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One hundred eleven borings to the original bottom were made in the
sediment of Douglus Leke., They provided the data fer constructing a cone
tour mep of the originel basin (Fig. 2), of a later stage called the
high-level stage (Fig. 3) and of profile diagrems (Fig. ;) which show the
relationship of the original, high=level and present basins to each other,
The contour maps furnished the basis for determining the various morpho-
metricel features (summarized in Table II) of the different basins es
wholes as well as of the many separate depressions within the lake for which
the leke is notable.

Most of the borings were sxploratory in the sense that they were made
rapidly with the intention only of discovering the type of sediment and
the depth of the transitional gzones between the various kinds of sediment
encountered., However, nine borings were made in different parts of the
lake from which complete cores of sediment were taken, These furnished
a careful check on the conclusions based on the exploratory borings and
gave material for the study of the chemical end petrographic nature of the
sediment enc the microfossils end laminetions found in it, The fossil
pollen from one boring (Ho. T4 in South Fish-Tail Bay, Fig. 1) has been
examined and forms the subject of e separate paper already published
(¥iilson and Potzger, 193). Dr. Ruth Patrick is meking a study of the
diatoms and Dr. Frenk E. Egzgleton of the invertebrates from the cores and,

if warranted, separate publications will be mede of this material. The
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laminations in the sediment hawve proven profitable for the construction
of a posteglacial time table which will be the subject of a separate
raper in the near future.
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Methods

The methods used in making the borings and taking the samples of
sediment are substantially those described earlier by the writer (Wilson,
1941)., However, the writer would like to add that he learned that in

trying to work from a floet on & good sized lake where the water is rough

8 considerable pert of the time it is essential to have a floset as broed
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as the length of the maximum waves that ecour in order to avoid rocking

of the float to such an extent that work eannot be continued.

A brief histery and description of Douglas lake

I. D. Seott (1921) desoribes Douglas Lake (Fig. 1) as having been
“a depression in an arm of & great archipelagoe™ during the existence eof
Lake Algonquin‘and that 1t booamé isclated as a separate body of water with
the subsidence of the waters of lake Algonquine S8Soott continues his
deaeripﬁion by saying that “Th§ material surrounding the lake is all ef
glecial origin aend is eomﬁosed of sand, except at the headlands. These
head lands are caused by till, whieh is much leai readily attacked by the
waves, and it will be seen from the map, (Fige. hzya'that, in general,
they are opposite each other. There seem to be two small till ridges
here which cause the aconstrictions in the ocutline of the lake but do not
pereist across the basin unless possibly in the case of the more westerly,
On either side and between the ridges are heavy deposits of sand which
partially filled the depressions except where the lake now lies. The
eastern end of the lake is surrounded by ocutwash but the sands of the
central and western bﬁsins, nlthgugh poesibly outwash, were deposited, in
part at lsast, on the bed of Lake Algonquinm which formerly covered this
regions®

The separate depressions found in Douglas lake, Secott assumed te have
been due to irregularities in one block of ice or to several separate
blocks of ice left by the melting ice sheet that had previously covered
this region. This early period as an embayment of Lake Algonquin is

referred to in this report as the Algonquin Stage of the lake and the basin

¥ The features referred to in this figure are also evident in Figure 1

of this paper.
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Fige 1. Contour map of the present basin of Douglas Lake showing
the location of the 111 borings that form the basis of the maps of the
original (Fig. 2) and high-level (Fige. 3) basins, and the cross=-section
profiles (Fig. ;). It will be noted that the borings have been made along
lines (with few exceptions) that cover the basin in all critical places.
The lines are lettered (A-A, B-B, etc.) to correspond to the cross-section
profiles in Figure L. The names of the depressions can be determined by
referring to Figure 2. The shoreline of this basin is 710 feet above sea
level. The contours are taken from & map by Dr. Paul S. Welch.
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it ogoupled at the cut sot as the Oricinal ¥asine I% was during - is early
period, socording to £60%t, that a broad terrsoe was ceveloped w ich still
forms & comapiouous feature of the landscaps arcuncd the lake ab approximately
the 730=fcot olevation above ces leavel (adout 20 fast above the presentd
lake level)s If 4t S0 aceumed that 10 feet of water stood above this terrsoe
when 1t was out, then the Algomquin water level would have had an elowation
of 70 fests 7This is the dasls on wnich Lhe writer used the 7L0=foob
sontour (Figse 1 and 2) ss merking the original shoreline (Alzonq in stage)
of the lekes

toott explaine chut whon the grester slpong:in lake lowered ¢o the
gippissing level and (o lws Lake beeaze sz isclated body of water, the
surface of thiec stege of the lake was sonslderably higher than et present
ond that i1t wes during tils highelevel stage that nost of the & ore adjuste
menta were nnde that charaoterize She lake todey, 2 broad, weveeoud
terrage was ceveloped at this tighelevel stage which becume expoxed when
the lske lowered to 1% present lewveleethe terrsee is about |, feet above
the present lake levels If 4t is assumed that & Cest of water steod sbove
tais high-lno; terrsces, then the 720=faoot Sontour can be used to mmrk the
elevation of m water and shoreline for this stage of the lakew~as wad
done in Figures 1 and 3.

weleh (1927), Weleh and Ezpzleton (1932), Zeloh snd Eggleten (193%)
have made & spovial study of the isolated cubmerged cdepressions that ccour
in Pougles lake at the present times There ars ssven such depressions
z:own we Fairy Island, ¥aple ieint, Foberts Folnt, Grapevine Poims, Stony
Ppint, ledge Foint, and South FisheTall fuy depressions (Fige 2)e The
present &.udy hae rovealed Lnres sciitionsl depressions ss having exicted
in tho puet whnleh sre nox co=pletely filledesiney have beern naned “oyardus
Pelnt, Tovs “enp, and North FlgheTail Ray devregsions [Fire 2). Unfoubtedly,

&8 suzzested v “gott {1921) for the depressions -cown %o him st the time,
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Fige 2o Contour map of the original basin of Douglas Leke showing
the names of the depressions. The shoreline (where solid) was compiled
from data teken from a topographical map of the Bogardus tract (southeastern
end of lake) made by the College of Engineering and the School of Forestry
and Conservation of the University of Michigan and messurements and
elevation (outside the Bogardus tract) made by the writer. The dotted
part of the shoreline was drawn arbitrarily a little way outside the pre-
sent shoreline in order to have a basis for determining the morphometrical
constants of the original basin--this was necessary since it was this part
of the original basin that was confluent with greater lLake Algonguin.

