the
name of the latter and it is designated on different maps as the
Chebovgan and as the Black River. The same is true with reference
to a large lake which is drained by this river, situated some ten
miles above the forks. This question has been referred to the
United States Board on Geographic Names and we will follow ifs
decision by using Black for both the river and lake.

Black Lake is somewhat elongated in a northwest-southeasterly
direction and has a length slightly greater than six miles. .Its
greatest width is approximately three and three-quarters miles
;md its area fifteen and seven-tenths square miles. The exact eleva-
tion of the lake is not known but is estimated at six hundred forty
feet above sea-level or forty-five feet above Mullet. The shores are
of relatively even contour, as compared with the other lakes of
this system, and are noticeably interrupted only where the Upper
Black River enters on the southwest side and at the quarry near
Bonz Resort on the south side, see map, IMig. 41. The topography
of the surrounding country shows a tendency towards a northwest-
southeast trend caused by the deposits of the glacier which occu-
Much of the
northeast side of the lake is bounded by highland which varies in
height and distance from the lake and continues in the same gen-
eral direction beyond the southeastern end of the lake. On the op-
posite shore the highland runs along the south end approximately
parallel to the cliffs of the northeastern side but is composed to some
extent of hard rock which outcrops at the quarry near Bonz Resort.
This highland is broken by an extensive depression, throlugh which
the Upper Black River flows, and does not reappear until near the
outlet. If the directions assumed by the lake itself, its outlet, and
the inlets at the southeast end are taken into consideration, the
northwest-southeast trend is rather striking, and there is a tendency
to attribute the basin to a sag between the fragmentary morainic
ridges which trend in this direction. However, the presence of hard
rock ontcrops and the broad depressions in which the Upper Black
and Mud Creek flow make the problem much more complex. In .
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first impression the physiographer gets is that the lake is flooded.
The virgin Lhardwoods on the low flat that porders the river stand
in water near the stream, and the same conditions hold for the
«mall islands which rise bavely above the lake just off the outlet.
This flooding is probably caused by a dam thrown across Black
River six miles below, which has a head of eighteen feet.

The flat which lines the river rises gently to low cliffs on either
<ide but is more extensive on the north gide. This flat is inter-
preted as the terrace of a higher water level and the conclusion
may be verified at alwost any point on the shores of the lake. It
will be referred to as the Upper Level. The flat continues on the
north side and shows little of interest except the marly constitu-
ion of the shores, indicating a method of filling.

The irregular shore which fronts this terrace ends abruptly at
point A, see map, Fig. 41. This point is a sharp spit which con-
tinues approximately a quarter of a mile outward into the lake as
a distinet submerged bar in line with the shore of the east side of
the spit. The material on the west side of the point is pebbles, but
that of the east is sand. It is evident from this that the waves are
especially active on the west side and that currents have built the
fine sand beach of even curvature on the east. It may be inferred
that the waves are more powerful on the west but this is not the
case. It is the relative strength of wave and current action which
determines the character of the beach. Southeasterly and southerly
winds, although less powerful than the westerlies, have a long fetch
at this end of the lake and set up strong currents on the northeast
shore, cansing deposition to predominate over cutting on the east
side of the point. On the west side waves of less power have been
able to throw up a strong storm beach because the shore is not
choked by debris carried by currents of very limited development
along the irregular shore to the west., Inasmuch as the configura-
tion of the bottom of the lake is not known, no cause for the current
leaving the shore at this point is advanced.

Fast of the point the sandy shore sweeps in a smooth curve to
point B. This point seems to have thrown the currents out a short
distance from the shore and a low bar enclosing 2 narrow lagoon
has resulted. This swampy lagoon terminates at the foot of a steep
bluff, which gradually approaches the north shore of the lake from
the northwest, and marks the shore of the Upper Level. This level
shows that considerable adjustment in the outline of the lake oc-
curred, and in many places the drop to the present level has ex-
posed a terrace of considerable width which is well shown along this
shore.
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as to the completeness of adjustment to the present level. Inas-
much as the adjustments were so great during the Upper Level,
it is probable that the submerged terrvace conforms more nearly to
conditions at that time than to those existing now.

The low ground through which the Rainey river flows extends to
the southeast and is an exposed sandy terrace. At the shore a sand
beach curves evenly towards the limestone bluff east of Bonz Re-
sort, and below water the terrace slopes gradually out to a well
defined “drop off” more than onefourth mile off shore. The ex-
posed terrace back of this low ground and beach is poorly drained
except on two sand bars which are best seen where the river cuts
through. Both bars are attached to the shore near Bonz Resort
point and run to the north around the end of the lake. They di-
verge somewhat as they leave the point and finally play out beyond
Rainey river. The bar nearer the lake stands at a level which
corresponds to the Upper Level along the northeast shore. Back
of it is a narrow swamp above which rises the second bar at a
slightly higher level. This bar clearly indicates a water level inter-
mediate between that of Lake Algonquin and the Upper Level. This
probably was a transitory stage and, owing to the lack of accurate
clevations, it seems best not to attempt to show its relation to any
of the Great Lakes stages.

In the early stages of the highest level the lake was of much
greater extent with large bays at the southeast end, west of Bonz
Resort, at the Upper Black basin, and at the outlet. Adjustments
of the shore were few and incomplete. Shore action was of great-
est intensity in the Rainey River bay but here the bar was not com-
pleted. No such features were found in the other bays. It is in-
teresting to note that the development of the bars in the Rainey
River bay was from the west. The reason for this lies in the con-
figuration of the shore rather than in the difference in exposure to
storm winds. At this time the northeast shore was irregular and
gave little opportunity for the development of currents. On the
other hand, Bonz Point was the scene of great wave action and
furnished abundant material.

As the point near Bonz Resort is approached, the material on the
beach rapidly increases in size and the shore becomes vrocky.
The exposed terraces gradually reduce in width and are very
definite. The Upper Level shore is here surmounted by a rock cliff
{en to fifteen feet high above which stands the flat terrace and

cliff of the highest level. The point is caused by the only exposure
of hard rock found on the lake shorves, a closely fractured limestone.
It stands in a bold cliff thirty or more feet high, which does not
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come to the water's edge, indicating its formation at the higher
1es'els of the lake. Thp cliff shows no indication of the highest 1:\'ej
but the weathering of the closely fractured rock would h‘;ve‘ uick]
obsgured the poorty developed terrace that may have been %0'- \)1
flurmg this short-lived stage. Along this shore E\'idence of ic 11“:‘
iy :Seel.l i.n the line of large rocks along the present strand ’ If)l‘lll\l
11)1(1111131s in 11"@&111’3' a hard rock ridge which runs 11érth\;m;c((n.lﬂleal:f
and tormed a promontorv durine + io To the west
stood a broad blay Whicll(l)l\z'a(s]Zle;i}ziatt]zf‘i lfllliﬁl(lﬂ ]9‘1"9 iq g o et
bar during the Upper Lev 1. This q“ How 1. o ke by a complete
with vege;dl‘iou alllil now eiists . ‘-1;;1‘10“ e e soon flled
XISTS as g at swi D & . shi 13
the bar near the present shore, Tl?is }:)Ia:“lxl ntlllfed(l))l(l)]‘; (“]T»r];'lCi"ll"orlli\l’et‘lS
J[l;);l/ ti]{igljllfte 1111‘]?;13 vic.inity and upon it are built tlle co'tt:;g'es (l)f
/ sort, maximum widt} ; W2 i (
1"uur‘t%1 mile and it is bounded by (,*llil‘f(’)sf (jlllleﬂfe‘ ﬁlllll()l lssidibm’_ll:C Otlie-
west it narrows and the cliffs stand nearer the shore. Af iocé]?t lg
I(see map) they come within one Lundred feet of.lhe hor o
101)1}1 the western attachment of the Bonz Resort bar S’I‘llOle I%Hd
ajg‘aln recede and another bar continues fowards the o'uﬂAetle fc e
Upper Black. This bar also stands at an elev;ltion corres o(l)ldjtrlllf
to the shor_e of the Upper Level along the northeast shore I;nd ilb
1])(‘)1\;*1@f bar ;ln tlLe Rainey River embayment. It lieg éome éistan;s
acK 1rom the shore and splits assumi ‘
large hook rather than thalt ot; ;?;:ji:;?gi;;Swmmg e form of
The bars run almost to the present channel of the Upper Black
0]_l the surface of a broad delta. This delta causes a laree 1l‘o'e ;‘C}
of the shore line and is oue of the best examples of b‘chIi)s fJe ct]0°n
to ]oe found in Michigan lakes. The river reached the lak abEue
series of distributaries, some of which still flow dur’in«r ‘d;e ﬂ} ill
:eason. The effective currents along this shore area1101’-(’21191(‘)]0f
h(;l Vl::ecd;uliie (‘ihfhzasterlvy and /:?*outheasterly winds of long sweep, anyd,
o llortli“,est ;111;;21:5(11&131 (}evelopmeut of the delta towards
. , the shores are beino ¢ y
mater:ial shifted towards the west, rur11ingb’dllgopi‘zgeijcvaeiazllll;dlrh;}
the.rlver iIl' this direction. The hrovement of the material ie :
rapul .t‘hat it is necessary to keep the channel of the l‘iV;ﬂ‘ oS ,
artificially. The submerged portion of the delta is correspondi I:)“;Ii
large, and the submerged terrace consequently reaches 'tp gr ates
development here, fully a half mile in width. o eatest
Beyond the delta the low ground persists nearly to the outlet
a swamp. When the lake stood at the higher Ievel this ws Y
loc?“thty of great current action, and the results are to bel ) “"1.5 .
series of bars standing near the shore on the exposed tel'rasgen§2ai

’
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the delta a single bar cut off the swamp to the west, but this bar
splits three times in its course to the north, forming four distinet
bars. They are especially well developed north of the mouth of Mud
Creek and lie within forty rods of the shore. The direction of the
currents, as shown by the bars and the deflection of Mud Creek
to the north, conformed to the general direction along the south-
west shore. None of the bars along this shore were complete, but
the best developed is that standing next the present shore and
reaches to within a few yards of the high ground near the outlet.
The end of this bar forms the small hook in the present shore line
just south of the islands.

The half mile of shore south of the outlet is bordered by a low,
swampy terrace above which a cliff rises to high land. Wave action
was active here at the time when the bars to the south were being
deposited, and a terrace of moderate width was formed. The small
islands at this end of the lake are all flat-topped and stand at a
level slightly above the lake. It seems probable that they were
small islands during the early stages of the Upper Level but were
completely bevelled during that stage.

In brief, we may state that Black Lake first came into existence
as a separate body of water during the recession of Lake Algonquin.
A high level is recorded in one locality only, the land form being the
higher spit attached to Bonz Resort point and extending east around
the Rainey River bay. The lake at that time was mueh more irregu-
lar in outline and larger in size than at present. The lack of ad-
justments of the shoreline indicates that this level was of short

duration. Following this the lake halted at a level a few feet
higher than the present, which we have called the Upper Level. This
level was probably the most important one for the lake, and the
shores were maturely adjusted to the waves and currents. Great
bays were separated from the main body of the lake by currents and
bold cliffs cut by waves. In addition, the Upper Black deposited

great quantities of silt forming a large delta at its mouth. In

general, the present outline of the lake was determined at this

time.
Only minor adjustments have been accomplished since the lake
receded from the Upper Level; in fact, there remains little to be
done. Of recent years, the ponding of the waters has increased wave
action and some readjustment will be the result. . It should be
largely in the form of cutting back the exposed terrace of the Upper
Level. This will continue until equilibrium is established and
should progress rapidly, since the material is largely sand. The
small points will be reduced more and more by wave action, but
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the delta of the Upper Black will continne to increase to the north.
The growth of the delta must eventually fill the lower end of the
lake, after which two possibilities arise: A shifting of the distribu-
taries may pour the silt into the main body of the lake and the
filling proceed without interruption, or the Upper Black may con-
nect directly with the outlet. The latter seems the more probable
to the writer, since the delta is growing in this direction. TIilling
by marl or vegetation must be limited to the shallower portions
of the lake and will not be important until a great amount of filling
by other means has taken place. Another factor in the extinction
of the lake is the cutting downward of the outlet. This has prob-
ably caused the drop from the Upper Level to the present, and, if
unimpeded artificially, would eventually lower the lake level to
that of Lake Huron. Inasmuch as the depths are not known, it is
impossible to state whether this would completely drain the lake.
At present, the filling of the lake by the silts of the Upper Black
River is the most important.

DOUGLASS LAKE

TDouglass Lake lies on the western border of Cheboygan County
in Munroe township, T. 37 N, R. 3 W., and is about fifteen miles
due south of Mackinaw City. A mile and a half to the south is
the north shore of Burt Lake whose level lies one hundred eighteen
feet below that of Douglass. It is reached from Topinabee on the
Michigan Central R. R. or from Pellston on the G. R. & I. R. R.
by a drive of several miles over a pine “slashing”, now grown up to
poplar and associated trees. At present, it is the home of the sam-
mer stations maintained by the department of Surveying and of
the Biological Sciences of the University of Michigan, whose camps
are located on South Fish Tail Bay. In addition to the University
camps, there are several resorts, so that the lake is fairly well popu-
lated during the summer months but less so than some of the more
accessible lakes in the vicinity.

Douglass Lake stands at an elevation of seven hundred thirteen
feet above sea level and one hundred thirty-two feet above Lake
Michigan, into which it drains. Its greatest length is somewhat
less than four miles, and greatest width does not exceed two and
one-half miles, the area totaling 6.2 square miles. Two constrictions
appear in the outline of the lake which divide it into three basins
united by broad connections. However, if the configuration of the
botfom is considered these hasins are not so evident. The western
end is a true basin which drops to a depth of eighty feet, but the
central portion is less than thirty feet in depth and would hardly
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be called a basin. The eastern arm is peculiar in shape and con-
tains two deep holes in North and South Fish Tail Bays which
connect with a pit off Grape Vine Point and are separated from
each other by a broad shoal which extends to the eastern end of the

lake. The greatest depth is eighty-five feet and occurs in South

Ttish Tail Bay. . o ]
The material surrounding the lake is all of glacial origin an

is composed of sand, except at the headlands. These headlands are
caused by till, which is much less readily attacked by the waves.
and it will be seen from the map, Fig. 42, that, in general, they are
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opposite each other. There seem to be two small till ridges here
which cause the constrictions in the outline of the lake but do not
persist across the basin unless possibly in the case of the 1119re
westerly. On either side and between the ridges are heavy deposits
of san(i which partially filled the depressions except where the
lake now lies. The eastern end of the lake is surrounded by outw‘ash
but the sands of the central and western basins, althoug.h possibly
outwash, were deposited, in part at least, on the bed of Lake Al-
gonquin which formerly covered this region.. ‘

The basin of Douglass Lake lies in the region covered by the ice
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from‘Lake Huron which moved in a southwesterly direction in this
locah'ty, as shown by the north\\'est-southeaStell‘lv tfend of Thé
moraines. A large morainic tract lies to the nortileast of the lake
and on the southwest the Colonial Point moraine of Burt I‘(Il*e
extends to the vicinity of Fairy Island, so that, in a \:(1;
the basin is situated between moraines. Yet the 1’)eculi‘zu'i(’ie; of ;he,
]:.1ke, both as to form and basin, cannot be accounted forh in the
simple inter-morainic type of basin which is usunally 411’101"6 or less
regular in outline and shallow in depth. The proximui’rv of momir;}
on the northeast and the presence of outwash at the ezistern en:l f
the lake, however, lead to the conclusion that the basin’waa caus 0{1
by the burial and subsequent melting of one large but \'Gl“t ixire::il-
Iar block of ice or three separate blocks of Which?hat occu ;vi g J:I
central position was relatively thin. prme e
]alin; (g)lf“tilltidsetfliﬂxelélgdllz;is;zgiaplnc forms‘ to be seen near this
4 errace about twenty feet above the
]'n'esent fevel. Tt is not continuous but appears at V;u*ying“ distances
h*glf] the shore on the higher elevations which have b;een planed
off in .-some cases and have flat tops. The elevation of the base of
the cliffs corresponds with that of Lake Algonquin in this re:ri/on
and the general distribution of the beaches of that lakke siowé
that Douglass Lake was at that time a depression in the bott;)m 0%
one of the inlets of a great archipelago. The Nipissing beach which
appears commonly on the shores of neighboring lakes is not present
Lere, Douglass Lake being more than a hundred feet above its
level. This lake, then, must have come into existence with the
subsidence of the waters of Lake Algonquin and the present shore
iiitsles are due to the forces which have been acting since that
In South Fish Tail Bay the material of tlie outwash plain is easily
eroded, and a clearly marked ¢liff and terrace stand back of );[h.e
Pre:sent shore at the Algonquin level. The present beach is gravelly
m(?lcating rather strong current action, and beneath the b\vater uz;
built terrace of sand extends cutward a short distance, dropping
suddenly into deep water at a depth of four feet. W’z[ve ]enwthz
of fl}l*ee and four times this figure are common on the lakeA “?hu%
making the rather low value of one-third to one-fourth the’qué
length.as the limit of effective transportation by the undert;w.
I'I;Yhf‘j“;leef,tﬁgx;fael\;iriez‘xve];r;)tl;.:tjl()]ili‘g that ﬂ,li;sf terr‘flce was formed large-
3 1 about four feet higher than at present
as shown by elevated beaches, and has not yet been adjusted to thé
changed conditions. ) | |
Grape Vine Doint to the west is caused by morainic material
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which is less readily attacked by the waves, but this position is
exposed to the westerly and northwesterly storm winds and shows
considerable cutting. The Algonquin cliff and cut terrace is well
developed on the headland. The submerged terrace widens at the
point and the shoreward portion is clearly formed by wave cutting.
Some deposition has taken place on the east side of the point, but
the waves are able to swing around the headland for the most part
and the point is therefore blunt. Westward the material again be-
comes sandy, and the recession of the Algonquin cliff indicates ex-
cessive cutting in Algonquin time. The submerged ferrace continues
wide, and its limits ave sharply defined by a line of demarcation
where the yellow of the sand gives way {o the dark blue of the
deep water.

