Views SHOWING ENCROACHMENT OF VEGETATION ON WATER AREA oF LAKES

(a) Lower end of Mabie, one of the Barbee lakes, Kosciusko County.
(b) Corner of West Cedar Lake, Whitley County.
(See Page 38.)
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INTRODUCTORY.

The present volume is the twenty-fifth in the series of annual re-
ports issued by the Department of Geology of the State of Indiana,
and the sixth issued under the auspices of the writer. In those por-
tions of these six reports written by the State Geologist himself, he
has ever tried to keep in mind the interests of the citizens of the
State who pay the taxes to support the Department rather than the
interests of professional geologists. In other words, he has attempted
to prepare reports which the common people can, for the most part,
readily understand. Believing that the advertising of the natural
resources of the State wag the primary object held in view by the
founders of the Department, he has made economic geology the main
feature of his work. At the same time he has noted with pleasure
the growing interest among teachers and pupils in the plants and ani-
mals about them and has attempted to add to this interest by pub-
lishing papers by well-known investigators on the flora and fauna of
the State. With the exception of scientific names, which can readily
be passed over by all to whom they are unintelligible, as little tech-
nical matter as possible has been introduced in these papers bearing
upon economic resources and natural history. Attempt has been
made to verify, whenever it could be done, the statements given; to
print the truth in the simplest language possible.

The present report includes the results of the principal field work
carried on by the State Geologist and chief assistant in the autumn
of 1899 and the season of 1900. This was the exploration of the lakes
and marshes of northern Indiana in search of deposits of marl of
suitable size and purity to justify the erection of factories for the
manufacture of Portland cement. Under the present advanced meth-
ods of manufacture of this valuable commodity, capitalists do not

_care to invest the large sum necessary for the erection of a modern

factory unless raw material enough is at hand to keep the factory

_running for 30 or more years. Careful estimates go to show that

a factory with an output of 500 barrels of Portland cement each 24
hours will use in 30 years a body of marl 160 acres in area and 10 feet

(vii)
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thick.* Such a depos.it is, in this report, termed a “workable deposit.”
The paper entitled “The Lakes of Northern Indiana and Their Asso-
ciated Marl Deposits,” gives full details concerning 32 such deposits
of marl, which were found in the three northern tiers of counties of
the State. The location of these workable deposits by counties, and
the pages on which they are described in this report, are as follows:

STHUBEN COUNTY.

. PAGE
1. Hog Lake .....cvviinriniiniinenranuenenns e 70
2. Lime Lake ..... e e e e v eee e 73
3. Shallow and Deep 1aKeS. .. .oevevveerreeennnnneennnn 5
4. James Lake ..... A 77
5. Gage and Lime lakes. ............ciiiiiiininenannns 88
6. Silver Lake .........c.couuu. vt e e e 94
LAGRANGE COUNTY.
7. Shipshewana Lake ..........cooviiiiiniaeiennnenns 102
8. Cedar, Grass and Libey lakes. ........... ... iints 106
9, Grass and Fish laKesS. .. ..o vi i e renennnn 109
10. Turkey and Little Turkey lakes .................. ... 110
NOBLE COUNTY.
11. Waldron, Jones and Steinbarger lakes................ 127
12. Eagle Lake ................ A e 131
13. Deer Lake ........ivevnuniiinenirieraeeeeciniiae, 133
WHITLEY COUNTY.

14. Crooked Lake ................ e e e 152
15, Loon LaKe ..o vuvn et it tnrtoeenosvesansosensasass 154
ELKHART COUNTY.

-16. Simonton, Mud and Cooley lakes..................... 160
17. Indiana and Long lakes...............ooviiiiiiiinies 165
KOSCIUSKO COUNTY.

18. Turkey or Wawasee Lake ................ e 168
19. Syracuse Lake ..... T 179
20. Dewart and Milford lakes........ e e 182
21. Tippecanoe Lake ................. e e . 187
22, BarbeelakeS ............. . u0.in e [N 198
23. Little Eagle Lake............ e 203
- 24, Center and Pike 1akes. .. ......coiviriiinniirennnain 205
25. Eagle or Winona Lake ...........oiviiiiniieannnn 208

*See page 52 of this volume.
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FULTON COUNTY.