The shoreline is 740 feet above sea level,
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Fige 3¢ Contour map of the high-level stage of Douglas Lake, i.e., the
basin at the end of the Algonquin stage. The depths were taken from the
point of contact of the pink clay (Algonquin deposit) and black mud or
merl (warm water deposits). The shoreline is 720 feet above sea level and
represents a compilation of data teken from a topographical mep of the
Bogardus tract (southeastern end of the lake) and measurements made by the
writer. The dotted part of the shoreline was drawn arbitrarily just out-
side the present shoreline to form a basis for computing the morphometrical
contants of the basin--this seemed desirable because at this stage of the
lake water covered several square miles of low sandy ground to the west
and northwest which it did not seem practicable to include in this studye.
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all ofﬂthese depressions were ocaused by stranded bloecks of ice from the
receding Wisconsin 1ce sheet. Evidence will be submitted later suggesting
that these dead blocks of ice remained in the several basins for varying
lengths of time, thereby profoundly influensing the digtribution of the
sediment laid down during the early (Algonquin) stage of the lake.

Nature and distribution of the gediment

The sediment in Douglas Lake consieste of four types, namely, black
to brown gelatinous mud, marl, pink clay, and & brown varved ¢ley. The
black geletinous mud is the uppermost depesit and ie soft for the first
few feet but is quite solid further down and is almost like horn in the
bottom reaches. The marl lies immedimtely below the black mud and is gray
in color and rich in earbonates, i.¢., it isx quite similar to that found
at the surface in scme lakes, Both the black mud and marl are thought teo
be warm water deposits (Fig. L), i.e., to have been laid down after Douglas
Lake had beoome an isclated basin in which the water warmed and stratified
in summer muoch as it does teodspy--this would havq been during the high~level
and present stages of the lsake.

The pink clay is an amorphous deposit lying below the marl and is
thought to have been made during the Algonquin period of the lake and,
therefore, to have been s fairly cold water deposit (Fig. 4). This is
inferred from the fact that the water in lake Algonquin probably had mmch
of its source from the melting ice sheet. The nearlj conplete lack of
organic matter in the pink clay (Table I) and the faect that its color un-
doubtedly is due to the presence of iron oxide whiech probably came from
the iron deposits further north lend themselves to thies interpretation.

The brown varved clay occurs in deposits of about a foot's thickness
in several localities in the leke basin below the pink clay deposit. It
was found near the surface at some localities near shore but wes present

below 10l; feet of sediment (172 feet below the present water surface) at
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Fig. lle Cross-section profiles showing the relationship of the basins
of the three stages of Douglas Lake. The bottom line shows the oripinal
basin, the middle line (border of cross-hatched and btlack) shows the high=
level basin, and the top line shows the present basin. The unshaded areas
show the pink clay deposit of the Algonquin stage and shaded portion shows
the marl (lower part--usually only a few feet). and black mud (warm water
deposit) that took place during the high~level and present stages. The
locations of these cross-sections are indicated in Figure 1.
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boring 2 (Fige 1) in Fairy Island depression, Since this brown clay (often
quite thick deposits) is found over a wide area of this part of the State
of Michigan, sometimes at levels higher than Lake Algonquin ever stood
(Leverett and Taylor, 1915), it is likely that it antedates Douglas Lake.
This deposit was alwaye underlaid in Douglas lLake with very fine sand that
contained enough carbonetes to give a vigorous reaction to hydrochlorie
acide There was L1 feet of this fine sand lying under the brown varved
clay at boring ;2 below which was found coarse gravel. If it should be
found for certain that this brown clay leyer 1s of earlier origin than the
Algonquin stage of the lake, it could be utilized es a mmrker of the
original bottom and remove some of the doubt expressed in the work reported
here as indiecated by the dotted lines on the msp of the original basin
(Fige 2). In such a case the volume given here for the original basin
would be somewhat reduoed.

That the sequence of deposits is not guite as simple as is indicated
above and by the profile disgrems (Fig. l;), due principally to the alterna-
tion of the wvarious types of sedimsnt at transitional zones between the
major deposits, ie shown by the following log of & core teken from the
center of South Fish~Tail Bay depreseion: water, 72 feetp blaock soft
flocculent mud, 72-7L feet; brown gelatinous laminsted mud, TL=-103 feet;
gray marl, 103-106 feet; black tough gelatinous laminated mud, 106~107
feety gray marl, 107-108 feet; pink olay, 108-109 feet; white sandy pink
clay, 109-109.5 feet; white and pink clay slternating, 109¢5-112,5 feets
fine sand, 112,5~116 feet; sandy pink clay, 116117 feet; dark pink cley,
117123 feet; sand, 123~123.5 feet; pink clay, 123.5-125 feet; sand,
125-126 feet; pink clay, 126=127 feety sand, 127-127.5 feet; gray clay,
127.5-13); feets fine sand, 13L=135 feet; gray clay, 135-136 feet; fine
sand, 136-137 feet; gray clay, 137-138 feet; coarse sand, 138«1l3 feet;

as far as was penetrated,
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Table I gives a chemical and petrographic analysis for the four types
of sediment listed above, namely, black gelatinous mmud, gray marl, pink
clay, and brown clay. The analyses were made by the Basic Refractories, Inc,
Research Laboratories of Tiffin, Ohio, to whom the writer is indebted.

The method of chemical analyses was that ordinarily used in limestone work.
Miss Klizabeth Haley of the laboratory did the petrographic analyses. She
found it impossible to separate the material by the usual methods due te
the large amount of caleite and organic matter present. She asys, "No
attempt was made to distinguish the varicus clay mineralse~kaolin, dickite,
sericite, eto.~~and & complete identification of ail minerals present was
not undertsken.® The analyses give a good ides, however, of the relative
abundance of the principal minerals present.