Along this shore at the present level deposition is taking place,
and the shore has been straightened in some instances. Just west
of Grape Vine Point is a narrow lagoon a hundred yards or more
in lengtl, which has been separated from the lake by a sand bar
between one and two feet high. In general, the gsouth shore as far
as Bryants is a succession of gmall projections and indentations.
The projections are caused by local accumulations of coarser ma-
terial and are marked by cliffs in close proximity to the shore and
by gravel or pebble beaches. The beaches show coarser material
on the north and northeast sides of the points but ehange rapidly
to sand on the sides facing the west. The north and easterly winds
are the more important on this shore because of the protection
from the westerlies offered by Fairy Island. The indentations are
lined with sand beaches and the cliffs recede from the shore. The
bases of the cliffs referred to here are probably washed by the waves
at high water stage in the spring along the projections, but in the
indentations they stand about four feet above the present water level
marking a higher level of the lake in the past. That this former
ay refer to as the Upper Level, was maintained
s shown in the rather large indentation
This indentation

level, which we m
for a considerable time, 1
a short distance east of Douglass Lake Resort.
was entirely cut off by a bar at the Upper Tevel and, with a lowering
of the water, dried up and grew up to forest which has since been
cut.
At the Resort the cliffs run close to the lake and the terrace of
the Upper Level has been cut away. In the small bay to the west
they again recede. Along the shore of this bay was noted a small
sand spit, rather blunt in shape, which is being built by currents pro-
pelled by northeast winds since the “drop off” runs close to the
shore on its northwestern side. Fairy Island is a narrow strip of
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morainic material which is tied fo the mainland by a bar from the
west side at low water but probably is not completely attached at
high water. At the Upper Level, the connection was less pro-
nounced or was not present, for on the projection of the mainland
opposite the island a blunt spit has been built about four feet
above the present level which does not extend to the present shove.
This spit is more in the nature of a V-bar and encloses Bryants Bog.

The Islaud presents an interesting profile. The essential feature
is a flat top surrounded by a eliff from the base of which a terrace
slopes gently to the water’s edge. This terrace shows g much greater
width at the ends than along the sides. The flat top was planed off
by the waves of Lake Algonquin, and the cliffs and terrace below
were cut after the water had subsided to the Upper Level. At this
level, ice action built strong ramparts which begin at the base of the
cliff and extend out on the terrace. The submerged terrace off the
north end of the island is wide and was formed largely by wave
cutting, as is shown by the large boulders scaticred on its surface.
However, to the southeast the bench swings outward in a broad
curve and is built of sand transported by currents set up by west-
erly winds. West of the island the bay is shallow and the bench
not well marked.

Westward from the island the shore is sandy and of perfect curva-
ture for perhaps a quarter of a mile. It is in fact a bar which ends
in a small hooked spit and behind which is a lagoon supporting a
heavy growth of rushes. From the map, Fig. 42, it will be noted
that this shore conforms in curvature with the west shore of the
island, from which most of the material composing the bar has
been derived. The land west of the lake is low and sandy and was
covered with water during Algonquin time. During the early stage
of the Upper Level this end was considerably greater in extent, but
before the water receded to the present level a strong bar developed,
forming a large lagoon to the west which is still wet. Rast of Maple
River the bar was built by shore-drift from Ifairy Island under
northerly winds, or by return currents when the winds were from
a more westerly quadrant. North of the river the bar continues
around the entire west end of the lake but was built by southerly
drifting currents, clearly shown by the spit just north of the river.
It is poorly developed around the bay at the northeastern extremity
of the lake and cut through by small streams but persists as far
as Ingleside where cliffs line the shore, The “drop oft” in the west
arm of the lake is sharply defined, except in the shallow water of
the south side, and the terrace is wide. The sandy material in this
locality obscures the manner of formation of this terrace but the
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gtripped the sand covering in p]:aces f1~01'u, the.‘lal( m"(;(.ﬁong,
moraine which holds up wave action, causing minor proj 1 © {his
Some peculiar forms built of sanq;: calll.ef;lmcu;gs,{exzifyngltled( éznno,t

bay which, although similar to spits, di nater ? o
e ex ined in the same way. They cousisted of sharp .pO’ll‘l 8 "
?jn(jl\g]\ilt out from the shore at an ol'olique angle, extenvdiii, ;:1;2\6 )e
the surface at low water and continuing outward belowq o ()ﬂ‘:
level as bars. In some cases they turned back tf) th(.a sho.le a 1 1} tg
similar to V-shaped bars, but in all cas.e§ their dlrectlov-n;\ls ﬁlose
wards the median line of the bay; that is, if eXiie'nqu:(} outts]\ ?1;],01101 ¢
on opposite sides of the bay would mee.t Qpplomma e}x (,)quibble
line drawn from the head of the bay out into the lake. r 1 :t.we
explanation is that during moderate stoyms.at }Q\v \7‘ avt)e‘l bleﬁi
gmall storm beaches are thrown up over which 1h§ \ths o (b ;
At first the storm beach is continuous 31’1f1 the \"21161 co} e; zoon
hind it in a narrow lagoon. 1f more water is supplied to t Vlel a; o
by the waves than can seep back through the sand, th(ﬂe‘lxexlhelvo e
1';0‘0011 rises and eventually the water flows back to Uft .‘(1 xe‘ 0\;
o Thus, channels are cut through the storm

- places in the beach.
low places in t g e storm

beach, cach channel draining a portion of the ylagoo‘n. Jel chan-
nels will be maintained only where the streams are a ;3 0 )
come the tendency of the waves and c_urrents ‘to obstrt}f:t 'c1 fnl].h 15
power of a stream is dependent on .1ts veloeity and1m t‘«nbﬂidsizé
determined by the amount of water in ﬂ'}e 1:1g00n} u’mt is, e S 15
Since the width of the lagoon is prach(t'zﬂly uniforn, Tgti ilzeF ’
divectly proportional to the length. During th}e ear};}l‘ytxafﬁe; O't;utf—
storin, many such channels may be forn'led and ’(; fl 61)(1];,
eventually the lagoon is divided into SQ.(‘T,]OHS of more or ).]css Hflll‘l{l
form length, which are able to maintain an open channel fo the
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lake,
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ke Le streams in maintaining these channels are constantly
“lex T 'y - e N 4 " . ' N
\ ying out and depositing sand which is worked over by the
V. - &( £ 0 ALl B 3 - H 3 y
aves and currents into spitlike forms., See Figs. 43 and 44

Mo 49
Fig. 43. Rand cusp, Douglass Lake.

"/_‘Iilzese feat.ures are formed when the waves run directly into the bay
o szcl:l times the waves enter the bay with straight crests but arej
arded at both ends as they progress, causing a curvature of the
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crests, see Fig. 45, Ou the sides of the bay the waves strike the
shore obliquely and set up currents running towards the head of the
bay, where they merge into the undertow. Thus the cusps point
towards the center of the bay. The fact that such forms occur on
flat shores and at low water suggests that the forces of degradation
and deposition ave =o evenly balanced that once the balance is over-
come, the predominant force will continue its work. Im this case,
the deposits made by the outlets of the lagoon are able to force the
currents from the shore, but at the same time are remodelled into
cusps, whose directions conform to the course of the currents.
Towever, at high water and during heavy storms the balance is
destroyed and the forms are obliterated.

Trig. 45. Conventional diagram illustrating the increase in curvatule of waves

within an embayment. DBroken line indicates edge of off-shore terrace.

At Bentley Point wave action is heavy, as is shown by the coarse
material of the beach. Currents are also active and have built a
spit. running to the southwest, which is about one hundred feet
long at low water. The reach of the waves is here more important
than the strength of the wind and the currents from the east are
stronger. The broad bay east of Bentley practically duplicates
the shore features found between Ingleside and Bentley, except
that the cuspate forms are not present. The ice rampart here is
somewhat better developed and reaches a height of four feet in
places. '

The blunt headland opposite Grape Vine Point is caused by @
projections of the same moraine and Las similar features in general.
Cliffs rise from the shore to a flat topped area, somewhat less than
twenty feet above the present level, which extends nearly a mile
to the north, terminating in the Algonquin beach. This flat topped
area is the cut-terrace of that time. On either side of the cliff at
Stony Point the terrace and cliff of the Upper Level are present,
and upon the terrace spits, formed during this stage, run both to
the east and the west. These forms are steep and narrow near the
cliffs and are composed of coarse material, including boulders up to
a foot in diameter. Farther from the cliffs, the material decreases
in size and the spits broaden, reaching widths of nearly one hundred

15
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feet at the euds where the material is sand. The elevation near the
cliffs is in excess of five feet above the terrace but drops to less
than three feet at the ends. Currents have been largely instru-
mental in the formation of these spits, but ice action has aided near
their land attachment where the foirms are more characteristic of
ramparts than of current deposits.

Farther to the east, at Sedge Point, the currents again left the
shore at the Upper Level and built a recurved spit that cut off low
ground to the north, which is stiil swampy. At the present level
the currents are depositing in frout of the fossil spit and have
built a series of recurved spits which enclose triangular lagoons,
as shown in Fig. 46. At Pine Point, a short distance east of Sedge

Fig, 46. Diagrammatic plan of bars and lagoon at Redge Doint, Douglass Lake.

Point, a spit similar to that just described appears. Entering
North Fish Tail Bay the shore turns abraptly to the northwest and
the currents, being unable to follow the shore, have formed a per-
fect example of a compound hook which is reproduced in Plate VII.
This bay is a deep pool, showing depths in excess of fifty feet, but
presents little of interest along its shores until Diogenes Point on
the east side is reached. At this point thie currents swinging into
the bay from the south have deposited a complex series of recurved
spits at the present Ievel, which enclose irregular shaped lagoons
now being filled with vegetation, A sketch of these is presented in
Tig 47, the lagqons being numbered in the probable order of their
formation.

The eastern end of the lake is g long sand beach above which

small sand dunes have been piled by the wind. The peculiar
widening of the submerged terrace along this shore is of consid-
erable interest., Tt projects lakeward suddenly just below Dio-
genes Point and gradually widens until the deep hole in South
Fish Tail Bay causes it to double back and run close to the shore,
The entrance to North Fish Tail Bay is wider than that of itg

Michigan (;mlqgicnl Villld
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counterpart to the south. which may account for the better de-
veloped forms along its shores. The wide terrace in this part of
the lake is composed of large rocks at its outer edge but shoreward
these give place to clear sand. The explanation is that an island
or at least a shoal, similar to Tfairy Island in shape and material,
but larger in size, existed formerly at this place and has been de-
stroyed by wave action which was able to transport the finer ma-
terial only. Thus, an accumulation of boulders was left under
water at a depth which marks the lower limit of effective wave
action, and this part may be considered a cut terrace. The finer
material was washed shoreward and completely filled the depres-
sion, making the terrace continuous to the shore. Clearly, the

Tig. 47. Diagrammatic plan of bars and lageons at Diogenes Point, Douglass Lake.

westerly winds both on account of their strength and reach have
played the prominent part in the formation of this exceptionally
wide cut-and-built terrace.

History. During Algonquin time the lake did not exist as a
separate basin but rather as a depression in an arm of a great
archipelago. With the recession of the waters to the Nipissing
level, Douglass Lake became an isolated basin and stood at a level
approximately four feet higher than at present. At this level
most of the shore adjustments were made, the most notable being
the development of bars along the west end, across the indenta-
tions on the north side, and also near Bryants on the south side.
Inasmuch as the adjustments were so largely made at the higher
level, it is felt that the submerged terrace, which is so well devel-
oped on this lake, was formed at that time with a depth of water




116 INLAND LAKES OF MICHIGAN

at ity enter edge of from seven to elght feet. or about one-half the
wave base during the greatest storms. rather than the low value
as shown at the present level. The adjustments now in progress
are minor in importance and consist mainly in eutting back the
headlands and in some current action. Wave action on the head-
lands has succeeded in obliterating the terrace of the Upper Level
in apost places. Current action is slight beeause much of the ad-
justment of the shore had been completed at the higher level, and
the amount of material supplied by waves and tributary streams
is small. No Jarge indentations are now in the process of being
cut off except possibly a portion of North Fish Tail Bay. The
other current deposits are small in size and formed mainly during
the low water stage to be re-formed or obliterated duaring the
fiood stage. The most significant of these is the bar which con-
nects the island to the mainland. Evidence of ice action is present
but shows no exceptional development of ramparts, due for the
most part to unfavorable shore conditions both as to topography
and material rather than insufficient ice push.

With the shore adjustments largely completed, the interest in
the future development lies mainly in the possibilities of extine-
tion. Up to the present, vegetation has played little part except
in the filling of the lagoons which has reduced the area of the lake
considerably. The vegetation in the main lake is principally
rushes and is limited to the submerged terrace and mainly to that
part which is exposed at low water. This filling is most import-
ant in the shallow water between Fairy Island and the west shore.
Iilling by sediment is so small that it may well be neglected.
Cutting down of the outlet has been of some importance in the
past and accounts for the dropping in level from the Upper Level
to the present. Since the outlet flows through wunconsolidated
sand, this method of extinction may continue to be effective, but un-
derground drainage may greatly interfere.

Somewhat less than a mile southeast of Sonth Fish Tail Bay is
located Big Springs, the source of Carp Creek which drains into
Burt Lake. The lower portion of this stream flows through a
swamp but the upper course heads in a gorge cut to a depth of
sixty to seventy feet in sand. Near its head the gorge ramifies
and at the end of each ramification is a spring. The supply of
water from these springs is large and constant, hut unfortunately
the writer had no means of comparing the amount with that dis-
charged by Maple River, the surface outlet of the lake. Between
Big Springs and the central basin of the lake are several sinks in
the outwash plain which may be interpreted as indicating an un-
derground seepage line rather than the result of the melting of
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buried ice blocks. Further evidence is supplied by a well record
at Bogardus Camp which shows a dropping of tle ground water
level to the south. Irom this it seems reasonable that a consider-
able portion of the water of Douglass Lake drains southward under-
ground and issues at Big Springs. Also it is evident that the
gorge has been formed by sapping at the springs and is gradually
working backward towards the lake. If this is correct, the lake
probably will be tapped and the outlet will be shifted to a point
just west of Grape Vine Point. The gradient of the new outlet
will be much steeper than that of Maple River and down-cutting
will proceed at a more rapid rate than at present. The level of
the lake will then lower with minor changes in outline until the
outlet has cut down twenty feet. The east and west basins will
then exist as isolated basins sixty to sixty-five feet in depth separat-
ed by the dry bed of the central part. These lakes will still drain
through the new outlet and may be completely drained since the
greatest depths are above the level of Burt Lake. Yet, the process
becomes progressively slower as the gradient of the outlet flattens
and vegetation will probably acecomplish the final extinction.




CHAPTIR IV

LAKES OF THE GRAND TRAVERSE REGION

In what is known as the Grand Traverse region, situated in
the northwestern part of the Southern Peninsula, are a number
of most excellent lakes of considerable size. Most of the more popu-
lar of these lakes border Lake Michigan and, in fact, were once a
part of it, having been isolated by great bars which developed in
either Algonquin or Nipissing time. The only exception among
the lakes visited in this region is 'Walloon which became an inde-
pendent basin when the Great Lakes subsided to the Algonquin
level. The popularity of these lakes is due not only to their nat-
ural beauty and adaptability for summer resorts but as well to
the proximity of Lake Michigan to the west, which considerably
tempers the summer heat.

The lakes included in this chapter—Walloon, Pine, Torchlight,
Elk, and Crystal—are typical for the region and are all attenuat-
ed in form, in which respect they resemble the famous ‘“finger
lakes” of central New York. In addition to their attractiveness
as summer resorts, the situation of these lakes in an excellent
fruit-growing region makes them all the more important. In such
regions transportation is always a problem and, in this case, may
be solved partially by navigation. Pine Lake has for some time
been connected with Lake Michigan by an artificial channel
through which boats of considerable draught may pass without
difficulty. 1In fact, Charlevoix is a regular stop for some lines of
navigation during the summer months. The lake itself is navig-
able for boats of heavy.draught for its entire length, and this
cheap means of transportation should lead to an increased devel-
opment of the agricultural possibilities of the region, already well
started. Of the other lakes, Elk and Torchlight offer similar pos-
sibilities but at greater cost, since locks at Elk Rapids and con-
giderable dredging between the two lakes would be necessary. An
illfated attempt was made to make a navigable waterway from
Crystal Lake to Frankfort but the result was merely to lower the
level of the lake. This proved so serious that a dam was built at
the outlet to hold the water at somewhere near its natural level.

With the possible exception of Crystal, these lakes are also simi-
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lar in the nature of the basins which they occupy. As discussed
at the close of Chapter II, the basins are large troughs running
more or less parallel to the direction of ice movement during the
last glaciation, but present difficulties of explanation as to man-
ner of formation which have not yet been solved.

WALLOON LAKE

Walloon Lake is the most easterly in position of the lakes of
this group and is situated in north-central Charlevoix County, a
few miles east of Pine Lake. It is easily reached by the Grand
Rapids & Indiana R. R., which follows the broad valley of Bear
Creek south from Petoskey and runs a short spur from the main
line to Walloon Lake Station at the south-eastern end of the lake.

Walloon Lake is one of the most popular in the State. It is
of sufficient size to warrant a large fleet of motor boats, and the
irregular shore line lessens the fetch of the waves that would other-
wise become of dangerous size during storms and sudden “blows”.
The abundance of high ground along the shores insures excellent
locations for cottages and its nearness to the railroad makes it easy
of access. The fishing is also an attractive feature. Unfortunate-
ly, from the standpoint of the resorters, the level of the lake has
been subjected to serious fluctuations by the use of the water for
power. A dam was constructed to regulate the flow of water
throughout the year, and the result has been a serious lowering of
the level during the summer months. This has been done since the
lake developed into a summer resort, causing great inconvenience
and loss of property to the cottagers, and has been the subject of

long litigation. The height of the dam has been fixed by law but

the lake has not been visited by the writer since that time.

The outline of this lake is very irregular and, although over nine
miles in length, has an area of only 8.35 square miles. In the
figure given for the area is included the North Arm which covers
slightly more than one square mile. Thus, the width on the
average is about three-fourths of a mile and rarely exceeds one
and a half miles.