. PAGE
26. Manitou Lake .......c.cciiiiiiiiiiiiiii i, 219
MARSHALL COUNTY.

27. Maxinkuckee Lake ......coiviiiinniineiiinnnnnenaeans 233
28. Houghton and Moore lakes.................ovvvunn.. 267
ST. JOSEPH COUNTY.

29. Chain and Bass lakes .................ccvvu.n e 274

LAPORTE COUNTY.
80. Hudson or Du Chemin Lake.......................... 284
8l. Fish Lake ......c.ovut ittt eeeraneana... 290
STARKE COUNTY.

32. Marsh Deposit near North Judson.................... 295

Besides the above mentioned 82 deposits, 15 others were found,
presumably of workable size, but with the larger portion of their
area beneath 10 feet or more of water, and therefore not available
under the present conditions of securing marl. There is little doubt
but that appliances will soon be devised for raising marl from beneath
any depth of water, and then these deposits can be classed with those
already mentioned.

The details given relative to the area, depth, shape and aquatic
flora and fauna of many of the lakes, together with the accompanying
maps, will also, it is thought, be of interest and value to the large
number of fishermen and sportsmen who annually visit their waters,
as well as to the many cottagers who spend the summer months in
their vicinity.

The paper on the “Silver Creek Hydraulic Limestone,” by Mr.
C. E. Siebenthal, contains full defails regarding the location and
stratigraphy of the stone so largely used in southern Indiana for the
manufacture of natural rock cement, as well as an historie, descrip-
_ tive and statistical account of the industry. It is accompanied by a
map showing the exact distribution of the cement rock. '

Mr. Siebenthal has also gathered for this report statistics relative
to the oolitic stone industry in Indiana for the year 1900. These have
been incorporated in a special paper which shows that there was quar-
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ried during the year, 7,035,000 cubic feet, or approximately 23,000
car-loads of the oolitic stone, the value of which at the quarries was
$1,609,649.

The annual reports of the State Supervisor of Natural Gas, In-
spector of Mines, and Supervisor of Oil Inspection are included in
the order mentioned. The report of the Supervisor of Natural Gas
shows that the center of production, or that territory not invaded by
pipe lines, in 1898 comprised 250 square miles in Grant, Madison,
Blackford and Delaware counties. On the first day of January, 1901,
it had been reduced to less than 50 square miles in the northwest
corner of Délaware County. The main Indiana gas field, which
comprised originally 2,850 square miles, is divided into three zones,
viz.: (1) An outer zone, varying greatly in width, which has been
abandoned by the pipe lines and supplies only a small amount of gas
for local domestic use; (2) A middle zone, comprising at present prob-
ably 900 square miles, which is'the main territory supplying the pipe
Tlines and almost all of the factories; (3) The heart of the field or
center of production above mentioned. In December, 1899, the
average rock pressure of the middle and center-zones only was 155"
pounds. In December, 1900, the average in the same two zones was
but 115 pounds. This drop of 40 pounds is more than twice as great
a decrease as has occurred in any other year since natural gas was dis-
covered in Indiana, and is an excellent index of the rapidity with
which the supply is being exhausted.

The factories in the gas belt have many of them begun the use of
other fuels and there is little doubt but that the great majority of
them will remain where they are now located, gradually adopting that
form of fuel best adapted to the production of their respective wares.
To those that wish to remove to localities where cheap fuel exists in
abundance, the coal-bearing counties of western Indiana offér, and
will continue to offer, good sites, excellent railway facilities and an
abundance of the finest grades of bituminous coal.

The report of the State Mine Inspector shows that 6,357,976 tons
of coal were mined in Indiana in 1900. This was an increase of 492,-
853 tons over the output-of 1899, which was the largest in the history
of the State. This increase was due to the absence of the usual
strikes on the part of the miners in the leading coal districts in the
State, and to a steadily increaging demand for Indiana coal through-
out.the year. This demand was largely brought about by the gradual

" lessening of the supply of natural ‘gas. There is no doubt but that
the demand for'Indiana coal will continue to increase as the supply
of gas grows less, and the output will doubtless reach 10,000,000 tons
per annum before the year 1910, :
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According to the report of Mr. Epperson, the relative rank of the
fifteen coal producing counties for the year 1900, together with the
output of each in tons and the amount of wages paid to miners, was
as follows:* ’