The anslyses of the black gelatinous mud show it to be mostly water
(75 per cent). Thie is due to ite gelatinous nature beeause most of this
water ig an integral part of the jelly and cannot be removed by dehydration
with aloohol., A sample taken from nearer the surface would have shown an
even hi:her percentage of water, Exolusive of the water most of this
sediment is organic matiter (30 per cent) in which pollen grains and fragments
of plants can be recogniged, Silicon dioxide makes up 43,80 per cent of
this sediment (dry weizht)e-it is mostly the tests of diatoms. Quarts,
ocalcite, and limonite were recognized in the petrographie analysis, their
importance being in the order named.

The marl sample analyzed, although appearing to be nc more firm than
the gelatinous sediment, contained only [7.99 per cent water, On the basis
of dry weight, as in the case of the black gelatinous mud, there are
considerable quantities of organic matter (11.30 per cent) and silicon
dioxide (27.20 per cent). The carbonates (mostly calcium and magnesium)
form a large proportion of the sediment (approximately 50 per cent) mostly

in the form of calcite and dolomite. There was a small quantity of kaolins

present, also.



-12-

TABLE 1

ANALYSES OF SELECTED SAWPLES FROM BORING Th IN

SOUTH FISH-TAIL BAY DEPRESSION

W

gelatinous Clay bank
Sample compositionm md Marl Pink clay (near Burt Lako%
Depth of water (feet) 69 () 69 15 (above surface)

Depth below water
surface (foeot

constituents

Pergentage-~dry weight)
hﬁ.éé E 27, [;8.20

5102 38.34
(Diatoms) (Quarts)
3203 6,00 6.00 12,36 10.85
MgO0 1430 3.80 7.84 8.14
Loss on ignition 35400 3L.35 16.60 21.68
Calculsted organic matter 30,00 11.30 1.00 None
Petrographie anaiynel
Color of wet semples Rlack Greyishe Brown Pinkishetan
green
Color of dry sanmples Grey-green Grey Tan Pinkish-tan
Color after leaching Brownishw Dark olive Blue-grey
with HCL grey green~~brown
when dried
Loss of water on drying 75¢00% L7.99% 3L.24% Large quantity
Nemes of minersls Quarts® Caleite® Dolomite¥ Dolomite®
Caleite Dolomits Clay Caloite
Limonite Kaolins Quarts Ksolin
Quarts Feldspar Quarts
Limonite Iron oxide Limonite
Feldspar Titanite (7) Feldsper
Zireon (7) - Pitanite (?)
Zireon (1) _

¥ In order of abundance
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The pink olay by dry weight is L8.20 per cent siliocon dioxide nearly
all in the form of quarts. The percentage of magnesium oxide is higher
than in the marl and calcium oxide lower--they ocour mostly in the form
of dolomite. The Rp03 compounds are more abundent probably due to the
increase in alumimm oxide found in the higher proportions of olay and
feldspar present. It is to be noted that some iron oxide is present as
oontrasted tc the other kinds of sediment whieh undoubtedly accounts feor
the pink color so char:cteristié of this sediment, The large amount of
clay present causes the physical appearance of the sediment. Organie
matter is almost entirely ebsent from this material (1 per cent)--~it is
made up to some extent of pollen graing,.

The brown varved clay is much like the pink clay except that con=-
siderable caloite is present as well as limonite, the latter acccunting
for the brown color, The varves wary from 10 to 30 per inch and indicate
that the deposit was laid down in cold water since varves do not form in
water over 10 degrees cdntigrade.

The distribution of the warm and eold weter types of sediment are
indicated on the profile drawings (Fige. L)« The black shaded portions of
the prof%lea represent the black gelatinous mud and the marle=the marl
portion makes up only a few feet of this part of the deposit near the
bottoms The cross-hateched portion of the profiles indisate the pink clay
deposits Figure 5 shows the distribution of the sediment in the various
separate depressions and the lake as a wnole plotted as graphs. The
graphs give ﬁ good idea of the average distribution of sediment.

Morphometriecal changes in the basins
l. Intreduction
Reference has been made to the fact that Douglas lake has had three

stages, namely, the Algonquin at which time it formed an embayment in the



AVERAGE
HEMI-SECTIONS OF DEPRESSIONS IN DOUGLAS LAKE

%

Fige 5. Graphs made from the areas within the various contours of
the different stages of the depressions and the lske as a whole plotted
against their depths. They can be taken to represent average half cross-
sections of the depressions. The areas of the graphs between the curves
for the different basins represent sediment. The graphs help to visualize
the part of the basins in which the sediment accumulated at different
stages as well as the changes in slope, maximum depths, etc. that took
place. The percentage figures indicete the smount of filling of the basin

in which they occur.
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great post-glacial Lake Algonquin, the high-level stage which began when
Lake algonquin receded to the Niplssing level and isolated the Douglas Lake
embayment, and the present stage which is approximately 10 feet lower than
the high-level stage, There is no way to distinguish between the sedimentary
deposits laid down during the high-level and present stages, consequently
the comparisons between stages are between the basins as they existed at
the beginning of the Algonquin stege (original basin), at the beginning
of the highwlevel stage (high-level basin), and the basin as it exists
today (present basin), The present study of the morphometry of the original
and highwlevel basins has been limited to the region of the present basin
of the lake at the west end in splite of the feot that there is a broad
plain extending several miles ﬁest of the present lake basin that formed
a part of the Algonquin and high~level stages. This is done partly for
convenience but also because the character of the deposit over this plain
is 80 different from that in the region of the present basin that apparently
entirely different forces were involved in their deposition.