From the map the idea may be gained that the lake has a gener-
al northwest-southeast trend which is interrupted by the North
Arm. However, from the physiographic standpoint, it may be
better described as occupying parts of two elongated basing ef the
type mentioned earlier in this chapter. The trough occupied by
the main lake has a northwest-southeast direction for the northern
half of its extent. It then swings more nearly eastward and con-
mnects with the Bear Creek valley a mile or more beyond the lake.

|
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Near the southeastern end of the lake the second trough, in which
the North Arm lies, crosses the main depression and causes the deep
bav on the south side of the lake opposite the North Arm. South
ofvthe lake it turns to the southeast and unites with the Bear
Creek depression some three miles below the main trough.
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Tig. 48. Outline map of Walloon Iake, Charlevoix County.

The surface features of the region are relatively simple with the
exception of the depressions mentioned above. The greater part
of the lake is surrounded by morainic deposits composed of a
rather sandy till. To the north lies a till plain which borders
about three miles of the north end of the lake and a much smaller
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part of the extremity of the North Arm. The surface, then, is
composed of knobs and basins, or sags and swells, except at the
continuations of the intersecting troughs. Both of these types are
descriptive of a rolling topography, the chief difference being in
the amount rather than in the character of the relief. Naturally,
a very irregular shore line of minor headlands and embayments
is the result.

The northern end of the lake lies within a mile of Little Traverse
Bay and is separated by a low divide about one fourth mile north
of the lake. Nearby and but a few feet below the crest of the
divide stands the shore of former Lake Algonquin. Thus, the
Walloon lake basin was not connected with this predecessor of
Lake Michigan at the north end, and, if any connection existed, it
must have been at the present ontlet. The latter is uncertain but,
at any rate, the lake was practically isolated at this time.

According to the original land survey, the outlet of Walloon
Lake was at the southeastern end on the north side of the valley
leading eastward to the Bear Creck valley. At present, the lake
drains over a dam and through a newly cut channel at the south
side of the flat. The town of Walloon Lake is built on the flat
and much of the topography is thereby obscured. Tt seems reason-
able, however, that the present channel is artificial and that the
outlet, as shown on the early maps, represents the conditions as
regards shore action in this locality. The shore along the valley
floor is an adjusted sand beach where not interfered with by struc-
tures. Under the present conditions no trace of a bar could be
found and it is probable none was formed. Material is carried to
this shore from both sides during westerly “blows” and is largely
redistributed by undertow. If we accept the position of the outlet
as shown on the early maps as correct, shore currents have affect-
ed a transfer of material to the north along this shore, in spite of
the fact that the irregular south shore is not favorable to the
formation of strong currents.

Along the north shore to the entrance of the North Arm the
morainic knobs and basins drop gently to the lake. Thus, the
shore is a succession of flats and lens-shaped cliffs which reach a
maximum height of nearly forty feet at Three Pines. No distinet
submerged terrace is present, and the only depositional form not-
ed extends eastward from the cliffs at A, see map, Fig. 48. This
form is a blunt hook about forty feet in length and is composed
largely of shingle. The coarse material has been shoved into a
distinct rampart near the attachment to the cliffs by the expan-
sion of the ice during the winter. Further to the east the ram-
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part splits into three distinct ridges which decrease in 'heigpt and
play out as the end of the hook is reached. ‘Shor‘e action is con-
stantly supplying material to the hook, which is being re'Worked by
the periodic ice shove into a series of ramparts, that is, a 10@@1
ice-push terrace. Ice push is also in evidence at B, where houlders
have been forced into the cliff. In general, the shore forms are
the result of wave action in this locality, due largely to the lack
of sufficiently large embayments. The effective winds are from
the west, and strong eastward moving shore currents devfelop al-
most to the exclusion of undertow. These currents are Vlrtually
uninterrupted for more than two miles and are able to -transpmjt
relatively coarse material which is ground to smaller s1zes. as it
travels gllong the beach. Thus, there is a noticeable grading of
the beach material which decreases in size to the east and becomes
sand at the lower end of the lake. It is here distributed by the
undertow into which the shore current merges. See Chapter III.

Another interesting feature found along this shore is the com-
bination of narrow terrace and low cliff which borders the low
parts of the shore. The terrace supports a heavy growth of vege-
tation, including trees of considerable size, and may, therefore,
be taken as an indication of a stage of the lake which stood two
feet above the level of the water in the summer of 1?13, and not
merely a high water mark. It must bave been continuous w1_1en
the water subsided and has been removed since by wave action
except along the low, protected parts of the shore.

At the narrow entrance to the North Arm, conditions are rather
abruptly changed. Current action here ass»’umfas the prominent
role, and the wind directions which were so important on the
shore just described are secondary. It will })e noted from
the map that the shores of the approach to this bay gradual-
ly converge to two opposite points, forming a channel a'quarter
(;f a mile in width. Within the bay, the shores recede rapidly and
increase the prominence of the points. The significant fact is that
ihe currents on both sides are not only forced to leave the shores
at these points but arve able to maintain their courses across the

* channel. Furthermore, the winds from both the northerly and

southerly quadrant are effective and have about the same reach.
Therefore, the spits which developed from these points are not un-
expected. ‘ ’

These spits, shown in Figs. 49 and 50, restrict the channel more
than onefourth of its original width and are connected by a sub-
merged bar which is within eight feet of the surface at its low-
est part. Within the memory of settlers this depth was as great as
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eighteen feet, therefore, the bar is developing rapidly and the
cha'nne} will soon have to be kept open artiﬁciballv if Lit (i's to b
maintained. As seen in the sketches, these spits abr;z triano:ula(i‘ 11(13
shape and are of regular curvature on hoth sides indicatibn(r that
f’:urrents from both the main lake and the North, Arm hfw(? be(n
mstrumental in their formation. Yet, if the attachme;ts m‘:d
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Iig. 49. Spit at the west side of the entrance to the North Arm, W
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I*lg.‘ 50, Spit at east side of the entrance to the North Ar

(Sketch from photograph). ", Walloon Lake,

c:urx:ature o_f Fhe spits with reference to the adjoining shores are

Eﬁ;lmde%‘ed,l 11‘2 is clear that the greatest development h;s been from
main lake. This may be due to sever
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winds shift more frequently through the southerly quadrant than
the northerly. As to the nature of the shores, we find a greater
prevalence of cliffs along the converging approach than in the bay,
although the shore affected is shorter. This is probably due fo the
intensification of the waves and, therefore, current action in the
narrowing approach. Tt appears, then, that all three factors are
favorable to growth from the main lake, but detailed study is neces-
sary for a decision.

Turthermore, it is apparent that the spit on the east side is
the better developed. This is clearly due to the greater shove line
affected and the unquestionable prevalence of storm winds having
a westerly component. It is also apparent from the sketches that
a considerable part of these spits developed during the higher
stage. The drop to the present level was so slight that conditions
were unchanged and the present growth is a continunation of that
of the previous stage.

As regards shore action, the North Arm acts as an isolated basin.
Shore conditions are similar on both sides and resemble those of
the north shore between the east end of the lake and the entrance
to this bay. Moraine borders the southern part of this embayment
but drops to a till plain which skirts the shores of the northern
half. The characteristic shore features, therefore, are the now
familiar cliffs and terrace in front of which runs a sandy beach
interspersed at the small points with boulders. Wave action is
prominent but the cliffs are considerably lower than on the main
lake. Current action, however, has not been productive of any
decided effects unless it be a gradual building out of the flats to
the line of the cliffs. This could not be determined on account of
the heavy growth of vegetation which obscures the surface of the
lowlands. In but one locality, aside from the spits at the entrance,
are currents actively depositing and this ocecurs on the south gide
of Birch Point. Here a small spit composed of well assorted
pebbles extends southward from the point and continues under
water as a sand terrace. The relief is much less near the north
end, and much of the shore is swampy. Continuous swamp
fringes the north end with the exception of a low but conspicuous
swell west of the inlet. The vegetation of this swamp is creep-
ing outward over the marl-covered bottom, indicating the inception
of the final stage in the development of this embayment—its ex-
tinction by vegetation. Ice shove of the expansion type is active
here, but shore conditions are not favorable for decided results.
Ramparts of local extent are present on the low cliffs near the
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Walloon Lake Country Club but are much inferior to those found

on the main lake.

In geueral, it is evident that shore action within the North
Arm is much less intense than on the main lake and the adjust-
ments are correspondingly weaker, as may have Deen inferred
from the discussion of the spits at the entrance.

Outside the North Arm the increased activity of shore forces is
apparent. TInterest centers first at point C, where the shore makes
a right-angled bend to the west, Ordinarily, one might expect the
currents set up by westerly winds to leave the shore at this point
and deposit their suspended material in alignment with the north
shore. Instead, however, we find bold cliffs below which stands
a narrow terrace of the higher level. Around the point this ex-
posed terrace widens and upon it a well-developed spit, which
has been modified by ice-shove, swings from the shore, enclosing
4 narrow lagoon, now drained. From this it is evident that the
south and southeasterly winds which sweep without interruption
across the widest part of the lake are the most effective. It is
probable that the currents flowing eastward along the north shore
deposit material at the point, since lagoons are found further to
the west, but any such deposits are subsequently worked around
the point by the southerly winds. :

The lagoons referred to above are found Dbetween € and Bacon
farm. The depressions are sags in the moraine, closed by bars
at the higher stage of the lake. These bars have been remodelled
by icepush to such an extent that somewhat close observation is
necessary to detect current action. The assortment and gradation
in size of the material along the bars are the deciding characteris-
ties.  The first bar encountered from the east shows two distinct
ramparts which rise in steps away from the lake. The elevations
of the ramparts correspond with the present and higher levels of
the lake, and the ramparts were, therefore, formed during these
stages. Farther west the bars across the mouths of the small
indentations have been remodelled into single ramparts.

Beyond Bacon farm an almost continuous cliff faces the lake
-and extends back of Ryan Point to the north part of the lake.
The principal break occurs at the slight recession of the shore
north of Illineis Point. The gentle slopes which come to the
shore here were carved into g distinct terrace at the former level
and are now heavily wooded. The smaller initial adjustments by
both waves and currents have taken place along this shore, and
the shore-line, although sinuous, extends with little variation from

‘the cliffs to flats. The adjustments are far from complete, how-

[
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ever, since the submerged terrace is almost entirfﬂ?f llauik};n;g, aT;; S(f
present level and was poorly developed at the higher ejw et.he*d;ﬁ
Rvan Point an outerop of black shale roFk was found 11.n0‘ o
al;-ove the lake. This rock offers little resistance to erﬁc 1:15043;; {H;:
in faet, less than the adjacent bouldef 'Clay, and Wealtlt el»;;z;ac’te;«j;.
integrating it so rapidly that it exhibits none .of the ¢ arae ﬂ;e
tics of rocky shores. Rock outerops are' S0 1gfreque? M
shores of Michigan lakes that it is mezntlm.ied in pas};na. e
most noticeable shore activity is due to iceshove. prf}rt;al,,
must be very active on this shore for its effects ar’e seen O«nb; ; ne
ly every cliff and flat where conditions are at all fav011f1ff, ‘;(;um
the enumeration of cach rampart and boulder-paved cli
become monotonous. . ‘ ~
At the narrows formed by Tagle Island and Ryan Point the ad-
justments are of striking proportions. Currents have. left ‘.[h‘e
shore on both sides of the lake and have developed spits ‘»’\7]11('(1),
have reduced the width of the narrows relatively more th.an tho%e
at the entrance to the North Arm, although the channel is not so
restricted nor so shallow. Naturally, we compare these two 10—1’
calities and find that the spits on the east sides show the greatel‘;r
development in both cases, due to the s.ame cause—~the' greate}
strength and the prevalence of westerly Wl.nds. Ryan. POllvle‘, ho;&-
ever, whose north side has a curvature in conformity with the
shore to the north, has been built to a large eX.tent b}f Furren@
from the north, a fact readily accounted for by' its 1‘)‘051’{10.11 near
the south end of the extended west shore. This spif, which ex-
tends almost half way across the narrows, is of clear sand a.n.d
was built mainly at the abandoned level of the lake. Thus, its
surface stands two feet or more above the present‘leve'l. As the
spit developed, grasses and, later, trees took root, f()rnu’ng a mat
over its surface. Ice action was then able to form a series of low
ramparts parallel to both shores but better dev.elope(il on the north
side. When seen by the writer, this point was being e}"ode(? 911
the north side and built ap on the south, A process wah, 1f'1t
continues, will shift the position of the entu'e. spit to the son_r,h.
This shifting was well shown at the tip of the point by a sudden jog
in the shore-line which occurs at the attachment of a recent ex-
tension of the spit. -

On the opposite side of the lake conditions are similar but the
results are on a much smaller scale. The currents leave the shore
at the extremity of Kagle Island but are relatively feeble, due to
the infrequency of strong east winds and the irregular shore to

the north. The blunt sand spit which reaches southward from
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the end of this point consists of two parts: A swampy, grass-cov-
ered flat next the cliffs and a bare outer zone Dordering the lake,
There is practically no difference in the elevation of the two parts,
but the failure of the grass cover forms a sharp line of division.
It is possible, of course, that the vegetation is gradually creeping
outward and that the development of the spit has Deen continuous.
Yet, from conditions found elsewhere on the lake, it seems more
probable that a broad bar, for the most part submerged, developed
during the higher stage, and that the slight lowering of the level
exposed a portion of this bar upon which vegetation soon took
sold. If this is correct, the bare portion must be an extension of
this bar formed under the present conditions. At any rate, it is
evident that the currents from the north are the more potent.

On the east side north of Ryan Point, the more or less regular
alternation of cliffs and flats again appears. Shore conditions,
even to the frequent evidences of ice shove, are very similar to those
below the point, but show, in general, greater activity of waves and
currents. Thus, a persistent submerged terrace is present which
reaches a width of one hundred feet or more on the southern
stretches of this shore and drops into deep water at a depth of four
or four and a half feet. Opposite the St. Louis Club two small
hooks which extend southward from minor projections indicate
the prevailing movement of the shore currents. It is evident that
here wind direction is more important than reach in the develop-
ment of currents.

The conspicuous embayment, D on map, in the rather regular
shore along the northeast side, is caused by a large amphitheatre-
shaped basin, a sag in the moraine. North of this the even slopes
of the till plain dip gently to the lake, forming shores which are
low but not swampy.

The north end of the lake is called the Mud Hole. True to its
name the bottom is covered with an ooze of marl upon which is
accumulating the yearly residue of a heavy growth of rushes. It
is a distinet basin with a shallow, narrow entrance, which is furth-
er constricted by the development of a spit on the west side.
Within the Mud Hole shore action is limited to the expansion of
the ice, and this is not important at the present level. However,
a distinet rampart, containing boulders of considerable size, stands
at a higher level near the north end where the width of the bay
was not greater than one fourth mile. See Fig. 51. This observa-
tion is interesting in view of the rather prevalent opinion that
ramparts are not formed on lakes of much less than a half mile
in diameter. The north shore of the Mud Hole is fringed by a
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swamp which extends northward to the low divide which st?O(l
bet It seems certain that Wal-

between this lake and Lake Algonquin. o
loon Lake stood at the higher level at that time and covered this
N : g , < 3

This being the case, the divide was but a few rods in

swanp.
width.

Ty s
Fig. 51. Ice rampart, Mud Hole, Walloon Lake.

(Sketeh from Protograph.)

The west shore above Isagle Island is much 11191"@ 1.)rokeu 'than
that of the opposite side and, although shore action is relatlvel'y
feeble, more deposits are found. The first to be enc(?untered 1%
the spit at the entrance to the Mud Hole, already 111e11‘t1(?11e<1:lT1;)1%
spit is turned to the northeast and, there‘fore,‘ is b'em'g bui t :1
currents from the south. The material for this spit is qualne.

from the short streteh of shore in the bay to the squt‘h an(} 18
limited in amount. Nevertheless, the spit is developing rapidly,
on account of the small amount of filling necgssary to close the
channel and the fact that the currents are quickly brought t}o a
halt. Ice push is strong in this locality and 'has'for-med a 1-?113-
part on the south side of the spit which merges into a boulder

red cliff at its attachment.

paj&(ﬁli at the north end of the blunt point upon‘w.hicl‘l tlfe St‘;
Louis Club is located, the currents have‘held to theu? course ‘a
the present level, even though the bend in thLT shore ‘15 not Plo
nounced and the hook, thus formed, shuts off a narrow ]agoonv
| which is open at the north end. This lago‘on supports a heavy
srowth of lily pads, rushes, and grass and will soon become ﬁll(?d.
;Ce action does not seem to be effective at the present level but its
effects are evident at the ramparts along the old shore. However,

17
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in the bay to the south of the St. Louis Club ramparts are found
at both levels, but that at the present shore is of moderate devel-
opment and is not continuous.

Below this bay the waves are working on the lower slopes of the
hills and have formed low cliffs along a stretch of shore a half
mile in length. Currents are also of considerable force and have
carried away the finer particles, leaving coarse material on the
beach. The effective drift is to the south and much of the debris
has been deposited in a hook and an extended submerged terrace,
I5 on map, which are detaching a narrow lagoon to the rear.

Before Tagle Island ix reached the slopes drop to a narrow
swamp which runs directly south across the neck of this projec-
tion to the decided embayment on the south side. This swamp is
barely above the present water level and was evidently covered
during the higher stuge of the lake, therefore the name, Bagle
Island.  The swamp borders the north shore of the bav partially
enclosed by Eagle Island, and dense vegetation has obscured the
beach. A small spit on the east shore of this bay at the edge of
the swamp is interesting in that it is an index of the power of the
winds from the southwestern quadrant. The spit is turned to
the northwest and derives its material, therefore, from the short
stretch of shore between it and the end of the point. The fetch
of the waves is short and must be driven by strong winds to be of
any significance. The shallowness of the bay is, however, an im-
portant factor in the formation of this spit, on account of the
small amount of filling necessary and the rapid decrease in in-
tensity of the waves as they progress towards the beaclh. As in
other shallow parts of the lake, heavy deposits of marl cover the
bottom upon which reeds are now taking hold.

The protected west side of the bay is bordered by gentle slopes
which have been carved into a low terrace at the higher level but
show little evidence of wave action at the present level. As a
matter of fact, conditions along this shore are reversed for the
higher and present levels, and currents are now the important
agent of adjustment. They leave the shore in two places along this
side, due probably to the shoaling of the water, see Crystal Lake,
and have formed small sand spits which point northward. East-

erly winds are, of course, the most effective, since the bay is well
protected on the north by IEagle Island.