TONS OF COAL PRODUCED AND WAGES PAID TO MINERS IN
INDIANA IN 1900, BY COUNTIES.

s

Number of Tons

: Produced. Wages Paid,
Clay County ............. eeeieans 1,497,677 $1,111,832 44
Vigo County ................. ... 809,884 723,977 37
Vermillion County ................ 751,849 495,361 20
Sullivan County .................. 748,678 558,620 98
Greene County .......... e eeieaaes 746,483 . 484,084 72
Parke County ...............0.... 679,024 611,119 45
Daviess County .......cconvvennnnn 254,030 201,482 65
"Pike COUDNLY . .ovniiiriinaniian..s 249,804 207,891 37
Warrick County .................. 181,384 111,851 63
Vanderburgh County .............. 172,562 191,293 53
Gibson County .........ovvvnvnnnnn 59,420 43,663 50
Knox County .........covnniennns 59,382 50,695 01
Fountain County ................. 41,640 37,386 95
Perry County ............ccovvnnn. 23,480 11,259 05
Martin County ................... 8,266 . 6,823 411
Total ......ccoiiiiniiinnnnnnn, 6,283,063 $4,843,343 26

Total number of tons produced in
small mines ...........cco0vnnuns 74,913 39,680 92
Grand total ................... 6,357,976 $4,883,024 18

The number of miners employed in mines operating 10 or more
men was 8,858. In the smaller mines about 1,000 additional men
were at work, so that nearly 10,000 coal miners are employed i in the
State.

Of the coal produced 1, 512 098 tons were block coal, and the re-
- mainder bituminous. Clay and Parke counties alone yielded block
coal; Clay County producing 1,190,406 tons and Parke County the
remainder, or 321,692 tons. The report of Mr. Epperson is very
complete, containing several tables of statisties of different phases of
the industry which have not been- embraced in former reports of the
State Mine Inspector.

A paper entitled “The Petroleum Industry in Indlana in 1900”
follows the report of the State Mine Inspector. It gives in detail the

*The output given is only from mines working ten or more men.
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developments and statistics of the industry in the Trenton rock oil
fields during the year, as well as a full history of the productive areas
recently opened up in the Corniferous rock at Loogootee, Martin
County, and near Medarysville, Jasper County. An accurate map of
the main Indiana oil field, brought up to J anuary 1, 1901, also ac-
companies the paper.

The final paper in the volume is largely devoted to the fossil faunas
of the Devonian rocks of the State, and will doubtless be especially
interesting to paleontologists. In the last six reports issued by the
Department, but one other, that for 1897, has had a portion devoted
to paleontology. Not wishing to depart entirely from the custom of
his predecessors, the writer has had the paper in question prepared
by Dr+E. M. Kindle, who has for years made a specialty of this sub-
ject. A number of the species described and figured therein are new
to science. Keys to the different species will help the beginner to
properly classify any fossil which he is liable to find in the Devonian
rocks of the State. The drawings, more than 300 in number, of the
31 plates accompanying the paper, were made especially for it by
Dr. J. C. McConnell, of Washington, D. C. They represent, much
better than words, the smaller details of the species described.

The clay manufacturing industry of Indiana has been growing
very rapidly in the last three years. The reports issued by this De-
partment in 1896 and 1898 contained special papers giving full
details concerning the location, area and thickness of the valuable
beds. of shale and clay in the coal-bearing counties, as well as in the
counties of the northwestern part of the State. Chemical analyses
of many of the clays were also incorporated, and the uses for which
the different deposits were best fitted were mentioned. As a result
of this advertising much eapital has been invested in the manufacture
of clay products. At Brazil, the chief center of the industry, 15
factories have been or are being erected. A large factory which, for
two or three years, has been months behind in its orders, is in opera-
tion just west of Terre Haute, and another is now being built a mile
south to utilize a most valuable deposit to which attention was called
in the 1896 report.’ Near Montezuma, two large factories have been
erected since 1897 and some of the best deposits of fire-clay and
shale north of Hillsdale have recently changed hands, the new owners
" proposing to erect factories during the coming year.