In this seetion of the report the three stages of esoh depression
will be described first and a comparison of similar morphometrical features
between them attempted. Second, the three stages of the lake as a whole
will be considered. Third, certain boulder belts will be described.
Finslly, umusual sand deposits found in some depressions will b§ described.
The morphometrical dete for all the depressions and for the lake as &
whole are tabulated in Table II together with the percentages of change
that took place between the stages. It should be kept in mind that in
the morphometrieal computations sach depression was considered as if the
topmost complete gontour (isolation contour) was its shoreline and marked
the surface level of the depression. Obviously, all the depressions from

this point of view were submerged many feet below the general surface water
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of the leke and were consequently removed from the influences of wave
action. This method of ceonsidering the depressions seemed the only
feagsible way to work out the morphometriocal features for purposes of -
comparisons

2. Desoriptions of the depressions and ocomparison

of the morphometrical featurees of the three stages

Fairy Island Depressione This depression (Figs. 1, 2, end 3) is by

far the largest of all the depressions in Douglas Lake at all three stages
as indicated by the areas at the various isolation contours (60=-ft. for
the original basiny 50«ft. for the high~level; and LO-ft, for the present
basin). The original Fairy Island Depression hae an area of 27,590,000
8qe fte, the high-level stage 9,063,000 sq. ft., end the present basin
7,042,000 sq. ft, This is = deorease of 67.15 per eent from the original
to the high-level stage and of 22,30 per cent from the high~level to the
present stage. This maiked decrease in area from the original to the
highelevel basin indiocates a tremendous ascumlation of sediment around
the periphery of the basin during the Algoenquin stage. The data above
and all other data referred to in this section will be found in Table II
unless otherwise stated.

The maximum depth of Fairy Island Depression increased from 15,1 te
1,3 feet from the original to the high-level stage and the mean depth from
L6l to 69435 feet showing that scarcely any of the sediment settled out
in the center of the basin during Algonquin time. In great contrast there
was & decrease of 65,72 per cent (from 69,35 to 23.08 feet) in mean depth
after the hteginning of the high-level stage--these changes, together
with the rather small decreass in area (22,30 per cent), show that
practically all the sediment settled in the center of the basin during

this time. These changes can be visualized by loocking at the graph (Fig. 5)

showing the areas of the contours at the three stages.



AREA (8q. ft. in thousands)

MAXIMUM DEPTH

Neme of (Feet)
depression Original High-level Present
Felry Island il i3 L9
% of change "1-,42_65 ” <65.73
Grapevine Foint 102 58 4}
% of change «13.72 =}12,05
~ Beys Camp 31 ) i)
% of chango ‘1Mo°?1m.°o 0.0
laple Point o8 21
% of change ‘7-27_ 0.00 =78.13
“Horth Fish-Tall Bay o
% of change -58.5&}0 2 =T6.L47
Bogardus Point &l ﬁ
% of ohange -82.81-8 o -168.18
Roberts Point ('} g. 13
% of change "’20-51_3 ) =1},.68
South Fish-Tail Bay 2,603, F) 1,522,000 3,926,000 [/ %‘233 3
% of change 4‘69.78 “h', ,4513017 *12050 2 - "31075
Sedge Point 1,6'] 000 2,!,5;:3“ i '35,3“ 83 b W
% of change +Ll.31 =2l3.37 =L;.58 .00 -15,22
Stony Point 0 , N 701, 0 E’ 2l ~ 19
0.0 "30 000 - .00
% of change 040 0.0
Whole Lake 199,465,000 173,458,000 160,088,000 201 193
. -13.04 «7.T1 =3.98  =53.89
% of change «19.74 =55.72

¥  These figures and others in the same relative position represent the percent of ohange fer

the figures between which they lie.



MEAN DEPTH "VOLUME (cu. ft. in thousands)&
ant[
Original High-leve esen$
oLl " 89435 3. 08
+49.33 56072
. ~18.80
+22.48 w]y7438
.. -100.00 . 0.0
0.0
2T+ 10 pe .
~6.95 «77.31
21.45 . 18. 1.33
-28 ohs . -91 [ 33
-9%.80 _
20.01 26 759 78,00 3%, 257
«73.T1 *hh.BO "63.!42 -62.85
«6£2,07 K h ]
'12096 “"1801&9 365 «51, 5
*’3008 *2-%
32.00 3717 2he25 85, 260,000 ,000 95,223,000
+16.16 «3ie76 «l;3.35
'2’&22 "11.68
33.50 16.76 1855 56,326,000 10,660,000 30,185,000
~L9.97 -1.84 : «25.76
0.0 19 693 T
0.0 "32000 "3’4021
040 _ 0 _ _
L7.87 31.02 18.17 1h,942,574,000 6,63L,22),000 2,908,403,000
"350 20 -hl .M "55060 '56 L] 16
'620°} -50.?4

3" The detailed tables showing the volumes by frustra are on file in the
Institute for Fisheries Research at Ann Arbor, Michigan.



TABLE 11
DOGGLAS LAKE
SUMMARY OF ALL NORFHOMETRICAL DATA
{(All morphometrioal ocomputations for the depressions were
made as 1f the topmest cemplete contour of a depressien

was the "surface” of the basin. This was true for cemputa-
tions fer the whele lake.)

VOLUME DEVELOFMENT MEAN SLOPR (Pereent) ERE
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A +410,00 11[..02 . '
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1.5 " 1.; , Y 6'2;“ “3.55 enﬁ L .
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+68.7% «52.96 «50.4l4 w032 '
=37.50 ) =78.00
9 L 7.5 63L 0.51 .87
+55.56 478,57 -91.89  +26L.T8
+177. <7042
loi L] 107 m B 'S 5&5&
"27.27 ’112050 "38 0851 4’13,3 oho
+5l10 =l3, ‘
1:7 . ® 8-9! Oe 6;5;
"5088 -So 65 -10. 226 "'18 . 23
0«00 ~iUe
1.2 .1 1.3 . 3:% .55
-8 .33 +18.18 "59 .3;1 +19.31
0.0 . 1.1 0.0 . L85
0-0 "8.33 0.0 -20.1‘5
0.0 0.0 _
0.7 Oe 0.6 5.89 3.72 2.81
"28 . 57 “20 +00 .3 » - Zh.!;h
*14.29- =52.29




9,000 1.3 . .
=13 -87 -l 5038 +18.18
A - 6017 - 0.00
"1‘00.00 000 0.0 °o°
L =100,00 0.0
_ ‘»'56096 "29 cu .23 008 +70.00
( - 023 . . *BQCZ? )
16,106 9,100 7,456 1.2 1.3 1.7
=9 ¢90 -18.13 +8.33 +30.77
26,2l +11.67
16,250 11,500 8,000 1.3 1.2 1.5
+12,19 «30.43 : =793 +33.33
: "'21. +43 098
R A7) ik, 8,300 1.1 . 1.2
+97.30 ;315 - +9.09 0,00
+12.16 ] +9409
6,300 0,3 9,100 1.1 1L 1.3
' 30‘.],9 "11.65 +2T7.27 "701‘4
+18,18
A ' s 1.2 1.1 1.2
*11032 "1069 -8.33 +3,00
+*Ye - 0.00
0 3,800 L, 90 0.0 1.3 1.5
0,0 "'15.78 0,0 ’15.38
0 0.0
S e 7h, 100 S o 3 1.6
0.0 0.0 0.0 0.0
0 0.0
2 The lengths of the original and high-level shorelines

are so arbitrary as to mske a computation of shore-

line development futile.