Near Harpers, ice action is well shown by ice ramparts across
the mouth of a ravine at the present and higher levels. As usual,
the older rampart is the better developed. The embayment south of
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Harpers is lined by a sand beach of even curvature in :s;)iie of th.e
alternation of cliffs and sags, and the effects of ice action are evl-
dent as ramparts or boulder-paved cliffs. From F 1o G wave
action has predominated and cliffs of variable height face the lake,
with the exception of a wide depression on the west side of point G.
During the higher stage a bar developed across this depression, and
the elongated lagoon was filled with vegetation. The growth of the
bar must have been from the west under the influence of northerly
winds. Ice action piled up a rampart along the old shore previous
to the development of the bar and later has been active along the
bar. The sandy character of the bar is not favorable for decided
effects and the present rampart is inferior in development.

Again at G conditions were reversed with the sinking of the water
to the present level, and a broad ferrace is being built at the foot
of the cliffs by currents from the west. The point of departure of
the currents is not ‘definite and a blunt point is the result. A large
amount of material is dropped at this point since it extends three
hundred feet or more into the lake as a submerged terrace, dropping
into deep water at four feet. The turning of the currents from the
shore at G and the very shoal water between G and Air Castle Point
have effectively prevented adjustwents along the intervening shore.

But at Air Castle Point, the constructive work of shore agents is
shown on a scale comparable with that at the entrance to the North
Arm and at Ryan Point. This great spit is irregular in outline on
the west side but has an even curvature in accordance with the
trend of the east shore. Clearly it has been built by currents from
the south. Deposition is still taking place, and a submerged por-
tion is growing into the lake as a relatively narrow bar with a
somewliat greater curvature than the subaerial part, a form in
striking contrast to the re-curved spits or hocks which are usually
formed when currents are dissipated in deep water. The increase
in curvature occurs along the part of the bar which has grown into
deep water and is exposed to the force of the waves from the west,
andiminished by the projecting point G and the intervening shoal.
Under such conditions the spit will increase in curvature as it
grows, and its position will represent the relative sirength of the
forces acting on either side. 1t is probable that this spit will de-
velop to the west of point C and, therefore, will not divide the lake,
but it is impossible to make a definite statement on  this point
considering the present development of the spit. The greater part
of the spit was built during the higher level and, after the establish-
ment of vegetation, a continuous ice rampart was pushed up on the
east side.
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Below Alr Castle Point cliffs. nubroken save for a narrow valley
which is blocked by ice ramparts, line the shore to the Lead of the
Large embayment which forms the southern extremity of the lake.
As already stated, this bay is caused by the continuation of the
North Arm trough which extends several miles to the south and
southeast.  The shove is, therefore, low and sy ‘ampy.  The notice-
able features are the well-developed submerged terrace and the jee
ramparts.  The ramparts are three in number and are especially
well developed and distinct. They increase in elevation. size, and
continuity with distaunce from the shore. The best developed, the
one farthest inland, stands three to five feet above the adjacent
land and encircles the bay with but a single break where a small
stream crosses. The middle rampart is inferior in development but
still is a decided ridge; the lowest ix discontinuous and poorly
defined in places. Two "“amparts are common and may be correlated
with the two stages of the lake. The presence of the third rampart
in this one locality is, however, somewhat puzzling,

The lake attaius its greatest width opposite this bay but still does
not exceed the maximum limit for ice expansion. The expansion,
then, is greatest in this locality, and the ramparts are exceptional-
Iy well developed. From its elevation, the rampart farthest inland
may be considered the equivalent of the higher rampart forwed in
other favorable localities where two are present. Also it is evident
that the ramparts nearest the shore are in process of formation at
the present time and are correlatives. But a lake stage, corres-
ponding in level with the intermediate rampart, cannot be assumed
since corroborative evidence at other localities on the lake is en-
tively lacking. To the writer this series of -amparts seems to have
been formed in a manner similar to that of an ice-push terrace but
on a shore of such flat slope that the ramparts are separate and
distinet ridges, The cause of the lowering of the lake level was the
gradual deepening of the outlet by natural processes. The earliest
and largest rampart was formed at the highest stage after vegeta-
tion had become well established and served to bind the loose sands.
The size indicates that the higher stage must have been of relatively
long duration. During the lowering of the level the vegetation
slowly encroached on the emerging lake bottom and was not dis-
turbed by the ice which, under normai conditions, expaunded to
positions less and less advanced as the shore receded. But under
especially favorable conditions snch as high water, light snowfall,
and numerous alternations of temperature during the winter, ex-
cessive expansion took place, and the ice advanced into the zone of
vegetation and pushed up the rampart, The slope seems to be the
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niost important factor in thisx consideration since rhe- ate of reces-
sion of the shore aud, therefore, the advanced position of the ex-
panding ice is dependent on the flatness of the slope. Ano‘[%ler
possible cause for the intermediate rampart is that the lowering
of the level was temporarily halted by an obstruction in the outlet,
which was sufficient for the formation of a rampart but not for
distinguishable effects of the other shore agents.

The shores from this bay to the outlet are of the cliff and sag
type, modified locally by ice action. This type has been so fl".L?-
quently mentioned in conunection with other localities that repetl-
tion ix not necessary and the description of the shores may be leff
at this point.

In resumé, the episodes in the history of this lake are but two,
the present level and a stage a few feet higher. This may seem.
somewhat meager when compared with the numerous stages of
several of the nearby lakes, but the many adjustments of the shores,
begun at the higher level and continuing at the present, are of suf-
ficient interest to compensate for the deficiency.

Walleon Lake stands well above the levels of the predecessors
of the Great Lakes since Algonquin. There is a possibility (‘)f a
connection with Algonquin at the southeastern end and a certainty
that the higher stage was in existence at this time. W'hi(-hever' may
have been the case, the agencies affecting the shores of the higher
level were similar in intensity to those active today, since the redue-
tion in area has been slight and the lake was practically ell(il(?SQ(].

The irregularity of the basin and the adjacen‘g slopes aff()'l'ded
many opportunities for large and significant ;1(]Jusfmfl,m,< (Tt the
shores, but on the other hand, effectively reduced the 'mtenmty of
the forces by which such adjustments are accomplished. The
limited reach of the winds and the irregularities of the shores per-
mit a moderate development of waves and currents and the 1’-es1.11‘[s,
in general, correspond. Waves have cut back many ij the m.mm"
salients, reducing the smaller sinuosities of the shore line, bm. the
very limited development of a submerged terrace shows a re.zlatlve]y
small amount of wave action. And the cnrrents can mneither be
of great power nor continuity on account of the short %1’1“0‘[(’,]165 (')f
e\'e}x shore. The striking thing, however, is the localization of their
effects at critical points, which greatly increases their impor‘rimce.
Thus, & continuation of their activity at the entrance to the }(?rth
Arm, at Ryan Point, at the chaunel to the Mud Hole, and possibly
at Air Castle Point will lead to a division of the lake into smaller
members, and this, in turn, will greatly hasten its extinction by the
processes already well started. Ice expansion is active to a re-
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markable degree on the shores of this lake: The series of ramparts,
the boulder-paved cliffs, and the ice-push terraces ave unequalled .on
Michigan lakes.

By far the greater development of the shores occurred at the
higher stage. The slight lowering of the level has caused a redue-
tion in the activity of the waves which in some localities has been
sufficient to reverse conditions from cutting to deposition. The
decrease in wave action furnishes less material to the currents, and
all of the shore adjustments are necessarily taking place more
slowly. XNevertheless, it is evident that the Mud Hole and the
North Arm will soon be separated from the main lake, to be fol-
lowed later by the division of the remainder of the lake into two
basins by the growth of Ryan Point. Shore activities will be
further reduced in the separate basins and in the meantime vegeta-
tion, which has already accomplished cousiderable filling in the
partially enclosed bays, will increase. Thus, it may be suggested
with some confidence that this lake will become extinct hefore the
completion of the adjustment of ity shores takes place.

PINE LAKE

Pine Lake, called Long Lake on the earlier nmaps, is elongated
in a northwest-southeasterly direction and at Charlevoix lies with-
in a mile of Lake Michigan. See map Fig. 52. The main body of
the lake is slightly over thirteen miles in length and probably
does not exceed one and one-half miles in average width. Where
greatest, the width is but little more than two and one-half miles,
and in one place only, near the upper end, does it contract to less
than a mile. Thus, the main lake may be considered rather uni-
form in its dimensions, with only minor bays and projections re-
lieving the regularvity of its shores. However, an important ex-
ception is found in the narrow South Armn which extends nine
miles in a direction slightly east of south. The South Arm is
much narrower than the main lake, its average width being esti-
mated at less than a half-mile, and is constricted to five hundred
feet in the narrows near its entrance. The total area of the lake
is 26.7 square miles. On account of its peculiar shape and navi-
gability, the lake has influenced to some extent the grouping of
pepulation about it, and we find the cities of Chavrlevoix, Boyne
City, and East Jordan at its extremities.

The region in which Pine Lake lies is one of the few localities
in Michigan where drumlins are found. More than half of the main
lake and virtually all of the South Arm lie in longitudinal depres-
sions which are surrounded by these peculiar hills of hard boulder




Fig. 52. Map showing outline and configuration of the basin of Pine Lake, Charlevoix County. (After U. 8. Lake Survey Chart.)
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clay. The remainder is morainic material of sandy character.
The drumlins are characterized by smooth slopes and a general
parallelism of their longer axes and were formed under the glacier,
the Jonger axes indicating the direction of the ice movement. The
smooth slopes adjoining the Iake are high, rising in places to heights
of three hundred feet above the lake. In many cases, the drumlins
are roughly parallel to the basin of the lake, hut considerable dis-
cordance is found, especially in the South Arm, and the basin is
considered to have been independent of the ice movement at the
time when the druinlins were formed. This idea is further strength-
ened by the fact that the baxin of the Jake is exceptionally free from
islands, shoals, and deep holes.

The physiographic history of Pine Lake shows four distinet levels,
in which respect it is not exceeded by any of the inland lakes of the
State. The shore lines of these levels, especially the two highest, are
conspicuous on the slopes above the lake and stand usually at mod-
erate distances from the present shore, see Plate VII. The highest
terrace stands about eighty-five feet above the lake at Charlevoix
and was formed by Lake Algonquin. In contrast to the lakes of
the Cheboygan basin, Pine Lake was not greatly extended in area
during this stage except at Horton Bay, Boyne City, and in the
South Arm. The latter was connected with the series of narrow
troughs whith lead to Grand Traverse Bay and in which lie Inter-
mediate, Torellight and Elk Lakes. )

The next lower level is that of the Nipissing Lakes, and the beach
stands twenty-seven feet above Pine Lake at Charlevoix. The sink-
ing of the water to this level was accompanied by considerable con-
striction of the lake at the extremities, and the basin was isolated
except for a narrow strait at Charlevoix. TFollowing the Nipissing
stage, a drop of eighteen feet brought the level to nine feet above
the present. This level may be designated as the Post-Nipissing, and
the basin was completely isolated for the first time. The drop from
the Post-Nipissing stage to a level four feet above the present, which
we shall call the Upper Level, probably accompanied the downward
cutting of the outlet. This level was abandoned when {he lake was
connected with Lake Michigan by an artificial channel in 1873, the
amount of lowering being 3.62 feet, according to the United States
Engineer.

The interesting history of the lake may be profitably supple-
mented by a study of the shore features at the various levels. In
general, it may be stated that the regularity of the basin and the
smoothness of the surrounding slopes have not furnished conditions
for large adjustments of the shore lines. Also, on account of the



136 INLAND LAKES OF MICHIGAN.

greater power of the waves and possibly longer periods of action, the
adjustments at the higher levels were of greater magnitude.

The narrow neck of Iand which separares Pine Lake from Lake
Michigan is less than a mile in width. Tts surface is composed of a
flat terrace, the Nipissing, standing at an elevation of slightly less
than thirty feet above Lake Michigan, and above this on either side
rises a steep cliff to the Algonquin terrace, more than eighty feet
above the lake. A rather deep depression, occupied by Round Lake,
breaks the mounotony of the Nipissing terrace and connects with
Lake Michigan by a narrow channel, artificially deepened and
widened. The connection with Pine Lake is now by an artificial
channel which isolated Park Island the north side of which is formed
by the Old River, the former outlet of Pine Lake. The channels are
dug to a minimum depth of twelve feet and allow the entrance of
Targe vessels into Round Lake, which makes an excellent harbor.
The town of Charlevoix ix built oun the higher terraces but largely
on the Nipissing terrace west of Round Lake. This thriving town
is one of the most popular summer resorts of the State and is by
far the best location on the lake. The extension of the lake towards
the southeast is almost directly away from Lake Michigan, and the
cooling effect of the lake breezes is slight at the farther extremities.
Consequently, the lake as a whole is not so extensively patronized
by summer visitors as are some others in the State.

On the Lake Michigan side of the Nipissing terrace at Charlevoix
stands a narrow sand bar which developed from the southwest and
must have crowded the outlet to the north, although it probably did
not completely close it. Towards I’ine Lake the Nipissing terrace
is bordered by a cliff which drops to the Post-Nipissing level. In the
early part of this stage Round and Pine lakes were connected by a
strait about five hundred feet in width, but this connection was
gradually narrowed by a bar which developed in a northeasterly
direction from the cliffs on the south side of the present channel to
thedarge bend in the Old River. Sufficient water passed through
the ¢hannel to keep it open, but the bar was able to force the stream
to the cliffs on the north side. Above the shore of Pine Lake in this
vicinity, the Upper and Post-Nipissing shores are well defined, the
former having an especially fresh appearance. Thus, in the vicinity
of Charlevoix the four main stages of the lake may be readily dis-
tinguished.

Along the north shore the Nipissing terrace narrows and soon
disappears. At the present shore are found storm beaches, indicating
the existence of powerful waves which develop with a fetch of several
miles when the wind is from the southeast. At the most northern
tip of the lake is a lowland extension which was the scene of strong

.

LAKES OF THE GRAND TRAVERSE REGION. 137

current action in former times. The present shore swings in an even
curve towards Pine Point and is bordered by a flat which slopes
gently upward to a distinct sand bar about one hundred vards from
the shore. Behind the bar, the erest of which stands four feet above
the lake, is a swampy lagoon, which gradually becomes drier to the
north.  The depression is again interrupted beyond by a strong bar
which stands twenty feet above I’ine Lake. In both cases, the bars
extend completely across the depression and, since their elevations
correspond to the Nipissing and Upper Levels, we may conclude that
portions of this bay were cut off from the main lake at those levels.
The present conditions at Pine Point show moderate wave and eur-
rent action from the west, thus enabling us to determine the direc-
tion of the development of these bars. *

Pine oint was formerly much more prominent than at present
because, in addition to the bay just discussed, there existed a narrow
indentation east of the point, which extended fully a quarter of a
mile inland. This bay persisted until the Upper Level, during which
a bar was built near the present shore. An attempt at draining the
lagoon, thus formed, was made by digging a ditch through the bar,
but with mediocre success. At the present level the ounly shoxe
action is accomplished by waves which have thrown up a storm beach
of sufficient height to enclose a narrow, crescent-shaped lagoon.
Along this shore the waves have laid bare considerable marl which
was deposited during earlier stages.

On either side of Oyster Bay drumlin-like projections of nearly
northi-south trend reach the lake shore and ave responsible for its
irregularity. On the lake side of the promonotory west of the bay
the waves are actively cutting as they have been in the past. The ef-
fects are seen in a beach of rather coarse material and in distinet, but
narrow, terraces of the Upper, Post-Nipissing, and N ipissing levels.
Oyster Bay occupies a shallow sag that continues northward forty
rods or more beyond the present shore. During the Upper Level, the
greater part of this depression was covered, but a distinet bar within.
two hundred feet of the present shore indicates the formation of a
Iagoon at the head. The extinction of this lagoon was casued by ac-
cumulation of marl, heavy deposits of which may now he seen.

The long stretch between Oyster Bay and Horton Bay is noticeable
mainly for the perfection of the terraces of the former levels of the
lake, shown diagrammatically in Figure 53. The least developed of
the terraces is the Post-Nipissing which has been cut away in places,
The minor projections, for example Wilson Point, all show aective
cutting by waves on the west side and a tendency towards deposition
on the east. Thus the beaches are stony to the west but of fine ma-
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terial or of marl on the opposite sides. The coarser beaches are
in places pushed into low ice ramparts. One mile beyond Wilson
Point is the shale Dock which marks the location of the only outcrop
of rock near the present shore of the lake. It is a dark-colored, soft
shale and was formerly used by the Bay Shore Lime Co., which
operated the quarry and shipped the rock by water to its pllzmt'at
Bay Shore. This outcrop does not reach the present shore but was
undoubtedly earved by waves in the past. However, the rock
weathers so easily that the characteristic shore forms have been
destroyed.

Algongumn

The shore west of Horton Bay shows an extension of the Upper
Level terrace which continues to the bay. This bay lies in a depres-
sion which caused a large expansion of the lake during the stages
previous to the Upper Level. This was especially marked during
Lake Alzonquin and extended several miles up the Horton Creek
valley. The rounded projection of land on the west side of the bay
was covered until the lake stood at the Post-Nipissing level. During
this stage it was a narrow promountory and was severely pounded
by the waves on the lake side, forming a beach of coarse material.
This rubble was pushed into a decided ice rampart which still stands
four to five feet above the beach and contains many good sized
boulders. The Upper Level is well shown by a definite beach which
swings around the point and into the bay as a bar, cutting off the
swampy hinterland. On the east side of the bay the high ground
lies from one-eighth to one-fourth of a mile from the shore, and a
similar bar at the same level cut off the lowland at the foot of the
Lills. This bayr developed from the east, as is shown by the westward
turning of Horton Creek before entering the bay. IFrom Horton Bay
to Boyne City and beyvond the surrounding topography is morainic
rather than drumlinoidal, and the material is sandy till. This is
readily detected by the change in the beach material from rubble to
sand about one-half mile beyond the bay. 'This shore is exposed to
strong westerly winds and the wave action is intense. The former
levels are well shown with the exception of the Post-Nipissing which
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has been cut away. The absence of this terrace in a locality of
strong wave action, while those above and below it are well de-
veloped, may be interpreted to mean that this stage was of short
duration.

