CHAPTER V

INTERIOR LAKIES OI' THE SOUTHERN PENINSULA
WESTERN INTERLOBATE AREA

The lakes discussed so far in this report lie near the borders of
Takes Michigan and Huron, and the majority have been connected
with them at some time during the past. Furthermore, a rather
simple grouping of these lakes suggested itself. The interior lakes
are much more numerous and are smaller in size, therefore a rela-
tively smaller number was selected for detailed study. Undoutedly
a more extensive study of our lakes would bring to light relations
which would serve as a basis for grouping but for the present this
is not at hand. Fortunately we are able to determine more or less
accurately the relative time of formation of these lakes and may use
this as a natural order for discussion, even though other relation-
ships may be very remote.

The fact that the glacier receded from the Southern Peninsula
in a general northeasterly direction and that great interlobate
areas were first uncovered between the Michigan-Huron-Saginaw
lobes and the Saginaw-Erie lobes has been mentioned previously.
Ifor convenience we may term the interlobate areas as the eastern
and western, although they merge in the southern part of the Pen-
insula. In general, for each of these areas the relative age of the
Iakes is determined by their position, the more southerly being the
older. However, within the moraines which border the interlobate
areas the older lakes necessarily lie nearer the interlobate and it is
only by a consideration of both of these factors that the chronolog-
ical order may be determined. Uncertainties exist as to the correla-
tion of the glacial deposits and, therefore, the order here presented
is tentative and open to revision.

LAKES OF ST. JOSEPH COUNTY

Probably the first part of the Southern Peninsula to be uncovered
by the ice is a small triangular area included largely in St. Joseph
County. Within this county the glacial formations consist of two
morainie tracts, one in the eastern part and the other crossing the
northern part of the western boundary, and a large area of outwash
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justments to a degree unusual on a lake of less than two square
miles in area. The many bluffs and clean sand beaches have been
jnstrumental. to some extent at least, in making this lake one of
the most popular in this section of the State. ;

From the map, Iig. 63, it will be noted that the shores of the
present lake are relatively free from prominent irregularities. The
clongate form is rather noticeable, and the direction of the longer
axis is such that some of the strongest winds, notably those from
the southwest, have full sweep of the lake. The adjustments, although
stronger along the east and northeast shores, are, nevertheless, dis-
tributed about the shores rather consistently.

The lake is easily reached by the Toledo, Adrian, Hillsdale and
Llkhart branch of the New York Central Lines which runs within a
half mile of the south shore of the lake. Arriving by train one ap-
proaches the lake at Oakwood. This thriving summer resort is beau-
tifully located on high ground that commands a view of the entire
Take. Fresh cliffs rise from the excellent sand beach which lines
the shore. Westward, cliffs face the shore for about onehalf mile
with the single exception of a marshy lowland just west of Oak-
wood. This Jowland stands less than three feet above.the present
lake Jevel and is very suggestive of a higher level. If such were the
case, one might expect to find this depression bridged by a bar but
none can be definitely recognized. Yet the presence of a road along
the matural course of such a bar is at least significant. This lowland
proves to be a narrow neck connecting with the flat marsh which
horders the southwestern end of the lake and extends westward to
{he Fawn River. A single depression drops below the level of the
marsh, forming a small, unnamed pond west of Klinger Lake, and
several island-like hills stand above its surface. Such a hill caunses
the broad projection of the shore west of Oakwood. In the amphi-
theater-shaped northwestern side of this hill an exposed terrace of a
former level is easily recognized and, in addition, a bar extends west-
ward from the western point of the hill. Thus, it seems clear that
the lake has stood at a higher level. Also since the bar and the
terrace stand above the marsh, it is evident that the lake flooded
this lowland, including the unnamed pond and possibly extending to
the Pawn River. Another hill stands near the present shore at the
head of the bav. A small spit runs eastward from this “island” but
does not connect with that extending towards it from the hill to
the east, so that the shore line was not completely straightened in
this locality. However, on the west side a complete bar extends to
Tartle Hill which was also an island during the higher level. The
greater development of the bars towards the west is readily ac
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counted for by the great reach of the waves and currents frony the
east.

Turtle Hill comes to the Iake with gentle slopes which have been
cut into low cliffs. The material derived from these cliffs was shifted
in both directions along the shore, but the greater part scems to have
been carried northward and deposited in a well-defined spit which
extends from Turtle Hill towards Breezy Beach. The development
of the spit was interrupted by the lowering of the water level before
the opening was completely closed, and the form changed somewhat
by recent ice action, Much of the west end of the lake is shallow and
the bottom covered with marl near the shore. In places the sub-
merged terrace of the present level is clearly definable and drops
into deep water at ahout five feet.

At Breezy Beach the land rises slightly above the level of the
former lake bottom and is dry. The shore line was somewhat more
irregular during the former stage but currents do uot appear to
have been effective along this shore. Northeast of Breezy Beach low
hills slope gently to the shore and a low cliff and narrow exposed
terrace of the higher level are present. The cliffs vary in height and
where highest show fresh cutting. Around the broad point the sub-
merged terrace is very decided and drops at thirty inches within
one hundred feet of the shore, indicating much less powerful wave
action here than on the south shore west of Oakwood, A well-de-
veloped, but local, ice rampart was noted near the end of the point.

To the north, wave activity seems to be greater and the exposed
terrace has been completely removed, the cliffs rising directly from
the beach. Also the submerged terrace widens gradually towards
the outlet where it reaches a width of more than one hundred yards.
The lowland through which the outlet flows was nearly closed by a
bar which developed from the south and forced the stream to the
slopes of the hills at the north end of the lake. This bar is obscured
by the road but the smooth curvature, the tree growth rather than

swamp vegetation, and the dry ground make its presence certain.

From the outlet to Bluff Beach continuous eliffs are evidence of
strong wave activity. Between Bluff” Beach and Sandy Beach a
swamp borders the lake., This Swamp was clearly a part of the lake
during the former level, and from the elevations we may deduce that
both Tawmrack and Thowpson lakes were also included. it was
stated earlier that the form of the lake was conducive to strong
activity at the northeastern end of the lake. The almost continuous
cliffs and well-defined submerged terrace along the shore southwest
of 8andy Beach are evidence of powerful wave action due to westerly
winds, even though their reach is less than those from the southwest,
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| j ts are of st magni-
and in this locality the shore adjustments ave of the greatest mag

tude on the lake. The most noteworthy change took ?laceld*\gllllllé
the former stage across the lowland between Sandy and s
beaches and was brought about by the devel»opn.mnt of a g:re‘(z(:1 o
of more than a half mile in length, which practlca‘]]y sgl)alval {(t:“,\"
northeastern portion of the lake (Thompson n.m.l T m?n}m(:]\lffi}l/.o’m
from the present Klinger Lake basin. The position of the in le)t 11 o
Tamarack Lake near Bluff Beach shows clearly that the .tzlu ;St
veloped from the cliffs near Sandy Befmh towards the nor1 1]? ;n
and that the material must have heen derived almost exclusively fro
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the cliffs below Sandy Beach. Tce action exerts a strong push along

this bar but the ramparts are of moderate strength on account of the
andy character of the material. . .
\U;](?st of Oakwood the bluffs drop to a low marsh above wihich 11~es
a small hill near the present shore. A bfu at the level of tixe f()l;lll((;ll
stage extends from this hill {o the bluffs to‘thfz_\x‘v'est bu} ’1}1(1{ lﬂ‘m
1"01";}1 was noted on the east side. From this it is ?lem t'k( t ],’
marsh was formerly an arm of the lake and that the h'ﬂl x.v(f{s “a 1(171]1(',:
tied island. Also westerly winds were the more eftefhie" 1111;% u’,s
locality since the material for the bar must have been derived from
; luffs at Oakwood. . N
“)(13*‘11‘)01121 the physiographic viewpoint Klinger Lake is mo%‘ilim(:il(isefe
ing in its past. Clearly it has stood at a level flpprommﬁ)c xf ﬁmch
feet above the present and at that time Was.part pf a la <€ 0 h .
greater area, although shallow for much of its extcfut‘ 30 a;l (;D,l])
;\'as made to trace the old shore lines where they d‘ev.la,te gleat 5 1onT
the shore of Klinger Lake, but from the topographic map ;{;ﬂl;f:lql
ception of the former extent of the lake) may be deducveld).v 1 &M ,ﬂ;O
tion of Klinger Lake is given as 807 feet above sea level. ;L t\ﬁ.\:
former level, then, it must have sto'od at. about .81‘0 f?etﬂ *vegte.n;
level, marked extensions of the ‘bﬂSl}l existed qat theS gguel;\:va;don)
end, at the northeastern end, including Tamala'ck .( 08 clevation
and Thompson (864 elevation) lakes, aml.posmbly‘a. ) '1..1 tﬂ]e
The latter is most interesting, since there is a ])‘os's1b11}t)'t It 12 rth
lake spread over an area of more than five squar? miles to the north,
and is well worth the effort necessary to trace ‘th]S o?t. et
The adjustments of the Klinger Lake Dbasin were 1&(;0((;11;5 lll:qn,v
largely during the former stage and, althoqgh 119t comp eg'n iy (th,é
cases, they determined to a large extent the present ou 1 fe o
fake. The activity of all the forces acting on shores excepting tha ‘
of ice, is excellently shown. Ramparts are present but are not e?icep
tional in development. This is due to the prevalence of sandy ma-
terial which is unfavorable to the development of strong ramparts.
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Thi\? lake is within the limits necessary for ice expausion but the
testimony of observers is that the push is exerted by ice jams. They
are especially effective on the east and northeast sidues, because of thte
pr-esex.lce of an open zone of water which is maintained throughout
the winter by the many springs near the shore.

As 'regards extinction, the greatest effect has been produced by the
lowering of the water level. Little has been accomplished within
the present lake basin either by vegetation or sedimentation.

At the present time the adjustment of the shores of the lake is
11‘ot marked. There is little work for currents except the distribu-
tion of material derived in small amount from the cliffs which show
fresh cutting in a few localities only. Probably the prineipal
adjustment taking place is the remodeling of the S\tll)mewed terrace
to conform to present conditions. )

Corey LAKE. Within the morainic tract in the southwestern
part of St. Joseph County are a number of lakes occupying morainic
basins of which Corey, Clear, Long, Kaiser, and Mu;l Lakes were
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exanmtined. The latter two were dry at the time of the writer’s
visit and are too small to show decided shore features.

Corey Lake, Fig. 64, is the largest of those examined and lies at
the edge of the moraine. Its shores are bounded by morainic marterial
with the exception of about one-half mile on the south side. It is
the only one of those mentioned which is at all populay as a summer
resort and may be reached by a short drive from Three Rivers. On
first impression one might expect insignificant shore adjustments
on this small lake of hardly more than one square mile in area,
but a study of its shores quickly dispels the notion. The lake lies
in several connected basing and the shores are not only irregular
in contour but varied in relief as well. Furthermore, the material
is sandy and easily worked, so that the shore features are excep-
tional for a lake of this size.

At present. the lake flows into Kaiser Lake which bas no outlet.
Tormerly when the lake stood at a higher level the water escaped
southward through an extended swamp, eventually reaching Mill
Creek. An exposed terrace of the higher level stands belew the
cliffs at the southeastern shore of the lake but is somewhat obscured
by the numerous cottages. Ifurther west, a flat caused by the reces-
sion of the high ground furnishes the key to the former condition
of the lake. The most noticeable feature is a sand bar of smooth
curvature, which stands nearly four feet above and about thirty
feet baek of the present shore. T
of approximately threc hundred feet in greatest width. Closer ex-
amination reveals the presence of a spit attached to the east side
of this indentation farther inland and at a level still higher than
that of the bar. IFrom evidence found on other parts of the shore
the highest level stood seven feet above the present and the spit
just mentioned was in an early stage of development.

West of the lagoon cliffs again line the shore and the terraces of
both of the former levels are readily distinguished. The terrace of
the four foot level reaches a width of twenty feet and supports ice
ramparts locally.  An especially well-developed rampart as been
formed under present conditions on this terrace just west of the
lagoon. Similar conditions persist to the entrance of Little Corey
with the exception of a sag at Shore Acres. This sag dropped nearly
to the level of the four foot stage and was artificially deepened some
sixty or seventy vears ago to allow the water to flow southward.
The writer’s information concerning this channel is noné too reliable
but it seems certain that the lake stood at the four foot level at that
time, and it is presumed that the channel was dug to accommodate
the water under flood conditions. Since that time the ground water

his bar at present incloses a lagoon
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table has sunk; Corey Lake has dropped to its present level; and
Kaiser and Mud lakes have dried up.

The point on the south side of the entrance to Little Corey is
composed of sand and swings northward from the cliffs in an even
curve. It is clearly a current deposit which developed largely dur-
ing the highest level, and the lagoon on the west side is therefore
dry at present. Indications point towards a continuation of its
‘growth but at a very slow rate.

In addition to the forms described, a well-defined submerged ter-
race follows the south shore. As a rule it drops into deep water
within one hundred and fifty feet of the shore buf swings outward
to double this width in front of the lagoon. The change in color
at the “drop off” was very marked near the entrance to Little Corey , .
and the writer had the good fortune to succeed in registering this ' ihe shores on both sides.
on a photographic plate, a reproduction of which is shown in
Plate X, B. 5

A narrow morainic depression extends westward from the south: i
western part of the main lake and is composed of two basins, both |
of which are filled with water. The more westerly, not shown on
the map, forms a smail pond which drains into Little Corey, situ-
ated in the easterly basin. The two basins are separated by a
swamp which rises scarcely above the present lake level. Both
exposed terraces are continuous below the cliffs around the depres-
ston, showing that the entire depression was connected with Corey
Lake, as represented on the earlier maps. A sharply defined sub-
merged terrace follows the present shore of Little Corey and sup-
ports a heavy growth of vegetation and a deposit of marl as well.

Within the depression the waves have been the most active agent
and have accomplished the most work on the south side, due to
the greater strength of winds having a northerly component. Some
deposition by currents may have taken place at the west end of
Little Corey but the presence of a road across the flat makes this

heavy growth of rushes. -
‘-‘Jv(itz of the Y. M. C. A. camp the terraces of both of the former

levels are present on the cliff-lined shorg eithe}' ,sjdve Ot:t‘th;f ‘f)l(zill‘i
opposite the island. This was the‘ scene of stron;.; ¥ a\tzla atc igrmce -
accomplished most during the highest st.age, s;}lce "1'a “t] ccmfs
the better developed. TPart of the material (.]Cl‘l\‘(é(l nomr. 1§ :

was distributed on the terrace but a considerable POIth%l t\x 5}5
carried along the shore in both dircctions. Thus, at the pon;1 10;?1;
posite the isiand, currents from both the 119rth a}ld the‘ sout : en
the shore but, jnstead of forming a simple spit o»r'\ -bar, t:md a Sd?-a,l
island to the mainland by spits which developed in accordance with
See Tig. 65. The currents were unable to

Sketch of small island tied to the mainland by two bars or tombolos

Fig 65

uncertain.

However, an ecasterly drift along the north shore of Little Corey
cooperated with a sontherly drift along the west shore of the main
lake to form a V-bar with characteristic central depression at the
north side of the entrance to Little Corey, the point occupied by
the Y. M. C. A, camp. This V-bar stands fully eight feet above
the present level and is considered to have been a fully developed
form during the highest stage of the lake, that is, stood slightly
above the water level. At present, the currents on the main lake
predominate and the V-bar is extending southeastward as a spit.
This extension is not in line with the spit on the south side of the
entrance but there is, nevertheless, a likelihood that the channel

continue to the island or else were entirely depleted ?f thelr. load,
for the shallow water between the island and the mainland is duf?
to the natural configuration of the bottom, as shown by the clay
bottom upon which rest many large bou]'ders. . .
Phe island is an oblong “sugar loaf” with s.teep Chf'fs'on all sides
but the north. The shores show the effects of the activity of waves

rather than currents, and the exposed terraces of the former level

are the predominant features. Slight activity is manif‘es.ted on th(i
north side but the well-developed terrace, formed at the highest leve
on the remainder of the shore. hax been largely cut away on the

exposed south and east sides.
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which was formerly flooded. The bav developed during the highest

stage and nearly separated Corey Lake from Iaiser.
1t remains to point out briefly some of the more important episodes
At its inception the lake stood at a

in the history of this lake.
At this time it

level approximately seven feet above the present.
flooded all of the depression at the southwestern end of the lake and
connected with Kaiser, Mud, and possibly Clear Lake. The adjust-
ments of the shores during this level were carried to an advanced
stage and in some cases the currents completed their work before
the level dropped. The four foot level was in existence a relatively
<hort time ago and the adjustments followed along lines determined
during the previous stage. In general, however, they were less ex-
fensive. Within recent vears the levels of all the lakes mentioned

have dropped several feet, which has caused the extinetion of Mud
and Kaiger Lakes. The adjustments at present are slight, the one
of greatest consequence being at the entrance to Little Corey which

may become closed.

Crear Laxe, Clear
end of Corey Lake, see Fig. 64, and runs parallel to the northeast-

orn shore. As in the case of Corey Lake, this small body of water,
which has a length of somewlat more than a mile and a width of
less than one-third of its length, is surprising in the number and
extent of the adjustments of its shores. The surrounding land
rises well above the level of the lake except at the south end. Inas-
as the Mud Lake basin, now dry, lies but a few hundred feet

this low divide is a favorable locality for beginning
Lake has stood

Lake lies within a half mile of the north

much

to the south,
our study. At this locality it is evident that Clear

at a higher level than the present, and from the elevation of the
divide it seems probable that the two lakes were connected with
cach other and with Corey Lake through Kaiser Lake. Conditions
are favorable here for the formation of a bar along the south shore
of Clear Lake but the presence of a road along the logical position
of such a bar makes its identity uncertain. Very often, however,
as been taken of the higher ground along the course of

advantage L
a4 bar in the building of roads and such an occurrence may serve as

indirect evidence of the existence of the bar.

Northward along the west side of the lake, the slopes are gentle
and little adjustment of the shore has taken place. Proceeding
along the shore one notices evidence of an increase in the activity
of the shore forces. The first definite feature to be found is a small
spit which stands three feet above the present level and points
southward from the point designated A on the map, Tig. 64. This
spit protects a narrow lagoon which is merely a continuation of
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the shallow, mud-covered lake hed adjacent to this shore. Vegeta-
tion has established itself off shore but is especially abundant in
the lagoon whicl is rapidly being filled. North of the spit the slopes
increase in stecpness and the activity of the waves becomes evident.
The wave ent cliffs increase in height to a maximum just south of
point B and, where well developed, vise from an exposest terriace
rather than from the present beach. This terrace corresponds in
elevation with the spit at A and is further evidence of a former
level of the lake. The cliffs and hills are wooded but the terrace
supports only a limited growth of hushes and young {rees; conse-
quently one may conclude that the drop in the water level has
been of recent occurrence. The material derived from the cliffs be-
tween points A and B driffed in Dhoth directions, inasmuch as a
current deposit was formed at B as well as at A.

The deposit at B is a typical V-har with chavacteristic ceniral
depression. Tts greatest development was from the northwest, due to
the greater power and reach of the winds from that direction and to
the abundant material quarried from the cliffs which are more
prominent on this side of the point, During the former stage
of the lake, the north side of the V-har attained the greater develop-
ment, and, in addition, a considerable part of the current-borne
material was distributed oft shore, forming a subnierged terrace
of greater width and gentler slope than on the south side. At the
present {ime, a small hook pointing northward indicates that c¢on-
ditions are reversed and that the greater growth is from the south
side. This reversal was brought about by the general reduction of
the activity of waves and currents, caused by the lowering of the
water level.  Under the present condition of reduced activity, the
submerged ferraces ave more effective than formerly in reducing the
size, and therefore the power of the waves passing over them, and
the wider the terrace the greater its effect. In this case the broader
terrace on the north side so reduces the power of the incoming
waves, and therefore the currents, as to render them less effective
than those passing over its narrower counterpart on the sonth side.