" AVERAGE DEPTL_OF SEDIME Feot) "IBOLATION CONFOUR
“Original-  High-level- Original-

f;;anl pgg:;gt - khgg_%t Oclginal High%wfl Present
L0 ™ N P 70 3 %
- IETE ] 15,18 5 ) 5
TTREIY 3053 3%.13 o0 50 1
TGI8 2930 3383 ] 50 R
TR 11.5% $9.08 ] 20 10
TS 15,50 35.15 &0 20 0
TTT 936 2515 L5.7h 70 .0 30

33.75 13.10 56.91 70 Ed Iy

BT 13.32 5.0 5 50 )
: 22497 11.86 33,29 =30 =10 Q

“{‘/‘/ The volume of sediment in esch depression was computed as if the
lower basin of any two lake stages, e. g,, original and high level,
included a speolal frustrum extending from the topmost contour eof
the lower to the level of the topmost contour of the upper basin.
In conputing the AVERAGE DEPTH OF SEDIMENT the total wvalue for the
quantity of sediment was always divided by the area of the topmost
contour of the lower of the two basins being considered.
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The reduction in volume from the original (1,201,430,000 cu. ft.) te
the high-level (628,599,000 osu. ft.) stage ia 50.94 per cent as contrasted
to a reduction of TL.ll per cent from the high-level to the present stage
(162,567,000 eus fte)e The absolute amounts of the redustions in volumes
were 652,831,000 and 1;66,032,000 cubioc feet, respectively.

In view of the contrasting changes in area and maximum and mean
depths during the Algonquin and subsequent stages of the lake, it is not
surprising to find that the mean slope inoreased from 5,19 per cent to
11.95 per sent during the former and deeressed from 11.95 per cent %o 5.92
per ocent during the latter periods.

There was an increase in volume development of [0.00 per cent from
the original (1.0) te the high-level (1.l) basins. In contrast to this
there was no ohange from the highelevel (1l.li) to the present (1l.l) basins.

The length of the shoreline decreased from the original (21,250 ft.)
to the high=levwel (11,750 ft.) basin by LL.70 per cent but inoreased by
13.19 per cent from the highelevel to the present (13,300 ft.) baain,
Shore development did not change during the jlgonquin stage but increased
27.27 per cent (1,1 to l.4) during the subsequent period, These figures
are significant so far as the original to high-level changes are concerned
but are not sc dependable when comparing the high-level to the present
basins because the "shoreline™ (isolation contour) of the present basin
wag determined from seo many more soundings than was the cese in the other
two basins that it shows many irregularities overlooked in the two earlier
basinse

The volume of sediment (Table III) laid down during the Algonguin
stage was 836,101,000 cu. ft, and that laid down subsequently, i.e.,
since the beginning of the high-level stage is 546,560,000 cu. ft. Comparison

of tables showing the volume of sediment by frustra (en file at the office
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of the Institute for Fisheries Research, Ann Arbor, Michigan) shows that

50 per cent of the sediment lies above the base of frustrum 3 (30-foot
contour) in the case of that laid down during the Algonquin stage, whereas

50 per cent of that laid down afterwards (high~level and present stages)

lies above the base of the sixth frustrum (60-foot contour). This difference
follows from the fact that most of the sediment was laid down in the ghallow
periphery of the basin during the Algonquin stage but in the center during
the later stages.

Maple Point and Grapevine Point Depressions. These twe depressions

resemble Fairy lsland Depression in that most of the pinkish clay sediment
charaoteristioc of the Algonquin period of the lake gettled out around the
periphery of the basin while the reverse process (filling in the center)
prevailed during the high-level and present stages of the lake. This sequence
of f£illing caused changes in the morphometricel features from the original

to the high-level stage on the one hand and from the high«level to the

present stage on the other to be ebout the same ss for the ecorresponding
periods in Falry Island Depression. These resemblances can be verified

by eonsulting Table II. Figure 5 shows the similarities graphically,

The three besins described so far, namelys PFairy Island, Maple Point,
and Grapevine Point, at the outset were the largest in area, maximum depth,
and volume of all the ten depressions in the original basin of Douglaa Lake,
They must have resulted from having been ocoupied by the largest blocks
of iee. This faoct, as will be shown later, probably is responsible for
their peculiar manner of filling as contrasted to the other basins.

Bogardus Point Depressions This depression differs radically froem

those already deseribed in that 1t was almost completely filled with pink
olay during the Algonquin stege of the lake, This difference is reflected
to some extent in differences in changes that have teken place in morphoe

metrical features (Table II)s Sediment in this basin settled in the center
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of the basin more rapidly than around the periphery during the Algonquin
stage (Figs 5)« This is shown by the reduction in maximum depth froa

6l; feet in the original basin to 11 feet in the high-level basin and by a
reduction in mean depth from 20,01 feet to 5,26 feet, respectively. An
increase in area by 7L.09 per cent (f?om 4,859,000 sq. ft. to 7,L59,000
8q., ft.) from the original to the high~level basin emphasizes the fact
that there was relatively little filling in of sediment around the edges
of the basin. This is shown, also, by the faot that 8L feet of sediment
acoumulated in the center of the depression (boring 53) while the topmest
contour (isolation contour) was raised only 30 feet during the Algonguin
period. Also, the reduction in volume (63.42 per cent) was considerably
greater than in the case of Fairy lsland Depression where the filling was
largely sround the periphery during the gsame peried. A reduction of
91,89 per cent in mean slope (from 6,34 to 0.51 per cent) during this peried
follows from the inerease in area snd reduction in depth. Some decrease
in irregularity in the shoreline is shown by the decrease in shoreline
development from 1.3 to 1.2,