The configuration of the lake is such that the fetch of the waves
driven by westerly winds, the most important here, decreases to the
south and currents become relatively more effective. Therefore de-
position is to be expected where shore conditions permit. This is
well illustrated as Horse Point is approached from the north, where
a broad indentation formerly existed. At present, the beach is
of fine sand and of even curvature to the end of the point. Inland
at the Upper Level is a nwrrow spit which almost parallels the
present shore and encloses an elongated lagoon. Similarly on the
landward side of this lagoon is another spit at the Post-Nipissing
level, which likewise has cut off a lagoon but of smaller proportions.
At the tip of the point, however, wave action again predominates,
and the Upper Level terrace has a width of from one hundred to two
hundred feet. In addition, the coarse material has been forced up
into a decided rampart at the present shore. Ramparts on a. lake
of this size must be largely of the ice jam type and are a further
indication of the power of the waves. South of the point the hills
recede from the shore, and broad terraces of the Upper and Post-
Nipissing levels are present. The width of the terraces is dune to
the flatness of the slope rather than excessive shore action. At the
present shore wave action is cutting into the Upper Level terrace.
This cutting is slight as a rule, but at A (see map) the waves have
reduced the Upper Level terrace and are cutting into the sand of
the Post-Nipissing. As Boyne City is approached, the upland stands
nearer the lake and the terraces are narrow but distinet.

At Boyne City the lower levels follow the present shore but are
obscured by buildings. The Algonquin shores run to the southeast
as far as Boyne Talls and it is on the terraces of this and the
Nipissing stages that most of the city is built. Along the south-
west shore from Boyne City to the entrance of the South Arm the
upland slopes somewhat steeply to the shore, and consequently the
terraces are narrow. The Algonquin and Upper Level terraces are
well defined, but the intermediate ones vary in development and
are obliterated locally. Shore action is limited in this part of the
lake and is mainly by waves which have made a stony beach. In-
ferior local ice ramparts on the beaches of the Upper and present
levels are evidence of an ice shove of moderate force. The moderate
wave action is somewhat intensified on the southeast sides of the
points which, with the exception of that at Platten Dock, are due
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to the glacial topography. On the northwest sides of points. cur-
rent action has enclored small Tagoons in some cases, as at B. At
Platten Dock a stream entering the Inke has built out a delta of con-
siderable proportions. This delta was formed during Nipissing
times and since then has been degraded by wave action on its
borders, forming terraces at the Post-Nipissing and Upper Levels.
The terrace of the latter is now swampy, due to the preseuce of a
storm beach at the present shore. In places along this shore wave
action at the present level has cut low cliffs, which often expose
marl.  Such localities are easily recognized when waves are 1un-
ning by the milky appearance of the shallow water.

The broad point between the main lake and the South Arm is
exposed to the heavy seas of the novtheasterly winds and wave action
is powerful. In addition, the original slepes were low, couse-
quently all the terraces are well developed and wide. Ice has also
been active in this locality, having formed distinet ramparts on the
beaches of the present and Upper levels on the west side of the
point. The intensive work of the waves on this point may be appre-
ciated by a trip of somewhat over one-fourth mile eastward from
the narrows of the South Arm to a drumlin, the top of which was
completely bevelled during Algonquin time. The drumling are,
perhaps, best developed along the &outh Arm but as a rule lie be-
yond the borders of Lake Algonquin.

The entrance to the South Arm is almost closed by an abrapt
projection of the shore from the ecast side. The south end of this
projection makes a sharp re-enfrant and affords at its tip an ex-
cellent index of current action through the narrows. An incipient
spit shows that weak southward moving currents pass through. It
will be seen from the map that waves of considerable size may he
formed from the north. The drive of these waves tends to pile up
the water on this shore and the only outlet is through this nar-
rowing channel, even though it is tortuous.

The South Arm nowhere reaches a mile in width and the ad-
joining slopes are consistently steep. Consequently, wave aetion
is moderate and shore adjustments are much less striking than
along the shores of the main lake. However, the Algonquin and
Nipissing terraces, shown in Plate VII, are well developed and en-
circle this arm of the lake. This is to be expected since the lake
was larger during these stages and also received some of the swells
of the main lake. For the most part, the lower beaches are distinct

but only locally are they well developed. The best development is
found on the numerous small headlands, illustrated by point C.
All four terraces are found here, and, in addition, a small spit is
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growing to the north at the present level. The only winds effective
on this shore are those from northerly or southerly qnu‘dl'ants,
and the latter are the more important on account of their l‘ong
reach. Farther soutl, point ) shows a wide Nipissing terrace into
which the waves have cut a low cliff. The lower terrﬁces.seem to
lave been poorly developed here and were quickly obliterated.
South of this blunt point the slopes are flatter and ‘al] the ter-
races are present. The effects of ice action are seen in the frag-
mentary ramparts at the Iost-Nipissing and Upper levels, caused
1;1-01)211)13' by expansion here. . .

With slight variations, the conditions just described continue '{é)'.
Iast Jordzin where the narrow, lower terraces encircle the enfl of
the lake with some extension up the valley of the Jordan river.
This stream has deposited large quantities of material and filled
in a considerable area at the head of the lake during the lower
levels. It enters from the west and has constricted the end o.f the
lake by deposition from this side. The development of the higher
terracés is almost identical with that at Boyne City, except that
the Algonquin was even more extended. L

On the west side of the South Arm the features are zo similar
to those opposite that a detailed descripfion seemns unnece'zssa'ry.
The shore from point I northward to the next prominent 1’)1"0300_110?1
is worthy of mention on account of the prominence of the I’Tost-
Nipissing terrace, which is usually poorly de\'elopefl. The adjust-
ments at present are mainly due to cutting and this on the north
sides of the points. Again, at Holy Island the tm"l‘flces are :vel-l
developed. This istand first stood above water (11.11'1'11;'; the Io:qt‘
Nipissing stage, and this and succeeding levels are distinefly sh?‘\\ }’1.
On the sides, the levels are indicated by notches and low cliffs,
and at the ends terraces thirty or wore feet in width are present.
At the north end a bar has nearly bridged the shallow \.VzltCF be-
tween the island and the mainland, and artificial filling with brush
has sufficed for a rude roadway to the island. .

The west side of the narrows is flanked by narrow terraces which
broaden somewhat as the main lake is reached, and on these fe}‘«
races Sequanota is built. Beyond Seguanota the terraces are aggm
narrow and the lower ones are indistinet in places, as at If, the
Upper Level having been entirely removed. The broad embayment
west of F is a depression between drumling and was formerly
much more extensive, When the water dropped to the Upper
Level, this v\'as reduced to a shallow bay, and during this time a
bar and lagoon were formed. The bar stands near the prese'nt
shore and the lageon is now a swampy lowland. At Two Mile




142 INLAND LAKES OF MICHIGAN.

Point, a drumlin, the Post-Nipissing and Upper Level terraces are
again well developed with a low ice rampart of rock on the shore
of the latter. This rampart runs around the peint into Newman
Bay where it changes from coarse material to sand and has the
characteristics of a storm heach. Tt is readily recognized by a row
of pines growing on its surface. Back of if stands the sandy ter-
race of the Post-Nipissing level, and in front the broad, sandy ter-
race of the Upper Level extends to the present shore. The loose
sands on this terrace are being blown into small, irregular dunes.
Beyond the bay to Charlevoix the upland stands near the shore
and the terraces are very distinct,

As may be inferred from the description above, the adjustments
of the shores of Pine Lake, although moderate in effects, have been
numerous and were made at the higher levels. Probably the greatest
changes took place at the Upper Level, and the most noticeable of
these was the development of bars across the more prominent embay-
ments. This Ievel was abandoned less than fifty years ago and only
minor adjustments have occurred since that time. The main work at
present is the cutting by waves and this has seldom advanced to
the limits of the Upper Level. Incipient current forms are present
in a few localities but are almost negligible when compared with
those formed at the previous levels. A well-developed, but narrow,
submerged terrace is continuous around the lake and varies in
depth at its outer edge from three feet off sheltered shores to ten
feet, the latter being more nearly representative for the lake as a
whole. The interpretation of this ferrace in terms of wave lengths
developed on the lake is uncertain on account of the small differ-
ences in elevation between the Post-Nipissing, Upper and present
levels, in all nine feet. Nowhere was the undisturbed outer slope
of the Post-Nipissing terrace seen, while, as a rule, the Upper
Level terrace is continuous with that of the present. Thus, the
difficulty arises of determining at which level the present submerged
terrace developed. The Post-Nipissing adjustments are much in-
ferior to those of the Upper Level and, since we know that the
present conditions have existed for an insignificant period of time,
it seems safe to conclude that the present submerged terrace is the
unexposed portion of that formed during the Upper Level. Neg-
lecting the small amount of lowering of the surface of the terrace
which may have taken place since that time, the depth was about
fourteen feet at the outer edge for most parts of the lake. This is
probably somewhat less than one-half of the wave length of storm
waves on this lake.

The lack of adjustment at the present level is due in part to
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its short period of existence and also to the fact that adj?stments
weve of an advanced stage during the preceding level. Thus, the
embayvments were largely reduced and the submerged terrace was
very uﬂat. The latter must materially reduce the force of the
bre?;kers and will have to be lowered from the outer edge bef?re
the waves can strike the shores with normal force. The plana'tmg
of this terrace will be slow because it is covered with a deposit of
marl on most shores, which is very compact when wet z}nd also
furnishies no tools to aid in the work of the waves. Vvhm‘l thg
waves are finally able to work effectively, the 'head]ands‘ will be
rapidly cut away and the broad embaymgnfs built out rather than
cut off by currents, making a mature shoreline. o o

The extinction of a large and deep lake such as Pine is an ex-
tremely slow process. Itilling is proceeding at a very slow Al"a'te on
accom;t of the small and infrequent influents. This will increase
as the streams enlarge their basins but, up to the present time, hai
had little effect except at the end of the South Arm. FKilling by mark
and peat near the shores may have gsome importance but, as a rule,
vegetation finds difficulty in getting started on a wave-swe.pt s?hor'e.
It seems probable then that the future of Iine Lake is ]mk(.ed
with that of Lake Michigan. If the tilting of the Great Lakes basin
shall be sufficient to lower the level of Lake Michigan more than
one hundred feet, Pine Lake will be drained. Otherwise, the slow
process of filling will cause extinction.

TORCIILIGHT LAKE

Bordering Grand Traverse Bay on its eastern. side are two deep
troughs in which Torchlight and Elk Lakes lie These. troughs
are depressions in the drumlin area mentioned in the discussion
of Pine Lake and run almost north-south, conforming very closely
to the trend of the drumlins. As may be seen from a map of the
Traverse region, these basins lie oblique to the eastern side of
Grand Traverse Bay, approaching it at the northern ends. The
narrow strips of land separating the lakes from the bay are at the
uorth ends in both cases a series of bars which developed early in
the history of the lakes and have been blown into dunes. Thus, the
lakes, from one viewpoint, may be classed as lagoons, but the de-
pressions themselves are similar in formation to that of Pine Lake
and have been briefly discussed in Chapter I.

The larger and more easterly basin is occupied by Torchlight
Lake which is connected with Elk Lake through Round Lake, Fig.
54 Torchlight Lake is one of the larger lakes of the State, its
area being 2875, and is known to be deep, although systematic
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soundings have not been made. Its length is slightly less than
eighteen miles, the longest of the inland lakes of our state, and its
width nowhere exceeds two and onehalf miles, the average being
considerably less than this figure. So nearly is the lake oriented
north and south that only at the northwestern end does it cross a
range line. Iurthermore, the outline of the lake is consistently
regular. As a consequence of its regular configuration, its size,
and orvientation, the lake becomes dangerously rough during the
“plows” from the north or south. Although this may be disad-
vantageous for navigation by small boats, it is productive of in-
tense wave and current action, and numerous and important adjust-
nments of the shores may be anticipated.

As may be inferred from the description of Pine Lake basin, the
history of Torchlight has much in common. The Algonguin and
Nipissing shore lines stand out prominently on the smooth slopes
of the drumlins and are counterparts of those on Pine Lake. Also
a Post-Nipissing stage is to be found in favorable localities and,
where present, is but slightly above the present level. The present
stage is artificially maintained by a dam at Ik Rapids which has
held the water above its normal level for about seventy years. The
lead of water at the dam is seven and one-half feet, but the amount
of flooding of the lake cannot well be determined, due to lack of
both physiographic evidence and human records, although it is
believed to be much less than wight be inferred from the height of
the dam. It is well to keep in mind, however, that an apparently
insignificant raising of a lake level may attain considerable im-
portance as the shores develop under the new conditions. As a
matter of fact, this lake is an excellent example of the effects pro-
duced under such circumstances.

This lake is readily reached by the Pere Marquette R. R. at Alden
near the southern end, and is patronized annually by numerous
visitors seeking recreation and relief from the summer heat. Its
proximity to Grand Traverse Bay mitigates temperatures and its
almost parallel trend with the bay makes this condition uniform
over the entire lake. Many excellent locations for cottages are to
be found, but as yet they are largely limited to the numerous points
and the south end. The size of the lake and its flooded condition
make storms especially severe, therefore a sheltered location is
essential if boating is to be enjoyed. Such locations are found at
Clam River and on the south sides of the points. Where shores
exposed {o wave action have been utilized, it has been necessary to
build breakwaters of some kind to prevent the rapid recession of
the cliffs. )

19
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Navigation is possible on the Jake and its connecting waters
through Ik Take to Elk Rapids, and when visited by the writer
daily service was maintained by hoat from Elk Rapids as far as
Clam River. The surrounding country is a vieh agricultural section
and the feasibility of connecting this chain of lakes with Grand
Traverse Bay is a problem for future develepment.

For the visitor with phiysiographic bent, Alden is a convenient
starting point. See may. Fig. 54, Characteristic morainic topog-
raphy borders the east side of the lake along this shore and extends
northward bevond Clam River, a distance of about six miles. From
this locality to the north end of the lake and along the entire west
shore, the smooth and rather steep side-slopes of drumling rise a
hundred feet or more above the lake.

The view across the lake from Alden ix wost pleasing, but to
the practiced eye the significant observation is the terracing of the
slopes.  An inspection of the immediate surroundings discloses
these terraces at hand for closer study. Two distinet terraces,
separated by a grass-covered slope, are easily discernible, and
measurement places their elevations at thirty-eight and fourteen
feet above the lake level. The higher is the Algonquin beach and
the lower indicates the level at which Lake Nipissing stood.

Along this shore northerly winds have full sweep of the lake and
waves of great power are developed. As a result, the intense cut-
ting has formed low cliffs in the Nipissing terrace which, in places,
is composed of stratified sand and gravel, see Plate VII, A. Thig
represents the ounter or built portion of the terrace, but farther
inland the boulders which are scattered over the sand covered sur-
face of the terrace are an indication that here the terrace was cut
in boulder clay and a veneer of sand was later deposited on its
surface. Further evidence of a cut portion of the terrace is found
in the numerous springs issuing from the base of the cliff which
rises from this terrace to the Algonquin. These springs are caused
by the surface water seeping down through the built portion of the
Algonquin terrace to the inmipervious underlying till, which was ex-

posed by waves during Nipissing time. The ground water which is

unable to flow in the compact boulder clay seeps laterally along its
upper surface and issues as springs where the clay is exposed. The
accompanying diagram, Fig. 95, illustrates the conditions described.

In addition to the exposed terraces, there is a well defined sub-
merged terrace of varying width and depth that virtually surrounds
the lake, and its ounter slope is kuown locally as the “channel bank.”
The description above holds. in general, for the east shore of the
lake south of Clam River. Locally, conditions have varied and a
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diversity in the development of the shore features isx found at the
various levels, including the present. Much of the adjustment of
the shores has taken place at the higher levels, thus defermining
to a large extent adjustment at the present level.

At the present shore the cliff, which is receding into the Nipis-
sing terrace, iz almost continuous and stands, usually, six to eight
feet high. On the longer reaches, this ¢liff is composed of sand and
gravel, which is often stratified, and at its base are smooth sand
beaches. At the minor projections the material is resistant boulder
clay and the beaches are of coarser material. These points are
caused by morainic kunobs which were formerly more prominent
but have been worn back by wave action. The intervening embay-
ments, however, were never pronounced, and the material derived
from intense wave action on the north sides of the salients was
deposited in these bays in comparatively wide built terraces rather
than in distinct bars. Thus, when the lake level subsided and the
terrace was exposed, the shore line was made more regular. In one

Algonguin ferrace Mprssing Terrace

cut burl?

1
:, cut bult
]

Fig. 55. Diagram showing terraces about the shores of Torchlight Take. Note the
location of springs at the base of the Nipissing cliff which has receded into the
built portion of the Algonguin terrace.

locality, point A, the process was aided by the formation of a small
delta at the Algonquin level by a stream, now dry. The blunt
projection north of locality A shows an excessive amount of cutting
on the north side, where the waves have removed the Nipissing
shore and are now attacking the Algonquin terrace, forming cliffs
of considerable height.

The Algonquin terrace bevels the neck of land between Thayers
Lake and Torchlight, which shows that the two basins were con-
nected during Algonguin time. At first, the connection was re-
stricted to the outlet of Thayers Lake but widened as wave action
reduced the narrow headland which separated them. During
Nipissing time, the lakes were entirely separated, since the Nipis-
sing terrace does not enter Thayers Lake basin. ‘
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In the wide embayment one-half mile xouth of Lone Tree Point,
concentric sand bars are found on the Nipissing terrace. At the
north end two such bars are present but they aplit and double in
number to the south. These do not appear to be the typical bars
which are built by currents across the neck of an indentation, since
there ix no indication of lagoons and no abrupt change in direction
of the shore to cause the carrents to swing cut.  They are hetter
interpreted either as storm beaches or a series of submerged sand
bars, sometimes found under similar conditions, which are probably
formed simultaneously by Dbreakers during a storm. The close
assortment and fineness of the material makes the Iatter interpre-
tation the more probable.