The demand for pressed front and ordinary brick, hollow brick,
vitrified brick, sewer pipe, conduits, ete.; is constantly increasing, and

" no place in the United States furnishes better facilities for the man-
ufacture of such articles than does western Indiana. There raw ma-




PORTLAND CEMENT.

HISTORY—USES—COMPOSITION—PROCESS OF MANU- -
FACTURE—METHODS OF TESTING, ETC. ‘

By W. 8. BrATcHLEY.

A cement is any material which is capable of solidifying when in
contact with water, without change of volume or notable evolution
of heat. It differs from a lime in that the latter expands, crumbles
‘and gives off heat when exposed to water. The presence of a clay
more: or less intimately mixed with a lime checks or stops the
crumbling and evolution of heat, and brings about that hydraulicity,
or power of slowly solidifying in water which characterizes a cement.

NATURAL Rook CEMENT.—If the lime and-clay are mixed by na-
ture; that is, if they occur already mixed in a stone which requires
only quarrying, burning and grinding to form a cement ready for
use, such a cement is termed a “Natural Rock Cement.” The first
cement of this kind made in the United States was in 1823 from a
water lime-rock in Ulster County, New York. = The hydraulic prop-
_erties of this rock were discovered by accident. . A canal was being
construeted, and it was noticed that the lime which was burned from
some of the strata hardened under water instead of slaking. Similar
discoveries followed rapidly at other localities, and, as a result, the
burning of natural rock cements soon became an industry of promi-
nence. The stone from which this cement is made is termed water

- limestone, or hydraulic limestone. Vast beds of this stone, excellent

in quality, occur in Clark, Floyd and other counties of Indiana bor-
dering the Ohio River. In 1899 the total production of Natural Rock
Cement in the United States was 9,868,179 barrels.’ Of this amount
Indiana produced 2,922,453 barrels, valued at $1,022,858, or almost
gix times as much as any other State except New York, where the
production was 4,689,167 barrels. A full account of the growth of
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the Natural Rock Cement industry in this State, with detfails and
statistics of manufacture, is given by Mr. C. E. Siebenthal in a sub-
sequent paper in this volume.
PorrrAND CEMENT.—Where the materials or ingredients (lime and
clay) entering into the cement are mixed artificially, then burned
. . and ground, the resulting cement is termed Portland cement. This
artificial cement was first made at Leeds, England, in 1824, by Jo-
seph Aspdin, a bricklayer. He chose the name “Portland Cement”
on account of the fancied resemblance in color and texture of the
cement, when hardened, to the well-known oblitic building stone of
Portland, England. Aspdin took out a patent for this cement, un-
der date of October 21, 1824. His specification is for “An Improve-
ment in the Modes of Producing an Artificial Stone,” and is de-
" scribed as follows: “My method of making a cement or artificial
stone for stuccoing buildings, waterworks, cisterns or any other pur-
pose to which it may be applicable (and which I call Portland ce-
ment) is as follows: I take a specific quantity of limestone, such as
that generally used for making or repairing roads, after it is reduced
to a puddle or powder; but if I can not procure a sufficient quantity
‘of the above from the roads, I obtain the limestone itself and I cause
‘the puddle or powder, or the limestone, as the case may be, to be cal-
cined. I then take a specific quantity of argillaceous earth or clay,
and mix them with water to a state approaching impalpability, either
by manual labor or machinery. ~After this proceeding I put the
above mixture into a slip pan for evaporation, either by the heat of
‘the sun or by submitting it to the action of fire or steam conveyed
in flues or pipes under or near the pan, until the water is-entirely
evaporated. Then I break the said mixture into suitable lumps, and
calcine them.in a furnace similar to a limekiln till the carbonic acid
is entirely expelled. - The mixture so calcined is to be ground, beat or
‘rolled to a fine powder, and is then in a fit state for making cement
or artificial stone. This powder is to be mixed with a sufficient quan-
tity of water to bring it into the consistency of mortar and thus ap-
plied to the purposes wanted.” ‘ ’
It is difficult to recognize in this description a process likely to
result in the formation of a cement of the present Portland type. It
‘must be remembered, however, that Aspdin had a hard mountain
~ limestone to deal with, and that probably the most easy way to ob-
tain this material in a state of fine subdivision, in order to mix it
with the clay, was to calcine it. It could then readily be slaked and
reduceéd to powder. The next step was fo temper it with the requi-
site amount of clay, and finally the mixture was submitted to a sec-
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ond process of calcination. This double-kilning would, where fuel
was relatively cheap, entail but little more cost and perhaps less la-
bor than first” grinding the limestone to fine powder under mill-
stones and then mixing it with the clay, as is now done in the dry
process of manufacturing Portland. Moreover, by the slaking ac-
tion, the lime is obtained in an extremely fine state of subdivision, .
and therefore in a condition peculiarly well adapted for intimate ad-
mixture with the clay.