North of point B the cliffs which face the shore indicate the source
of material forming the north side of the V-bur just described.
The presence of an alluvial fan and a fossil delta along this shore
arve of interest although not formed by the agents active on the
lake shores. The delta was built by a small stream which entered
the Iake at the time of the higher level, but the waves and carrents
were able to distribute the material as fast as supplied, so that the
shore line was not affected. The exposed terrace of the forner level
ix a consistent shore feature as far as the north end of the Iake, Its
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y - lev sax measured in sev-
elevation with reference to the present level was measured u rEy
eral places and found to be within a few inches of fom feet- t
means that many of the deposits formed during this stage did no
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extend above the water level. o

side slopes are gentle and the exposed 1:@1'1'-(1('0 1\ \\'1de.lq o
interesting change has been produced at this end of the 1?1;9.)»\
the lowering of the water level. Areas formerly covered‘ by open
water are now swamps filled with rank growth Of, \'egetano‘n. One
such was a bay just south of the end of the 1;1]{0: (‘111'1'01.1ts h‘m‘n the
south made some headway in cutting off this lndentm‘lon' but SlvlC‘-
ceeded in building only a submerged bar, now clearly outlined by a
0W ‘illows. '

]O?I“h(zzfn\;uddy aorth shoves of the lake show little adjustiuent aside

from the exposed terrace. The absence of any indication of a ba

ap. « g nainland
between the small island, not shown on the map, and the mainla
is evidence of the feebleness of the currents.
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The east shore ig lined with eliffs which are continuous along
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the northern half of the lake. Below the cliffs stands the expose

i and s iform are the shore features
terrace of the higher level, and so uniforni are the res
Thus, the current deposits

1 1 3 o T ¥ i 4 ()‘
any deviation is very noticeable 3
e ( At the sharp bend

at either end of the cliffs are readily detected. vt the s )
near the north end of the lake a small hook }s 111(11c:at1ve Of, qu—
rents driven by southwesterly winds, and at U':‘I spit shgwx ri‘il(i
effectiveness of the winds from the northwesterly quavter. },}u),
reachi from both quarters is approximately the same, so tl,mt. the
size of the deposit is an index of the strength and fI‘equcllC} of ﬂlm
winds. The greater development of the spit at.G S.,h()\\'S (-,(mclu,anf, \
that the northwesterly winds are the more effective. 1n eaih Cd;:,
the deposits were built during the former level and are noft growing
at present. .
dtﬂ]ﬂ)h: turning of the currents from the shore at ¢ has })re\'enﬁztl
the formation of a spit on the west side of the nearby point fo . 11(,
southeast but some such activity might be expeci';ed on ﬂl(i easF s;e(;
This, however, is not the case and it is due 1',? the 101)0;;1:1[11:0 . (f
tures of the southern half of the east shore of t:he 1!z1ke.. Ins em‘ 07
the continuous cliffs of the shore north of C, \\'th].l j'urmshed ‘cvl.nld{\-
imum of material, there is an alternation ()f. (‘hf{s a}nl }0“’1,‘.““18.
In addition to the smaller amount of material furnished by t 1((:
cliffs, many of the lowlands extended below the water f(\ el d; 11111:
the former stage of the lake and were aveas of deppsu@n.f .11](;1:
the material, relatively small in amount'fo st;n-t' with, r\\‘ as‘ El
depleted by deposition at the mouths of md‘emuhonns.v l he a &ux(l(;
of any deposit at the end of the point indicates that the current
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not only were weak hut practically without load by the time they

reached this locality.,

The first indication of the work of currents along the southeastern
shore was found in the bay east of the point just discussed. The
head of this bay consists of a hooked spit which came within thirty
feet of completely cutting off a narrow lagoon. This spit developed
from the south and at the former level of the lake. A hundred yards
ormore to the southwest the cliffs are again interiupted by a small
triangular indentation which was completely isolated by a bar.
Beyond this bar cliffs again line the shore as far ag the depression at
D. The mouth of this indentation was broad but, nevertheless, was
completely bridged by a bar, forming a lagoon of several acres in
extent, which is still wet. To the south, the ¢liffs are less promi-
nent and gradually give way to gentle slopes. Yet currents, prob-
ably from the north, were active and succeeded in cutting off two
small indentations between D and the south end of the lake.

From the discussion above it should be evident that Clear Lake
has stood at a level some four feet higher than that found by the
writer in the summer of 1914. The presence of only very young vege-
tation on the exposed terrace is evidence that the lowering of the
level was of recent occurrence. This was fully corroborated by
information obtained from residents of the locality. Practically
all of the adjustments of the shore have taken place at the higher
level and the indications are few indeed that they are continuing
at the present time.

The adjustments are very pronounced for a lake of this size and
include those due both to wave and to current action. In general,
the eastern shore was most affected, and this is shown by a less
abundant growth of vegetation along the shores as well as by more
prominent shore features than on the opposite side of the lake.

At present the lake has no surface outlet and no inlets of im-
portance. Since there is little adjustment of the shores, extinction
is the active physiographic process and this is being accomplishe
by vegetal accumulation. Little has been said of the submerged
terrace in the description above. The reason for this is that it is
impossible to determine its limits on account of the heavy growth of
vegetation, not only on the surface of the terrace but on the lake
bottom as well. Over muci of the bottom a complete carpet of vege-
tation may be seen through the traunsparent water which gives the
lake its name.

Loxe Lake. Long Lake lies less than a half mile northwest of
the north end of Clear Lake and resembles the latter closely in size
and form. This Jake is also surrounded by moraine and is without
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outlet or inlets of consequence. The greatest difference is in the di-
rection of the longer axis which runs at right angles to that of Clear
Lake. Inasmuch as the contour of the bottom is not known, it is
not possible to determine whether thix basin is a simple elongated
depression or a series of connected morainic basins.  The morainic
material in this locality contains a large percentage of sand and the
shore adjustments are of the same order as those found on the other
lakes of the group.

In Plate XT is shown the adjustment of the northeastern end of
the lake, which is not only the most pronounced on this lnke but is
one of the most perfect of its kind found on the inland lakes of the
State. As may be seen from the plate, the north end of the lake
has been cut off by a complete sand bar, perfect in development and
preservation. This bar stretches from the cliffs on either side of
the lake in a beautiful curve and stands slightly more than five
feet above the present level. Inasmuch as theve is no sag in its
crest, this bar was fully developed and extended above the water
level which prevailed at the time of its formation. This bar. then,
establishes a former level of the lake which probably stood some-
what less than five feef above the present stage. The lagoon of
about ten acres in extent is still wet and in late summer is lit-
erally crowded with lily pads which are rapidly converting it into
a peat bog.

The continuous cliffs which fiace {he shores of the southeasiern
side of the lake rise from a well-defined exposed terrace which
varies in width from forty to sixty feet. The lake level indicated
by this terrace stood more than four feet above the present level and,
thus, is in agreement with the level deduced from the bar at the end
of the lake. The presence of coarse material on the terrace is an
indication that it was formed largely by wave cutting, furnishing
the material for the bar above. Aloug the northwest shore fhe
¢liffs are less prominent west of the blunt projection and bhecome
insignificant to the south, where the slopes are gentle. A wide
exposed terrace is the predominant shore feature, although cur-
rents were effective in closing two small indentations in the vicinity
of A, see map, I'ig. 64, and another near the southwestern end of
the lake.

West of the broad point on the south shore, the side slopes are
gentle and the effects of wave action are not prominent. However;
currents from the north were effective and built bars across the
mouths of two small indentations which existed during the higher
level. The more westerly embayment was cut off by as perfect a
bar as that deseribed at the northeastern end of the lake hut is
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less prominent on account of its smaller dimensions. Apparently
the current-borne material was limited in amount and the greate}
part was deposited on this bar, since the deposit at the mouth of
the embayment nearer the point is a spit attached to the west side.

The broad projection on the south shore is caused by a low
]11(‘)1"{1'1111C.1\A"11011 whose lakeward slopes were carved into t’hebcharact-
eristic cliff and terrace profile during the former stage of the lake.
The material from the cliffs drifted westward and was deposited
on the east side of the knoll, forming a small spit. This spit would
have cut off a large part of the swamp which borders the shore to
the east had its growth not been interrupted by the sinking of the
water level, ' )

The west side of the prominent projection on the southeastern
shiore of the Iake is exposed to the action of strong waves due to
westerly winds, and the €liff and terrace of the higher level are con-
tinuous to the vicinity of point B. Here the velocity of the along-
shore currents was reduced at a small indentation south of I3, \Vhi(il
was completely cut off. At B an unsymmetrical V-bar, elong;/i‘red on
the south side, indicates that the currents from both directions left
the shore but the more effective currents were from the soutl. This
bar whose longer side has a length of nearly one hundred yards
is an exceptionally strong shore feature for a lake of this swo

Between B and O cliffs are again prominent but at € another
V-bar, which is a duplicate of that at B on a smaller scale, indicates
similar conditions. Wave action predominated along the shore
from C fo the northeastern end of the lake as shown by the well-
developed cliff and terrace. An interesting break in‘ the cliffs
was found in the bay east of C in the form of a dry gully, at the
foot of which stands an excellent example of an allavial fan.

Long Lake also is interesting chiefly on account of its past. The
water level formerly stood between four and five feet above the
present and at this time prominent adjustments of the shore took
place. Strong wave activity carved steep cliffs where conditions
were favorable. Currents were also active in like degree, so that
there are few localities where adjustments are not readily detected.
Not only did the currents cut off indentations but also swung away
from the lake shores, forming the interesting V-bars commonly
found on the long and narrow lakes. Little activity is manifested
at the present level and the important physiographic process of
the future is that of extinction. Vegetation has become firmly
established in the lagoons but the process is not so active on the
main lake as was found to be the case on Clear Lake. Since there
is no outlet the lake could not have been lowered by downcutting
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aud the drop in level, therefore, must be referred to some other
cause.

The lowering in level is shared by all of the lakes in this group,
and the idea that it ix connected with the pumping of water for the
city of Three Rivers from the outwash plain six miles east of the
lakes seems fo exist. Therefore some pains have been taken to
obtain information concerning the lake levels and the pumping op-
erations since the installation of the plant. In particular the writer
is indebted to Mr. Eugene A. Schall, City Clerk of Three Rivers,
Mich., for collecting this information.

The levels of these Jakes and also all other water-ways in the
vicinity have fluctuated somewhat periodically during the last forty
vears at least, conditions previous to that time being unknown to
the writer. Previous low water periods occurred in 1882-83 and
1895-96, and during intervening years the water came back to
normal. The levels of the lakes during the low periods are not
known to the writer and, therefore, cannot be compared with
the present low stage.

The city of Three Rivers has been obtaining its water supply
from nearhy wells since 1876, the amount used inereasing to 70,000
cubic feet (approximately 500,000 gallons) daily at the present
time. Previous to 1896 a few small, flowing wells were utilized but
since that time twelve six-inch wells have been installed, five in
1896 and seven in 1910. In 1915 six of these wells were reset about
one hundred yards away and, although drilled to the same depth,

tapped an entively different source of supply. In some respects the
lowering of the lake levels and the pumping operations ave related,
but it must be kept in mind that our record of lake levels does not
antedate the installation of the water system. Also daring the
first known period of low water, which occurred soon after the
installation of the water works, the wells were not pumped and
the amount of water used was insignificant. The low period of
1895-96 occnrred slightly previous to the driving of additional wells
and could not have been caused thereby. The present low water
stage follows the change in position of some of the wells, which
tapped a new water-bearing layer, and shows a closer relationship
than the previous stages. In addition to the discrepancies which
appear in the statements above, the pumping operations have stead-
ily increased and there should have been a gradual lowering of the
levels rather thau a periodic fluctuation. Also it is probable that
the water pumped from the wells comes from a large surrounding
catchment area rather than the local area occupied by the lakes,
sinee all other water ways in the vicinity have been similarly affect-
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Fig. 66, Outline map of Gun Lake, Barry County.
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ed. Thus, it appears from the data at hand that the wells have had
little or no effect on the fluctuation of the levels of the lakes.

The cause is probably a natural one and may be related to periodic
changes in climate which are none too well established as yet.
YWhatever may be the cause, the effects arve very pronounced and a
careful study of the problem promises interesting results. ‘

Gun Laxe. Of the lakes included in this group Gun was the next
uncovered by the retreating glacier. This lake is one of the largest
of the numerous small, interior lakes which lie in the southwestern

"part of the State. It lies directly in the center of the western

border of Barry County and crosses into Allegan County at the
extreme western end of the lake. The lake is not readily accessible
but may be reached either from Middleville or Hastings, both of
which are on the Grand Rapids branch of the Michigan Central
R. R. Nevertheless, the lake is a popular resort and draws a large
number of summer visitors from both nearby and distant points.
Phis lake is almost rectangular in shape, see Fig. 66, but is
nearly cut into two basins by Jnglands and Murphy points, which
are attached to the south and north shores respectively. Numerous
other points and bays make the lake most irregular in outline. This
is better appreciated when it is known that, although the area is
but slightly over four square miles, the shoreline measures more
than seventeen miles. If Mud Lake is included, the area is 4.4
square miles and the shoreline nineteen miles (a perfectly rec-
tangular lake of the same area would have a shoreline of eight
miles in length). The reason for the complicated shoreline is
apparent when the origin of the basin is understood. This basin
lies on the western border of a strong morainic ridge, trending
north-south. To the west is a triangular outwash plain which de-
veloped from the north and west and is very thin and incomplete
near the border of the moraine. In the vicinity of the lake frag-
ments only of the surface of the outwash are present due to the
fact that large ice blocks of irregular shape were present at the
time of its formation and prevented deposition of the outwash ma-
terial. Tt is doubtful if these blocks were entirely covered by th«
outwash material sinee till plain borders parts of the shore of tne
lake, even though its surface stands below the general level of the
fragments of the outwash plain (see Chapter II on the formation
of pit lakes). Thus, the lake may be classified as a pit of shallow
depth but very complicated in outline. The basins represent the
locations of the ice blocks and the points are spurs of the moraine,
fragments of the outwash plain, or swells of the undulating surface
of the till plain not covered by outwash. The varied conditions
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along {he shore, both as to contour and material, are favorable to
adjestments but, on the other hand, the shallowness of the lake
and ifs partition into partially enclosed basins greatly interfere
with nomaud wave development,

The outlet of this lake, the Gun River, flows from the southwest-
ern end and takes a southwesterly course to the Kalamazoo. The
gradient of Gun River is very flat, and the stream has cut a very
shallow trench in the sand flat. Shore features arc now exposed
along certain parts of the lake which indicate a former level in
accordance with the down-cutting of the outlet. There also exists
a probability that at the higher level Gun Lake formed a part of a
glacial lake known as Lake Dowagiac, a matter readily determined
when the exact level of Gun Lake is known. TFurthermore, the outlet
gives us a clew to the small amount of variation in the level of this
lake during the year. The writer was surprised to see the outlet
almost filled with a Leavy growth of lilies and rushes and realized
at once that they must offer considerable resistance to the flow of
water which might hold the lake at a higher level. An obstruction,
natural or otherwise, in the course of the stream would cause a
ponding of the water and the encroachment of vegetation in its
channel would follow as a rvesult, but the writer knows of no ob-
struction in Gun River, although a positive statement to this
effect cannot be made. Assuming the absence of an obstruection.
one might well conceive the encroachment of vegetation in a stream
channel such as Gun River which has a very flat gradient and
carries little sediment as it leaves the lake. In addition, it flows
in an old river channel which is merely a veneer of alluvium over
till and, after cutting through the sand, would pick up very little
solid material from its bed. Thus, with few tools to work with, the
abrasive power would be reduced and vegetation could take hold.
It is also interesting to note that such interference with the outflow
would take place mainly during the growing season and would
tend to hold the lake level higher during the summer months, norm-
ally a time of low water. At other times, the dead parts of the
plants would offer much less resistance and might bhe removed dur-
ing the spring floods. Another possibility is that the dead parts
may accumulate in the channel and gradually raise the lake level
until a new outlet is found or the old one cut off during exceptional
floods. The latter is known to have happened on at least one lake
in our State.

Near the outlet the shores are bordered by a low, grass-covered
swamp and have no definite beaches. This condition persists east-
ward until the low swells of the ground moraine which eanses’
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Englands Point are encountered. One of the smaller swells forms
Brush Island, which rises barely above the surface of Pickerel Cove,
and possibly is the cause of the blunt projection of the main shore
at the head of the cove. The absence of wave action along this
<hore is probably due to the shallowness of West Lake which, al-
though the reach is large, prevents the formation of large waves
and also reduces materially the power of those formed as they
approach the shore. Englands Point, however, runs out into the
deeper water and has been carved into low ecliffs on the north and
northwest sides. Elsewhere the shores are low and the slopes are
in places carved into a low terrace hardly two feet above the present
level. Tocally the shores have been pushed into low ice ramparis
by the expansion of the ice during the winter. East of Englands
Point another low swell projects above the surface of the lake and
is known as Englands Island. Some planation of its surface by
waves may lbave taken place in the past, but at present it is cov-
ered with a black muck, an indication of vegetal accumulation.

The south shore of the large embayment, formed by Englands
and Hastings points, is lined by a definite sand beach, and the
shore featurves cousist of alternating low cliffs and swales. The
cliffs increase in height as the moraine is approached at the extreme
southern end of the bay. At the swales a narrow but definite ter-
race of the upper level is present, fronted very commonly by low
ice ramparts. Considerable adjustment of this shore has taken
place, but the low areas were not cut off by definite bars. A single
exception to the last statement was found in the embaynent below
Chicago I’'oint where a sand Dbar developed across a triangular
depression. The lagoon has been filled by vegetation so that the
features are none too evident.

The broad projection which includes Chicago and Rogers points
is due to morainic hills, and the shore features are those due to
cutting. The boulder-lined strand is an indication of strong shove
by the ice. Off Rogers Point another small island is appropriately
named Stony, inasmuch as the finer material of the till has been
removed by waves, leaving a mass of rocks standing slightly above
the water level. It will be noted that this island is exposed to much
stronger winds from the west and northwest than is Englands
Island on the opposite side of the bay, therefore the greater amount
of wave action. '

At the head of ihe embayment north of Rogers Point, a sand
beach of even curvature lines the shore and has been pushed up into
a low rampart. The terrace of the upper level is distinct on this
lowland but no evidence of a lagoon was found. Deposition has
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taken place, however, but has succeeded in building out a terrace
rather than forming a definite bar. On the north shore of this
bay wave action is slight, and the swamp vegetation of the swale
grows to the water’s edge. Northward, the shores are high but
drop to a low swamp just south of Hastings Point. The swamp
runs across the neck of this peninsula and may have been open
water during the higher stage, thus making Ilastings Point an
island at that time. The point is a swell of the ground moraine
rising ten to fifteen feet above the lake level. It is exposed to
wave action from the west especially and considerable cutting has
been accomplished. Thus the shores are faced by cliffs, and a rocky
cut-terrace runs off the end of the point. The rocks on the terrace
are an accumulation resulting from the removal of the finer ma-
terial and many have been transported to the beach by ice action.
The ice shove is strong on this point, for boulders up to five feet
in diameter are now lined along the shore.

The division of the lake into east and west arms by Englands
and Murphy points has already been mentioned. The east arm is
similarly divided by Stony and Hastings points and the northern
basin of this arm is likewise constricted by Bairds Point and a
projection on the east side of Murphy Point. The bays on either
side of Bairds P’oint are both shallow and the point itself is low
with the exception of two knolls, one forming the end of the point
and the other the expansion near the middle. The terrace of the
higher Jevel is distinet on all but the west side and, inasmuch as it
extends between the two knolls and between the central knoll
and the main shove, it is evident that Bairds Point was originally
two distinct islands. Considerable adjustment took place along
the island shores and also on the north shore of Hastings Point.
Not only was the terrace well developed on the low slopes but, in
addition, a bar developed across the head of the bay between Hast-
ings and Bairds Points which connected the more southerly of the
islands with the mainland. The material of this bar was derived
mainly from the north side of Hastings Point, although some may
have been added from the Bairds Point islands which are bounded
by cliffs on the west side. The higher level terrace is well exposed
on the east side of the point and in places reaches a width of one
hundred feet. The development of the terrace on this side was due
to favorable conditions of shore topography and material rather
than to excessive wave action. The latter is much more effective
on the west side because the winds from this direction have the ad-
vantage of greater velocity and reach and blow across deeper
water. When the water level dropped wave activity was decreased
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in greater proportion on the east side, and sufficiently so that the
terrace was preserved on this side but was cut away on the west.
In fact, the south end of Bairds Cove is effectively protected from
wave action and is being rapidly filled with vegetation. It is an
excellent example of the encroachment of vegetation from the shore
in the form of a floating bog, and the present area of open water is
but a small remnant of its former extent.

The slight projection, A, on the east side of Bairds Cove is a
small spit pointing southwestward and is the southerly limit of
sand beach which lines the shore to the entrance into Mud Lake.
At the northern end of this beach there is also a spit which is re-
spousible for the isolation of Mud Lake. It is probable that the
spit was complete, but conditions are somewhat obscured by the
roadway built upon it. The entire east shore, including Mud Lake,
is lined by moraine whose slopes were washed by the waves at the
former level. Considerable adjustment took place at this time and,
in addition to the spits mentioned, a terrace was formed which
varied in width according to the slopes encountered. In general,
the terrace was wider in the embayments and has effected a
straightening of the shore line with the subsidence of the lake to
its present level. At present, the morainic slopes come to the shore
in one locality only, the attachment of the Mud Lake spit, and little
material is being quarrvied from the cliffs at this point. It seems
reasonable, then, that the active period of adjustnent of this shore
was limited, to a large extent, to the former level.

Mud Lake is well named and is a most uninviting place. Shore
adjustments on this small lake were much less extensive than on
the main lake, and the exposed terrace is not clearly defined. In
its place are found bogs and muck shores, in fact, there is scarcely
a foot of firmn beach on the lake. The lake is not over five feet in
depth and the bottom is composed of soft muck. As may have been
already inferred, the lake is in an advanced stage of filling by vege-
tation and this is being accomplished both by plants encreoaching
from the shores aund by floating forms. On the west side the pecu-
liarly shaped cove is caused by a narrow strip of boggy lowland
which continues southwestward to the north shore of the east arm
of Gun I.ake. In the early stages of these lakes an open but shallow
connection existed at this lowland as well as at the present outlet,
forming an island of the present large point designated B on the
map. This connection was not cut off by current action but was
filled with vegetation and abandoned when the water level sank to
its present position.

The shores of Gun Lake west of the outlet of Mud Lake are lined
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with low sand cliffs, alternating with patches of the terrace of the
higher level. The clitfs are being washed to some extent under the
present conditions, but the more prominent shore teatures are the ice
ramparts which torm in front of the fragmentary terrace. This
condition holds until the former connection with Mud Lake is
reached. Across this lowland the shores are mucky and have no
definite beach. Bevond the lowlauds the shores lie on the slopes
of ground moraine whose southward extension forms Murphy Point.
The swells of this moraine rige barely above the surface of the
water and have been carved into low ecliffs by the waves, while the
sags form swampy shores. On the low shores the terrace of the
former level is generally present, and in such localities ice ramparts
are usually found. One of the most couspicuous of the morainic
sags extends across the neck of the point near its attachment to the
mainland. It stands slightly below the level of the higher stage of
the lake and, therefore, was an open water channel separating the
main portion of Murphy Point from the mainland at that time.
This island was later tied to the mainland by a bar which developed
on the east side and may now be readily traced across the swampy
lowland.