Lone Tree Point is the most prominent projection in this part
of the lake and was originally due to a morainic knob near the
lake. This knoh was bevelled by the waves of Lake Algonquin, but
the waters of Nipissing succeeded only in notching its lakeward
side and forming a terrace of considerable width. YWhen the water
level dropped from the Nipissing stage, this projection was suffi-
cient to turn the currents out into the lake, and deposition rather
than cutting became the predominant process.  Near the present
level, a spit was built at the end of the point, the main portion of
which stands two to three feet above the water and represents a
former level of the lake. This we shall eall the Upper Level.

Points, such as Lone Tree, which are the result of currents leav-
ing the shore, are interesting and instructive because they serve as
indices to the effectiveness of the forces acting. Currents may run
in opposite directions along a shore, depending on the direction of
the winds, and their strength is determined by the force and direc-
tion of the waves. Not only do the stronger currents transport
proportionally greater amounts of material than the weaker, but
they deposit it in forms which are more nearly in line with the
shore at the point of departure, i. e, have a lesser curvature. In
the case under consideration, the curvature of the north side of the
spit is much Jess than the south, indicating a much stronger cur-
rent from the northerly direction. There is little or no difference
in the resistance of the material upon which the waves are working
along the shores of this lake and the strength attained by the
currents must be determined by the force of the winds. Winds
whose directions have no easterly component are effective on this
shore, but there is a preponderance, both as to velocity and fre-
quency, of those from the northwesterly quadrant rather than from
the southwest. When we consider the added advantage of a reach
twice as great for northerly winds at this point, the unsymmetrical
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form of the spit is readily appreciated. Yet waves and currents (_)f
congiderable force are active on the south side, as is shown by the
even, although sharp, c¢urvature of the shoreline and the presence
of sform beaches at the Upper level. The superior stren'gth of the
forces at work on the novth side is shown at the present time by the
decided contrast in the work accomplished under the flooded con-
dition. Current action is still effective on the south side, but on the

i < int and have necessitated
north the waves are cutting back the point and have necessita

some form of breakwater. In this counection it may be stated that

the name Lone Tree is no longer appropriate, for the solitary sen-
tinel has long since succumbed to the force of the waves.

Northward from Lone Tree DPoint the shore swings to the north-
east and is exposed to the full sweep of north\ve_stertly Windi‘ '1\11'1011‘
cutting by the waves is taking place and the cliffs in ﬂl? .A\]plSSng‘
terrace are rapidly receding, causing considerable anxiety to ‘fhe
cottage owners in the locality. Breakwaferls of bmfh, placed Wlﬂé
twig ends outward, seem to prove temporarily effec;tl‘ve. .'_I‘he blun
point presents a decided contrast to Lone Tree .], oint in jh_ajr"no‘
deposition has taken place here. The A]g('m'qum. and ‘Blpls‘Tng
beaches swing back into the narrow depression In which Clam

Lake lies but reappear on the north side. The smooth beach with

cliff, above which stand the Nipissing and Algonquin terraces in

+as B ’oint is point is clearly the
turn, are present as far as Balls Point. This point is clearly

esult of deposition by shore currents of considerable power, as
shown by the rather coarse, but assorted, material. It ]S‘dlﬁlc.lﬂt
to assign reasons for the currents leaving the &51101"6 at this ])0}11t3
inasmuch as the configuration of the bottom is not kunown, but,
nevertheless, those from both directions do s6. The cum‘*ents from
the north, however, are the more powerful and have laid down a
much heavier deposit on the north side. In general, a sub]’nerge.d
terrace of considerable width is present along the shor‘e, but it
widens to nearly one-fourth mile off the point and drops 1‘nt0 deep
water at eight feet. The great quantity of deposited mf%te.mz?l show.:s
intensive action at this point, and a widening Of.Nlpl,QSng‘ :11}(1
present terraces shows also that this has occurred since Algonquln
time. Most of the work was done during Nipissing time, with con-
siderable addition at the present level during which the wide qub
merged terrace has been formed. A small but inte;resting ice
rampart was found at the very tip of the point, off which the la.ke
has a width of nearly two miles. This width is too great for ice
expansion and, since ice jams are known to have been effective at
one locality on the lake, it is probable that this agent has been

effective here.
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North of Balls I’oint the shores offe
terest until point B (see mapj is reached,
developed points on the lake, having
feet, and is similar to Balls, although much sharper.
proached from the south, {here first
-1"ising to the full height of the Nipi
1s reached the cliff drops to a h

way to a lower terrace fronted by a storm beach.
is furnished Ly the topography of the
conventional sketch, I

r nothing of additional in-
This is one of the best
a lengtl of five to six hundred
As it is ap-
appears along the shore a ¢liff
ssing terrace, but as the point
eight of eight feet and later gives
The explanation
. point which is shown in a
ig. 56. From the sketch it will be noted that

LN /
- /
~ s \1

14"0-.»". Onve i It cote " i i
1g. 56, Conventional sketeh of point desigrated as 13 on map, Torchlight Lake

the highest or Algonquin terrace does not widen at the point but
that below this are three roughly triangular terraces which stand
at successively lower elevations and are separated by low cliffs.
These cliffs diverge somewhat as they cross the pointy in a 1101’ti£~
’;lest;zrl}lf direction and end abruptly at the cliff on the north side.
he highest of these terraces is Nipissing ¢ rise fr

lake level to this is a'ccompli:hzl(lie 1?111;11:@1&{2“} the‘ lme‘ ftom ot

] steps.  The surface of
the lowest terrace is somewhat irregular, but those above are of
Cfl.al“ac.teristic slope and surface, except for a depression in the
hlplssmg terrace which, although slight, is quite noticeable. The
point started to develop during the Nipissing stage and was ex-
j[ended beyond the present limits of this terrace. The depression
in thi§ terrace shows that currents from both directions left the
sh.ore in this vicinity and developed spits which met some distance
off shore and formed a point, a V-bar, see Chapter IT. Its position
was slightly north of the present point. Then the water dropped
to the next lower level, called the Tost-Nipissing, of which we know
lit.tle except that the waves were active on the south side of this
point and cut a well defined cliff in the Nipissing terrace. The

T
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Upper Level is represented by the terrace which stands below the
Post-Nipissing and extends to the present shore of the lake. The
uneven surface of this terrace suggests a somewhat different manner
of formation than for the smooth surface of the typical cut-and-
built terrace which develops under water. Close examination dis-
closes the presence of indistinet ridges, and the deposit may, there-
tore, be interpreted as a series of poorly defined storm beaches
modified by ice shove.

At present the point is being cut back on the north side, and the
material ix either being transferred to the south side or carried
out into the lake. On the south side deposition predominates, al-
though waves of considerable power are active, as shown by a re-
cent storm beach composed of pebbles up to three inches in diameter.
In general, it may be stated that the point is gradually shifting
southward and possibly being diminished in size.

North of the point the two lower terraces are absent but the
Nipissing and Algonquin are well developed, especially at point C
where the waves are now cutting into a hill of boulder clay. The
submerged terrace is here scattered with boulders and is, therefore,
formed by cutting rather than by deposition, a condition infrequent-
Iy met at present on this lake. Beyond C shore action decreases
and the Upper terrace reappears on the grass covered slopes.

At point D an interesting variation of the general shore condi-
tions is to be found. At the present level an ice rampart lines the
shore and causes a swampy condition on the gently sloping surface
of the Upper Level terrace back of it. This terrace rizes gradually
to the low front slope of the Nipissing terrace, which apparently
was not attacked by waves during the Upper Level stage and stands
at its original width. Similarly, the wide Nipissing terrace is
bounded inland by a cliff of such gentle slope that it may be con-
sidered the original front slope of the Algonguin terrace.

Northward from this locality two small streams flow through a
sag in the hills and cross the terraces. Singularly, these streams
have been able to deepen their channels only in the Algonquin ter-
race which here has the characteristics of a small delta. i this
sudden change in the activity of the streams were due solely to
the fact that the older terraces have been exposed to their action
for a longer period of time, one might expect a gradational decrease
in the amount of cutting in the lower terraces. But the change is
abrupt and it is probable that a large decrease in the volume of
the streams ocenrred as the water dropped to the Nipissing level,
indicating o climatic change.

Northward towards point Ii the chore swings to the northwest
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with no unusual variation in the shore.
c?ezn"ed, and the trees which grow to the w
.clently protected the shores so that cliffs are rare
is relieved at point I8 near which is located the S.tate Y. M. C. A

camp.  The bend in the shore line at the point caused the currents
to ?ea\'? the shore and deposit their suspended material 1'11(/ a 11’211] .
Whlfjh is flhinost perfectly preserved, The point had i"m in(('e)tiolz
during Nipissing time and developed into a perfect 11()01' lt

the south, see Fig. 57. The cur ‘ature of the hook was gtle;?:ll
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Fig. 57. Conventional sketch of point near Y. M. ¢ ‘

A. camp, Torchlight Lake.

Fhan that of the main shore and the re-curved portion was grow
1ng. almost directly toward the mainland, The narrow (‘hglo“l_
which connected the lagoon, thus formed, with the lake was );;‘tl]“f;
1)‘7 filled })y the development of a submerged bar from til(f (D()ljh-
side. This form will e recognized as an unsymmetrical V-bar i
process of formation. ) o
Below the Nipissing level is a narrow bench at the Upper Level
and at the present shore there is an accumulation of fresh gravel
The Post-l'\Yipissing is absent. During the U pper Level ‘ArAhe g;ho‘r;
were continuous on both sides of the point and the develok’)men;
was outward into the lake with less tendency towards frrmxl'tl to
the north. This is also true at the present time, as S];O\T’n b '1‘[1
relatively larger accumulation at the end of ‘rhe’ p;)i;lt T
The points on this shore previously discussed indicate stron
currents from the north but here conditions are reversed Ikt wil%
be seen from the location of the point near the north el;d of tl
lake that the reach of the waves is greater from the south 1 'le
the controlling factor rather than the prevalence of storm wiilcll(s B

The slopes have not been
ater’s edge have effi-
The monotony

r
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As might be expected from the study of point I, the evidence
of wave action is noticeably less along the shore from this point
to Eastport, situated at the north end of the lake. At the present
shore fresh cliffs are much less frequent and the Nipissing terrace
is relatively narrow, the intermediate levels being absent. About
one mile north of point I a line of boulders forced into the base of
a cliff is evidence of strong ice push along this shore.

At Eastport a sand beach curves around the north end of the
lake and the hinterland rises very gradually to a well defined bar
at the Nipissing level, upon which much of the town is located.
Back of the bar there is a sandy depression dotted with small sand
dunes. The narrow neck which here separates Torchlight Lake
from Lake Michigan is of sand and stands at the Algonquin level
except for a zone of dunes which rise to a maximum of twenty-five
feet. Beyond the dunes a series of parallel bars with intervening
lagoons extends to the cliff overlooking Lake Michigan. From this
description it is evident that the north end of Torchlight lake was
connected with Lake Michigan and was cut off during Algonguin
time by a series of bars. As the water receded to the Nipissing
level, the earlier bars were blown into dunes and the somewhat ir-
regular outline of the north end of Torchlight lake was straightened
by the development of the bar at Eastport. The lower levels were
not productive of adjustments here, This end of the lake is sub-
jected to strong ice jams in the spring, but the sandy beach with its
scant vegetation is not favorable for the formation of permanent
ramparts. However, east of the dock there is a row of poplars a
few feet back from the shore. The roots of the trees have served
as binding material for the sand, and a well preserved rampart has
been formed in front of the row, but disappears abruptly at each
end. Observation of this rampart in process of formation, by in-
habitants of the locality, makes it certain that ice jams exerted the
shove are, therefore, effective on the shores of this lake.

Along the west side low ground borders the lake and has been
converted into a lagoon by the formation of a bar at the present
or Upper Level. This continues to point F where the divide be-
tween this lake and Lake Michigan rises above the Algonquin level
and both the Algonquin and Nipissing terraces are present. Off
this point the “channel bank” is very decided and drops into deep
water from a depth of six feet at a rate of almost one to one, the
slope of the bottom being from thirty-five to forty degrees.

At Torch Lake the divide narrows and stands at an elevation
which is below the Algonquin beach. Wells in the vicinity penetrate
clay before reaching a water-bearing layer and, since no bar is to
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be found on the crest of the divide, we must conclude that a con-
nection with Lake Algonquin was open in this locality, although
closed at Eastport. This connection was nearly two miles in width,
reaching from point F to point ;. Further evidence of an open con-
nection was found in the vicinity of point G, where a strong spit
at the Algonquin level runs in g southeasterly direction into the
Torchlight basin from a point of the upland on the south side of
the strait.

It appears, then, that the north end of the Torchlight basin was
connected with that of Grand Traverse Bay by a double connection
during Algonquin time. The adjustments of the shores of Lake Al-
gonguin were numerous and diverse, and, in general, it may be stated
that virtnally all indentations, such as those occupied by the border
lakes, were isolated by the development of bars. In this case, it is
exceptional that only the northerly connection was closed, and the
most reasonable explanation involves the factors of effective winds
and available material. The westerly to northerly winds were the
most effective and bars developed from the north along the shore
of Lake Algonquin. The long stretch of shore below Charlevoix
furnished sufficient material for the bar across the north channel
but the limited amount of land between the two channels, I, was
inadequate for a similar development across the south channel.
In addition, the westerly winds were able to turn the limited de-
posits on the south side of this channel almost directly into the
Torchlight basin, as shown by the bar back of Point G already
mentioned, and so kept the channel open.

Along the west shore wave action is less infense than on the
opposite shore and the terraces are somewhat better preserved, al-

though not so well developed. Below the Algonquin level, the

Nipissing terrace is always well developed but that of the Post-
Nipissing stage is very poorly defined. The points were as a rule
started during Nipissing time but considerable additions were
made during the Upper Level stage. This level may also be recog-
nized in some of the bays, for example, that north of point H, either
as a terrace or as ice ramparts.

Point H started its development in Nipissing time as a V-bar
which now stands slightly south of the present point. The two
bars, enclosing a depression more than ten feet deep, are excellently
preserved. The greatest deposition occurred during the Upper Level
and formed the main portion of the point. At present it is being
cut away ou the north side Lut iy increasing on the south and at
the end of the point. The deposition is further shown by the broad
submerged terrace on the sonth side. Comparing conditions at this

-

x i Publication 80, Geological Serics 235,
Michigan Geological and preologles
Bi?)lr);;i(‘ul Survey 4

A, ALGONQUIN DBAR, TORCHLIGHT LAKE.

B. ALGONQUIN BAR, ELK LAKE.
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point with those at I across the lake, we find them reversed, that is.
5 has been built mainly by southerly currents and H by northerly
currents.

South of point H the slopes are gentle and rise to the Nipissing
level with slight indications of intermediate stages. At point I
a V-bar with characteristics and history almost identical with those
already described breaks the rather even shoreline. The chief in-
terest lies in the amount of deposition that has taken place in re-
cent times. A long spit extends fully one hundred yards beyond the
portion built at the Upper Level in a direction somewhat south of
east but is being cut away on the north side under the present
flooded condition of the lake.

South of I the usual shore conditions prevail except where drum-
lins approach the lake. Here the currents have left the shore and
two such points occur before point J is reached. At J a large
drumlin caused the original projection in the shoreline and became
a locality of intensified wave action. During the Algonquin and
Nipissing stages well defined terraces and cliffs were cut and the
side of the drumlin was steepened considerably. However, late in
Nipissing time conditions changed and two small V-bars developed,
which have been enlarged at the lower levels, making a double
point. Tt is interesting to note that the more novtherly point is
being added to under the present conditions and especially on the
north side, while the southerly one is being worn away. On the
latter numerous large boulders have been lined on the shore by ice
action.

In general, on this Jake the adjustments of the shores at levels
below the Algonquin are the more important, due largely to the
fact that cutting by waves predominated almost to the exclusion of
currents on the relatively smooth shores in this embayment of
Lake Algonquin. Thus the rather monotonous description of the
terrace and cliffs of this shore has not been dwelt upon. On the
west side of the lake the topography is less regular, and several
small indentations were encountered at this level within a distance
of six miles south of point J. The result was a straightening of
the shore by the development of completed bars across the mouths
of these bays, Plate IX, A. After the drop to the Nipissing level,
the waves worked back towards the bars and replaced the gentle
front slopes by a steep cliff. In no case was the bar entirely re-
moved and the remnants, with their flat tops and steep side
slopes, now resemble railroad embankments. Ice also was active
during the Nipissing stage but shore conditions were such that the
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mmost noticeable result was the lining of boulders on the beach, i
lustrated in Plate VIII, B. )' e
Immediately south of point J the first of the bars ix encountered
butl ‘1161:6’ thfe N.ipiss.ing shore did not advance far inland and thé
f}l:l)]j:ﬂl:ilnent(ﬁectls not so pronounced. Between this point and
s five similar features are to be found. The indentations were
all small and at present furnish limited drainage basins Q;) that
the bars are, with one exception, intact and the low 0‘1“01111(1,‘1;1"& , t’
tov the bars is swampy. In the south part of section bT T ‘?()( \] RCHQ
W, such an indentation of larger size furnished suf,ﬁci‘e:l.t ;I.l’]"f‘l'(‘t
water to cut a drainage channel through the bar. The ii‘ltel:\'enxfn:
stretcljfzs‘ar‘e marked by. relatively narrow terraces of the Alwonlqui;
fmd. Nipissing levels which widen at the well (le\'e]op&{3 point
indicated on the map as K and I.. The higher terraces are coni ')1etes
except for a short streteh south of Parks where the Nipissing Lhor(g
has been removed. The waves are working into the front :1;0\)6 of
the Algonquin terrace but have not as vet extended th i o i
full height. ) : Fen
The feebleness of the shores of the exposed levels and the presence
of a narrow submerged terrace at the present level mark thig ;hore
as one subjected to relatively light wave action. Winds fr;n; the
northeasterly quadrant are the most effective, having -11; exces l
reach which embraces the whole length of the ’lake. ;I‘hls 1'\‘4 zle \Sl;e
slgown by the points K and L which are beine built toktlie "e‘uﬂ}
A'lso the “channel bank” in each case is wide OE the 1101“‘(11 sidzogl‘(hz
side of stronger.wa\'e action) but becomes much n;u’rowef on the
]leff tor south,.sule. Although this shore has been subjected to
“13 ées\:?;ee ;fct}ii)é;g(()}lrli tdl;svegll;(?l-zx%ie, it m~ust not be inferred that the
aves ag pment.  On the contrary, as study of
pommts K and L shows, the waves during oceasional ve"‘ 2
storms beat with great power against this shore Bo;'h " "eif
star-tedﬁ their growth during Lake Nipissing and 'develo /m(%mimth
small V-bars. These bars have since been added to m‘linl);j t irll .
present level, and in each case the deposit is in the fm(' fa l'e
beaches. Thus, at K are found two well de%*eloped &;to]rl}lnob;: 01““
on the north side of the point, which merge into d sﬁl:’le one N lleS
south side and enclose a triangular cedar swamp. A: L the OI; t‘]'e
beaches are not so pronounced and are confined ’rb a we’rié§ f . OEH
ward extending loops at the tip of the point. The acicix*it;f Ze:(‘)l*1 ’[1_
l?e less on the more southerly point L, an observation ry‘ II *ms .
firmed at' M, the last point on the lake. C s
Ezggl(lle;)mnt trending southward with

The latter is g simple

no indication of storm

—
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The southward extension of the lake basin is a swampy flat but
slightly above the lake level, leading directly to Round Lake. This
was formerly a part of the much larger Algonquin and Nipissing
lakes, which included Round and Elk in addition to Torchlight

Torch River leaves the lake at the extreme southwest corner,

Lake.
Starting

a fact readily explained if the south shore is traversed.
at the river one soon notices a low sand ridge which gradually in-
creases in strength and elevation and swings with even curvature
to the east side of the lake. This is unmistakably a bar, although
its profile is somewhat obscured by an ice rampart on the front slope,
and may be easily traced to the Nipissing shore. Thus, during Nipis-
sing time a bar was developing which would have eventually iso-
lated this lake basin, but a drop in the water level accomplished this
result before its completion. The submerged terrace is very wide
at this end, due to the exceptionally strong undertow developed.
This wide terrace together with the clean sand beach fronting the
bar, affords excellent bathing facilities and makes the location,
Crystal Beach, a favorite with summer visitors. The presence of
two sand bars on the submerged terrace, parallel to each other and
the shore, is an interesting development. These bars shift during
storms and may vary in number and height but, as far as is known,
never reach above the water Ievel. Since they are formed by break-
ers, their growth into true barriers is a possibility but it seems more
probable that a depression of the water level sufficient to expose
a portion of them is necessary for further development. Many
examples of such forms, composed of a series of parallel bars, are
to be found in the Great Lakes and on their former shores now ex-
posed, e. g., at the north end of Torchlight Lake, but this is the only
inland lake in which more than a single bar was found and is there-
fore noteworthy.