Aspdin fails to point out the exact amount of clay needed rather
an important matter in a specification, one would think, and he omits
to state that the firing must be carried on until incipient v1tr1ﬁcat10n
is attained.*

The growth of the artificial or Portland cement industry was for
many years very slow. In 1848 the son of the inventor formed a
company and began the manufacture of the cement at Rotherhithe,
near London. In a circular issued by this company it claims “that
in consequence-of improvements introduced in the manufacture, it
will be found, for the following reasons, infinitely superior to any
cement that has hitherto been offered to the public:

“(1) Tts color so closely resembles that of the stone from which
it derives its name as scarcely to be distinguishable from it. :

“(2) It requires neither painting nor coloring, is not subject to
atmospheric influences, and will not, like other cements, vegetate,
oxidate, or turn green, but will retain its original color of Portland
stone in all seasons and in all climates.

“(3) It is stronger in its cementative qualities, harder, more dur-
able, and will take more sand than any other cement now used.”

At the great exposition at Hyde Park in 1851, Portland cement
was first brought prominently before the public, and tests were made
- showing its superior tensile strength, a crude form of the briquette
now in such common use for testing, being, for the first time, used.
Soon after this public exhibition of its qualities, its manufacture
was begun on the Continent, where it gradually grew into enormous
proportions, especially in Germany, that country for many years
not only making its own supply, but exporting to the United States
nearly two-thirds of the amount there used. Its manufacture also
increased greatly in England where, at the present, it is made chiefly
in the Thames and Medway districts, where white and gray chalk
and river mud are used. - In France the materials employed are
marls, chalks, and clays. In Germany the more important centers
of production are in the northern portion, especially the regions

hd Rodgrave—“Calcarooil Cements,’’ 1895, p. 25.
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about Stettin and the Rhine Valley. Here, also, chalks and marls
form the principal sources of the lime. _

PorTLAND CEMENT INDUSTRY IN THE UNITED STATES.—Portland
cement was first manufactured in this country in 1872, near Copley,
Lehigh County, Pennsylvania, at a loeslity in which natural rock
cement had, up to that time, been made. * A second factory was soon
after established at- Wampum, Lawrence County, Pennsylvania,
where the materials used were fossil limestone and clay.

On account of a lack of knowledge of the mere technical processes
of manufacture, as well as on account of the prestige which the for-
eign-made cement had secured among contractors and engineers, the
. growth of the Portland cement industry in the United States was
very slow up to 1890. In that year the total output of the eighteen
factories then in operation in this country was only 335,500 barrels,
-valued at $704,050. From 1890 to 1900 the growth of the industry
in the United States was exceedingly rapid, and during the last half
of this period almost phenomenal. The amount consumed in 1899
was very nearly three times that in 1890, while the imports have been
reduced but slightly below what they were in 1891. The following
table shows more graphically than words the increase by years in
production and total consumption, as well as the variation in the
amount imported:




COMPARISON OF TiIE DOMESTIC PRODUCTION OF PORTLAND CEMENT WITH THE IMPORTS.