The adjustinents of the east shore of Murphy Point are the result
of wave activity and consist of alternating low cliffs and flats which
are characteristic of the shores in morainic material. Stony Point
is a swell of the ground moraine that juts out into the lake and
in this exposed position has suffered considerable dissection by
waves. On the north shore the terrace of the former level is well
developed but on the south this has been removed by the present
activity of the waves. Also the waves have reduced the low neck
which connected this point with Murphy Point, and it now stands
as an island save for an ice rampart nearly three feet in height
which was built during the former stage by material shoved up from
both the north and south sides. The push from the south was the
more powerful and the stronger rampart follows the south shore.
Nearer the end of the point many of the boulders which line the
shore have been foreed into the base of the low cliffs by the ex-
pansion of the ice. '

The south end and west side of Murphy Point are exposed tq, the
strongest winds, and the shore features are at first due to wave cut-
ting. The material quarried from the low cliffs has been moved
largely in a northerly direction along the west shore and deposited
in a small spit at C, which has efficiently protected the partially en-
closed lagoon to the rear so that it is now filled with vegetation.
North of C the smooth shore is largely the result of adjustments at
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the former level, but no bar was noted crossing the swamp which
forms the neck of the point. The absence of a bar in this locality is
puzzling in view of the fact that a small indentation at D was com-
pletely cut off, evidently from the south.

The shores are low along the north side of West Lake, and the
shore features are due to wave action of very moderate intensity on
aceount of the shallowness of this arm of the lake. However, the
sandy material was very easily worked, and a terrace was formed
at the upper level which is distinet in places. 1t is best developed
in Miles Bay which is a pit of considerably greater depth than West
Lake. Tt currents were active we should expect results at the
entrance to this bay, but there seems to be little or no indication of
bars. The entrance is very shallow and is becoming more so, but
this is due to filling by vegetation rather than by currents. This
end of the lake supports a heavy growth of rushes and other water
plants and much filking in the future may be expected in this way.

Farther south along the west shore the sand plain gives way to
ground moraine and the land slopes gently to the shore. Where
not removed the woods grow to the shore and have aided in the
formation of the excellent ramparts which are the most conspicuous
shore features in this locality.

From this description it should be clear that in the early stages
of its existence Gun Lake siood at a higher level and covered a
larger avea than at present, including some of the nearby lakes.
The shores of the upper level are well preserved and show adjust-
ments which are less pronounced than might be expected from the
size of the lake. This is due probably to the shallowness of a large
part of the basin and to the irregular shoreline. Much of the work
was accomplished by waves which succeeded in straightening some
of the minor irregularities and forming a terrace of flat slope. Cur-
rent activity played a subsidiary part but succeeded, nevertheless,
in producing some important changes, such as the blocking of the
channels to Mud Lake and the tying of some of the islands to the
mainland. Ice was also very effective and the shove exerted pro-
duced many well-defined ramparts and boulder strands. The sinking
of the level left some of these features within reach of the waves
which have since removed them at exposed places. The activity
at present, however, is very much less than at the higher level.

Vegetation has filled, or is in process of filling, the indentations
and is now taking hold in the shallower parts of the lake. The
outlet of the lake is especially interesting in this regard, since the
growth of vegetation appears to hold the level of the lake more
nearly constant throughout the season. This, in itself, has to some
extent the same effect as though the level were raised and may
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aceount for the slight recession of some of the shores. A continua-
tion of this process will accentuate present conditions and may even
raise the level of the lake.

LAKES CADILLAC AND MITCHELL

Lakes Cadillac and Mitchell followed Gun in order of appearance
and lie in a region which is most interesting from a physiographic
viewpoint. The location of the city of Cadillac is especially fortu-
nate. It is built at the junction of a large morainic tract on the east
and an extended outwash plain on the west. The surface of the
outwash plain is extensively pitted, but few of the pits hold water.
However, two large ones are located just west of Cadillac and form
the basins of Little and Big Clam lakes, or Cadillac and Mitchell
Inkes. as they are now called. These lakes, although not large, are
well adapted to physiographic study on account of the adjustments
in the easily worked material and, furthermore, are readily acces-
sible, Cadillac being the junction of the Grand Rapids and Indiana,
and Ann Arbor Railvoads. It is but a few steps from the railroad
station to the shore of Cadillac Lake which extends for nearly three
miles in a direction south of west. TIn width it is rather uniform
and nowhere reaches one mile. Its arvea is 1.9 square miles, making
the average width very close to three-fourths of a mile. Compared
with its neighbor, Mitchell, it is very regular in outline, the main
exceptions being the large projection on the north shore and a
small bay at the southwestern end.

The ountlet, Clam River, leaves the lake af the northeastern end
and flows through a depression in the outwash in a broad curve
convex northward to the Muskegon River in northwestern Clare
County. It flows in a channel which hag Leen cut a few feet below
ile level of the plain but has been obstructed by a dam of low
head built by one of the numerous manufacturing plants in the city
of Cadillac. The obstruction of the outlet leads at once to the
expectation of flooded shores, which is fulfilled.

The shore facing the city is obscured by buildings and Tumber
docks and shore conditions are not well represented. Around the
north shore, point A, see map, Fig. 67, projects into the lake and con-
{inues under water as a shoal of less than four feet in depth for a
distance of three hundred yards or more. Little evidence of a distinet

submerged terrace is present, and this point is considered as one of
the less deep portions of the pit which has been exposed by a sinking
of the water level. The swampy condition of the point furnishes
carly evidence of the flooded condition of the lake. The swamp con-
finues along the shore westward to the vicinity of locality B on
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map, where the edge of the outwash comes to the Jake and stands
in a steep cliff. Between the foot of the cliff and the beach a narrow
terrace stands about one foot above the present level. This terrace
merges into the swamp just described and with its surmounting
cliff may De traced to the northeast.

West of B the terrace widens and has been pushed into an ice
rampart near the present shore, forming a foul lagoon which is rap-
idly being filled with vegetation. The rampart persists to the west
end of the lake but the lagoon widens and extends through to Miteh-
ell Lake along the course of the natural outlet of this lake. A canal,
navigable for boats of light draught, was dug about 1870 through
the narrow neck of land which separates the two lakes and has
caused the abandonment of the outlet. This neck of land stands
below the general level of the outwash plain with the exception of
a small flat-topped mound, probably a remnant of the outwash, on
the south side of the canal midway between the two lakes. On the
Cadillac Lake side the neck has been carved into the persistent low
terrace which widens south of the canal and runs to the embayment
at the southwestern end of the lake. On this Tow flat the footpath
follows a well-defined bar of the higher level from the low cliffs
just south of the canal to the bridge which crosses the bay at the
southwest end. Across the bridge the outwash and narrow terrace
soon appear, and the latter is made use of for the roadway as far
as locality C. Tast of this point the land is low and the terrace is
not distinet for a short distance. East of the hroad bend of the
shore line the outwash again comes to the Iake with the usnal nar-
row terrace and continues thus until the shores are obscured by
buildings or docks. Along this shore the effects of the artifieial
raising of the lake level are very evident. The terrace, which prac-
tically surrounds this lake, has heen wutilized for a boulevard but is
quite generally being attacked by the waves, so that some protection
is necessarv. The pine stumps, <o abundant in this region, have
been used for a bhreakwater but have proved none too satisfactory,
so that in addition to an unsightly shore, much repair work must be
done,

From the above, it is evident that Cadillac Lake has stood at a
somewhat higher level than at present and that the cause of the
lowering of the former level was the deepening of the outlet. During
the higher level the main adjustment of the shoves was the formation
of a nmarrow terrace which is well preserved where natural condi-
tions have not been disturbed. Current action accomplished little
during this stage, the only characteristic form recognized being at
the west end south of the canal. The condition of affairs previous

| .
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to the artificial elevation of the water level has been obscured by
the recent increased activity of the waves which are rapidly remov.-
ing the former terrace, except where protected. Dur-ing stages (ff
high water this terrace is covered, and it may be Consmer(?d that it
merely represents the activity of the shore agents during such
times. This argument would have more force were not the lake held
abnormally high. Also the rounded, grass-covered slopes above t.he
wide portions of the exposed bottom are an indication of a definite
water level, long since abandoned. ‘

Ice action is very effective wherever shore conditions permit :.md
some well-defined ramparts are to be found. The precess of extm.c
tion is making slow progress at present and little has been done in
the past. At the abandoned outlet and in the bay at the. southwest
end, considerable filling has been accomplished by vegetatlo.n bu.t t'he
main body is still relatively clear. Filling by sedimentation is in-
significant for the water comes either from seepage or flows from
Lake Mitchell, which acts as a perfect settling basin. Undoubtedly
an unobstructed outlet would continue to deepen but, since the
depths of the lake were not taken, the final effect cannot be ventured.

LAKE MITCHELL

North of the canal on Lake Mitchell, the shore, as shown on
the map, is particularly regular, but inferences as to the probable
shore conditions based on this would be greatly misleading. As a
matter of fact, the outwash plain is excessively pitted and the shore
consists of a succession of flats interrupted by island-like mounds
of outwash. Proceeding northward from the canal, evidence 0..[:' a
higher level for this lake is soon at hand. A low sand har rises
above the flat at a distance varying from twenty to fifty feet back
from the shore and encloses a poorly drained lagoon behind it.
On the gentle slope in front, faint beaches may be discerned which
in places enclose small narrow depressions, now Jdry. These l)f‘u's
were probably formed as storm beaches during the gradual lowering
of the level. Trarther north, the waves at the higher level succeeded
in cutting back the “islands” of outwash, while the currents dis-
tributed the material in a series of connecting bars which have
been pushed up into ramparts in many places. These bars stan.
at a somewhat lower elevation than those found on other parts of
the lake and it is probable that they did not extend above the water
level. But, with the dropping of the water level, the bars were ex-
posed and the shore line assumed its present regular contour.

Northward the lowland areas decrease in size and at the north
end disappear, leaving a continuous cliff in the outwash. This, how-
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ever, stands some distance back from the shore and the exposed
flat below is a portion of the former shallow bottom. In order to
get the full view of the flat it is necessary to stand on the embank-
ment of the Ann Arbor Railroad which crosses in this locality.
The beach of the present level, called the White Sands, swings
around the north end in a perfect curve, see Plate XII, A, and is an
exceptionally fine example of an adjusted sand beach. The flat
adjacent to this shore swings far to the west and forms the so-called
“Thousand Acre Swamp,” above which rise owtwash remnants simi-
lar to those on the opposite side of the lake. The perfection of the
adjustments along this shore is again detected in the excellent bar
which stands a short distance inland between the lake and the
swamp. Ice has been particularly active along this shore and has
piled up two distinet ramparts in front of the bar. At the present
level a low rampart is in process of formation, making three in all,
a rare occurrence. 'Fhe continuation of the bar to the south forms
Saw Dust Point which shows the direction of the prevailing cur-
rents at the time of formation. Thus, the material must have been
derived from the cliffs at the north end of the lake.

Tee aetion on this lake is most interesting, not only on account
of its effects but also because of the manner of its occurrence. In-
formation from reliable sources makes it certain that both ice jams
and expausion {ake place. At Doxsie’s ice jams have shoved twenty
feet on the shore and have piled up ten feet in height, a statement
well within reason as may be seen from Plate XTI, B, which is repro-
duced from a photograph of an ice jam on the north shore of this
lake taken by Mr. W. Ii. Sours of Cadillac. Also at Doxsie’s, the
ice advances by expansion between four and five feet a season. The
width of the lake at this locality is one and five-eighths miles and
approaches the maximum limit for ice shove of this type.

Below the shallow bay back of Saw Dust Point the outwash, with
cliff and terrace of the higher level, again appears and extends to
the entrance of Mud Cove. From this shore the depths of the lake
are readily distinguished when light conditions are favorable. The
northern part is very shallow with the exception of a narrow chan-
nel in the middle running nearly north-south and appears as though
it were almost possible to wade across. The southern lobe lies in a
much deeper portion of the pit and is sharply contrasted in color
with that on the north.

Mud Cove is a partially detached portion of the pit which con-
tinues to the west as an extended swamp. Currents have accom-
plished little or nothing at the entrance and there is little likelihood
of its being isolated in this manner. Nevertheless, its existence as
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a body of open water is very limited on acecount of the rapid filling
by vegetation. On the south side of the Cove, a case of complete
extinetion of a shallow part of this irregular pit is found. In this
case the indentation was separated from the lake by a narrow strip
of outwash which, at first sight, appears to be a bar. The extinct
part has an uninterrupted, flat surface composed of a black, peaty
soil upon which a few shrubs are growing. An attempt was made
to drain this for agricultural use but evidently was not an unguali-
fied success.

East of Mud Cove the outwash, with cliff and terrace, lines the
shore but soon drops to a small swamp which was cut off by an
ice rampart about twenty feet inland from the present shore. The
outwash again appears at the shore but finally gives way to a low-
land which extends to the double bay at . This bay is caused by
two small pits which drop below the level of the swamp. It is set
off from the main lake by very shallow water at the entrance. Cur-
rents undoubtedly flow across the entrance of the more southerly
lobe but no bar is present, although the water is scarcely deep enough
for rowboats to cross. This bay will eventually be isolated, how-
ever, by the deposits from the heavy growth of vegetation in the
shallow water across the mouth.

From this locality eastward, the outwash cliffs face the shore
but the terrace of the higher level is fragmentary. The northwest
winds strike this shore with full force, and the waves and currents
have accomplished much in the adjustment of the shore. This is
shown by the regularity of the beach, see Plate XI1I, the well-de-
fined submerged terrace, and the presence of cusps at low watér.
(See Douglas Lake on cusps.) Near the east side of the lake the
outwash cliffs continue to the south shore of Cadillac Lake, and
the shore of the higher level is well shown by a bar which follows
the curvature of the southeastern shore towards the canal. The
land separation between the two lakes stood somewhat above the
water level of the higher stage and the connection was restricted
{o a narrow strait in the vicinity of the abandoned outlet.

Thus, in times past, a large lake of very irregular outline stood
in this locality. The greatest variation from the present condition
oceurred in the Lake Mitchell basin which then included a great
part of the swamp areas to the west. In the early stages, the slhores
were much more irregular than at present, due to the numerous
shallow pits above which stood “islands” of the original outwash
plain. At the higher level, important adjustments of the shores
took place which resulted in the formation of a definite submerged
terrace and the straightening of the shore line in many places, due
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both to clitf recession and to the development of connecting bars,
It is probable that many of the bars were not huilt to the water
level but it seems clear that the “Thousand Acre Swamp” was par-
tially cut off. The downcutting of the Clam River in the loose
sands of the outwash lowered the level of this lake and formed two
definite basins connected by an outlet, now abandoned. After the
separation of the basins the further deepening of Clam River was
felt directly by Cadillac Lake which stood at a lower level, while
Mitchell was held up by its outlet. At this stage the adjustment
of the shores of Lake Mitchell, accomplished during the upper level,
became fully effective and are the cause of the long stretehes of
regular shore line. ‘

Ice exerts a powerful shove on the shores of these lakes and is
especially active on Lake Mitchell. Wherever vegetation served to
bind the sand, ramparts have been formed and the multiple ramparts
on the front slope of the bar at “Thousand Acre Swamp” are of
exceptional developmeni.  The manner of the ice push may De
stadied to advantage on TLake Mitehell since both expansion and
jams are active. We are very fortunate in having a photograph
of the latter in action. N

The cutting of the canal between the two lakes has caused but
little lowering of the level of Lake Mitebell, and its shores remain
practically in their natural condition. However, on Cadillac Lake
the interference of man has obscured a large part of the shore
topography aud initiated far reaching changes. Aside from the
buildings and lumber docks along the east shore, the raising of the
level by a dam should be mentioned. The natural level of the
lake has been covered and obliterated by subsequent wave action.
Also a new cyele of shore activity has been brought about which is
working havoe and has necessitated the novel but unsightly break-
waters,

The lakes ave fed to a large extent by ground water and the few
entering streams flow from swamps, so that filling by sediment is
not of importance. Vegetation has made little headway except in
the protected bays, and this may be due to some extent to the
sweeping effect of the ice jams near the shore from which the plants
usually encroach. This type of filling, however, may be expected
to increase in the future and eventually will fill the basins. Little
may be expected from deepening of the outlet as long as the dam
is maintained, a condition likely to prevail.

CHAPTER VI
INTERIOR LAKES OI' THE SOUTHERN PENINSULA, CON'T,

LAKES OF THE WESTERYN INTERLOBATE AREA
AXND O ALPENA COUXNTY

HOUGHTON LAKE

Of the inferior counties of the Southern Peninsula, Roscommon
is perhaps the most fortanate as regards lakes. Others there are
which surpass it in number hut none in respect to size. Houghton
and Higging lakes, the most mportant. ave both of large dimen-
sions as our inland lakes go, the former with an area of 30.8 square
miles taking first rank in the State. They lie in the western and
northwestern part of the county and, although not so readily ac-
cessible as many, are nevertheless very popular during the summer
and fall months. Roscommon on the Michigan Central Railroad is
the most convenient point of departure for these lakes, although
Houghton Lake is frequently reached from the west.

A physiographic study of these lakes is most interesting and, in
fact, surprising. Obviously, for such a study all the advance in-
formation possible proves of great service and much information is
always obtainable. In this case, one may find that the glacial geology
has been thoroughly worked out and described.® This region is a
great interlobate area between the lobes of ice whieh filled simultan-
eously the Michigan and Huron basins. The outline of the Michigan
Iobe wag relatively smooth at this stage and ran northeast-southwest
in the northwestern part of the State. The Huron lobe, however, was
noticeably irregular and extended far to the southwest into the
Saginaw Lowland, forming a large subsidiary lobe, the Baginaw
lobe. Thus, between the northeast side of the Saginaw lobe and
the Michigan lobe is a broad interlobate area which extends nowth-
cast-southwest, see Fig. 3. The recession of the ice in this area
was to the northeast, and somewhat fragmentary cross-morainic
ridges were deposited at intervals in the region extending northeast
from Cadillac to Roscommon. Three such ridges cross Roscommon
County and in the troughs between them are located Houghton and

*Monograph 53, U. 8. Geol. Survey.
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Higgins lakes, see Fig. 63, Thisx accounts for their northwest-
southeast trend and similarity in size. With such information at
Lhand one naturally visits the Jakes prepared to find other points of
similarity but herein is the surprise. which mav well be deferred
until the Iakes have been described. )
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Fig. 68. Map showing the distribution of the glacis formations i icini
IToughten anq lliggn‘xs L;LI{K)‘L. bA((lf\lf(}lcl'i;,l(}?:}x{':‘(t);!‘)b i the vicinity of
Hougl.ltm? Lake is not a summer resort, strictly speaking. Its
popularity is due to the excellent fishing and hunting and for this
th@e 1s a geographic reason. This lake, although more than eight
miles long and over four wide, does not anywlhere exceed twenty-five
feet in depth and is filled with an almost continnous weed bed, except
in a zone about the shore. This ix the lair of countless fish of many
kinds and accounts in part for the attraction of this lake to sports-
men. Interesting and instructive though a study of the plants and
animals of these waters might be to one capable of undertaking it,
the writer must dismiss it with the mere mention of wild rice. This
furnishes food supply to migrating birds which flock here in great
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numbers to feed and rest in the fall of the year, thus the attraction
to the hunters.

As already mentioned, Honghton Lake lies in a trough between
two roughly parallel morainic helts trending northwest-southeast
but doex not completely fill the depression. In reaching this lake
from Roscommon, one crosses the northerly moraine just south of
Higgins Lake, see Fig. 68. and drops down to a wooded lowland
which becomes swamp within a half mile of the lake. This till
plain borders the northeastern shore of the lake. Outwash plains
swing around the ends and horder the southwest shore of the lake
along the constricted portions at either end, with the exception of a
small area of till plain near the northwest end. The main body of
the lake, however, is retained on the west by moraine. TFrom the
shallowness of the basin and the presence of broad shoals in the
main body of the lake, it seems clear that this body of water lies
mainly on till plain, and is retained at the ends by outwash and
on the southwestern side by a moraine. Such basing were classed
as inter-morainic in Chapter 1.

The first impressions of this lake depend very largely on the point
of view. Trom the heights of the moraine on the southwest side,
the broad expaunse of water, fringed with forest on the opposite shore
and with highland in the background, presents a pleasing andscape.
From the east shore, however, conditions are very different. After
a trip of a half hour across a low swamp, the first glimpse is caught
through an opening in the trees near the water level and, while not
so fortunate perhaps, gives the more accurate impression. The hori-
zontal dimension is exaggerated at the expense of the vertical and
things appear flat. The familiar fishing boats, which dot the surface
during favorable weather, are enlarged by optical illusion and sug-
gest at once the favorite reereation on this lake.