The morphometrical changes in this depresgsion during the time sube
sequent to the Algonquin period (during the periocd of the high~level and
present basing) are of s diametriocally oppesite kind to those that took
place from the original to the highwlevel basin due to the fact that the
sediment has accumulated more raplidly around the periphery than in the
center of the basin, This is shown by the reduection of TL.26 per cent in
area and the relatively slight reductién in maximum depth of 18,18 per
cent, The volume was reduced by 62,85 per eent. The faster rate of
reduction in area than in maximum depth caused an increase in mean slope

from 0.51 per cent to 1.87 per cent.
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The present basin of Bogardus Point Depression is in reality only an
enbayment but the mouth of the bay was arbitrarily taken as the limit of
the lakeward side of the basin.

It is evident that Bogardus Point Depression has filled in a fashion
exactly opposite te that whish toek place in Feiry Island, Maple Point
and Grapevine Point depressions at corresponding periods,

Boys Camp Depression. This depression was completely obliterated

during the Algonquin stage of the lake so it i1s impossible to know whether
or not the filling of the basin took place more rapidly around the periphery
than in the center but it, undoubtedly, did fill in the center at a rapid
rate which puts the basin in the same class as Bogardus Point Depression
during the Algonquin period. No filling has occurred in this depression
since the Algonquin stage.

South FisheTeil Bay Depression. This depression is unique in that

no appreciable amount of sediment settled around the periphery of the basin
in the Algonquin stage and very little in the center (Fig. 5)« The change
in the isolation contour from 70 to LO feet between the original and highe
level stages makes a deseiving situation since it suggests considerable
filling around the edge but the 30-foot elevation is due to the plugging
of & narrow channel connescting the depression to the main body of the

lake (compare Figse 2 and 3) and not to deposition within the basin itself,
This elevation of the isolation contour is chiefly responsible for the
increase in area (69.78 per oent), maximum depth (12,50 per cent), mean
depth (16,16 per cent), and in volume (97.16 per cent). §ince the area
increased more than the maximm depth, the mean slope shows & decrease
(10,20 per cent)s Volume development, length of shoreline, and shoreline
development increased, alsos The mean depth of sediment which accumulated

during this period was only 9.36 feet, which is less than one=third of the

averagze amount that accumleted in the other nine basinsg during the same
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time (Table II).

In sharp contrast to the morphometrical changes that took place during
the Algonquin stage, every morphometrisal feature shows a decresse in value
from the beginning of the highelevel stage on. The average depth of
sediment asocumulated during this later period has been 25,146 feet. Nost
of it settled in the central deep part of the depression (Fige 5) which
is shown by the faot that there was only a 10«-foot elevation in the isola-
tion contour and the maximum depth deereased 31,75 per cent.

North Fish-Tail Bay Depression., This depression might be teken as

the mean of the 10 depressions for it has filled about the same amount

around the periphery as in the center both during the Algonquin stage and
subsequently (Fig. 5}s Thig fact is reflected in the morphometrical

changes (Table II).that took place during the two periods=-they are all
negative except volume development and shoreline development both of whioch
increased between the originsl nnd‘highsleval steges. For exsmple, between
the original and high-level stages the area decressed 31,81 per ocent,

meximm depth 5845l per cent, mean depti 28.0:5 per cent, volume 73.51 per
oent, mean slope 60.ll; per cent, and lemgth of shoreline 9.90 per cent.

The average depth of sediment that accumulatved is 2;.18 feet. The correspond-
ing figures for the changes from the highelevel te the present stage are
considerably greater, showing acceleration in the same trends which is
undoubtedly due to the greater relative gquantity of sediment that scoumulated
during this time, namely, an average of 33,83 feet.

Stony Point Depression. This depression formed an arm of Grapevine

Point Depression during the Algonquin period (Figs 2) but was cut off as

an independent depression at least by the time of the high~level stege by

2 ridge of sediment that formed acroes the base of the erm (Fig. 3). During
the high-level and present stages of the lake there has been a fairly

uniform accumilation of sediment over the entire basin which has reduced
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moderately the area, maximum depth, mean depth, volume, slope, and volume
development (Table II)e The length of shoreline and shoreline development
inoreased slightly. These changes are very much like those that occurred
in Nerth Fish-Tell Bay Depression during the same period, The averasge
depth of sediment deposited has been 13.32 feet.

Roberts Point Depression. This depression is siriking in that between

the original and high-level basins it shows, among all the depressiocns,
the greatest change in elevation of its isolation contour (from the 60«
te 20«ft.) due to s damming of the basin at the scutheastern and north-
western corners rather than to an accumnlation of sediment around the
periphery (oompare Figs. 2 and 3)s The above changes oaused the greatest
incresse in srea relatively of any depression (204,66 per cent). This was
partly because most of Boys Camp ﬁopresaion was thrown into it by the time
the high~level stage was reached, There was an increasse in maximum depth
of 20.51 per cent, which iz the greatest inorease that took place in any
depression in this respect. The fact that the area increased more than
the volume and maximum depth caused a decrease in mean depth (12,96 per
cent) and of mean slope (38,85 per cent)e The volume increased by 165 per
cent, The volume development deoreased 27.27 per cent. This gave the
high-level basin the lowest value in volume development (0.8) of any
depression at any stage. Length of shoreline and shoreline development
both increased (97.30 per cent and 9.09 per cent, respectivelyd. About
an average amount of sediment (23 feet at boring 6) settled out in the
center of the basin during the Algonquin stage.