(Barrels.)
, ) ]
1890. 1891, 1892, 1893, 1894. 1805, 1896, 1897. 1898. 1899, 8
: ' <]
Production in the United States..............oevvns..... 335,500 | 454,818 | 547,40 | 500652 | 798,757 | 990,324 | 1,548,028 2,671,715 | 3,692,284 | 5,652,266 E
Imports : ' 1,040,186 | 2,988,313 | 2,440,654 | 2,674,149 | 2,638,107 | 2,997,305 2,989,597 | 2,000,924 | 2,013,818 | 2,108,388 :
: ; \ 9
Total 2,275,686 | 3,443,126 | 2,988,004 | 3,264,801 | 3,436,864 | 3,987,719 | 4,532,620 | 4,768,699 | 5,706,102 | 7,760,854
T OBXPOTEE oeueeeneen et e e e e aeens s 21536 | 14,276 . 0725 | 83,682 | 85486 | 53466 | 36732 110,273
Total consumption ....... U UTUN RSN ISR +| 3,443,126 | 2,966,558 | 3,250,525 | 3,427,139 | 3,004,087 | 4,447,134 | 4,715,233 | 5,669,870 | 7,650,382
Percentage of total consumption produced in the United : ’ : ; |
.............................................................. 132 184 182 2.3 %.4 347 56.8 65.1 739
V ¥
‘ (]
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From the table it will be seen that in 1897, the total increase in
domestic production was 1,134,652 barrels, while the increase in
consumption was 368,099 barrels. This was the first year that the
increase in production was greater than that in consumption, and also
the first year in which American manufacturers produced more than
one-half of the Portland ecement consumed in the United States.

According to Mr. 8. B. Newberry, the acknowledged authority on
Portland cement in this country, “This important step toward the
replacement of imported by domestic Portland was largely brought
about by the successful efforts of American manufacturers to produce
a high grade product. Engineers in all parts of the country found
to their surprise that the product of the leading American factories
showed decidedly higher tests than the imported brands which had
long been regarded as a standard. In fineness of grinding, also, the
American cements were found superior to the imported. Neverthe-
less the fact remains that there is among contractors a considerable
prejudice in favor of certain brands of German cements, and that the
latter still command a higher price than the American. This preju-
dice is unfounded, and is therefore certain to depart in time, but
it still exists. American cements can be made at a price which will
allow themn to be sold cheaper than the best imported German, and
where the two come together in competition. on large contracts_the
work is generally made to the American manufacturers on the basis
of price. This was clearly shown on the letting of a large govern-
ment contract at Pittsburg last winter. The offers were as follows:

One Belgium CemMENt: .. vvritnnntnnnereannarenan $2 50 a bbl
Five German cements, average price......... “e:iv 2 60 a bbl

Four American cements, average price........... 2 28 a bbl

“The price of Portland cement is steadily coming'down and the
fall is being hastened greatly by the successful competition of Amer-
ican against foreign manufacturers. There can be no doubt that
within a very few. years practically all the Portland cement con-
sumed in this country will be of domestic manufacture. - The prices
of some, however, will hardly be the same as they are now. When
the demand is completely supplied by American manufacturers we
shall have works in this country producing 2,000 barrels a day more
than in Germany and the same result will be reached here as in
Germany, namely, the complete replacement of the common natural
rock cements by artificial Portland.”*

*Brickbuilder, 1898, p. 108,
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The following table shows the produetlon of Portland cement by
States in 1898 and 1899:

*PRODUCTION OF PORTLAND CEMENT IN THE UNIIED STATES IN 1898-1899.

1848, 1899,
w '_? o » -
| OB | g3E || 24| g2t
E | 3 | %4 (B | B | B84
P -9 > 2 [ >

Arkansas ......., S F S I TP 1 50,000 $87,500
Californis. .....oeovvvnnrveeveennn, 1 50,000 $100,000 1 60,000 120,000
THENOIS v evvvvvicvniniirnavivorenn fosasniforeronannnns|erinvensnes 2 53,000 79,500
Indiang oovvviieiiievrincinineant 1 2,600 L3 7(: 3 R PO DU
Maryland .......cooc0vviniinvanies 1], 10,000 17,500 [..coviliveiievnasinfoenrennrenss
Michigan.............. oo ciinaan 2 77,000 134,750 4 342,566 513,849
New Jersey ..........c..uuun hevais 2 587,163 | 1,027,535 2 892,167 | 1,338,250
New Moxico coevnvvsvernnnnnn. UUUU FUURRR IREUUTURR FURPOP 1 1,600 4,500
New York............. TR 7 554,358 970,126 7 472,386 708,579
........................ 1 1,700 ,100