The road from the north reaches the lake at the inlet, or Cut, as
it is called, see Fig. 69, and the initial observations here lead to the
conclusion that shore action due to waves and currents is feeble,
due obviously to the shallowness of the lake. The inlet, a rather
sluggish stream in this part of its course, has, nevertheless, brought
down considerable silt which has been carried out and deposited
in parallel submerged bars on either side of the current, extending
from the shore directly out into the lake for a distance of about
one hmndred vards. A considerable portion of the water of the
Cut comes from Higgins Lake which serves as a settling basin, and
the stream is not norinally heavily laden with sediment. Since this
materizl ix not distributed along the shore, it is evident that the
waves and currenfs are not only relatively, but actually, of little
power.



o1y NLAN i
019 INLAND LAKES op MICHIGAN

The presence of a thivd har

1 < 3 ¢ i

the south and in front of 4 recently
the flat adjacent to he inlet. show,
the channel of the stream h

¢ T o 4 3
state that this was caused by a large
of the Cut, due to tlhe remoy a
I‘ oo T Ve RQ 9o

ifxl.\e a few years ago, and th
which formerly existed in front of the abandoned

similar in form but located more to
abandoned stream channel on
1wws that a northward shiftine of
as taken place. Those qualified to k;ow
temporary increase in volume
al of a dam at the outlet of Higgins
at the more northerly of the twobﬁars
channe!l wag re-

Cut

TEIN, RFw .
\ X
N 7

\ TEEM, 2T !

|
!
|
g
|
|
|
|

Fig. 60,

moyv & the ch: if
4 ved as the Chdnll(ﬂ Shlﬁfe‘d. Other evidence of the ‘.ve"Ll'lless of
e waves and currents is t Lll ' ‘ d
: 1 1s the absence of a 1 2
e i apse wed-deﬁned "2e;
terrace and the Droad .‘-‘illﬂ‘.h\‘ilit‘"l of the shore hll’- bmerge
; LT SILOT e,
broad zZone of sand off-gl aken place and has formed a rather
Z 2 d oif-siore in lien of a terr hi
o rrace, which does n
suppor y TOW i , ; Oet
lqllvel 11tiiet;1eavy grow th of vegetatlon found farther out in th
ake, 80 there is an uneven 1| ! ’
: beach of clear sand, whi i
i hich 18 reced-
o A ‘ - ' ) ece
g atithe present time and ]aymg bare the roots of the trees grow
ing ¢ - Tor v 4 e a1l H ' ‘ i
lbbtdt il‘(i hlgh water mark. The recession of the shoreg is due to the
obstruction of the outlet I g . tam o V
. n the hlmberin lay 1
fo feot 1 eion s g days a dam of avout
n height Was ¢ fuc g
g & onstructed three-f N#i i
-fourths of y
e - ; ru g a mile below
e lake and was used to retain the water in the spl’ino It is I)POb
£y -

Some action has, of course, t

INTERIOR LAKES OF THE SOUTHERN PENINSULA. 213

able that the level of the lake was raised only a small amount, if
at all, but it was held at the high water mark for a longer period
than normally at least and the waves became relatively more power-
ful. The dam is no longer maintained but the same effect is some-
times produced by log jams.

Quite in contrast to the work of waves and currents is the effect
of the ice on these shores. Ice jams, which reached a height of fifteen
to eighteen feet at the Cut in the spring of 1913, are of frequent oc-
currence on this shore. The gentle slope and the sandy character
of the shore are not favorable fo the formation of ramparts, and
the chief effect ix exerted on the trees which often stand in water
along the shore at this time of the year. Driftwood is piled high
on the beach, live trees snapped off and overturned, and the bark
is scrubbed from the trunks of trees still standing.

Shore conditions ave so uniform on the northeast side of the
lake from East Bay to Long Point that no detailed description
seems necessary. Cusps, which are low water forms, are found on
other parts of the lake and might well occur on this shore where
not littered with driftwood. They are, however, very transitory
and their oceurrence in definite localities would be of little signifi-
cance.

Long Point, although it extends more than half way across the
lake, is, nevertheless, an extension of the outwash and not a current
deposit. However, shore action is somewhat more in evidence on
the north side of this point than along the shore just mentioned.
When this Jake was visited by the writer some exceptionally well-
developed cusps werve present near the tip of the point and a definite
sand bar free from vegetation extended a short distance into the
lake in line with the shore. Also, a very definite zone of sand
off the entire north side of the point indicates an ineffectual attempt
at terrace formation.

The land surface bordering the east side of North Bay has very
low relief but portions of outwash, standing approximately three
feet above a swamp which is at lake level, may be detected. In
front of the swamp areas, bars have developed hut at a level slightly
liigher than the present. These bars are probably a single discon-
tinuous bar which becomes less distinet at the northeastern end
of the bay but reappears along the swamp at the north end of the
lake, the fiat of the Muskegon River. It follows the present shore and
swings in a gentle curve to the outlet. Across the outlet it continues
to the low swells of the ground moraine nearly a mile to the south
but stands a hundred vards back from the shore for most of its
length. Along the present beach is a similar bar which ends abrupt-
Iy at the outlet and stands at a slightly lower elevation than the
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I{)lar?fz‘llithm' inland. 1In general, the bars on the west and north
"sr;loel (:sholllte i)ti;tetteé'hdsge]l((;‘l‘)ve(lhth.an‘ ghose in the vicin.ity of Long Point.
furnished a very limited ‘;nl(:)ll?ll(; ‘:{Q T.he ,I-Im‘th ,S]de °of Long Point
Jur ; ¢ material for the currents flow-
ng eastward with the winds from the northwesterly quadrant. On
the \\"esr side. however, a relatively large amount <L;f ma (’(*1(-111.\\“"
quarried by the waves from the ¢liffs to the south and \‘\'{l‘ﬁ (rle ;ositgéz
by currents first in the bar which stands farthest inland ) Tlln\r bar
swung around the north end of the lake {the outlet W{IQ. f‘lrth‘er (t
the west at this time) and turned a small inlet to the‘eq;t bef "O
merging into the undertow. h o
The'ulﬁrude of the bar shows that the lake must have stood at an
elevation at least two feet higher than the present Ligh \vqtewr
ma.rk and possibly more, since the bar may have been qlﬁ)mer;ed
This higher level must have covered the ﬁnlf adjacent toL the oubt]et'
and e}f‘rended some distance down stream. Also the low swamp
1{91’(1@1*}1]g.tlle northeast side of the lake was flooded at this time.
flwhe‘ drop in level was due to the deepening of the outlet and was
grad.ua]. As the level lowered a passage was maintained by the out-
flowing water through the bar which terminates farther to the east
Eventually the currents were unable to continne along the bar <;n.
account of the decreasing depth of the water, and 1‘001? a cou(r@:e in
the deeper water near the present shore. II,1/1 this way the se@nd
bar was started but, with continued lowering of the Wz;ter lex;e] its
length became fixed by the establishment o‘f a «lefinite channei bxi
the outlet. TIts subsequent growth was small but suﬂl‘cient’to forcte
the outlet slightly to the north at its debouchnre,
South of the grass-covered outwash lie the gentle swells and saes
ojf the till plain which rises to the moraine near Houo‘htton I;’tlb'e
village. The moraine borders the shore, as shown in I*?iO' 68 ‘:1;d
then drops to the outwash plain which nearly surrounds z’El"le s7()1;t11-
western end of the lake. The prominent féabtm"es along this shore
are the \\'u}'&*—ﬂlt cliffs which rise from the high Wate; mark and
show. no evidence of the higher level found near the outlet. Where
the till plain and the moraine conte to the shore, the cliffs lare com-
posed of boulder clay and are steep. The outwélsh is coinposed of
11110011.8())11(1;1‘&3(1 sand but is covered with a close mat of grass so that
ﬂ‘le cliffs are somewhat steeper than is usual for this mZterial The
dltfereint formations are also €xpressed in the character of the.be- 1
mﬁ}temal which contains cobbles and boulders in frount of th ('1“
raine but is of clear sand along the outwash plain. o
Lail; i(‘()ll:v(;lllljilé)lil,p;to S];aclnbs sttlallfed that shore agevncies on Houghton
reager results. Waves and currents
)
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although rejuvenated to some extent at the present time, are of
little power and this inactivity is due to the shallowness of the
lake and the heavy growth of vegetation which effectively interfere

with wave and current development. Shore adjustments have heen

of somewhat greater importauce in the past when the Jake stood at
a higher level. At this time, currents showed their greatest activity
in North Bay and succeeded in decreasing the size of thix arm to a
considerable extent. The greatest activity of the waves has taken
place along the southwestern shore, as shown Dby the prominent
cliffs.  An index to the combined activity of waves aud currents
is the development of the submerged terrace and this ig nmowhere
well-defined.  Tce jams are of frequent occurrence and great in-
tengity, especially on the northeast side of the lake, but shore cou-
ditions are not favorable for decided effects.

The lake is, however, an interesting example of one phiysiographic
process——that of extinction. Little sediment is brought in by
streams and the outlet ix deepening at a very slow rate. Yet the
lake is filling very rapidly due to vegetation. Geologic processes
are, as a rule, acting very slowly according to human standards
of time but one may look forward to the extinction of this lake in

the course of a few generations.

HIGGINS LAKE

Higging Lake is reached conveniently from Roscommon on the
Michigan Central R. R. by stage and is well worth a visit. With an
area of nearly fifteen and onehalf square miles and a length of
seven miles, this lake ranks among the larger of our inland lakes.
Algo it is one of the most beautiful. As seen from the summit of
the moraine to the south, the lake consists of two broad arms
which streteh west and south from a central constriction. The
interesting island, the green slopes and the clear blue water blend
into a most attractive landscape. From most points on the shore,
however, the view is restricted but is sufficiently inviting to induce
The clarity of the water is remarkable and

one to explore further.
It is

might well have inspired a less prosaic name than Higgins.
so c¢lear that it looks cold and such is the case, for the lake is deep
and is fed by springs. The change from the light color of the shal-
low water to the blue of the depths is sudden. So sudden, in fact,
that to float across this zone on a peaceful day gives one the in-
describable sensations of sailing into space.

Likewise from a physiographic viewpoint Higgins Lake is most
interesting. The general features of the region are quite simple as
regards geology, sce Fig. 68. Moraines border the north shore of
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the west arm and parallel the southwest shore
The snorainic slopes on ]
but are separated by a nar
outwash plains at both ends of the lake.
wlhen the ice border stoed at the northe
till plain between the two moraines
the lake basin itself. Nearer the moraines the outw
a terrace, and till is exposed beneath the ‘
side of the lake,

of the entire lake.
1e southwest side do not reach the lake
row zone of sand which widens into broad
The outwash was formed
rnooraine, and covered the
« with the possible exception of
ash merges into
sands on the southwest

T 25M REW TESN LI

Ry TIEN I W

Fig. 70.  Outli £ [ Iliggi
g line map of Higging Lake, Roscommon County.

Ideas are prevalent concerning remar
in this lake but the greatest depth reported from reliable sour i
one hundred twenty-five feet. Thig depth makes it certain thacteihls
lake does not cover a tll plain, as does its neighbor Houghton, or
etl\e the outwash is excessively thick. From 1‘11?3 shape ofb‘rhe 1721](:61?
1t seems probable that the basin is a laree. irreoular nif fn 1
wash formed by buried blocks of ice,llal:((?xi)l]l;iit]claEnplélm Eh? o

In addition, the history of the lake is as complicated m'p tel'l N t
iSOll']‘G of the lakes which were connected with the Gre;t Lala’s o (')
n itself an interesting story which could not be fulh(r deci;?fei;lc? ;‘:

kable depths of the water
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the time this study was made. The former strands are very distinct
and show a lake of much greater size at its maximum height. A
careful mapping of these shores and the adjustments which took
place at the various levels promises a most interesting and profit-
able study.

At the outlet of the lake natural conditions are somewhat dis-
turbed by the activity of man. In the Jumbering days a dam was
constructed to retain the water for the log runs in the spring. The
level was raised about forty inches but lowered rapidly during the
runs, remaining low during the greater part of the year. 3With the
passing of the forests the dam lost its usefulness and the lake
assumed its nermal level. The outlet was again obsfructed in 1911
for the purpose of permanently raising the level of the lake. This
caused a renewal of the activity of the waves, and the citects were
sufficient in one year to convince those concerned of the inadvisabil-
ity of such a condition, so that the dam was blown out. Huch dis-
turbances make the interpretation of conditions at the outlet some-
what uncertain but the significant facts may be ascertained.

The outlet, see Fig. 70, flows in a channel which has been cut
approximately eight feet below the level of the sand plain. It flows
in a southeasterly direction to the nearby Marl Lake and thence
eastward for more than two miles before turning south through a
low sag in the moraine which stands between Higgins and Hough-
ton lakes. In the bed of the outlet and along the shore to the
southwest a large number of boulders of considerable size are
found. These boulders lie at the base of the sand plain which is
relatively thin here and are washed free from the finer material by
the movement of the water. Considering the outlet, it is obvious
that down-cutting has taken place rapidly while the stream was
running over the sands but was accomplished much more slowly as
the boulders were encountered. Thus, from this limited locality
one may hypothecate higher levels for the lake and be prepared to
find conclusive evidence on the slopes adjacent to the present shores.

At the south end of the lake, the outwash soon gives way to a
narrow flat which borders the shore to the west side. The even
curvature of the shore and the clear sand beach are suggestive of
current action and further evidence is found in two sand bars a
short distance inland. These bars stand about two feet above the
present lake level and parallel the shore from oune side of the lake
to the other. The lagoon, thus formed, was very shallow and is now
dry. If these bars were formed by currents, their growth must
have been from the west because shore drift on the east side of the
lake could not well have passed the outlet. Undoubtedly currents
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tance. Its height was not measured in this locality but a similar
terrace at the State Forest marks a level of the lake sixteen feet
above the present. This terrace, whieh borders the shore of the
south arm, drops to a lower one sfanding at an elevation of eight
feet above lake level, formed probably at the time when the outlet
flowed over the surface of the sand flat. The spit began its develop-
ment at this time but, inasmuch as the outlet cat down through
The outlet soon cut

the loose sand rapidly, the growth was small.
at its base which

through the sand and encountered the boulders
held the lake at a level two feet above the present for a considerable
time. During this stage the spit increased in length more than two
hundred feet. At the present level the spit is continuing its growth
and, including the submerged portion, extends fully a quarter of a
mile out into the lake. On the opposite side of the lake the sub-
merge terrace is fully as wide as the length of fhe spit, so that the
parrows is in reality much more restricted than appears from the
map. An ice rampart borders the south side of the spit at the
present level but its counterpart is not present on the opposite
side. This decrepancy may be due to the destruction of the rampart
on the north side. The material of the spit is not suitable for the
formation of a permanent rampart and, if formed, it would be
subjected to strong wave action, due to northerly winds of consid-
erable reach.

West of Chicago Point the eight-foot terrace becomes faint and

the two-foot level in the vicinity of point C, see map. Off

drops to
obably to the

this shore the lake is shallow to the Island, due pr
nature of the basin. The condition of the Island during the stages
above the two-foot level cannot be determined Dbut it is probable
that its top was bevelled to some extent at the eight-foot level.
During the two-foot level a much smaller area than the present
stood above the water and was subjected to considerable adjust-
ment by waves and by ice. Terraces and strong beaches were
formed all around the island but were better developed on the north-
west side throughout. In addition, the bouldery material was
pushed up into ice ramparts which are very pronounced on the
northwest shore. The expanse from the Island to the west shore,
2 distance of more than two miles, is generally considered excessive
for the formation of ramparts by expansion, so that ice jams ap-
pear to be effective here. However, the maximum size of lake upon
which expansion is effective is as yet uneertain and it is unfor-
tunate that little could be learned concerning the manner of the
ice push on this shore. At the present level the waves are active
on the northwest side and much of the material quarried is trans-



220 N 4
INLAND LAKES OF MICHIGAN

ported to the point at the 1
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aw CGrounds the highest terrace ig reached by a con-

At the Sagin
Farther to the east at

finuwous cliff of about fifteen feet in height.
the Bay City Grounds morainic hills are being carved by the waves,
forming clitfs up 1o Leights of thirty-five feet. These fwo locations
are well suited for resort purpoxes and aiford an excellent view of
the entire length of the lake. The only disadvantage is the exces-
sive width of the present submerged terrace, the greatest on the

ater is very shallow

lake. Inasmuch as it drops at six feet, the w

for a long distance off shore.

gain border the lake in the vicinity of Sovereign
Park and continue along the castern side of the lake to the outlet.
The clump of pines at the Park gives some idea of the wonderful
forests that formerly covered this region and adds to the attractive-
ness of the location. At the two-foot level the shove stood con-
siderably farther back than at present. So much so, that the cur-
rents left the shore and deposited a bar nearly a mile in length in
front of a very narrow lagoomn. Ag is frequently the case on Higgins
Lale, the lagoons of this level stood on the sandy terrace and wer
A when the water level lowered. Along the shove in
hills come to the shore and Lave been

n to the two-foot terrace. This
th of Parker

Sand plains a

quickly draine
the vicinity of Cole low
carved into cliffs which step dow
e shore about onehalf mile nor
ings back from the lake in a broad curve,
The lowland between this

higher ground leaves th
Point, F on map, and sw
iin at Oak Grove.
he higher levels and was thus a shallow
ged terrace of

reaching the lake ags
and the lake was flooded at t
embayment whose bed was worked into a submer

gentle slope. The change in direction of the shore line at the sides
of this embayment was abrupt and especially so at the northern
end, T, where the angle was approximately ninety degrees. Cur-
rents must have left the shore at each side, but, strange as it may
seem, accomplished little at the north side. Iowever, on the south
side a series of bars converging on the low cliffs above Oak Grove,
stand at progressively higher elevations intand, or in other words,
They sweep around the bay in broad, swing-

are arranged in steps.
the somewhat irregular shore north

ing curves and are truncated by
of Parker I’oint.
Apparently the bars
foot stage, during which tl
rapidly. As the water level lowered at least four bars were form
which may be readily distinguished along the road running east
from the head of the bay. The individual bars were not traced

through the swamp back of Trarkers Hotel and there is the possibil-
ity that the number is increased in this locality by splitting. As

did not begin to deveiop until the eight-
e outlet was being cut down rather
ed,
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the water subsi fwo-f
e gtel sulmt(_led to the two-foot level, the embavment was drained
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ave been powerful ig ’ of : .
“;( N 1(}1111)0\\](:11111 1s shown by the development of the shore be
-en 'arker Point and the bluffs at I i .
; e blufls at I' in accord: i
een arker 4 dance with that to
h, and by the southward ex i
: 3 extension g
race off the east side of tt i N e o peries
e ot st side of the point. Nevertheless, the deposits in
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il ak Grove on account of the narrower submerged terrace Th;
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e work + . 3 ‘ ‘
5 f\x o1 ; (_)f the currents in the South Arm and the explanation must
e found in the form of ti e i :
he lake Dbasin. The lake I
_ sin. ke lies for the st
. A{ ‘ g : : : mos
I 1.‘c i a deep pit, but during the higher levels overflowed on the
‘ J?Lent slopes, forming shallow embayments, Suech an embayment
is the or iscussion t Y
s e ({11e11}11€]er discussion but off the point lies the deep water of
e (11111) asin.  The currents from the West Arm left the shore
Dl l & &h s d 3 1 V )
3 .1e abrupt turn, F, and ran directly into deep water, causing a
1).’1 23 o 17 7 M ’ )
);pl{ 11}educt10n in velocity and therefore deposition of the STN
nded loa ‘his material w il i 1
ion d load. This material was utilized in filling the deep basin and
g "- Y 7 g O 1 3
sequently was not localized in characteristic shore forms. How
ever ‘ i y :
N ﬁ on the south side of the embayment the currents flowed over
S N Y Y ISR i e 3 i
, al o;‘ “1dtel after leaving the shore at Oak Grove and deposited
eir load in bars which cros
1 S crossed the bay and termi
. d 1 terminated at tl
51101 . A < a ne
evnox th of Parker Point where the stronger cross currents of
the West Arm were encountered. te
Tl o o a ¢ ) g 2 1
" }thlotubelance of the shore in the vicinity of Oak Grove is
119 L '] (] e .
o g 1?1 ground and was the source of the materials of the bars in
embayment just discu i 0
§ scussed. MHere the sixt f i
L emba Just ¢ : - he sixteen-foot level is well
d and the terrace is utilized as a building site for
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cummer cottages. The eight-foot level is not well defined, much of
it having been removed at the lower levels. Recent cutting due
lake Jevel i much in evidence along
At Highland Point the land
a wide

to the temporary raising of the
flie low cliffs which line the shore.
ation and the two-foot level is prominent as
a low rampart at the present shore
but is of moderate intensity. Between Highland Point and the out-
let a low sand flat extends several miles to the eastward. This
flat was covered by all of the higher levels but the borders of the
sixteen and eight foot stages were not traced. During the two-foot
conforming to the present contour of the shore.
finitely cut off this lowland from the lake basin,
In conclusion, it seems fair to state that Higgins Lake is one of
most interesting and instructive lakes. The history of this
interior lake is exceptional and is merely sketched in this aceount.
This phase of the work is left with veluctance for it ig felt that &
detailed study of the various levels would be productive of nmost
We may be certain of a much larger lake
At this time, the ends were
and the southwestern
Much work was done by
hich now appear as a

drops in elev
terrace. Jee action has Dbuilt

level a low bar,
developed and de

our

interesting results.
during the highest or sixteen-foot level.
extended in broad, shallow embayments
border reached to the morainic slopes.

the waves, and broad terraces were formed w
adjacent to the shores. With the loweving
accomplished probably by deepening of the
outlet, a new cycle was inangurated. At this time the waves were
working on the unconsolidated sands of the sixteen-foot terrace
and quarried great quantities of material which was distributed by
currents on the submerged ferrace and in the embayments. The
1ig of the outlet fhirough the sand caused a gradnal
o feet above the present stage. The
adjustments at this level were mainly by currents which cut off
pumerous minor embayments, notably at the south and west ends.
The slight drop to the present level served mainly to reduce the
activity of the shore agents, a condition emphasized by contrast
when the lake was held temporarily at a high level. A re-adjust-
resent conditions is undoubtedly taking place but the
However, a continuation of the develop-
oint will hiave far-reaching results,
Fventu-

veneer of sand on till
to the eight-foot level,

rapid deepenis
depression of the level to tw

ment to p
results are not striking.
ment of the spit at Chicago I’
t is growing across the narrowest part of the lake.
lake must be divided in this locality, but much filling is
on account of the deep water and the progress will be

since i
ally, the
necessary
slow.