From the high=level to the present basin every morphometrical feature
changed in & manner opposite to that noted above for the changes from
the original to the high-level stage (Table II), Fifty-one feet of

sediment accumulated during this period at boring 6. That most of the
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sediment acoumulated in the center of the depression during this period
is shown, also, by the fast that there was no elevation im the isolatien

contoure

Sedge Point Depressions Of all the depressions this one was the

smallest originally in area, volume, and length of “shoreline® but it was
one of the deepest (83 feet maximum depth from the isolation contour).
The smell ares and great depth aceount for the faoct that its mean slope
was the greatest (13.49 per cent). It filled moderately around the periphery
but rapidly in the eenter during the Algonquin stage (Fig. 5). Tho depres-
sion inoressed in area (LL.31 per cent) and decreased in maximum depth
(LS8 per cent) and memn slope (59.30 per ocent). The length of shereline
inoreased 11,32 per cent, Volume deoreaszed (27;81 per eent) as did volume
development (8.33 per eent) and shoreline development (8.33 per cent).
During the high~lovel and present stages of Bedge Point Depression
sediment settled elightly faster around the edges than in the center since
there was a decrease in area of 211,37 per sent and in maximum depth of
only 15.22 per cent. These changes caused an inoreasse in mean slope of
19431 per cent. Volume development increased by 18.18 per cent. Except
for volume development between the originai and high~level stages, Sedge
Point Depression shows the game trends of change in morphometrical features
(but to a less degree) as Bogardus Point Depression at corresponding stages.
This is probably due to the fact that both basins filled in the center
faster than around the edges during the Algenquin stage and faster around

the edges than in the center during the high-level and mresent stagese
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3. Comparison of the morphometrical changes in the
lake basin considered as a whole

Fhen the lake is considered as a whole, it is found that the area
decresased 13,0 per cent from the Algonquin to the high-level stage and
7.7 per cent from the highelevel to the present time. Maximum depth de-
creased little (3.98 per cent) from the Algonquin to the high-level stage
because of so 1little filling in Fairy Islend Depreseion (the deepest place)
but maximm depth decressed 53.89 per cent during the highelevel and present
stages beocmuse Fairy Island Depression filled absolutely more than any
other depression (104 feet). Mean depth decreased 35,20 per cent during
the Algonquin stage and Ll.Ll; per cent subsequently. Decrease in volume
was 55.60 per cent and 50,16 per cent, respaqifvely- Mean slope decreased
36486 per cent and 2.l per cent, respectively. Volume development de=
creased during the Algonquin stege 28,57 per cent but reversed this trend
and increased in the gubsequent stege by 20,00 per cent.

The above morplLoretricel deta indicate that during the Algenquin
period the lake (as a whole) filled around the edges faster than in the
deeper parts but filled almost exclusively in the depressions during the
high=level and present steges. Comparison of Figures 1, 2 end 3 (contour
naps of the original, high-level and present stages, respectively), examinse-
tion of Figure l; (ePpss-section profiles), and of Figure 5 (graph of aress
of contours) will meke this generalization evident.

L. Boulder belts

Boulders of considerable size (up to 2 feet in diameter) are found at
several places around the edges of Douglas Lake. Some of them lie on
deposits of sand of many feet in depth. They were noted at borings 11,

21, 22, 38, Lo, L9, 59, 71, 102, and 105 (Figs 1)» The texture of the
material that makes up the shore in most localities mentioned is not asuch

as to suggest that the shore is their source.
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S« Sand strata in depressions

Fairy Island Depression had a layer of washed sand and gravel {up te
5 mm, in dlameter) of 20 feet thickness at boring 2 and an estimated thicke
ness of 35 fest at boring 37 which lies between the marl of the warm water
deposit and the pink clay of the Algonquin (cold water) deposite

Roberts Point Depression had an 18efoot deposit of weshed sand at
boring T overlying the original bottom.

The derressions mentioned above had very little deposit in their
centers during the Algonguin stage and consequently had their maximum depths
reduced the least. They are the basing that had the largest volumes at
the end of the Algonquin stage as well as the steepest nlepéu. These faets

make it seem likely that they were occupled longest by blocke of ioe.

Volume of sediment and percentage of filling of basins

Table 3 shows the volumes of zediment of the veriocus basins and the
pereentage of their filling, Although, with the exception of Reoberts
Point and South Fien-Tail Bay depression, the abselute volumes of sediment
that settled in the original depressions during the Algonquin stage of the
lake (original to highelevel in the table) were greater than that which a-
cumulated subsequently (high-level to present in the tabls), the reverse
is true on a percentage basis with the exception of Sedge Point Depression.
More than twice as much sediment settled in the lakke as a whole during the
first periocd as subsequently (L,582,776,000 and 2,058,089,000 cubic feet,
respectively).

The averazge depth of sediment (Table II) that settled in the various
depressione at different periods shows the differences in the rate of
sedimentation that have taken place. For the lake as a whole (exclusive
of the basin lying above the present water level) on the average 22.97 feet

of sediment settled out during the Algonquin period and 11.86 feet during
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TABLE TIX
VOLUMES OF SEDIMENT (IN THOUSANDS OF CUBIC FEET)

AND PERCENTAGE OF FILLING OF BASINS

" Original te high-l ‘ evel to present 01§ina1 to present
Percentage Percentage Percentage
Fames of Volums of of basin Volume of of basin Velune of of basin
_depressions sediment filled sediment filled sediment filled
Fairy 1sland 830,108 57.08 ohb, T7+07 1,165,188 “90.00
Grapevine Point 345,135 58.69 168,880 69.52 Lg6,768 86405
Maple Point 180,782 78477 574615 93.90 25l Th5 98.55
North Fish-Teil Bay 132,349 80.97 55,_279 95450 185,185 98.93
Bogardus Point 252,813 86.56 86,256 85454 287,069 98.55
Roberts Point 128,816 30.00 18,132 61.35 152,918 56477
South FisheTail Bay 24,945  12.92 15,119 .73 121,836| 56,13
Sedge Point 56,738 58,25 31,778 51.28 78,877 72.33
Stony Point 9,657 6650
Boys Cemp 112,248 100,00
Lake as a whole 1,582,776 47.99% | 2,058,089]  Li.lL¥ 6,6,0,865]  69.5¢

¥ Exelusive of that part of the basin above the present water level,
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the subsequent periods. Consploious differences ocour between the Algomquin
and subsequent periods among the depressions. For example, in Fairy Island
Deprezsion an average of 30,30 feet settled in the first period and 60.30
feet subsequently; in Bogardus Point Depression the figures are 52,03 and
11,56 feet, respectively. The figures fer the other tasirs range somewhere
betweer. thesec extremes.