6 265,872 465,26 [} 480,982 721,473

Pennsylvania..................... 8| 2,095,141 3,142,711 9 3,217,965 | 4,290,620
South Dakota..................... 1 31,000 62,000 1 35,000 70,000
TOXBE oo vrmnnnerees teetrnensaas 1 8,000 24000 [, ... eieiiiiii i,
Utah ....coviiiviiiiiiiniaiiannann. 1 11,250 22,500 1 45,000 135,000
TOtAL s eerneeenneeeeinnaennns 31| 3,602,284 | $5,970,773 | - 36 | 5,652,266 | $8,074,371

“From the article on Portland eement by 8. B. Newberry, in the Twenty-first Annual
. Report of the U. 8. Geol. Surv.

From this table it will be seen that the increase in production in -
1899 was 1,959,982 barrels, or 53.1 per cent. This is the greatest
increase in number of barrels of any year in the history of the in-
dustry in the United States, though the percentage of increase was
greater in both 1896 and 1897, when it was respectively 55.8 and V3.5
per cent. That the domestic production has not been lessened by
any decrease in the demand is shown by the table on page 5, where
it will be seen that the imports since 1891 have been more than
2,000,000 barrels each year, while the imports for 1899 were 94,570
barrels in excess of those for 1898.  In both 1898 and 1899 the de-
mand in the autimn months was far in excess of the supply, and
many important engineering works were suspended or delayed on
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Sidewalk of Portland Cement Conecrete in Process of €onstruction on Meridian Street, Indianapolis, Ind.
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account of the impossibility of securing the cement. " A number of
factories had their output sold almost a year in advance, and high
prices were paid in many. instances for immediate shipment.  The
same condition existed in other countries, and as a result many new

companies were organized and factories erected, both ‘here and
abroad, for the production of cement.

From the. table it will also be seen that in 1899 the average price
per barrel of 380 pounds, exclusive of cost of barrel, was $1.43. No
data are available for securing the average price for 1900, but to
the actual consumer, the price, even in large lots, was much higher.
On the 10th of August, 1900, the Indianapolis Waterworks Company
paid $2.37 per barrel in jute on board cars at Indianapolis for 4,000
barrels from an Ohio factory. On the other hand, a county surveyor
was able to purchase, about the same date, a 700 barrel lot for $2.19 .
per barrel. The Whitehall Portland Cement Co., of Cementine, Pa.,
make a cement by the dry process from ground limestone and clay
at a cost of 55 cents per barrel. Their plant is a very large one, cost-
ing over $700,000, and is fitted with the latest and most improved
machinery. A careful estimate shows that the cost of making the
cement, by the wet process, from marl and clay, including all gen-
eral expenses, is, in such States as Michigan, Ohio and Indiana, about
66 cents per barrel; so that the margin of proﬁt is still sufﬁmently
high.

. UsgEs. —One of the principal reasons for the great increase in con-
sumption of Portland cement in this country in recent years is the
discovery of many. new uses for which it is especially fitted. Its
list of possible uses has, in fact, more than doubled in the past five
years. Soft and readily molded or shaped into any desired form
when fresh; but if properly used, soon becoming harder and more
durable than stone, impervious to moisture or vermin and perfectly
fire proof, it is rapidly replacing not only: stone, but also wood and
iron for many purposes. In all great engineering enterpnses it is
being used to a far greater extent than ever before. Up to the pres-
ent, and no doubt for many years to come, the demand has been and
will be limited by the supply. As fast as new factories are estab-

- lished the market swallows up their product, and, up to the present,
~without effort or appreciable effect upon the price.

On account of its fireproof qualities and its imperviousness to
moisture and vermin, Portland cement is especially suitable for the
construetion of all absolutely fireproof buildings, especially art gal-
leries, museums, etc. -The museum at Stanford University, Cali-
fornia, now being erected, is a notable example of its kind. It will




PORTLAND CEMENT. 9

be 300 feet in length, three stories in height, and the entire structure

- from foundation up—floors, walls and roof—will be of concrete and
iron. The whole edifice is to be molded into & single monolithic
structure without seam, joint or break. The bars of iron are em-
bedded in the concrete and are immovably held at every point by
- the enveloping material, thus imparting their own tensile strength
to the concrete, which obviates the necessity for great thickness or
heavy weight. If the materials be mixed by machinery, the walls
of a building can be built of concrete for 22 cents a cubic foot, more
than 10 cents less than common brick work. For columns, cornices,
deors, windows, and all moldings and ornaments its relative expense
is at least from one-third to one-half less than that of cut stone
as, after the moulds are made, the whole work can be done by un-
skilled labor. For any large public building designed to be fireproof,
it is, therefore, the most economic material available.