The process of extinction has hardly started. Tilling by vegeta-
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tion and sediment is of slight importance at the present time on
account of the great depth of the lake and the absence of entering
streams. The deepening of the outlet will eventualiy drain the
lake, but this process is making slow progress now that the stream
is flowing over boulders. It seems reasonable, then, that the
shores may become adjusted to a luaie stage of development before
the cycle is interrupted. Tce push is not of great importance on
this lake as regards effects but observational work on this phase of
our study should produce interesting results, especially in the West
Arm which ig pear the maximum limit for expansion.

Before leaving these lakes the writer wishes to point out the
unexpected (to him at least) contrast between the two lakes in
this region. Higging Lake is deep: its limpid, blue water is de-
rived from underground sources; the adjustments of its shores
are numercus and varied; and its history is punctuated with
interesting episodes. A few miles to the sou{hwest Houghten
Lake occupies a similar position with reference to the glacial
formations, but is almost diametrically opposite in characteristics.
Thus, it is shallow, its turbid waters, derived from surface drainage,
are agitated throughout by every storm; it is choked with vegeta-
tion; the adjustments of its shores are infrequent and of little
significance; and conditions have varied little in the past from those
existent today.,

PORTAGE LAKE, CRAWFORD COUNTY

Portage is a rather popular name for lakes and it seems neces-
sary to state that the one under consideration is situated in the cen-
tral-western part of Crawford County. It lies about eight miles
almost due north of Iiggins Lake, and, thus, came into existence
at a later time. It is reachel from Grayling oun the Michigan Cen-
tral Railroad by a short drive.

The best idea of the outline of this lake may be gained from
the accompanying map, Fig. 71, drawn from the U. 8. Land Survey
map of the region. It is approximately three miles long, less than
a mile in width except across the broad embayment at the north
end, and has an area of slightly less than three square miles, 2.96.
It lies in one of the deeper pits of an outwash plain but at the
border of a moraine which stands not far back from the south and
west shores. Although within three miles of the Au Sable River it,
nevertheless, is the source of one of the tributaries of the Manistee
which leaves the lake at the northwestern end. The lake is best
known on account of the location of the state camp of the National

Guard on the west si’e.
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The entire cast side of the lake presents little of physiographic
interest. Shallow depressions which sink below the level of the

outwash plain but stand above the lake level cause swampy iShores
for the greater part of the distance. The swamp condition 1s fur-
ther accentuated by low ice ramparts of sand through which occa-

sional small streams break. Along the north shore the adjustments
are better defined and the broad salient, Eagle Point, is the index

of this work.

A well-defined bar extends out into the lake from

\
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Tig. 71. Outline map of Portage Lake, Crawford County.

the end of the point and connects with the beaches on either s1d(§
in unbroken curves. The low cliffs in the vicinity of McIntyres

west of the point have furnished a considerable portiox} of tl.le ma-
terial for this spit. On the opposite side some material drifts in
from the northeast, as shown by the turning of the strearfl courses
towards the point before they cross the beach. The west ~s'1de of the
point is exposed to the strong westerly winds and the‘ ad,]ustments
of this shore should, therefore, be more pronounced. This, however,
is not striking and may be due to the formation of return currents

29
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on the eaxt «ide during “hlows" from the southwest in addition to
the direct effect of the easterly winds,

At the northwestern end ol the lake the Tand drops to a low
wwamp through which the outlet runs. .\ strong ice rampart follows
the showe, but falls at the outler and near the southern edge of the
This rampart totally obscures any possible current de

posits but, nevertheless, the fact that it playvs ouf io the sonth sug-

gests the possibility of its being a remodeled bay which developed
from the north.

South of the swamp low, outlyving knobs of the moraine relieve
the swamp conditions. These knobs determined the position of
currents along this shore and are connected in some cases by bars.
In one locality a definite bar with a well-developed rampart on its
front slope stands above the present water level. These forms,
which show a higher level of the lake, are made more prominent
by the presence of a second rampart at the present water level.
Northwest of Bear Point the moraine comes to the lake shoves and
the slopes are cut into steep eliffs which rise from the exposed ter-
race of the higher level. At Bear Point the currents left the hills
during the former level and built a strong bar in a southeasterly
direction which now ends abruptly at the present shore on the south
side of the point. The lagoon behind this bar is filled with vegeta-
tion. A rampart has been pushed up on the front slope of the bar
but is being removed by waves under the present conditions. This
material is being carried outward and deposited on a submerged
bar in line with the northeast shove of the point, oune of the few
adjustments in process.

South of Bear Point the morainic topography has given rise to
an alternation of cliffs and small swamps. The activity of the waves
Is unmistakably evident but the currents seem to have carried little
of the material along the shore, for ihe swamps are not cut off
except at the small indentation near the rifle range and this by an
ice rampart. Near the south end the land drops 1o an extensive
swamp which is separated from the lake by ice ramparts rather
than by typical bars. Beginning at the western side two ramparts
fringe the shore, the inner rampart reaching a maximum height of
five feet. They decrease in strength towards the east and die out
before reaching the higher ground of the moraine at the south end
of the lake. In this locality the slopes ave gentle and an exposed
terrace of the former level is present locally. Wave action seems
to have been very slight for the cliffs are very low or are entirely
Jacking.

The shoves of Porfage Lake show a rvelutively small swount of
1

Lig

swamp.

adjustinent and this was acceomplished ot a level somowhat her
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than the present. The lack of well-defined shore features 111&1{?8 an
accurate determination of ihe elevation of this former level sm‘ne‘-
what difficult but it probably stood between two and three f?et
above the level of the lake at the time of the writer’s study.r tlh(%
original lake was much more irregular in outline than thevp,]'e?(im
and the oppertunities for adjustments were n\unerm'm.. Nev eltm:
less, the ereatest change was hrought about by the draining of many
of the sh(allow indentations when the level lowered. At the present

9 3 (A1e i o % g M o
level the adjustments in process arve few In number and progressing

very stowly. ,

Tt is interesting to compare the development of the shm.“es of
this lake with that of such lakes as Corey, Clear and Long in St.
Joseph County. These lakes are much smaller than 1‘)0rtage a’nd
are surrounded by material which, although sandy, is probably
more consolidated than the outwash sands along the east and north
shores of Portage Lake. Nevertheless, the shore features are .much
more decided than those of Portage Lake and have been carried to
a more advanced stage of development. In the absence of complete
data one is inclined to infer that the greater age of the more south-

erly located lakes is the determining factor.

OTSEGO LAKE

Further retreat of the ice in the western interlobate area uncov-
ered the region centering about Otsego County, il? the ‘southwest'er‘n
part of which Otsego Lake is sitnated. This 1?1{e is nearly ﬁ\?e rm.}es
in length but is scarcely a mile in greatest width. I.ts ar_ea is thr ee
and one-quarter square miles, so that the average width is appl"OXI-
matelv threefifths of o miie. This lake is hemmed in on both Sldcjs
by m&aines for most of its extent, but the material at the. shores '1s
outwash sands, so that the lake may be classed as a .plt. It' is,
however, somewhat exceptional in form and topograpl}lc locatlon,_
and, therefore, some discussion of its manner of formation may not
be out of place.

The gla]cial deposits of this region lie south of a well-defined
moraine which was formed by the ice of the Michigan lobe on the
northwest and by that of the Huron lobe on the northeast, thl‘]S
the right-angled bend. See Fig. 72. An extensive outwash 1)1.211‘11
stands south of this moraine and surrounds a number of morainic
tracts which rise above the plain as island-like forms. The morainic
tracts have a general north-south trend and are separated by nar-
row, sand-filled troughs, three of which, designated I, TI, and TII
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o map, are well defined. The central trough,. 11, branches north-
ward and Otsego Lake lies at the north end of the eastern branch.
Attention is called in particular to the eastern troughs, I and the
Gtsego Lake branch of 11, which lie in the drainage system of the
Au Sable River.

The drainage of these troughs divides near the north end, the
major part flowing southward. The upper parts, however, flow
southeastward around the morainic tracts and contain lake basins
which are pits in the outwash. Thus, in accounting for these
basing, and in particular that of Otsego Lake, the elongated form

of Otsego TLake, Solid black

Fig. 72. Map of the glacial formations in the vicinit
(After Leverett.)

indicates moraine. Lincd areas are cutw

h,

and the presence of divides in the sand-filled tronghs must be con-
sidered. :

The recession of the ice border in this Tocality was to the north-
west within the Michigan lobe and to the northeast within the
Huron. Thus, it is very probable that at one stage the ice front
stood near the northern border of the morainie tracts and extended
in narrow tongues into the inter-morainie valleys to approximately
the position of the present divides. During this time, the drainage
flowed southward and the valleys were partially filed with cutwash
material. As the ice melted the higher elevations were completely
uncovered, but parts of the tongues of ice in the depressions became
detached and were buried by outwash from the ice front which was
receding northward. At the same time g lower channel, parallel to
the ice border, was opened to the southeastward which in the case
of Otsego Lake crossed the northern tip of the moraine on the east
side. Finally the melting of the buried ice block formed the depres-
sion in which Otsego Lake stands.
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The loose surface material, the irregularity of the shoreline, and
the elongated form of the lake, presenting a broad expanse of water
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Tig. 73. Outline map of Otsego Lake, Otsego County.

to winds from certain directions, have caused numerous adjust-
ments of the shores which are exceptional for a lake of this size.
Many excellent beaches and cottage sites are, therefore, available




254 INLAND LAKES OF MICHIGAN

bat are most appreciated on the east side in proximity to the
railroad. ”

Ou anap one looks in vain for an outlet of Otsego Lake (Fig. 73)
but may notice that the North Branch of the Au Sable River heads
straight for the east side of the lake somewhat north of the center.
It does not extend to the lake, however, and one interested in drain-
age problems naturally wonders what the conditions at the head
of this stream mayv be. Tn this case a trip is worth while. so we may
advantageonsly begin our studv at this place. .

Back from the lake a dry channel, with even floor and gentle
slope away from the lake, runs through a break in the hills and
connects directly with the North Branch of the Au Sable. Nearer
the lake the channel broadens to a low marsh in the sands of the
trough and splits before reaching the lake shore, ‘having formed
an island in past times. At present the water stands four to five
feet below the level of the ontlet, long since abandoned.

The shores along the head of the broad embayment from which
the outlet leads are bounded by ¢liffs of stratified sand which reach
to the surface of the outwash about ten feet above the lake. This
unconsolidated material was easily quarried and was distributed
in both directions by shore currents and offshore by the undertow.
‘The relative importance of these agents is dependent very largely
on the reach of the winds which may be rated in the following order:
Southwest, northwest and west. Thus, shore currents developed at
the expense of the undertow and the submerged terrace is poorly
defined. In most places it is merely a zone of sand which shows a
sharp line of demarcation from the muddy bottom of the deeper
part of the lake. Of the shore currents those which develop under
southwest winds have the advantage and the northward drift along
this shore is the more powerful. Therefore, much of the material
has been deposited along the south side of the broad point north of
the outlet. The current action is first apparent at the outlet where
a bar started to develop at a level four feet above the present and
partially enclosed the small marsh bordering the outlet, which must
have been a shallow arm of the lake at that time. At the present

level ice-shove, probably of the expansion type, has formed a poorly
defined rampart, although shore conditions are unfavorable. North
©of the outlet this upper beach extends to the broad point and is
known as Wah-Wah-Soo Beach. The point is caused by an original
irregularity of the basin and was almost obliterated by wave action
during the early stages of the lake. Thus, in the background stands
a cliff in the outwash and from the foot of this stretches the now
exposed submerged terrace of that time. But with the subsidence

-
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of the water, caused by the downeutting of the outlef, the activity
of the shore agencies was reversed and currents from the north de-
posited a bar almoest in line with that shore, enclosing a very narvow
lagoon just in front of the cliffs. Ilither duving or following this
period the currents from the south became effective and carvied the
Wah-Wal-800 Beach beyond the bar from the north and are at
the present time flowing to the end of the point. This condition is
expressed by a well-defined submerged {ferrace which drops into
deeper water from a depth of two feet. This very shallow terrace
in a locality favorable for its development indicates a poorly de-
veloped undertow.

Trom this point to the north end of the lake the land slopes
géntly to the shore and the only discernible adjustment of the shore
has been the carving of low cliffs by waves of very moderate force.
Some of the material which was removed from the cliffs has been
transported to the north and deposited in a bar which stands slightly
above the swampy lowland bounding the novth end. This bar leaves
the higher ground some distance inland but borders the lake at the
north end. On the west side similar currents have built a strong
bar at right angles to the one from the opposite shore which has
partially cut off an extensive swamp and caused a peculiar gourd-
like outline of the shore. These deposits were both formed at the
higher level but probably were not above water for much of their
extent.

The northward drift of the currents along the west shore is again
evident at the narrow hook which has developed in front of a low
exposed terrace a short distance south. In the early stages of the
lake waves have been energetic along this shore, and the terrace of
the higher level is well exposed, in places reaching a width of nearly
one-fourth mile. At the higher stage this smooth shore was broken
by bays north of Kokosen and in the vicinity of Three Pines. In
both cases complete bars were formed across the mouths of these
embayments, forming lagoons which are still swampy. Between
Three Pines and Idylwild the same process is being repeated at
the present level by the formation of a spit across the neck of the
small bay. Below this bay the moraine recedes from the lake and
the cutwash is considerably wider. In places the waves have re-
moved the higher terrace and are sapping the sands of the outwash.
Tee-shove s effective in this locality at the present level and has
formed ramparts at the edge of the exposed terrace which is, there-
fore, poorly drained. The greater part of the eroded material is
carried by shore currents rather than by undertow, and the sub-
merged terrace is poorly developed. Most of it drifts to the south
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and is dropped at Long Point where the currents are forced from Michigan Geological and Publication 50, Geological Series 25,
the shore. The activity at this point began during the higher level Hological Furvey T
and shows features similar to those found on the point north of
the outlet. The main part of the point is an exposed terrace of
this level upon which was built a strong bar from the north, indi-
cating a reversal from wave to current action. The bar stands
about twenty feet back from the present beach and is sharply
truncated by the south shore. The revival of wave action, as shown
by the removal of the tip of the bar, was due to the inauguration of
a new cycle by the sinking of the water level and is still in progress
at periods of excessively high water sueh as occurred in 1913. On
the north side of the point, however, the currents are still active,
the point having been extended approximately two hundred feet
offshore below the water level. As is the case at many of the points,
the submerged terrace is well developed on the side affected by
currents, here the north, and drops into deep water at four feet at
distances offshore which increase towards the ends of the points.
The shore from Long Point to the south end of the lake shows
features very similar to those just described. The long stretches
are generally regions of wave action which in many places has
removed the terrace of the former level and is working in the sands
of the outwash. Two strikingly similar points, B on map and
point to the south, break the shore line. Both are V-bars which
began their development at the higher stage and were interrupted
by the drop in level. In each case the currents from the north were
the more active and built strong bars which probably stood above
water level. Likewise, on the south side bars developed which met ‘
those from the north, forming a more or less symmetrical triangular l
embankment with enclosed lagoon, but were not completed at the 1

A, “BEAVER DAJM,” OTSEGO LAKE.

time of the sinking of the water level. However, at the present
stage the triangular form is well shown and the lagoons are filled
with water or are swampy.

The south shore of the lake is bounded by the so-called “beaver .
dam” which, local tradition to the contrary, is one of the best ex-
amples of a bar seen by the writer. This form, shown in Plate XIV,
is composed entirely of sand and joins the east shore in an unbroken
curve. Its crest stands slightly above the level of the higher stage, ,
except for the last hundred feet at the west end, and supports a
fringe of trees which accentuates the linear character of this bar. v
In the photograph, Plate XIV, a similar bar may be seen stretching
across the triangular lagoon isolated by the “beaver dam.” ‘This
bar, however, stands at a lower elevation and is poorly defined. B. ICE-FORMED V-BAR,
Both of these bars were formed during the higher stage and obviously

LONG LAKE, ALPENA COUNTY.
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the outer bar developed first. For some reason the point of de-
parture of the currents from the shore was shifted to the north
before the oufer bar reached the water level and remained in the
position now oceupied by the inner bhar, the “heaver dam.” The
currents instrumental in their formatien were those driven by
northwest winds along the shore south of First Point. At flood
stages of the present level waves have been active and have steepened
considerably the front slope of the bar. which normally should be
gentle.

Along the east shore cliffs in the oulwash rveveal the source of
the material of these bars. Tn places the ¢liffs show fresh eutting
which may be laid directly to the excessively high water in 1913.
Near First Point the culting is less active and the terrace of the
higher stage appears and widens towards the point. In the early
stage of the lake thig peoint was merely a blunt projection of the
outwash which was carved into a cliff and ferrace. Theu followed
a period of reversed activity, aseribed to the downcutting of the
outlet, during which currents predominated. The drift from both
directions left the shore at this point but that from the south was
the stronger. The material from this side was deposited in a strong
bar which splits twice before meeting the single bar on the north
side. Thus, on the south side of the apex there are three distinct
bars separated by marshy lagoons. In front of the bars a triangular
terrace of considerable extent developed, which was exposed by the
sinking of the water to the present level. Since that time, the point
has been extended under water for nearly three hundred feet and
drops at a depth of four feet. The stretch of shore on either side
of the point along which currents mayv develop is slightly longer on
the north side while the northwesterly winds have quite an advant-
age in reach over those from the southwest. The greater effective-
ness of the currents from the south is, therefore, somewhat unex-
pected. The determining factor seems to be a blunt projection juét
north of the point, which causes considerable deflection of the cur-
renfs from this «irection, as is shown by the distinct submerged
terrace.

In the broad embayment north of First Point waves ave again
the active agent and sand cliffs are the conspicuous shore features.
The terrace of the higher level has been removed except in proximity
to the points. Arbutus Point is very similar to First Point and re-
quires no special discussion except for slight modifications. The
main episodes in its development are identical but the predominat-
ing currents came from the north. Instead of the split bars found
on the south side of First Point there developed here a compound



INTERIOR LAKES OF THE SOUTHERN PENINSULA
INLAND LAKES OF MICHIGAN

i
NS
Vi

LIUBBARD LAKE
hook with several spurs reenrving to the shore.  In froni of ihe . .
; L . . » . . . T . Jon River which
ook on the north «ide is a seyies of parallel beaches which may Hubbard lake lies in the drainage of the )seju,x et River

. . - s AT . . ake to t der bay .
mean a gradval lowering of the water level. This point is not grow- fows almost directly north from the lake to the Thun ay

i o i i e 4 e Torthers arv of Sleona County In
ing at present and some cutting may take place at flood stages. Tt lies just south of the northern boundary of Alcond

. . ’ e e - readily accessible from the rail-
However, a very well-defined sulinerged terrace has developed in | the central part and, thus, is not readily acecessible fr

conformity with the north side of the point. road. Yet a lake of nearly thirteen and a half square miles 1 dYGd

As regards origin and general features. Otsego Lake presents ranks as one of our larger inland lakes and is well worth a visif,
many interesting features. The major shore adjustments have taken
place when the water stood hiigher than at present and show many
The sandy material of the surrounding outwash has

even though a ride of sixteen miles from Alpena is %1e(1ess;1‘1?§'. Th;’
ride, however, need not be monotonous for a \'zl}“letb' of glacia
variations. formations are crossed and serve to hold the attention.

been easily eroded and each change of conditions is clearly regis-
tered.  Although the full extent of the lake in the early stages was
not determined, cufting by waves prevailed generally along the
shores. The reversal of activity, making currents effective at the
numerous points, is remarkably consistent and is ascribed to the
(downcutting of the outlet. Then followed a period of stability dur-
ing which the points were increased by the development of bars.
The drop in level to the present stage was probably accomplished
slowly and allowed the growth of a series of minor bars on some
of the points. Since the drop has caused the abandonment of the
outlet, it must be ascribed to a decrease in the amount of ground
water which is the main source of supply. The depressed level of
the surface of the ground water is a subject full of complications,
but one important factor may Lave been a general drying-out fol-
lowing the disappearance of the glacier which supplied immense
(uantities of surface water in melting.

At the present level the adjustments are not striking and occur
for the most part during stages of high water. No important
changes are to be expected but minor adjustments may be accom-
plished by currents in a few localities. With wave action limited
to exceptional conditions of infrequent occurrence, there is little
probability of any extended growth of the points. Clonsidering the
amount of current action, the submerged terrace is of very inferior
development. A more distinet terrace may have been formed at
the higher level and is now being slowly adjusted to the present con-

Mom,v JILL PLAIN — SAND DEPOSIT LAKE PLAIN

i i in t icini : " Lake.
Fig. 74 f the glacial formations in the vicinity of TIubbard
fig. T4 Map o bfrd Lake is the white area in center of map.