Having traversed the shores of the lake, we may now attempt a
resumé of its history and conditions. During Algonquin time the
basin was part of an archipelago which included Elk, Round and
Torchlight Lakes and extended into the depression now occupied
by Clam, Grass and Intermediate Lakes, which in turn was con-
nected with the South Arm of Pine Lake. The connection between
the basin of this lake and Grand Traverse Bay was a double one at
the north end but was partially closed at this time. The develop-
ment of the shores was largely by waves and the terraces are now
continuous on both sides of the lake. Currents were effective locally
on the west side and succeeded in throwing bars across some minor
embayments and in forming a large spit on the south side of the
open connection with the main lake at the north end.
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With the recession of the water to the Nipissing level the basin
was definitely separated from the main lake at the north end and,
later, partially so at the south by the growth of a bar which was
largely submerged. The Nipissing Level was such that wave action
during this time encroached on the Algonquin Terrace, forming a
steep cliff and terrace somewhat inferior in development to that
of the Algonquin stage. However, carrenis assamed a more jim-
portaut role and started the development of the present points.
With one or two exceptions, the deposits were V-bars which varied
in symmetry according to their position on the lake shore. Also
in some of the broader embayments they aided in inereasing the
width of the submerged terrace, thus straightening the shore line
when the water receded from this level. The most pronounced ad-
justment of the shores was accomplished at this time by the de-
velopment of bars at both the north and south ends of the lake.

The Post-Nipissing level was of short duration and the forms
were of inferior development. In fact, were it not for the distinet
terrace at point B, its recognition would be difficult.

The Upper Level was of considerable duration and is recogniz-
able largely by-the depositional forms existing. Nearly all of the
points show considerable growth at this level and these formis
gradually merge into those being formed at present. In addition
to the growth of the points, considerable low ground was cut off
by the development of a bar at the northeast end.

As has already been stated, the lake is now in a flooded condi-
tion. Wave action is very active on all parts of the shore exposed
to strong winds, and cliffs are common. These cliffs are receding
rapidly and in a few places have removed the Nipissing terrace.
The points also show the effect of the increased activity and are
being eroded on one side at least. Krosion will continue until
equilibrium is established and will result in continued cliff re-
cession and in a reduction or shifting of the positions of the points.
Also the abundant wave-worked material will add greatly to the
submerged terrace. As the activity of the waves decreases some-
what, currents may be more effective, causing a greater growth of
the points.

The final limit of point expansion would divide the lake into
several sma_Her bodies but wave action can hardly be expected to
furnish enough material on such a deep lake. Tributary streams
are few and short and the only large one, Clam River, drains a
nearby lake. Therefore little sediment can be supplied in this way.

Little reduction in size by the formation of bars is to be expected
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since this was accomplished at the higher levels in the few locali-
ties where conditions were favorable.

Vegetation has hardly made a beginning and Canl‘lOt take hold as
long as the waves continue to actively erode. This lake shows a
revival of activity and presents problems of shore development
rather than of extinction.

ELK LAKE

Elk Lake is another member of the series of lakes which oceupy
similar basins east of Grand Traverse Bay. These basins were
briefly discnssed in Chapter I and need no further discussion here.
Elk I;nke is slightly over nine miles in length and averages Iess than
one and one-half miles in width, the maximum width nowhere ex-
ceeding two miles. See Fig. 58 Its surface covers thirteen sq.uam
miles and is, thus, less than half the size of its neighbor, Torchlight.
We compare it with Torchlight Lake purposely because of the very
striking similarity between these two bodies of water. They occupy
similar narrow, regular basing which follow the trend of the flanking
drumlins, are oriented nearly north-south, are deep, have many fea-
tures in common in the adjustment of their shores, and have passed
through the same succession of events in their pa‘st‘. “In fact, it
would be difficndt to find two lakes in such close pl'oximi’w so nearly
alike. The same windg and storms have whipped the waters into
waves and developed the currents which have adjusted the shores
during the same period of time. The variable factor is, then, the
size. Differences in shore adjustments, both as to kind and agnount,
are attributable to this cause. ,

Elk Lake is reached by a spur of the Pere Marquette Railroad,
which terminated at Iilk Rapids, situated on Grand Traverse Bay at
the outlet of the lake. As the name indicates the drop in levél from
Elk Lake to Michigan occurs rather suddenly near the latter lake,
causing a rapids in the outlet. Advantage has been takp:n of the
steeper gradient and the river has been dammed at this pom‘;. .The
history of these operations could not be traced back by the erter-,
but it is known that a dam on the present site was built prior to
1856 and has been maintained since that time with a fall of seven
or seven and one-half feet. .

Beginning our study at Elk Rapids, we find the flooding of the out-
let above the dam very noticeable. The current is very slack and tree
trunks stand in the water. As the lake is approached, the outlet
widens and some wave action is evident in the low cliffs. Above the
cliffs at an elevation of fiften feet stands the Nipissing terrace which
terminates landward in a cliff reaching up to the Algonquin terrace
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forty feet above the water. Meguzee Point is caused by a low drum-
Iin which is placed <lightly obligue to the lake and runs to the shore
about a mile to the north. On the west side of the point a low
terrace skirts the shore, marking a former level which probably is
the equivalent of the Upper Level on Torchlight and may be so desig-
nated. The end of this blunt point is bounded by cliffs, showing
strong wave action, and is fronted by a well-defined submerged ter-
race which “drops off” at seven feet about cne-hundred yards from
the shore.

The southeast side of the point slopes geutly to the shore where
it is being cut into low <liffs. Ice jams have formed a boulder strand,
but only patches of ramparts of feeble development are present,
although conditions for their formation are favorable. The small
amount of cutting on this unprotected shore seems out of proportion
to that found on other parts of the lake, and a plausible explanation,
but one which cannot be proven, is that a rampart was formed here
under normal conditions of level. Under the present flooded condi-
tion, the waves have expended their energy in its removal and are
just beginning the process of cliff formation.

At A, see map, conditions change and the waves have cut a more
decided cliff in stratified sand and gravel. This is the built portion
of the Nipissing terrace which is not well developed on the point
below. The submerged terrace is very definite off A and drops into
deep water from a depth of eight feet. The soundings show a de-
crease in depth just before the “drop off,” indicating the presence of
a low sand bar. This is probably formed by the violent agitation of
the water where the waves first break during severe storms.

The hill which forms Meguzee Point gradually lowers north of A
and gives way to a swamp opposite Bass Lake. During Nipissing
time Elk Lake connected with Grand Traverse Bay through this de-
pression, but at present the connection stands slightly above the lake
level and is further separated by a low ice rampart along the shore
of Elk Lake.

To the north the upland again appears and forms the broad double
point B. This projection, in reality, consists of two lieadlands sep-
arated by a sag. On the headlands the waves have cut cliffs in sand,
which are uniformly ten to twelve feet in height, while along the
intervening bay the smooth shore is an indication of some current
action. However, the most prominent feature is a low ice rampart
and boulder strand. Af the north end of the point currents leave
theshore and are building a small spit which may eventually enclose
the rather deep bay to the north. In this protected bay the weak
Upper Level terrace is again found. Soundings off the north part of
point B disclose a double submerged terrace. The bottom slopes

21
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gradually cutward to a depth of about four feet where it drops sud-
denly two feet or more to a second terrace which continues outward
until a depth of eight feet is reached before it drops into deep water.
This double terrace is probably due to the abrupt change in condi-
tions coincident with the damming of the outlet. The deeper offshore
portion was formed at the lower level previous to the flooding of the
lake and upon it has been built the shallow part adjacent to the
shore under the conditions exizting at present. We may designate
the parts as the younger and older but, in reality, they are two dis-
tinet terraces. Neither is proportional in development at the pres-
ent time {o the waves which were instrumental in its formation. The
depth of eight feet over the outer edge of the older part is too great

inasmuch as we know that the lake has been lifted an undetermined

but appreciable amount, and the younger part has hegnn its develop-
ment only in the sixty or wmore vears since the present conditions
were inaugurated.

The highland encircles the novth end some distance from the lake,
and the lakeward slopes are in terrapted by the Nipissing terrace and
cliff. The wet, grass-covered terrace of the U pper Level appears near
Kewadin and fringes the shore around {he narrow arm of the lake
at this end. This terrace is so Jow that the waves have little to
work on. In fact this has not been a lo «ality of intense wave action
at any time since the isolation of the lake bhasin. This statement is
based on the presence of a strong har at the Nipissing level which
starts in the locality of Kewadin and runs to the uplands on the east
side of the lake in a broad, swinging eurve, enclosing a crescent-
shaped lagoon. The submerged terrace at this end is exceptionally
wide and nearly meets from the opposite sides of the lake off point
C. Here again it has the double churacter as deseribed for B,
the inuer part dropping from a depth of three feet and the outer at
seven.  The water is shallower over the ferrace than at B and this
is due to moderate wave action from the sontherly winds, although
they are of great reach.

Continuing southward along the east shore, conditions at locality
C first attract attention. A narrow knoll not over eight feet in
height caused the broae projection of the shore line. Back of this
knoll, i. e, east, a strip of swaip runs from the northeastern extrem-
ity of the lake south to the eastward bend of the shore and separates
the knoll from the upland. During the Upper Level this knoll at
first stool as a Jow island bt Iater was connected to the mainland by
a bar which developed at the south end. *

Along this shore the Algonguin and Nipissing shores are much
more distinct than on the west side and are wel] developed in the
broad embayment south of €. The Nipissing consists of a cliff and
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narrow terrace which does not reach the present shorve. The ‘fronit
slope of this terrace is somewhat confusing but shm,ﬂd not })‘e '1nt‘elo:
preted as the cliff of a former level of the lake. At D the 1\1'1)1ssmb
shore is poorly defined but the Algonguin iz very strong. A chmb. up
the forty foot vise to the Algonguin level is well wortp the ‘eﬂ'ort,r
for in this vicinity two excellent examples of the strmghtenmg.of
the shoreline by the development of bars across the mogth of an 111
dentation may be seen. The first to be encountered is ‘shown in
Plate IX, 1. h’me the slight =ag of the top of the bar it may be
inferred that spits developed from both sides of the embayment and
that the bar was not quite completed hefore the subsidence of ’r‘.l(f
lake to the Nipissing level. A similar bar is located about one-half
mile to the south. . -
Along the present shore to locality Io the waves z.u’e cutting active ),
and low cliffs are being formed. The material is largely boulder
clay, and the line of boulders on the shorej sh‘ows .that a moclerqte
jee-shove ocenrs. The “drop of” is very distinet at eight to nine feet,
and the submerged terrace has a width of more 1'_han one hundred
vards in places. Similar conditions extend to ‘the mlet. from Round
Lake, except that the Nipissing terrace is being cut away by the
waves, and cliffs which reach a maximum height of <1\\'e]\*e.feext are
prevalent along the shore. Af ¥ the south side of a drumlin forms:
the point, upon which the Upper Level is shown by a terrace. Most
of the re-curved portion of the point was probably formed by 'cx%rrent
action but is now being worn away, due to the revived activity of
the waves. ‘
Round Lake is well protected by highland on all but the West. side
and the Torchlight depression on thre northeast, and shows 1’ellautlv.ely
little shore activity. It supports a heavy growth of w?ter-lovmg
vegetation which is, without doubt, rapidly filling this basin. Skege-
mog point, on the south side of the inlet, shows very clearly the
contrast in the activity along the shores of the two lakes. On ﬂ%e
Round Lake side the shores are low and the Upper Level terrace is
well preserved. In addition, the beginning of a spit I‘unls_in.to Ro.und
Lake from the end of the point. The material for this spit is demved.
from the low cliffs along the Elk Lake shore, where no evidence of
the Upper Level is to be found. ‘ ‘
Below G the high ground recedes, this recession forming an identa-
tion during the Upper Level. The curvature of the shore was suffi-
cient to cause the currents to leave the shore, and a submerged bar
was formed across the embayvment about one hundred feet back
from the present shore. At Many Pines Point a hill Cz'mses the projec-
tion and the Algonquin and Nipissing terraces again appear. The
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south side of the point is protected from the strong winds and the
Upper Level terrace has been preserved locally, ) ‘

The submerged terrace reaches its nmxinn'un development at the
south fend of the lake where its width exceeds one-half mile. This
shore is exposed to the stromgest storm winds which often blow
the ‘full .length of the lake, and under this condition the undertow
attains its strongest development. Similar conditions nmv’ confi-
dently be assumed during the former lake levels, and a W(i;:le com-
pound terrace was formed in this locality, Whid’l is now the wide
S\x:amp extending from the south end of t{h'e lake to the hills a half
H{lle away. This should consist of a series of three steps bﬁt it is
difficult to determine on account of the mask of vegetation. At the
prfasent shore the low sand bar which skirts the bentire s.wamp is
il)lfz;:(;gufle‘(?“’n ba.ck by the V1°e.new'ed.wa.v‘e activity and is somewhat

gular in outline. The writer is inclined to consider this a storm
beach which developed under the conditions previous to the present
%%;Z%Zife ggicr{lelaime% fhat it may wel‘l be a bar built at the
. : : sive evidence, however, is lacking since the form
is being rapidly remodeled, )

The west shore south of the outlet rises with much gentler slopes
on the average than the east side but has similar forn{;. In zeherai
hgw.ev?r', wave action is weaker on this shore. The A]gonqiﬁn and
Nipissing terraces are present but are less decided. This is due
largely to the protection of this shore from the storm winds WlﬁCh
usually blow from 2 westerly quarter. The Upper Level terrace is
found only in embayments and usually on the north side. A sub-
merged terrace is present but is relatively narrow and drops into
deep water at seven to eight feet on the éverage. The exposed ter-
Paces are poorly drained in many places and support a growth of
swamp trees. Such a condition is found near the mou(f‘h of the
strerfun which enters the lake on the west side near the south end
Durlng' the Upper Tevel this stream built a small de]td whicﬁ 1%
now being removed. The low swamp bordering this stream extends
Porthward and around a narrow hill which must have beeﬁ an
island at the Nipissing stage, if not at the Upper Level. o

Northward, Carn’s Hill causes a projection in the lake which is
accentuated by a depression on the south side, forming a muddy bay
Currents from the north left the shore at this 1)0}11’[ durinynr thé
Upper Level stage but were too weak to carry across the indent?ltion
and a hook was formed. At present this is being forced back into
the bay by.the waves, leaving tree trunks standing in the water.
North of this hook, cliffs are working back into the Nipissine terrace
which developed here at the expense of the Algonquin. In t,fa’(*’t the
latter was entirely removed and a steep cliff rises from the Nipis’sing
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shore to the top of the hill. a height of sixty to eighty feet. North of
Carn’s Hill no current deposits were found in a number of embay-
ments either at the present or former levels, with the exception of
two small indentations at the Algonquin above locality II. The
forms found here ave duplicates of those found at D on a smaller
scale and need no further description.

Northward to the outlet the shores need no special consideration.
The Algonquin and Nipissing terraces are universally present and
the Upper Level is preserved wherever the tree growth has not been
removed, except at the headlands. Ice ramparts are found locally
and are more noticeable than on the east side of the lake. This may
seem strange, since the iceshove has been attributed to jams which
are usually more powerful on the east side, but is due to the gentler
slope of shores which offers more favorable conditions for ramparts.
It may also be considered that the ramparts are in the process of
destruction by waves on this side of the lake, but this has already
been accomplished to a large extent on the east side.