Comparison at corresponding periods among the depressions of the
average depths of sediment reveals striking differences. For exmuple, in
Fairy Islend Depression during the high-level and present periods there
were 60,30 feet deposited, in Grapevine Point Depression, 2L,.0L feet, in
Roberts Point Depression, 15,50 feet, and in Sedge Point Depression 13.10
feets These figures are in great contrast to those the writer found in
the several depressions (much shallower) in Winons snd Tippecance lakes
in Indians (Wilson, 1936 and 1938, respectively) where the average depths
of sediment were much the same. Examination of the locations of the de~
pressions in Douglas Lake (Fige 2) shows that those in the most winde
exposed positions have the least average depth of sediment for the warm
water period-ethey are Sedge Point, Stony Point, and Roberts Poini depressions.
Fairy Island Depression is in an exposed position and at the same time has
the greatsst average depth of sediment for the warm water period (60.30
feet) but it lies at the lee end of the lake., It seems likely that swift

currents over the wind-exposed basing do not give time for sediment te

settle into them, whereas, in reiry Island Depression less awift currents
and the fact that oconsiderable quantities of sediment may be carried
ultimately to that peart of the lake by return currents could account for

the great quantity of sediment that has settled there.



-29-
Disoussien

To explain satisfactorily the diverse types of morphometrical changes
that took place in the different depressicns of Douglas lLake, especially
during the Algonquin period, to understend the deposition of boulders over
deep sand deposits and the interpolation of sand and gravel layers between
the Algonquin and subsequent deposita that occur in some depressions, and
to find a logical explanation of the thick deposits of pink clay (Algonquin
deposits) around the margins of some depressions where there is scarcely
any such deposit in the center, it is only necessary to assume that the
great ice blocks that occupied the depressions at the cutset of the
Algonquin period persisted varying lengths of time in different depressions
and did not disappear in Fairy lIsland Depression until near the close of
the Algonquin pericd. 8Suoch a theory implies thst where the ice blooks
were thin as around the marging of depressions, in the relatively shallew
interdepression sones, and in shallew depressions, the iee blooks melted
early and such localities beoame the first repositories of sediment and,
therefore, accumulated the deepest deposits of ¢old water sediment, Cone
versely, the deepest and most voluminous basins (at least in their eenters)
would be expected to have become free of lce last and would have accumulated
the least deposit of cold water sediment, After all of the glacial ice
had melted it would be inferred that deposition of sediment would take
place according to the intrinsic fectors inherent in the lake as a whole
and in the individual depressions.

The sabove expectations are verified amply by the evidence, For example,
it has been shown that during the Algonquin stage the very large Fairy
Igsland Depression filled almost exclusively arcund the margin where the
original block of ice was thin and undoubtedly melted early, whereas, at
the opposite extreme, stand Boys Camp and Bogardus Depressions (that were

originally shallow depressions) in which the ice uncoubtedly melted early
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and which filled almost entirely with pink clay deposit. South Fish-Tail
Bay Depression had very steep sides and was deep and well protected by
Grapevine Point and apparently had scarcely any melting of its ice block
until late in the Algonquin period and consequently has relatively little
pink olay deposit, The other depressions are intermediate between those
already disoussed and vary in a general way inversely in the quantity and
distribution of their pink olay deposit with their depth and velumse.

Thet ridges en the original bottom of the lake began deposition early
due to begsoming free of ice seem well illustrated at boring L between
Fairy Island and Roberts Point Depressions where the original depth was
only L2 feet {frem—bive (from the surface of the present basin) and there
::fonly 25.5 feet of pink clay doposit}ﬁio—half foot of recently deposited
sandy orgenic matters A similar example occurs at boring 8 in the inter-
depression sone where there is & [j2-foot pink olay deposit that reaches
to the base level of wave action and over whioch only one~half foot of sandy
organie matter lies.

According to the general theory presented above the boulder belts
superimposed on sand eould be explained by assuminz that the sand depoesits
over which the boulders lie were made around the margins of the depressions
while the ice blocks in the centers of the depressions were anchored te
the bottom. During such a time wave action and currents may be presumed
to have been adjusting the shoreline and carrying sand into the water near
shore. The melting block of ice may have contributed some sand te this
zone. Finally, when the ice block in a depression freed itsell from the
bottom and floated, it may be presumed to have drifted toward the shore
and melted and thus dropped its boulders on top of the previously deposited

gand.
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The presenge of the sand and gravel layers interpolated Letwsen the
sold and warm water depesits in the deepest dspressions oan be sxplained
in two poesible ways. First, one aight assume that after the ioe blocks
had melted the inereased wave action csuzed violent shore adjustnents in
whioch consideratle sand wasg carried %o ihe center sf the depressions where
it settled bsfore the deposition of warm water sedizent began. fecond,
the i1ee blook oould have dropped its burden of sand and grevel directly
into the depressions as 1% melted, after 1t becam¢ detuched from the bottom
and was floatinge

The plaoe of depokition of sediment during the Algonquin period:vas
controlled to & large extent by the bloeks of ige that otoupied the depres~
sions and as has been shown, most of the sediment gettled arcund the periphery
of the depressions during that times During the high-level and pressnt
stages of the lake the sontrelling fucters in dlstridution of sediment
have been the fastors inherent in the shape and form of the basin itself,
In these latber pericds nsarly all of the sediment has settled in the
oenters of the depressions snd very little around the periphery c¢f the lake.
This 38 what is to be expected in u lake as large as Douglas lLake, the
long axie of which lies in the direotion of the prowmiling winds. That is,
wave action is &0 vigoroua thet the shore sut to the bases level of wave
sotion is beirp eroded and the abraided material carried away to setile
in the depreseions.s Undertow and return surrents down to the level of the
thermoelins and eurrents below thmt level at the spring and autumnal overw
turns probadly keep the fine sediment susponded until it reaches the

depressions where it can settle to the bottom pormanently,.
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