Note: ITub-

ditions.
i i i i o C e s . , G . he s: ; ttoms of
Little sediment is being brought into the lake and filling in this ; The first part of the trip is across the Mnfb lake be ° of
the forerunners of the Great Lakes but in the distance may be see )

way is a negligible factor. Vegetation is taking hold on the muddy
bottom but has as yet made little growih on the offshore sands.
Fishing is the favorite recreation on the lake and this, with many
sand heaches and excellent Teeations for summer colonies, has made
Otsego one of the more popuiny of the interior Inkes of the State.

the strong relief of the moraines to the west and soyuth. The mo'—
raines stand well above the lake beds and afford many opport.um-
ties for distance views of the neighboring region. It is imposs%ble,
of course, to get a comprehensive idea of all the glac’%al forma‘.tlons
in a single trip across the region, but careful mapping of this lo-
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cality has shown that the moraines are fragmentary rather than
arranged in continuous belts. The fragments often cover large
areas and are in a very general way aligned in a nearly north-
south direction. Between the moraines are till plaing or sandy
deposits similar in topography but standing at a cousiderably lower
clevation.  The distribution of the various deposits is shown in
Fig. T4 and from this it will be seen that Hubbard Lake ig hemmed
in by four patches of moraine, These come to the shores in two
places on the east side but on the south and west stand back a
short distance, The intervening lowlands determine the position of
the larger drainage channels, including most of the inlets and the
outlet at the ex(reme north end.

In a region of suech complicated glacial deposits it is difficult to
imagine the behavior of the ice. The irregular morainic tracts
in themselves nearly enclose basins and show that during the melt-
ing the distribution of the ice was very complex and even frag-
mentary. Thus, it is probable that large masses of ice stood in the
depressions after the moraines were free from ice. In the case of
" Hubbard Lake, it may be supposed that an exceptionally thick mass
of ice covered a distinet basin which was uncovered by subsequent
melting. The origin of the basin is, however, still a question, due
to the lack of knowledge as to the form of the submerged portion
of the basin and to the uncertainty sds to the interpretation of con-
ditions during the waning of the glacier,

‘The outlet, see Fig. 75, furnishes a good starting place for a
physiographic study of this lake. At the time of the writer’s visit
a dam of nearly five feet head was holding the lake above its natural
level. The present dam has been in for a few years only but the
waters for some time previously were periodically held up by log-
ging operations. The submergence and subsequent obliteration of
the former shore muakes the determination of the amount of flood-
ing difficult, but it is quite evident that this has been sufficient
to cause a decided renewal of the activity of the waves and cur-
rents, as will be seen from the description that follows.

Tke outlet flows northward through @ narrow channel which has
been cut from three to four feet below the level of the SWampy
lowland at this end of the lake. The outstanding feature in this
locality is a strong bar composed of sand and gravel which separates
the swamp from the lake. Tt stands well above the present level
even under the flooded condition and indieates & higher level of
the lake, which is amply confirmed at other points on the shores.
This former stage must have been the original level of the lake,

. a7
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Tig. 75. Outline map of Hubbard Lake, Alcona County.

Trig. 75. In one locality only, A, h‘dV? t'.he sho.l'e cmilen‘mfijrlslllsc;
.onrav deposited material. The deposit is in the for?} of a sp L
.'s*/wil;g’s outward with very gentle curvz}ture fm:'tu <:11‘?t§1}1ﬁi§a.ﬂv .
continues parallel to the shore as & sharp spit. ‘1‘:[;1((11)1 ,uthat
closed lagoon is open at the north end shom‘ng‘uv}]}mfi a %he)causxe
the effeetive currents flow northward along this shore. 3
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ix the greater reach of the waves from the sonih. The presence of
good-sized tree frunks standing in water along the bar max Dhe
taken ax an indication that this bav developed during the former
Tevel and alwo that the Iake has been flooded. The reason for the
currents leaving the shove in thisx locality ix obzeure and must
remain so until the conficuraiion of the hottom of the lake is KRowi.

Again at poiut B the currents have heen active and the cause of
their departure from the shore ig obviously the abrupt bend in the
shore line. In this case currents from both directions were involved
and a V-bar which enclosed a triangular swamp was built at the
former Jevel. The currents from the southeast were the more of-
fective and the bar is nnsymmetrical, the sharper curvature occur-
ring on the north side. From the map it will be seen that the shores
from which the material of this bar may have been derived are
about equal in length on each side. Thix balance is an apparent
one, for the moraine which causes Churchill Point comes to the
lake shores just east of the point and has furnished the greater
amount of material, as shown by the height of the cliffs which ex-
ceed twenty feet in places. In addition, the reach of the southerly
winds is mucl greater than that of those from the northwest, the
only ones which conld Dbe effective in the formation of the north
side of this bar.

Along the shore from B to Churchill Point considerable cutting
has been accomplished by the waves and a distinet submerged ter-
race is present. The outside edge is found usually at about two
hundred yards out and drops to deep water from a depth of from
fifteen o sixteen feet. This seems rather excessive as compared
with the depths found on other lakes of like size, but it wust be
remembered that this lake stands considerably above ifs normal
level.  The recent renewal of wave action is here attested by the
fresh eliffs which frequently slump, carrying trees and sod to the
beach.

Around Churchill Peint the moraine drops to a till plain into
which East Bay heads. This bay is exposed to waves of long reach
from the southwest which are intensified by the convergence of the
shores, and the shore adjustments were, consequently, exceptionally
well defined. The submerged terrace is wide and drops at a depth
of twelve feet to the channel of deeper water. Also bars were formed
at the higher level on each shore by currents running towards the
head of the bay. As in the case of the outlet, these bars cut off
the swampy lowland adjacent to Misery Creek, and the lagoon,
as well as the exposed portion of the terrace, grew up to forest
after the sinking of the level. Under the present flooded condition,
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the frees stand in water most of the thne and ave 1'&1)1«11,?' d?'ing_
he bar on the west side of the bay extends to the mou‘i’h of 1}hsg:r}.r
Creck, which has some difficulty in keeping an open (:imm‘lex. E:n}l
wave action is the predominant agent on this side and the bar ix
retreating landward in a very irregular fashion, due to the presence
of the drowned trees. On the east side of the Day the bav is better
preserved and terminates in a graceful hook at the entrance of the
small embayment into which Misery Creek flows.

To the south cliffs prevail as far as Sucker Cre.ek »zmd reu(:l% a
maximum beight at the projection opposite Churehill Point, which
is caused by <a morainic fragment. The broad swells and sags
cause an alternation of freshly carved cliffs and saudy. 1‘)02.1(3118&
which mayv be definitely described as bars only in the vicinity of
the mouth./ of Sucker Creek. The shore-drift is here to the t?outh as
shown by the turning of the stream in this diréetion. This sn.mll
stream huas brought much material into the lake and has depom?ed
it in a broad shoal, best described as a flooded delta. -Ice-acl'lon
has been powerful along this shore but the only locality where
its effects may be observed is at the attachment of the bar to t'he
cliffs north of Sucker Creek. It is likely that much more extensive
ramparts or boulder-lined strands were formed but h:ave been sub-
merged or destroyed since the flooding. The formation of strong
pressure ridges on this lake in winter, one of which occurs regg-
larly in this vicinity, makes it almost certain that the ice-push is
exerted by jams rather than by expansion. Where the pressure
ridge occurs, the lake is two miles in width as nearly as can be
measured on the map, an observation of value to the physiographer
interested in differentiating between the two types of ice-shove.

Below Sucker Creek ¢liffs again predominate to the south end
of the lake, which is bordered by the undulating lowland through
which the West Branch flows. The raising of the water level has
flooded this lowland and caused wholesale destruction of the trees,
except on low knolls which stand as islands above the swamp and
are sharply set oft by the green foliage. During the higher level,
the flooding was even more pronounced than at the present time and
a shallow embayment extended inland along the course of the West
Branch. The development of & bar from the east forced the West

Branch to the west side of the valley and cut off the embayment,
except for the channel maintained by the siream. The bar is ia
process of destruction at present, due both to the wash of the waves
and the spring freshets during which the West Braneh [reqnently
inundates the lowland, including the bar. The current of the stream
ig especially strong near its channel and consequently the destrae-
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tion of the bar has been carried farthest at the east end. In fact,
this process in conjunction with the flooding of the lake has so far
obliterated the end of the bar that the only surface indication is a
row of dead trees standing in water.

Along the west side of the lake the Jowland runs northward in a
narrow strip as far as Mud Bay, where it is interrupted by a spur
of the mowaine which usually stands from one-fourth to one-half
mile back from the lake shore. The lowland strip is somewhat
bigher than at the south end and, although swampy, has no marked
shore features below Mud Bay. This broad bay is caused by a sag
at the northern extremily of the lowland strip and was formerly
more extensive than at present. The reduction in size was caused
by the development of a complete bar which now forms the shore at
the head of the bay. This bar is exceptionally well developed, due
largely to its enlargement by subsequent ice-action.

Hardwood Point is being attacked by the waves to some extent
and has furnished the material for the bar at Mud Bay. However,
to the north ground moraine again borders the shore. This stands
considerably higher than the lowland below Hardwood Point and
low cliffs are the predominating shore features. In one locality
only have the sags extended below the lake level and this was com-
pletely isolated from the main lake by a bar. As at Mud Bay, ice
has succeeded in intensifying the bar and has remodelled it into
an iece rampart which rises nearly five feet above the lake. " Crow
Point is another interesting locality because a considerable portion
of the terrace of the former level is exposed here. The sandy ma-
terial of the ground moraine in this locality was very easily eroded,
and the low knob which extended well out into the lake at the
former level was planed into a terrace of greater width than usual,
so wide that it is not entirely flooded under present conditions.
Ice-action is again evident in the series of parallel ridges which
rise above this terrace.

From the above description it should be clear that but two stages
stand out in the history of this lake basin. Of these, the latter is
now submerged by an artificial flooding of the lake and we know
practically nothing concerning the adjustments which took place at
that time. Of those described all, except possibly some of the
effects of ice-shove, have occurred at the higher level. However,
the adjustments were carried to an advanced stage of devlop-
ment which determined to a large extent the outline and the gen-
eral character of the adjustments during the later stage. It is
true that the shores were not completely adjusted to wave action
and much material was therefore being distributed by currents.
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Nevertheless, much was accomplished and, in addition to the sub-
merged terrace, the embayments were reduced by bars. In most
cases the bars were completely developed and in numerous instances
strengthened by ice-action.  Among the votable changes accom-
plished in this way may be mentioned the embayments at the outlet,
West Branch, Sucker Creek, and Misery Creek.

The Jowering of the level was due to the downcutting of the out
let which wasg sufficient to account for a drop of about five feet.
Judging from lakes whose main adjustments have occurred at
higher levels, we may be reasonably certain that changes of a minor
character only were in process previous fo the flooding of the lake.
When a considerable depression of the level of a lake has faken
place, it frequently happens that the activity along a given shore
may be reversed from cutting to deposition (see Otsego Lake).
Such reversals are likely to take place where the terrace is Iocally
wide and probably occurred on this lake at Crow Point and the
delta of Sucker Creek. This, however, is conjectural and cannot
well be substantiated under the present conditions.

The most striking thing of physiographic import is the renewed
activity on the shores of Hubbard Lake, due to the artificial raising
of the water level to within about one foot of its former position.
The flooding of the adjacent lagoons, previously dry as shown by the
forest growth, and the freshly cut cliffs are the more evident effects
of this rejuvenation. In places, however, unexpected effects such
as the degradation of the bars of the higher level are found, even
though the water level stands lower than formerly. The sapping
of cliffs and destruction of depositional forms of a higher level is
due to the fact that the ponding of the lake by a dam holds the
water at the fiood stage for a longer period than neormal each year
and thus causes effects that are greater than would be the case if
the lake were allowed its normal seasonal fluctuation.

Ice action exerts a powerful shove on the shores of the lake and
mainly by jams, although some expansion may take place in the
narrower parts. In general, the effects are more frequently en-
countered and are better developed on the west side and consist
almost exclusively of ramparts formed on the bars which cross
the mouths of identations. Boulder-lined strands are not present,
although conditions both as to material and topography are fav-
orable for their formation. Ice jams are active on all shores of a
lake but have a tendency to exert a greater push on the east side.
Likewise wave action is more intense on the east side due to the
prevalence of storm winds from the west, and it is possible that

31
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many of the featurez due to ice shove have been destroyed on this
side while on the opposite side they are still preserved.

During the higher stage of the lake, its area was considerably
reduced by the cutting ofl of indentations but the lagoons had not
been filled when the level lowered. At present they are again
flooded and are rapidly being filled with vegetation. As regards
the main lake, little filling of any kind is taking place and, since the
outlet iy dammed, we may have little concern about the further
extinetion of the lake. Shore adjustments are far more important
at the present and will continue to be so as long as the high level is
maintained.

LONG LAKE, ALPENA COUNTY

This lake should not be grouped with the interlobate lakes nor
was it ever isolated by current action from one of the former stages
of the Great Lakes but is appended here for want of a better place.
In the naming of lakes deseriptive terms are very often employed
and those most frequently used are “round” and “long”. This is
especially true of the inland lakes of Michigan and, since these
names are duplicated many times, it is necessary to add a state-
ment as to their location. The lake under discussion crosses the
boundary between Presque Isle and Alpena counties near its east-
ern extremity and is divided into two almost equal parts thereby.
It extends seven and a half miles in a northwest-southeasterly di-
rection and nowhere exceeds one and a half miles in width. The
area is slightly greater than eight square miles, making the average
width in excess of a mile. The basin lies on the exposed terrace
of Lake Algonquin whose shore stood just west of the lake. The
torrace in this locality consists of a series of troughs and ridges
which run parallel to the glacial striations found on the bed rock.
It is probable that the ridge-and-frough topography existed pre-
vious to glacial times and wag modified, but not obliterated, by the
passage of the ice over it. As regards the troughs the modifica-
tion where the ice moved parallel to the trend of the topography
consisted mainly in a widening and deepening process, and the
effects produced varied locally due to variations in hardness of the
rock, fracture systems, and other factors. Where the erosion was
greater the trough was deeper and this, in conjunction with the
damming of the trough by glacial deposits may account for the
Long Lake basin. Yet the irregularities of the shoreline and in
the depth of the lake and the occurrence of numerous limestone
blocks, both on the shores and the bed of the lake as well, lead one
to believe that some other factors have been instrumental in the

A
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formation of this basin. Although positive evidence is not at band,
one cannot overlook the possibility of the effect of underground
drainage and the resulting sink holes. It is certain that a consid-
erable amount of the rainfall sinks below {he surface in this re-
gion andd flows to Lake Huron in subterranean channels. Sink holes
and disappearing streams arc nuinerous in the area from Thunder
Bay to Black Lake in Cheboygan County, and the former are found
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Fig. 76. OQutiine map of Long Yake, Alpena County.

within a few rods of Long Lake. Many of the smaller irregularities
of the shore are due to the removal of blocks along the frequent
joint planes but it appears difficult to account for the larger em-
bayments unless the possibility of sinks is admitted.

The surrcunding region is very thinly drift covered and in sev-

_eral places the bed rock outcrops on or near the lake zhove. These

outerops, however, are not numerous and have little effect on the
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" general ontline of the lake. The numerous large bonlders ave large-
Iy of Tocal derivation, that is, are of lin estone, and manv have been
pushed on the <hores from the lake bottom by ice.

The lake is reachied by o six mile drive from Alpena which brings
oxe To the southwestern shore. The south end of the lake iz held
by a dow sand plain which stands but slightly hieler than the lake
and ix swampy during high water. The sand beach which forms
the lower end of the lake is the best example of shore adjustment
to be found on {his body of water. Not only ix the material well
assorted and the eurvature even but a well-defined submerged
terrace ig present which has a maximum width of one-fourth mile
and drops at five to six feel. A low ice rampart skirts the present
shore but evidence of a definite current deposit was not found. The
rampart may possibly be a remodelled bar but this is not certain.
Yet the position of the ontlet at the southwestern side and its turn
to the east after leaving the lake indicate a drift from the east side
of the lake. The adjustment of this shore is due to some extent
to the topography and material but largely to the great reach of the
prevailing storm winds from the west and northwest. ‘The outlet
has cut a shallow trench through the sand flat; a matter of im-
portance in explaining the presence of shore features above the
present leve] found elsewhere on the lake. :

About a mile inland from the southwestern side of the lake the
bluff of Lake Algonquin runs approximately parallel to the lake.
The exposed terrace of this lake has a very thin surface cover near
the southwestern end of Long Lake and in places the rock beds are
exposed. At all outcrops the rock has been planed off and is
marked with striations which run paralle! to the lake basin. Such
evidence shows the part played by the glacier in the formation of
this baxin.

The shoveline north of the outiet on the west side has few irreg-
nlarities for about one mile and shows little adjustment. A broad
bay at locality A, see map, Fig. 76, marks the beginning of a very
irregular shore which persists nearly to the north end of the lake.

AT A the waves and currents have accomplished little, but a small
indentation on the north side of the bay has been isolated by an ice
rampart and is now well on the way to extinction by vegetation.
In fact, ice has been the most powerful agent on this shore and
waves and currents have been effective only in the most favorable
locations. Thus, ramparts are the common shore feature and in
many places are strong ridges of coarse material. At B currents
have turned from the shore and a well-defined, but small, hook
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pointing up the lake has been formed. Again at C the currents have
deposited detritus but in this case the spit s turned to the south-
east, showing a reversal in the direction of the effective currents.

Aone the south shore of the hav below point 1 an excellent ice
1‘;1111]);11‘(‘{, of at least five feet in lieight and containing boulders of
coveral tons in weight was found. The rampart diminishes to-
wards the head of the bay and disappears at the low flat which con-
tinues to the northwestward more thai one hundred yards. This
lowland was formerly a part of the lake but has been partially
drained and filled with vegetation. The bay is shallow and the
nmdd); bottom containg a heavy growth of reeds. In places the
shore and bottom are lined with a white sand which is found to be
composed almost entirely of shells, indicating the active formation
of shell marl. On the north side of the bay current action is well
shown by the spit which has grown an appreciable distance across
the bay. The material averages nearly three inches in size and
indicates the presence of a powerful drift into the bay from this
side. The presence of a rampart on the spit and the coarseness of
the material leads one to conclude that ice has been of considerable
importance in the building of this form. The spit is not increasing
under the present conditions and its period of most rapid develop-
ment must antedate the cedars of more than two feet in diameter
growing on its crest.

On the end of point D, where one might expect current deposits, a
submerged terrace, composed of rocks except for a sandy zone near
its outer edge, is present. This terrace, therefore, has been swept
free of finer material by the waves and undertow and has a com-
paratively narrow built portion. On the side of the point facing
the lake a narrow, but distinct, exposed terrace upon which bould-
ers are scattered is evidence of a former level of the lake between
two and three feet higher than that at the present time and shows
that the terrace was cut, wave activity having been the predomi-
nant factor in the adjustment of this point in the past. The tend-
ency for the houlders to stand near the former shore shows, further-
more, that ice has been active during the higher level.

The broad embayment north of D is caused by an extensive sag
in the Algonquin terrace. The present shores are composed of
rubble and show little adjustment. IFor the most part the irregu-
larities of this shore are due directly to variations in the Algonquin
terrace and adjustments, if present, are found at the projections.
fOne of the most interesting was found at F. The projection itseif
does not differ materially from those occurring so frequently along




246 INLAND LAKES OF MICHIGAN

this shore, but the small point which runs to the northwestward
from its extremiry is of considerable interest. In all but ome respect
this minor feature resembles an unsymmetrical V-bar. see Plate
NIV, B, Two bars meet in o blunt point and enclose a shallow
depression. That on the easf, or lake, side is the better developed
and is fronted by a submerged tervace while that on the opposite
side drops steeply bhelow the water level. On the east side the
bar has been remodelled in part into an ice rampart. The most
interesting feature in connection with this point is the coarseness
of the material of which it is composed. The smallest size of
particles was not less than one inch but the maximum was as great
as two feet in Jargest diameter. Also the rubble is for the most
part angular in form rather than rounded, the form characteristic
of water-worn material. Clearly this material has not been trans-
ported by waves and currents unaided and vet iz not the typiecal ice
rampart. It seems possible that stray blocks of ice in whose bases
rocks have been frozen may have been blown against the point
and upon partial melting dropped some of their load. The ma-
terial was then worked over to some extent by the pounding of the
ice blocks as they drifted with the waves, causing a spitlike form
of very coarse material. The exposure of this point to the south-
easterly winds whiel sweep up from the lower end of the lake ac-
counts for the greater development on that side.

Beyond Ir the irregular shore shows little adjustment until the
small bay designated ag & on the map is reached. On the east side
of this bay the terrace of the former level is present and is em-
phasized by ice ramparts at the shorelines of both the present and
higher levels. On the opposite side of the bay, which has the ad-
vantage of a relatively smooth shore to the west, the currents, aided
by ice, have succeeded in building a hook of coarse material similar
to the form found at I". That the currents along this shore are ve-
versed with the shifting of the winds iy shown by the hook which is
developing westward from the end of point H. The material of
this hook is sand and extends under water as a shoal of consider-
able extent. The point has been abruptly turned by the westerly
winds, giving the effect produced by tidal races in the ocean, as at
the tip of Cape Cod. In the small reentrant at I an interesting
series of five paraliel cusps pointing towards the middle of the
bay was noted at the time this study was made. These low water
forms are similar to those found on Douglass Lake, under which
their manner of formation was discussed. Just west of the indenta-
tion, a small projection of the shore is caused by an outcrop of
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thinly bedded lmestone which shows some undercutting by the
waves at the higher level. At present, however, the waves have not
heen able to keep the foot of the low cliff free from talus and the
point is, therefore, receding at a very slow rate.