The south bend of the outlet is accounted for by the topography.
Another drumlin in line with that forming Meguzee Point causes
the low, heavily wooded point on the opposite side of the outlet,
Hunter’s Point. Spencer Bay is due to a sag between the hills.
Another line of drumlins lies to the west and has forced the outlet to
the north before it crosses to Lake Michigan. The final bend to the
southwest is due in part to the encroachment of dunes, formed from
the sands deposited in a great bar which cut off this lake from
Michigan during Nipissing times. An excellent example of the move-
ment of dunes may be seen at the tenement of the blast furnace,
where a large dune is slowly advancing on the building from the

west and will soon cause its complete abandonment. Fig. 59.

Tenement house in process of burial by a moving dune, Elk Rapids.
(Sketeh from photograph.)
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Comparison of this lake with Torchlight reveals almost identical
conditions, history and characteristics. Both basins are similar in
shape and manner of formation. They were connected during the
Algonquin and Nipissing stages at least and show similar develop-
ment of the shoves at these levels. There seems to be little variation
in the development of the two basins during Algonquin time, except
in the strength of the shore features, the stronger heing on Torchlight
on account of the Iarger size. Neither lake was entirely separated
from Lake Michigan at this time but the connections were greatly
restricted on Torchlight. As on Torchlight, much of the shore
adjustment was accomplished on Elk Lake during this stage and
consisted both in reducing the headlands and the closing of indenta-
tions. In both of these particulars Elk Lake shows less shore action.

The Nipissing shore is much less prominent on Elk Lake but is

generally present. Current action was not important and none of
the iuferesting V-bars found on Torchlight were discovered. The
decrease in activity may be ascribed to the restriction of the basin
by the development of bars tending to separate it from Lake Michi-
gan. ,
No evidence was found on Elk Lake of the Post-Nipissing Level of
Torchlight. This stage is considered of very short duration and
must have been present on Elk Lalke, but the shore features, weaker
even than on Torchlight, have been completely destroyed.

The Upper Level is present in favorable locations but i mueh more
evident on the west side, especially in the embayments. The flooding
of the lake raises the present level very close to that of the Upper
and is causing its rapid destruction wherever the shores are exposed
to strong wave action. The demolition of ice ramparts and the
building of a double terrace in places is interesting in this connec-
tion.

The development of the shores by wave action is the predominant
factor at present and is causing a general recession both of cliffs
and of current deposits. The lake is in a youthful stage at present,
although complicated by former levels. The causes of extinction
are, therefore, not important. The only case of filling by sediment
of any importance was found in the southwest corner and at the
Nipissing level. Most of the water is derived from Round and
Torchlight Lakes, which are efficient settling basins. Vegetation has
not taken hold as yet and no marl deposits were found. Complete
draining is impossible unless the level of Lake Michigan lowers. The
presence of the dam prevents the deepening of the outlet but with
this removed the result would be merely a lowering of the level of
about fifteen feet. As in the case of Torchlight, the problems are of
shore adjustment rather (han extinetion.
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CRYSTAL LAKE

Crystal Lake, the last of this group to be described, is situated in
the central-western part of Benzie County and at its west end lies
within half a mile of Lake Michigan. The Toledo & Ann Arbor R. R.
skirts its southeastern shore and has a station stop at Beulalh. See
map, Fig. 60. The lake is more than eight miles in length and
has an average width of two miles, making the area 16 square miles.
Its width nowlhere exceeds two and one-quarter miles and in no
place is it much less than one and one-half miles. Thus the lake is
very uniform in width. The major irregularities of the present
shore occur mainly on the south side and consist in a broad projec-
tion near Rebincons and a narrowing of the lake from Outlet Bay
eastward. Another embavment, now closed, occurs on the north
shore and iz occupied by Hound Lake.

The topograply of the hottom of this lake is not knowu but it is
stated that its depth is as great as two hundred feet. A well-
developed submerged terrace is uniformly present about all shores,
and the drop into deep water is clearly marked by a sudden change
in color from the light vellow of the shallow water to a deep blue
where the depths ave greater. This change in color is due in part
to the clearness of the water, and the name of the lake has appro-
priately been changed from Cap, as found on the old maps, to
Crystal.

Asg regards the basin, it may be stated that it is relatively old.
In fact, it is certain that it was in existence before the ice made its
final advance, for it was filled with a small lobe, an offshoot from
the Michigan lobe, which pushed through the opening at the west
end, now closed with saud. This lobe deposited a strong morainie
loop around this basin, which ix continuous except at the cutlet and
a depression on the north side which runs northward into the Platte
Lake depression, in the vicinity of Round Lake. At present the
lake shores do not reach the morainic hills but are separated from
them by a rather broad zoue of sandy terrace. This widens greatly

at the east end and extends nearly two miles before it is interrupted
by the moraine. ‘

The striking physiographic characters are the predominating high
cliffs from whose base the sandy terrace wentioned above extends
to the water’s edge. The flrst surmise is that this lake has stood at
a higher level and further observations prove this to be correct.

The most convenient starting place for a study of the shores is
at Beulah. The town iz built on a flat terrace somewhat more
than ten feet above the level of the lake and we might almost say

nestles at the foot of the ¢liffs carved in the morainic slopes which
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Outline map of Crystal Lake, Benzie County,

Fig. 60.
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rise rapidly to the south. Iroceeding northward along the shore,
one may note the eliffs continuing to the east, but with swampland
instead of the lake at their base. A short walk allows an uninter-
rupted view and the physiographic significance of this end of the
lake becomes evident. One cannot fail to note the sandy character
of the soil, the distinct ridges, three in number, stretching in a broad
curve to the limiting cliffs on either side of the lake, and the shallow
depression to the east. These bars stand from fifty to one hundred
feat from the present shore and about ten feet above the lake level.
Curiously, the middle bar is not so well developed as those on either
side and stands iwo feet lower in elevation. The bars are clearly
shore features of the same high level of the lake which formed the
clifts and which corresponds in level to Lake Algonquin. During
this time wave action was intense wherever the water reached the
morainic hills and cut strong cliffs. The quarried material was
carried ontward by the undertow to a large extent and contributed
to a wide submerged terrace. Discussion of the conditions at this
end of the lake is reserved until later.

Near Windermere was found a small spit which indicates a level
between four and five feet above the present. Although so small as
to be easily overlooked, it is, nevertheless, of interest since it is
almost the only indication of what may be termed the natural level
of the lake. Crystal Lake stands only a few feet above Lake Mich-
igan, the Ann Arbor tracks at Beulah are fourteen feet higher, and
a project to make a waterway from Frankfort through the Betsie
River to Crystal Lake and thence through Round to Long and Platte
lakes was attempted in the early seventies. Operations began and
ended with the making of a cut at the present outlet which lowered
the lake level considerably. After the project was abandoned a
dam was constructed at the outlet but not of sufficient height to
raise the lake to its former level, the natural level of the lake.
Conditions are now relatively stable and the previous level may be
conveniently termed the Upper Level.

Along the north shore as far as the Round Lake depression steep
cliffs and a broad terrace, partly exposed, are the predominant
shore features. The terrace, largely formed during Algonquin
time and exposed by the subsidence of the water to the Upper Level,
was further widened by the artificial lowering and in places is
swampy and foul near the present shore. The wet condition of the
terrace is due to the scepage of ground water from the cliffs and
the presence at the shore of ice ramparts which have been worked
over by the waves. The submerged portion of the ferrace has 2
rather uniform width in excess of one hundred yards and drops into



170 INLAND LAKES OF MICHIGAN,

deep water from a depth of seven feet. The sharpness of the edge
of the terrace may be best observed from the top of the cliffs which
rise from the Algonquin shore, attaining leights of eighty feet or
more.

Even though the exposed terrace is not suitable here for suminer
cottages on account of its wet condition, this shore abounds in
picturesque locations at the frequent sags in the cliffs, caused by
the morainic basins which appear from the lake as rounded valleys
abruptly truncated by the cliffs. Their resemblance to the famous
hanging valleys of Switzerlaud has been appreciated in one case,
at least, where a cottage built in chalet style hangs on the edge of
the cliff in one of {hese depressions. In a few ases the sags are
deeper and reach to the lake level or below. Thus, at Clark’s cot-
tage, at A, and just east of Round Lake small Iagoons were cut off
by bars in Algonquin time. Nearer Round Lake {he exposed ter-
race is dry and covered with sand which has been heaped into
small dunes.

Iee action is plainly evident here, During Algonquin tinve ice
jams swept the terrace free from boulders which were lined on the
shore and at the present level a low, but sharp, sand rampart, Fig.
61, bound together by dune grasses, was found by the writer. The

IMg. 61. Small ice rampart of sand. Crystal Lake. (Drawn from photograph.)

ice-push is asserted with considerable confidence to have been
-aused by jams since the lake is somewhat large for expansion and
is subject to frequent jams during the spring thaws. Copies of
photographs of an ice jam which occurred on this lake a few
vears ago were obtained, one of which is shown in I ate X, A,

The depression in which the miniature Round Lake lies is well
below the Algouquin level and extends northward into the large de-
pression in which Platte and several other smaller lakes lie. The
Platte Lake depression was open in the early stages of Lake Al

r
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gonquin on the west, ax were Crystal Lake and the Betsie River de-
pressions to the south, making a rather iiregular coast line with aun
inside passage. Across the Crystal Lake side of the Round Lake
depression there now stands a strong bar more than twenty feet
above the lake and in alignment with the cliffs on the north side.
The height of the bar which is somewhat above the Algonquin
level indicates that the bar was well above the water level and.
therefore, nearly if not quite complete throughout its extent. How-
ever, as the level dropped the water from the depression was able
to c¢hannel the bar and maintain an outlet to Crystal Lake. The
position of the channel neaver the eastern attachment of the bar
and the presence of sand dunes at the western end, indicating
greater age, show that the prevailing currents came from the
west. The maintenance of this channel seems almost prodigious
considering the small amount of water in the depression at present
and the strength of the bar through which it was cut. It is prob-
able, however, that current action became much less powerful with
the dropping of the water level and most of its energies were con-
sumed in building a broad spitlike extension of the submerged
terrace eastward from the point at Herdman’s landing.

The terrace narrows considerably in front of the Round Lake bar
and this, together with the presence of Round Lake on the opposite
side, makes its certain that the depression is a portion of the Crystal
Lalke basin which was isolated by a bar. However, it was not com-
pletely separated from the Platte Lake depression until the water
dropped to the Upper Level.

The prominent boulder wall at the Algonquin level on the west
side of the depression near Crystal Lake is indicative of strong ice
action which probably was caused by ice jams from the main lake
pefore the development of the bar, although the possibility of ex-
pansion cannot be excluded. In the same locality but at a level
corresponding to the Upper Level of Crystal Lake, a well developed
par follows the outline of the west side of Round Lake and joins
the back slope of the Algonquin bar near its west end. This bar ex-
tends more than one-fourth the circumference of the lake and ap-
pears much too large to be accounted for by shore action on a cir-
cular lake of less than a half mile in diameter. The possibilities
suggest themselves that the bar may have been subaqueous during
the late Algonquin stage or developed subsequently to the formation
of the Algonquin bar but while the depression was still connected
with the Platte Lake area to the north.

From the Round Lake depression to point B on map, cliffs line
the Algonquin shore below which a sandy terrace heaped into low
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dunes extends to the present lake level. At the shore these (Junes
have been eroded by the Waves, forming the ouly cliffs on the north
side of the present shore of the lake. Since the change in level
has been recent and the dunes are but sparsely covered with vegeta-
tion, they must be in process of formation,

A study of the west end of the lake discloses the fact that Crystal
Lake is a lagoon. The material of the land forms is nothing but
sand.  Adjacent to the Crystal Lake shore the subsidence in level
exposed a portion of the terrace three to four hundred feet in
width which, in general, slopes gently towards the lake but is
modified to some extent by low dunes of recent formation. Beyond
are the steep lee slopes of the great dunes between which, near their
eastern limit, may be distinguished portions of a double bar at
the Algonquin level. The dunes, heaped in confusion to heights of
one hundred feet or more, extend to the Lake Michigan shore, three
fourths of a mile to the west, and the zone stretches in a nearly
north-south direction between the two morainic boundaries of the
Crystal Lake depression, a distance of about two miles. Most of
the dunes are fixed in Position, due to a vegetal covering, except
near the Michigan shore where they arve moving landward. In
several locations the vegetation has been removed either by cutting
or fire, and extensive “plow outs” in the dunes are evidence of
renewed movement. Thig great zone of sand is clearly a bar formed
during Algonquin times, since the Nipissing beach has been located
in places on its front slope, but the usual concave outline is re-
versed along the Michigan shore. The explanation is that the
limiting morainie ridges formerly extended farther into Lake Mich-
igan as headlands and a normal bar of concave outline developer
between them. However, subsequent erosion has caused a general
recession of this shore, as shown by the extensive cliffs, but greater
in amount at the northern lieadland, causing a convex curvature
and somewhat irregular ountline of the bar.

Accompanying the development of the Algonquin Dbar on the
Michigan shore was an adjustment by currents along itz inner
margin, the Crystal Lake side. The result was the formation of
long twin bars which extend from the southern morainic ridge in
a broad curve north and northwestward to the vicinity of point ¢
(see map) and account for the regularity of the shore along this
end of the lake. A narrow lagoon, somewhat irregular in outline
on its western shore, was thus formed which was inclosed by bars
on either side along the west shore but stood between a bar and the
Algonguin cliffs along the northwest shore of Crystal Lake. Along
the west side the eastward migration of the dunes has filled the la-
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Hea

submerged terrace was narrow, but upen reaching A they were
obliged to accommodate themselves hoth to bends in the shoreline
and to a reduction in velocity. This combination of fact01‘:\‘ cal/lsed/
the carrents to leave the shove first at the more westerly ‘bend in
the shore, and formed the outer bar. The development 0%‘ this b“lr
ha:\'rened the construetion of the built terrace \lvhf('h x‘hifn‘e& ﬂ‘l\e
point of departure of the cnrrents from the shore eai@:i’x\:z;rxl 10 t;'e
eastern bend in the shore (Fig. 62), from which the inn(‘xr bar de
veloped. he coalescence of the bars ‘\\'est of A may bz; ;u-(-o/unt‘e"l for
by & slight obstruction which modified the (‘111'\';{#111’“’(‘ of the (; ter
bar locally. o B
In this connection the triple bars of the east end of the lake
Jem;md. cousideration. The question naturally arises conwrnino:
the variation in nuaber at the cpposite ends 01 the lake. Sea’ﬂr‘:l’
ways of accounting for the three bars at the east end suggest t‘-;el;l—
selves but, in order to deduce the most plausible, it is 1'122(35531% to
consider their characterigtics somewhuf more carcfully, T]i :fen—
eral, they stand at a lower elevation than those at the Wést znd
and below the Algonquin level. The curvature of these ba;“q ﬁl‘ﬁi
be seen from the ocutline of the east shore (see map) zutd f;{é
Fm‘;her abrupt angle at which they leave the cliffs is not 7chzu*acfel’-
15?10 of current deposits. Finally, the lagoon extends ném‘]v fwo
miles to the east. Now, if the same conditions are assmﬁéd for
the development of these bars as were found for those on the ’weqt
shore, the irregular curvature of the bars and the development ;)f
a built-terrace of nearly two miles in width must be accounted for
The latter alone is sufficient to force us to seek a different expl:
e - explana
It seems more likely that the eastern end of the basin was origin-
ally shallow and that its bed was remodelled or built up il'lti a
terrace in the early stages of the lake. Tle outer edee of this ex-
ceptionally fiat terrace stood near the east shore ofb the pF(;‘iQI;t
ljki and determined the outer breaker line of the inconﬁng wa}‘es
as irequently happens in shallow bavs, a series ged bars,
three in number, progressively ]owerbhi eles\%at‘iin()ft:\tzzzfsl g’;;(elz }13“:;:7
was formed by the breakers. These bars were exposed by a loxvelii:lf;
of t'he water level and the inner bar, now forming ﬂ-l(; beach wa:
subjected to storm waves on this exposed shore afld was bui,It 1(1 :
above the level of the intermediate bar. o !
Along the south shore cutting has been the predominant factor
and the Algonquin cliffs are almost continuous to Outlet Bay. One
sag in the hills at C, see map, extended below lake Jevel an.d was
cut off by a bar which developed from the west, showing the preval-
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ence of winds from the westerly quarter over those from the east.
The submerged terrace is very well defined along this shore and
drops into deep water quite uniformly at seven feet.

East of Robinsons the cliffs are exceptionally high, and the ex-
posed terrace is heaped with low dunes which extend to the present
shore of the lake and are cut into low cliffs by the waves. Along the
west side of Outlet Bay the most distinet development of the sub-
merged terrace on the lake is seen but this may be due to the shal-
lowness of the water which drops at three feet instead of seveun.
making the effect more pronounced. The depression which caused
the bay was one of the channels of the ipside passage after Crystal
Lake basin was cut off from the main lake. Currents were active
here and not only eut off small indentations on the west side but
built a great bar in the vicinity of the outlet which conaected with
the cliffs on the east side. From its elevation it is apparent that
the bar was not exposed for its entire length but was sufficient to
hold back the water after the subsidence to the Upper Level. From
the bay to Beulah the Algonquin cliffs are again the prominent
feature and are interrupted only by two minor embayments which
were cut off by bars at the Algonguin level.

In conclusion we may summarize as follows: Crystal Lake existed
as a fjord-like bay of early Lake Algonquin. This depression was
crossed by a much smaller one which connected the bay with the
depressions to the north and south, which in turn were open to
The development of bars isolated all three of these

the main lake.
Wave and current action

basins but left the inside passages free.
were excessive in the Crystal Lake depression, after its separation
from the main lake, and resulted in the carving of prominent cliffs
in the morainie borders, the formation of a broad terrace, and the
development of strong bars in front of the depressions and at the
west end. At this thne the passage to the north was closed and
that to the south partially so. The formation of triple barrier
ridges at the east end caused a great reduction in size by cutting
off a large lagoon when the level was lowered. In fact, it may be
stated that virtually all of the adjustments took place and the out-
line of the lake was fixed at this time. The waters receded from the
Algonquin level to the Upper, a drop of twelve to fifteen feet, and
left a broad exposed terrace, the sands of which bave been heaped
into low dunes. This level persisted until about fofty-ﬁve years
ago when the lake was lowered artificially. At present the shore
action consists mainly in removing portions of sand dunes and
the formation of lTow ice ramparts of sand which are remodeled and

obliterated by waves.
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