Westward to the end of the lake, the shore is relatively smooth
and little adjustment has taken place. One rather prominent ex-
ception is the point at J which breaks the continunity of the cur-
rents along this shore. A spit of rubble up to six inches in diameter
is growing in a southerly direction from the west side and may cut
off a small bav in time. The contrast between the coarse material
of the spit and the sandv bottom of the bay in process of inclosure
emphasizes the importance of drifting ice as an aid to currents in
the formation of such features. It is iuteresting to note that the
northeasterly winds play the more prominent part in the shove
exerted by ice on this shore.

Bevond J there is little of intevest until the shore turns to the
southwest to form the small bay at the end of the lake. Here two
incipient spits arve developing and the material is again coarse
rubble indicative of ice-shove. The probability of these spits devel-
oping across the mouth of the bay is remote, for vegetation is well
started in the bay and literally carpets the bottom. TLilies and
rushes have also taken hold and extinction by vegetation before the
spits are completed may be expected. Within the bay the notice-
able shore adjustment is a well-developed ice rampart which stands
just above the high-water strand. The west end of the lake is
very shallow and is lined for most of the distance with a good sand
beach.

In general, the northeastern shore of the lake is more regular in
outline than the opposite shore and especially so from the west end
to the large bay at L. Adjustments by waves and currents are very
slight and are, therefore, very noticeable when present. Thus, the
spit which has developed from the end of the narrow point at K
stands out prominently and is an indication of the strength of the
easterly winds which have a mueh greater reach than those from
the west. But the relatively smooth stretch of shore to L is not
without interesting features, for here are found some of the best
examples of the effects of ice shove on the shores of the lakes of
our State. Ramparts are the striking features of the shore and
they are found in two almost continuous belts, representing the
former and the present levels. Ag a rule the rampart of the former
level is the stronger and stands from five to ten feet back of the
one formed under the present conditions. The stronger rampart




248 INLAND LAKES OF MICHIGAN
is a distinet ridge which frequently reaches five feet or more in : Mi"}',)ii-‘(-’j]“]);i‘(f;"l"]f\!“;'lilf"‘,‘(}.\v““d e S0 e Berles 25,
height and contains boulders of several tons in weight. The off-
shore slope was not swept free of boulders before the water level
receded and a quantity of material has been piled up since that
time in the present rampart. Nor is the process complete at the

Fig. 77. Boulder pushed on shore by an ice jam, Long Lake, Alpena County. This
boulder \x‘lll travel up the beach in stages and eventually become a part of the
rampart. (Sketch from photograph.) A, ICE-FORMED SDPIT, LONG LAKI, ALPENA COUNTY.

lasadd

T'ig. 78. Doulder pushed on shore by an ice jam. This boulder has nearly com-
pleted the journey to the strong ice rampart which stands a few feet to the right
and is hidden by the trees in the sketch. Long Lake, Alpena County. (Sketch from
photograph.)

present time for boulders are seen in the process of transportation
across the terrace towards the rampart. Two such boulders are
shown in Figs. 77 and 78 from which may be seen the trench along
which the rock has moved and the rubble piled in front like the

B. ICE RAMPART, APPLE ISLAND, ORCIHARD LAKE.
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“bone in the teeth” of an ocean liner. Several of these boulders
were scen on this shore and the paths of all were found to be
practically in ihe samne direction. This direction, moreover, was
not at rvight angles to the shore but from southwest o northeast.
These rocks were undoubtedly moved by the ice but the manner of
shove has not been observed by the writer. However, the fact that
large ice-jams occur on this shore of the lake and that the direction
of the movement of the boulders over the terrace is diagonal leads
one to believe that ice jams have been more effective +han expan-
sion, although the width of the lake is well within the limit for the
latter.

The Jake is very shallow off this shore and the bottom is com-
posed of large angular boulders except for 1 zone of sand near the
shore.  No “drop off” could he detected but the sand zone is con-
sidered its equivalent, its outside edge marking the outer limit of
the effects of the undertow.

The bay at L is shallow but, nevertheless, waves of considerable
power have removed the thin drift cover and exposed the lime-
stone on the west side. Vegetation is gradually taking hold and
will aid in the extinetion of this arm. Another factor of importance
in this connection is the action of currents and ice off the point at
the east side of the entrance. The greater portion of the point which
separates this bayv from the main lake was original with the lake
basin, but the end has developed into a hook, typical in all re-
spects except the size of the material, which is frequently as much
as six inches in diameter. Thus, the beach is evenly curved, a de-
pression stands to the rear, and the bottom slopes gradually off
shore into the lake but drops steeply on the bay side. Currents
have clearly been the important factor in its formation but the
large size of the material leads to the conclusion that ice has been
instrumental to some extent. However, near the end of the hook a
peculiar offshoot, see Plate XV, A, has developed at right angles
to the general trend of the shore. This spit, which is composed of
large, angular material, is, furthermore, serpentine in form and
could hardly have been formed by currents alone. One is com-
pelled to account for its formation in a manner similar to that of
the point at F on the opposite side of the lake. Currents are effec-
tive on the south side of the point also and have built a blunt spit
of rather coarse material. Currents from both dirvections are con-
tributing to this point but are making slow progress, due to the
deeper water in this part of the lake. Ice push is very effective
on the end of this spit and has piled up a rampart fully six feet
in height.
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To the southeastward the beach, although composed of rather
coarse material. is of even curvature until the bluffs of the higher
ground at M ave reached. Considerable adjustment has taken
place along this shore, as is shown at the small indentation just
north of the bluffs which has been separated from the main lake
by an ice rampart. It is probable that currents were instrumental
in the isolation of this indentation in the early stages and that the
bar thus formed has been remodelled by ice. The currents in this

case came {rom the west and, after the completion of the bar, swung:

around the apex of point M and were turned from the shore a
little farther on. Currents from the opposite direction also left the
shore in this same locality and as a consequence a blunt spit has
developed which is similar fo the V-bars already desecribed. The
material is large for such a form, the usual diameter being about
one-inch with a maximum of four inches. Here also the ice has been
effective and has formed a rampart comparable in size to that found
on the point below bay I. When seen by the writer the currents
from the southeast had the advantage and were building out on the
north side, but this condition may have been temporary. In gen-
eral, the svmmetry of such a form is a safe indication of the strength
of the forces which are active in its development. Shoals run out
into the lake from two hundred to three hundred feet in front of the
points along this shore and are sufficient to turn the currents out
into the lake. In most cases the shoals are of rock, but at N a
definite built terrace of sand which drops into deeper water at five
feet is present.

To the southeast, the shore is broken by a number of small
points and the shallow bay at O. A small spit on the north side of
the bay indicates some current from the northwest but this is
necessarily feeble due to the irregularvities of the shore along which
the currents develop. On the south, however, the currents from the
opposite direction are much more pewertul and have built a hook
which, with its submerged continuation, extends two-thirds of the
distance across the mounth of the bay. The shore {o which the hook
is attached has a very low slope and a broad flat is exposed duaring
periods of low water. Muech of the material on this flat ix coarse
and several boulders.were noted which had halted in their journey
towards the shore. These have undoubfedly been pushed by ice
and, inasmuch as the direction of the paths agrees with that found
on this shore near the upper end of the lake, ice jams ave believed
to have been the propelling force.

The shore to peint P is more regular and shows little adjustment
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save for the assortment of the beach material which is relatively
coarse for a lake of this size. At P currents, developed on
both sides of the projeciion, have left the shore and built a blunt
Vhars, This bar is, in reality, composed of two V-bars, one built
onfside the other. The one nearer the land is the older and the en-
closed lagoon is now fitied with vegetation, whereas the outer has
developed subsequently and the wet lagoon supports a growth of
rushes. It is probable that the older lagoon was formed at the
higher level but not until a strong ice rampart had been piled up
at the old shore. The outer lagoon is the result of the activity of
currents under the present conditions and is developing most rap-
idly during high-water. Obviously, the currents from up the
lake are the more powerful on account of the greater reach of the
winds, the longer stretch of shore, and the protection afforded by
point Q to the short strip of shore to the south.

Point Q is a peculiarly shaped projection which originally was a
narrow strip jutting out into the lake. Strong currents evidently
swing around this point from the southeast, and as a result the end
is a well-developed hook whose point of departure from the original
point may be readily detected by the ice rampart at the former
shore. At present the hook is growing direetly towards point P
and may in the course of time enclose the narrow strip of water
between the two points. The turning of @ to the northwest is in-
teresting in view of fthe fact that the two points between this and
the southeastern end of the lake are both spifs pointing in the
opposite direction. It appears, then, that the turning of Q is
due to the protection of the shore to the northwest by P rather than
to exceptionally strong currents from the opposite direction.

The first of the spits below Q was caused by a bend in the original
shoreline sufficiently abrupt to throw the currents from the shore.
The material is coarse and has been pushed into a rampart on the
lake gide. The main shore protected by this spit is a smooth sand
beach but gives way to coarser material beyond the end of the spit.
Nearer the lower end of the lake a narrow strip of the lowland bord-
ers the lake and formms a fringe of swamp. The second point de-
veloped across a depression in the swamp during the higher level
and encloged a narrow lagoon which is now grown up to marsh
grass and may be flooded during very high water.

The basin of Long Lake, then, may be assigned to glacial scour
with the possibility of solution by greund water as an added
factor. The irregularities of the shoreline furnished opportunities
for numerous adjustments of the shores by waves and currents, and
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the abundance of coarse material as well as the topography of the
shores is favorahle 1o development of forms due 1o ice 3)11;11. The
adjusiments by waves and currents have seldom passed Leyond the
early stages but those due to ice have produced some \'01"; marked
result=.  In fact. ice ramparis ave by far the most ]’)ron(l)unced of
all the shore featnres on this Iake and there ix hardly a locality
where they may not he observed. Both types of ice si10ve are eg-
?eciive but the writer is inclined to lay the greater sivess on ice
Jams. Furthermore, floating cakes of ice scem to have plaved at
ig;ii:e:ubmﬂnmte role in the shapin»g of some of the depositional

The lack of adjusiments by waves and currents may be assigned
to several factors. Undoubtedly waves of considerable size run
lengthwise of the lake but lose much of their force before reaching
the shore on account of the uneven surface and the flatness of thz
off shore slopes. Tlhe greater part of the work done by the waves
has been the assortment of the beach material, accomplished by
.the removal of the finer particles. The paucity of current deposits
15 due in part to the very irregular shore which prevents the forma-
t?on of currents of sufficient continuity for large effects. In addi-
tion, ’{he material npon which these forces are acting may be of
some lmportance. In general lake clays, boulder clay, anud lime-
stone are the materials encountered. The disinteg]‘a‘zilon of both
the lake clays and the till furnishes little sand but rather a slimy
mud which is carried out onto the lake bottom. This mud is very
calcareous and may account for the lime deposits which accumulate
on .th.e pebbles near shore, although it is recognized that such de-
posits are formed by the action of lower plant forms.

The two stages in the history of the lake conform to the general
conditions found ou our inland lakes. The drop in level isbdue to
th_e (?owncutting of the outlet and has oceurred rather rapidly. If
this is c‘ontin.uing at the present time, the process is a slow one and
the probability of the Iake being drained is remote. Vegetation has
taken hold in a few localities and some marl is being deposited
but it seems best to consider the lake in a youthful stage of de-
velopment,

CHAPTER VII
INTERIOR LAKES OF THE SOUTHERN PENINSULA, CONT
LAKDER OF THE EASTERN INTERLOBATE AREA

ORCITARD LAKE

In a glaciared region the largest and most diversified deposits
are found in the interlobate areas. As has been stated heretofore,
in the reentrants between any two lobes of ice the rock debris is
supplied from two ice fronts, and the accumulation is, therefore,
not onlyv much greater than that of a single front but also the
torms are very irregulavly distributed. In such regions the con-
tinnity and arrangement of the deposits ave greatly disturbed, or
wanting entirely, and the topography consists of an intricate patch-
work of the varions glacial forms. Undrained depressions are,
therefore, especially numerous but are usually small on account of
the lack of continuity of the deposits. In the interlobate area which
stretches southwestward from the Thumb, the surface is literally
dotted with lakes and from certain eminences as many as ten to
fiftteen may be scen. OQakland County is especially favored in this
respect; more than one hundred named lakes appear on the Pontiac
topographic map which represents about onefourth of the area.
The lakes are all small, ranging from a maximum of about two
square miles down fo insignificant ponds, and lie for the most part
in morainic hasing or pits in the outwash. Two of the larger of
these lakes, Orchard and Cass, were selected for study on account
of their size, popularity, and accessibility, but the writer realizes
fully that the work should be extended to include groups of lakes,
possibly on the basis of drainage systems.

These two lakes are part of a group which lies southwest of
Pontiac and drains into the Clinton River. They may be reached
via the Jackson Branch of the Grand Trunk R. R., the Detroit and
Orchard Lake interurban cars, or by automobile over excellent
roads. They both lie in rather large morainic basins and are,
therefore, rather simple as to origin, The shores, bounded by mo-
raine, are varied as to relief but uniform as to material. The stiff
boulder clay is not readily eroded by shore agents, and on small
lakes, such as Orchard and Casg, the adjustments of the shores are
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Fig. 79. Topographic map of Cass and Orchard lakes and vi(fi/i{€$O~ la

(Irom U. 8. G. 8. Pontiac qu}xd‘ran‘gle.)‘ ¥, Qakland County.
Fig. 79. The lake is entirely surrounded by moraine which rises
well above the water, dipping only oceasionalily to small undrained
swales.  The sheres are well drained for the most part and ad-
vantage has been taken of the many excellent iseationg for sunﬁmer
homes. The lake is decp (reputed to be one hundred and seventy-
five feet) but systematic soundings have not heen made, so that thue

sufficient work has been done
and a higher level to make the studv in-

ix emphasized by Apple
center of the lake. See
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exact depths are uot at hand. For our purpose it is sufficient to
know that the waves may develop free frowm interference by the
hottom except in the vicinity of the shores. The lake receives the
water of Pine Lake, which stands to the west, through a small
channel of very sluggish current as the lakes stand at about the
same level. Ovchard in turn empties into Cass Lake, which stands
one foot Iower. throngh a similar channel across the narrow neck
of land on the north side. T'rom Cass Lake the drainage passes
through Otter and Svivan Lakes to the Clinton River whieh is
dammed a short distance below Sylvan Lake. The total fall
from Pine to Otter Lake iz about two feet, 2 fact which may be ac-
counted for in part by the damming of the Clinton River. Yet, it
is doubtful if the drainage above Cass Lake is affected by the dam,
and the slight difference in the levels of Pine and Orchard Lakes
is due to the flat gradient and short course of the outlet.

The outlet of Pine Lake enters Orchard at the narrowest part of
the land strip which separates them. This insignificant stream
flows through a swamp which extends to the shores of Pine Lake.
No indijcation of bars or ramparts was noted along the Orchard
Lake shore but a well-developed bar crosses the flat on the Pine
Lake side at a level slightly above the present. Thus, the two lakes
were originally connected, forming part of a larger and very ir-
regular lake which included Pine, Orchard, Cass, Otter, Sylvan and
possibly Elizabeth lakes. Also during this early stage Pine and
Orchiard were separated by the development of the bar just men-
tioned.

Scuth of the outlet of Pine Lake the shores of Orchard are ex-
posed to the powerful west winds and the waves have the full sweep
of the lake. The land sfands well above the lake level except for
two small sags, so that the adjustment of the shore has been accom-
plished mainly by wavex. They have formed a steep cliff in the
compact till and a well-defined submerged terrace which reaches a
width of one hundred to oue hundred and fifty feet and drops into
deep water from depths of five to six feet. The recession of this
cliff straightened the shoreline to some extent but currents were
also instrumental, ax shown at the sags. In both cases the re-
entrants were cut off by bars which have since been remodelled into
ice ramparts. The first sag, A on map, Fig. 79, is a small morainic
depression which, since its separation from the lake, is filling rapid-
ly with vegetation.

Around the south side the lakeward slopes are very gentle and
the adjustments much less pronounced than on the east side. The
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submerged terrace swings in close 10 the shore and the cliffs are
very low. The adjustment of this shore consists mainly in the
transportation and distribution of material from the east side by
carents, forming a sand beach and built terrace. Between Orchard
and Upper Straits lakes a flat saddle interrupis the uniform condi-
tions of the south side. and the adjustments of the shores are
negligible. The lowest part of this saddle stands about five feet
above the present level of Orchatd Loke and serve: as a very nar-
row divide between the two lakes during the higher level. The
blunt point, B on map. is a part of the saddle and shows no current
activity.  North of this point the land rises t0 o rolling moraine
and low clilfs of variable height face the shore. The absence of
current deposits at B leads to the conclusion that the material from
these cliffs has been transported northward. This material was
deposited in two spits near the entrance to the embayment at the
northwestern part of the lake. The first spit lies divectly south of
Cedar Tsiand and is oo small to be shown on the map. It is slight-
Iy recurved near the tip, almost enclosing a narrow lagoon, and has
been converted into an ice rampart near its attachment to the
shore. The second spit lies west of Cedar Tsland and is much the
larger. The currents along the west shore continued bevond the
first spit but were forced directly out into the lake at the second.
Thus they dropped practically all their load and have built the
larger spit in this locality. It is doubtful if any material was sap-
plied from the west for the bay is small and the shores are mucky.
In fact, the bay is being filled with vegetation at a rapid rate
and the heaviest growth occurs on the south side,

The hills which form the west and north sides of the bay are
separated by a low sag which extends through to the west end of
Cass Lake. This channel is a swamp from Cass Lake to the road
and stands less than three feet above Orchard Lake at its highest
point,—the road crossing. If allowance is made for some filling
along the highway, it seems probable that a shallow connection
formerly existed between the two lakes in this locality.

North of Cedar Island a small knoll forms a point on the main
shore which was sufficient to turn the carrents from the shore. The
material transported along the north shore to +his point is appar-
ently very small in amount, since the spit has made little headway.
However, it is pointing directly towards Cedar Island and its con-
tinuation would tie the island to the mainland. A contributing
factor in this connection is the spit growing landward from the
north end of the island but much is yet to be accomplished. Cedar
Island is a low knoll which may serve as an excellent index to the

Vat the west end as well as at the north.
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activity of the shore agents in this part of the lake. The north
shore ;hows no adjustment and the waves has:e no1t prevented Va
thriving growth of vegetation. On the south sn.de the waves ?mx.e
carved the slopes into low cliffs, and the material has beenr Emni
ported in both directions by reversing currents, ‘z%s‘shown 7b§ u“slvn

In addition to the waves
and currents, ice has been effective and has pushed boulders into
the cliffs and the landward portions of the spits into well-defined
ramparts. The possibility of the island attaching itself tc? ﬂx?
nmiﬁland by the growth of the spits at either end suggests 1tse.h'.
Lut thig is improbable on account of the limited amount of material
in this small island.

The north shore is a succession of cliffs which drop to lake level
in {wo places only. In beth cases the low areas are chaunels which
connected with Cass Lake during the early stages of the higher
level. Bars developed from the west across both channels on the
Orchard Lake side and were later pushed up into ice ramparts.
The westerly connection was completely obstructed in this way and
Beebe Take was formed midway between the two lakes. The east-
erly channel was never completely closed and is now occupied by
‘th(; outlet of the lake. In the vieinity of the Military Academy the
adjustments are obscured by “improvements.” One might expect
at least the beginning of a spit where the land drops to the flat
separating Pine and Orchard lakes but, if so, it has been covered
by the highway. o

Apple Island is a somewhat elongated cluster of merainic knobs
that stand well above the level of the lake. Its location near the
center of the lake exposes all of its shores to agents of approxi-
mately equal intensity, and differences in topography are, there-
fore, more important in determining the adjustment of the shores
than the wind direction. Waves are very active and have carved
steep cliffs along the entire southern and the greater part of the
northern shores. At the blunt projections, however, the slopes were
originally flatter and the effects were more pronounced in some re-
spects. Not only were the waves able to cut a wider terrace but
also currents were able to add to this, although no definite bars

were formed. In such localities the sinking of the water level ex-
posed relatively broad terraces which are excellently preserved and

furnish the clearest evidence of the former level of the lake. The
points on the west, north, and northeast shores are well worth in-

spection. The expansion of the ice during the winter is also effec-

tive on the shores of the island and especially so on the south and
33
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east sides, due to the greater expanse of the lake, On the sast side
the outer edge of the exposed terrace has been pushed into a ram-
part, see Plate NV, B, which obstructs the drainage and causes
swamp conditions in places.

CASS LAKE

A convenient starting point for the study of Cass Lake is Dollar
Lake. This little pond lies in a pit in a fragment of outwash that
borders a part of the east shore of Cass Lake and is now a muck
basin, rapidly deereasing in size on account of the encroachment
of vegetation. Dollar Lake was formerly in direct connection with
Cass Lake but the chiannel became so erowded with plants that it
was necessary to open it by dredging.

With the exception noted, Cass Lake is surrounded by moraine,
composed of broad swells and sags rather than sharp knobs and
basins. Consequently the shores are either dry or are swampy for
long stretches. The south shore stands conqmtonﬂ" well above the
lake and the shove features ave so nniform that (he few exceptions
are greatly emphasized. Leaving Dollar Lake, one’s attention is at
once attracted to the point across the bay. The major portion of
the point is due to a knoll which juts well out into the lake but
the narrow eastward projection is clearly a spit. The spit stands
more than two feet above the present level of the lake and is covered
with grass and trees. See Plate XVI, A. Near its attachment it
has the characteristics of an ice rampart which continues along the
edge of an exposed terrace surmounted by a elitf. The effects of
waves, currents and ice may be seen within a short distance and
indicate a higher level for this lake which corresponds exactiy with
the former level of Orchard Take. The disturbing feature is the
present aectivity of the waves which is removing the rawpart and
spit, laying bare the roots of trees. See Plate XVI, B. This is un-
questionably a renewal of activity and is due to an elevation of the
water level, probably a result of the obstruction in the Clinton
River.

South of the spit the exposed terrace soon plays out and the
shore is faced by a cliff which is continuous to the outlet of Or-
chard Lake, with the exception of a narrow gully about midwaxy.
This cliff, pounded by waves driven in from the w est, has furnished
the material for the spit above. The renewed activ ity of the waves
is clearly seen in the fresh cliffs, landslides, and undermined trees
and may result in further extension of the spit after it has adjusted
its position to the new conditions.

Alichigan Geological and

I'ublication 50, Geological Seriex 23,
Ilate XVI

Riological Survey

Ao SPIT, CASS LAKE.

B. DISSECTION OF ICE RAMDPART, CASS LAKE.
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The outlet of Orchard Lake and the Beebe Lake channel interrupt
an alwost continuous cliff to the west end of the lake. Wave ac-
tion is less intense along this part of the shore on account of the
restricted reach of the waves and fresh scars are pot abundant
on the face of the cliff. Also a boulder-lined strand is still intact.
Farther west wave activity is still less and two neighboring gullies
are able to maintain a small delta in the lake. Strong currents
are undoubtedly set up along this shore but conditions are un-
favorable for deposition at present. During the former stage, the
depressions at the Orchard Lake outlet and the Beebe Lake de-
pressions were crossed by currents, but the latter only was ob-
structed by a bar. The position of the outlet of Beebe Lake near
the east side of the depression shows that the bar developed from
the west.

Near the west arm the exposed terrace of the upper level appears
and widens towards the bay. It reaches its greatest width on the
south side of the bay and then diminishes. Outside the bay on the
west shore the cliffs rise dirvectly from the beach. The presence of
the exposed ferrace in the more protected places leads to the con-
clusion that it was formerly continuous and has been removed sub-
sequently to a very large extent. The cliffs extend to the neigh-
borliood of Gerundegut Bay, which was formerly an extended but
shallow arm of the lake. The dropping of the water level exposed
more than one-half of its bed and the shores are consequently low
and swampy at the present time. Tic entrance to this bay is re.
stricted to a channel which does not exceed forty feet in widil,
the remainder, as shown on the map, being blocked by very shallow
water grown up to rushes. The shallow water appears to be due
to submerged terraces which were extended from either side by cur-
rent action. The greater extension of the terrace on the west shows
that the currents from this direction are the stronger. This may
be due to more favorable shore conditions combined with the greater
effectiveness of the southwest winds. Within the bay the adjust-
ments are uncertain, for the shores are lined by swamp, and filling
by vegetation is the dominant physiographic process. Between
Gerundegut and Coles bays, the shores consist of the swampy ter-
race for the first half of the distance but beyond rise to eliffs which
extend to the west side of Coles Bay. 1In contrast with Gefundegm
Bay, Coles Bay is deep and has a relatively narrow entrance. A
minor indentation just west of the entrance to the bay was cut off
by currents but much more important adjustments are found at the
bay and along the shore to the east. The small spit at the west
side of the entrance to Coles Bay seems rather insignificant on
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under water nearhf 510(;?;:“;]111?;0:1 discloses that its continuation

exceeding three feet in depth. I;f;iil) ».Ule 1wate%1 above 'if nowhere will prevent a fall during the dry season is eguivalent to a higher
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vary considerably in level during the season and any cause which
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haxin, in which case Orrs Point and Cranes Island were <eposited
later when the ice retreated. ‘During the retreat of the glacier the
ice persisted in the basin and upon melting formed the outwash
about the south end of the lake.

Long Lake lies in the drainage of the Shiawassee River which now
flows directly into the east end of Mud Lake through an artificial
channel. From Mud Lake it follows the sonth side of a moraine
westward for more than fifteen miles before crossing. On all maps
which the writer has seen the outlet of Long Lake is placed at the
north end connecting with a branch of Swartz Creek. This outlet
undoubtedly functioned but was artificial. Discussion concerning
the former natural outlet will be found Dbelow.

An excellent distanee view of Long Lake may be had from the
high kame south of Fenton and from this eminence the irregular
outline of the lake is very apparent. From this view and a study
of the map it is seen that the lake consists of three basins set off
by Orrs Point, and Log Cabin Point and Cranes Island. It also
appears that the west shore is much more irregular in outline than
the east, but this is less pronounced when the adjustments of the
east shore are taken into consideration, as will be seen later.

At the south end of the lake the low remnants of outwash slope
gently to the lake and have been carved into a well-defined terrace
which stands between two and three feet above the present level.
Wave activity in this small arm of the lake is moderaie and the
shores are grown over*with vegetation, consequently the beach is
poor. Towards the outlet the land is higher and well-defined cliffs
were formed at the higher level. In the neighborhood of the out-
let a low flat which stands below the former level of the lake ex-
tends westward and connects with the former channel of the Shia-
wassee River. The south arm of Long Lake now shows an interest-
ing anomaly in that the outlet now leaves the lake across what ap-
pears to be a delta which extends to and includes the small island
in this part of the basin.

If this formation is correctly interpreted, it is evident that the
Shiawassee entered the lake at this point during the former level.
At this time two outlets were possible, one just north of Orrs
Point leading back into the present Shiawassee valley, and another
at the north end of the lake. Of the three channels leading from
the lake, the one now occupied by the outlet was the lowest and
naturally accommodated the outflow when the lake level dropped
permanently. Yet it is possible that it may have served as an inlet
during the former level under flood conditions of the Shiawassee, at
which time great quantities of material were brought into the lake




264 INLAND LAKES oF MICHIGAN

331% deposited, forming the delia. On the other hand when the
;\Sa 511 es i?:;lilte(\lvg?;ng.ﬁle d’ry sez.lson this channel may ilas‘e served
ettt aad a sluggist current so that the delta was
rThe- south arm of the lake is relatively deep and a well defined
off-.shor-e terrace drops into deep water furem a depth of four f edlf
(’}I‘Illuflterr:c:e has been remodelled under the present conditionsetO.
ait veertain extent and inferences from it as 0 4 treng :
\.mr'k of‘the waves are of little value. As a i\bﬂéotltllgesz;lfgzit(l)lf T]ld
i{ermce 15 covered with heavy deposits of marl which Ais of N
cial value on some of the nearby lakes. ’ e
f§f)1°th of the outl.et the shores are low and in places the terrace
of the upper level is exposed. Similar conditions prevail on the
south side of Orrs Point, a morainic ridge which runs nefu’i " to the
ea.st shore, forming a narrows of less than one hundr(ed}fe' ti
width. During the former level considerable material Waé c‘li;'lg
ouf‘ward along the south side of the point and deposited {n :1 le't
\\"hl(‘h threatened to close the channel. Under pres;entkcénditisoll)lls
Iittle \\‘*ork is being done on this shore and the spit is not growing
apprecmb]y. t‘& like condition exists on the north side bat tbhe S i*b
although possibly of greater extent than that on the south 'Iilt}
had accomplished relatively less in the filling of the channel s;fhe;
nozjth shore spit is attached to g narrow terrace of the up )er.’ lev 1
which stood thirty inches above the water level at th(lzlvtime‘ett
measurement.  Ice shove is here evident in the line of bould (‘)
along the shore and a partly demolished rampart at the outer e f;s
of the terrace. Westward into Black Bass Bay cliffs Pisehfroin (tjlb .
present shore, showing that the waves not only have 1’*emo"el1 thle
}lpbe?‘ level terrace but are still furnishing material some of‘ Lr" i If
ls.bemg added to the spit at the end of the point. Thug, 11 “‘mc'
still a possibility of the isolation of the south arm' v
Blac.k Bass Bay stands on a till plain and is very ‘shallow with th
excep.tlon of a small hole near the west end. This probably w the
location of an isolated ice block. Within the bay a sliufrhtas y ]i
near the north shore forms Duck Island. The low r-el;efb a S'Wg' |
cated by the shallowness of the bay, extends westward from, ’chse llnkl-
to the old channel of the Shiawassee. This flat staﬁds slightl 2;0 :
low the‘.level of the former stage and, if not an outlet Wasba by ((31‘
arm which connected this basin with the lake basin  whi o ¢
iy 8 which lie to
beTILe “;)est sholfe north of Black Bass Bay is lined with a gravel
veach above which stands an almost conti g Y
upper level. Currents as well g waves areta]:tli(s)‘gsﬂtoerllZafgisoﬁhzgs
along this
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and those from the south leave the shore at the end of Pine Point.
Southeaster]ly winds are 1he only ones which cause northward drift-
ing currents on this shore and, since these winds are not of long
duration nor great intensity, the amount of material transported
is relatively small. Nevertheless, a well developed spit was formed

at the point during the upper level and is continuing its growth

under the present conditions. Ice action is also effective near

the attachment of the spit and has formed ramparts at both the
apper and present levels.

Within Cranes Cove wave action is slight and the exposed ter-
race is well preserved. Near Crane's cottage ice has formed a ram-
part at the present shore which obstructs the drainage of the ex-
posed terrace locally, forming a lagoon-like swale. At the head of
the cove the terrace widens to a swamp which extends westward to
the road and was a shallow arm of the lake during the upper level.

The shallow water between Cranes Island, or Cases Island, and the
west shore establishes a close relationship between the two. The shal-
fow water, however, is not due to current action, and any direct con-
nection of the island with the mainland will be accomplished by
filling by vegetation which has already established itself. The
island is a low knoll of nearly twenty-five acres in extent. The great-
est activity along its shores at present occurs on the south side
and is due to waves. They have removed the terrace of the former

level and ave cutting back cliffs of from twelve to fifteen feet in
height. On all other shores the exposed terrace is well preserved.
The preservation of this terrace on the north side seems singular in
view of the exposurc of this shore to strong winds of considerable
reach. It is due to the flatness of the off-shore slope, which has
been intensified by the sinking of the water level and greatly re-
duces the effectivenss of the incoming waves. The adjustment of
the shores during the higher level was accomplished mainly by the
waves, as shown by the exposed terrace on all sides but the south.

However, westward moving currents developed on the north shore

and succeeded in building a small spit at the northwest corner of

the island.

North of Cranes Island on the main shore, the terrace of the
higher level makes a slight notch in the gentle slopes and is con-
tinuous to the swampy depression which may have functioned
as the outlet of the lake. This channel is partially closed by a
strong ice rampart, the best example of this feature found on the
lake. It is possible that this channel served as an outlet during
the higher stage but, if so, was secondary to the Shiawassee River.
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CHADPTER VI
LAKES OF THE NORTHERN PLENINSULA.

DREVORT LAKE

Brevort Lake is one of the largest lakes of the Northern Penin-
sula and lies approximately twelve miles northwest of St. Ignace
and within one mile of Lake Michigan. Allenville on the Duluth,
South Shore and Atlantic R. R. is the nearest stop and a short
drive brings one to the cast end of the lake.

The lake is five and one-half miles long and nearly two and one-
haif miles in greatest width. See Iig. 81. The south shore runs
nearly parallel to that of Lake Michigan, that is, northwest-
southeast, but the north shore takes a nearly east-west direction so
that the lake tapers towards the west in general outline. It covers
an area of 6.7 squave miles and its average width is about one
and one-fourth miles.

The lake lies in a shallow basin surrounded by low ground for
the most part. Near the southeastern end two low knolls rise
above the sandy plain. These knolls are of hard rock thinly covered
with glacial material. They are surrounded by a sand plain which
formed a portion of the bed of Lake Nipissing and now borders
the east end of the lake. On the north side a flat swamp extends
from the lake shore northward to the Carp River. This swamp
closely resembles outwash in that its surface is flat and the material
ig sand, but stands somewhat lower in elevation than the outwash
plain at the west end of the lake. The south shore from Luepnitz
Bay to the west end is bounded by a belt of sand dunes which rise
nearly one hundred feet above the lake and are the highest land
in the vieinity. These dunes form the inner border of a narrow
sand strip that separates this lake from Lake Michigan. Beyond
the dunes is a series of bars, parallel to each other and the Lake
Michigan shore, which are separated by shallow troughs grown
up to swamp grass. Near Lake Michigan another belt of dunes
is found. From the elevation of the bars it is clear that Brevort
Lake was a part of Lake Nipissing in its early stages but was cut
off by a bar which stood near the location of the inmer belt of
dunes. This stage was of relatively long duration and the constant
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the cause of the depression in which Brevort Lake lies is not clear
at present but it is certain that the lake has been isolated by cur-
rent action and thus may be classed as a lagoon.

The relatively smooth east-west shore on the south side of the
east end 1s caused by one of the low rock knolls covered with a
veneer of drift. Along the shore the waves have removed the finer
drift and exposed blocks of limestone which have been foreed into
the low cliff by ice. Some expansion of the ice takes place in
winter but ice jams are the wmore powerful, according to the state-
ments of the inhabitants of the region. Along this shore as far
west as the point, A on map, which is caused by the southward
turn of the shore into Luepnitz Bay, is a wide submerged terrace
which drops into deep water at six feet. The west edge of this
terrace is in line with the extension of the shore of Luepnitz Bay.
On the west side of the point a distinet boulder-lined strand stands
above the sand beach of the present level. This strand probably
represents a natural level of the lake, which is low at the present
time, due to the blowing out of a log jam at the outlet. The blow-
ing out of the dam accomplished more than its purpose and deep-
ened the outlet.

Along the east shore of Luepnitz Bay two small swamps drop be-
low the general level. XNo current action was noted at the swamp
nearer point A but the more westerly swamp is completely cut off
by two parallel bars. The bar farther inland is the stronger and
indicates a stage during which the lake stood nearly six feet above
the present level. This stage will be referred to as the Higher
Level. The second bar was formed during the Upper Level which
preceded the deepening of the outlet. West of this swamp a smooth
sand beach runs to the southwest shore of the lake. The shore of
Lvepnitz Tay is exyosed to streng westerly and northerly winds
which have caused a well-defined submerged terrace extending
approximately one hundred vards off shore. Also much material
ix carried eastward along this shore and deposited on the terrace
off point A, forming a broad, submerged hook.

The entire south shore is lined with sand dunes whose back
slopes rise steeply from the lake, At present, the dunes ave fixed
but formerly they encroached on the lake from the west, causing
a projection of the shore at each dune. Such projections were
more exposed to wave action than the intervening shore and were
cut back rapidly on account of the easily eroded sand. In this way
a relatively smooth shoreline developed, but below the water level
a triangular terrace extended off shore from each dune. The reces-
sion of the cliffs and the formation of the triangular terraces prob-
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ably took Place during the Higher Level of the Iake. With the
recession of the water to the Upper Level, conditions were reversed
and currents began to deposit along the edges of the triangular ter-
races. Thus, at the present time these terraces are deeper in the
center and resemble V-bars, From the vicinity of the outlet to the
west end of the lake, westward moving currents are the more power-
ful and the triangular terraces have been remodelled in form as well
as surface. They, therefore, are extended in g northwesterly di-
rection. The best example of this is point B which extends north-
west two hundreq yards beneath the water,

The outlet bends abruptly to the sotitheast soon after leaving
the lake and flows in a direction paraliel to the southwest shore
of Brevort Lake for nearly three miles before tarning towards
Lake Michigan, Tt then doubles back on its course for more thany
a mile and finally enters Lake Michigan on a reverge curve, that is,
swings back to the southeast. The turning of the upper part of its
course is due in part to the growth in a southeasterly direction of

the original bar which separated Brevort from ILake Michigan

and also to the general {rend of the topography where not covered
by dunes. The ontlet was not followed by the writer to Lake

Michigan but the final turn to the southeast is probably due to the

drift along the shore in this direction,

The sags between the dunes vary in elevation above Brevort
Lake and in many places are low enough to cauge swamp condi-
tions along the shore. At such places the exposed terraces of the
higher levels are wider than usual and have no distinet line of
separation, giving the effect of a single terrace of exceptional
width. No definite barg cross the mouths of these indentations
which were relatively broad, but oceasionally an ice rampart ig
feund, for example, west of point B, These ramparts may be re-
modeled bars but thig ig uncertain.

A well-defined submerged terrace fringes this shore and drops
consistently at six feet, except off the projecting dunes. Asg has
been intimated, the outlipe of its outer edge is much more irregular
than the present lake shore, Fox Point is a blunt sand spit which
developed mainly at the Upper Level and nearly closed the channel
into the west arm of the lake. At present the growth is very slow
but, nevertheless, may complete the spit. The west arm is shallow
and very muddy, and there is g possibility that the rapidly en-
croaching vegetation may fill the basin before it ig isolated by the
spit at Fox Point.

The entire north shore of the lake is bordered by a broad ex-
posed terrace which terminates at a low cliff approximately one

r
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Bay has a sand beach of even curvature back of which is a low ice
rampart. The possibility of a bar, remodelled by ice action, natur-

ally suggests itself but ig difficult of proof. The river is forced

to the cast before entering the lake, showing the prevalence of

currents from the opposite direction, A large quantity of silt has
been deposited by the stream and has been distribuled on the east
side of the bay, ﬁ)rming a broad, submerged terrace.

At C currents of about equal intensity left the shore from both
directions and bailt a syimmetrical V-bay of gieater dimensions
than that noted at Cut River Point. This also was formed at the

Higher Level but the enclosed lagoon is still a good-sized pond.

In addition to the exposed V-bar, a submerged bar similar to the
Cut River Reef extends well out into the lake, The balance of the
currents on either side of this point is due to the protection afforded
the shore north of the point by the Cut River reef.  Thusg, only
local currents are set up on the north side and by winds of short
reach, but on the south side the currents are formed along a greater
streteh of shore and by winds of longer reach, although of less
power. TIlowever, part of the material derived from the shore be-
tween C and D was carried southward and deposited at D in a
spit.  The greater part of this deposit ig submerged and, together
with the submerged terrace on the opposite side of the lake, leaves
only a narrow channel of deeper water leading into (he east bay.

The north and cast shores of this bay are low and the only shore
feature of importance is a well-defined jee rampart. The effect

of vegetation as an aid in the formation of ramparts where the
material is sand is here well shown, for the rampart is not present

across the clearings. During the higher levels a distinct submerged

terrace was formed which now supports a heavy growth of rushes.

The edge of the terrace ig the off-shore limit of vrashes and may

thus be readily traced during the growing season.

Brevort Lake was originally an arm of Lake Michigan but wag
completely shut off from 1le main body of water by a bar of large
dimensions which has gince been heaped into dunes. During the
Nipissing stage the broad, exposed terrace bordering the north
side of the lake was formed. Later the water subsided and halted
for a relatively long time at a leve] six feet above the present stage.
At this level the greatest adjustment of the shores took place but
the permanent effects were accomplished by currents. Undoubtedly
waves were active and aided materially in the formation of a sub-
merged terrace, but this has bheen subsequently remodelled. N umer-
ous spits began their development at this time and in some cases
became bars, but no very striking changes in outline resulted.

r
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swampy plain on the west which rises very gradually in elevation
to the northwestward and extends to within a few miles of Lake
Superior in the vicinity of Munising. The greater part of the water
of this drainage system flows southeastward in numerous parallel
tributaries which join the trunk stream at approximately right
angles. On the other hand, the tributaries from the east are not
only smaller but less numerous and, moreover, have the hap-hazard
pattern typical of the drainage of a morainic country. Round
and Whitefish lakes drain into Manistigne TLake and thence to
the Manistique River, forming the largest tributary entering the
main stream from the east.

The two larger lakes, Manistique and Whitefish, were examined by
the writer. They may be reached by conveyance either from Gould
on the Soo Line or from McMillan on the Duluth, South Shore and
Atlantic R. R. A railroad spar runs from Seney to Curtis which is
located between the two lakes, but the train schedule was uncer-
tain at the time when this study was made.

MANISTIQUE LAKE

Manistique is the larger of the two lakes, its area being 15.8
square miles as compared with 6.4 square miles for Whitefish. It
probably floods several contiguous morainic basins and has, there-
fore, a very irrcgular shoreline. A few knobs rise above the sar-
face of the lake, forming small islands. The lake ig very shallow,
the reported maximum depth being twenty-five feet. Random
soundings were made in the course of this work, but no depths
greater than twelve feet were obtained. But, assuming the larger
value to be correct, it is to be expected that the larger waves
agitate the water to the bottom of the lake and their development,
therefore, is greatly impeded. That this is actually the case is
shown by the excessive turbidity of the water after storms. In
general, then, adjustments of the shores are on a small scale, even
though the topography is favorable to the development of forms by
both waves and currents. '

Along the entire north shore the most consistent adjustment is
the submerged terrace which, however, is not sharply defined. It
is merely a zone of sand whose outer edge is marked by a change in
material rather than by a steeper slope. In many places the posi-
tion of the outer edge may be approximated from the reeds of cir- '
cular cross-section which seldom grow beyond the terrace and often
form a fringe at the edge. On account of the gentle off-shore slope,
a small amount of material has sufficed to form this terrace, and
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