Its use by railways for the construction of bridge piers, arch
culverts, abutments, retaining walls, ete., is just beginning, and bids
fair to assume enormous proportions. - “Concrete culverts and bridge
piers are particularly well adapted for use in the construction of new
lines of railway, owing to the comparative ease with which the ma-
terial for making concrete can be transported, as against heavy stone
- work. The use of derricks for loading and unloading material and
specially constructed wagons for heavy hauling are not necessary in
concrete work, and as it can be made with cheap, unskilled labor, a
great saving in the wages of the force employed is thus effected.’
These culverts have a decided advantage over cast-iron pipes on new
works owing to the great cost of transporting pipe.”’*

Especially will this increase in the use of Portland cement con-

" crete become notable in the great Central Valley and Prairie States,

where timber is becoming scarce or is wholly absent and where suit-
~ able stone has often to be transported for hundreds of miles. The
increasing use of such concrete in-these regions is but a natural
economic development.

For breakwaters, large sewers, dams, piers, and other structures
on and about the sea coast, great lakes, and larger streams of the
country, concrete has no equal, either in durability or ease of trans-
portation and construction. For railways and for national, state
and municipal public works its growing consumption will be suffi-
cient to utilize for many years, all the output of the many new fac-
tories which are proposed. - Hence, while the growth of the Portland
cement industry at this time is very rapid, there need be little fear

*F.G.Jonah in Canadian Engineer.
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Sidewsalk of Portland Cement Concrete Completed, on Meridian Street, Indianapolis, Ind.
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of an overproduction or of a failure to find an adequate market
for the product. .

The following is a partlal list of the many uses to which Portland
cement, or concrete made largely from this cement, is now being put:

USES OF PORTLAND CEMENT.

Abutments.
Arched culverts. -
Artistic tile for inside decoration.
Artificial stone columns.
- Asphalt pavements.
Bank vaults,
Cellar bottoms.
Chimneys, especially the tall ones of tactorles and mills.
Concrete sidewalks.
Curbs and gutters.
Dams and wheel pits in water powers.
Dry docks. :
Engine beds. - : :
Fence posts.
Fireproof floors.
Fortifications.
Foundations and walls for all fireproof buildings.
Foundations for brick and other street pavements.
Grain elevators.* '
Irrigation flumes.. ' : ' l
Lining of war vessels. :
Locks of canals.
Mill races and water courses in general.
Monolithic concrete construction in general.
Pier, quay and breakwater construction.
Piling.
Pipe mains.
Railway ties.t
Reservoirs for water supply of cities, for sewage, ete.
Retaining walls for wharfs and embankments.
Sewers.

“The Interior Elevator Co., of Minneapolis, Minn., will soon erect a large grain
elevator for Duluth, to be constructed entirely of steel and Portland cement concrete, such
a8 is In use on the Danube in Europe. The estimated eost for this elevator. iz nearly
$1,000,000.

{Concrete railway ties are coming into use in Europe and oriental countries; and it
will be but a few years until they will be extensively used in the United States.
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Shingles and tiles for roofs.*

Stairways in public and private buildings.

Stuccoing for the exterior of old brick and frame buildings.

Terra-cotta blocks.} ‘

Tunnel linings.

Vaults and burial tombs.

Germany, with a population of 50,000,000, manufactures about
18,000,000 barrels of Portland cement each year. Its exports are a
little over 3,000,000 barrels, leaving 15,000,000 barrels for home con-
sumption. The United States, with a population of 75,000,000, con-
sumes about 7,650,000 barrels per year. The consumption per capita -
is therefore three times greater in Germany than in the United
States. On account of the far greater magnitude of the engineering
and railway operations in the United States there is little doubt but
that the consumption of Portland cement will increase until it ex-
ceeds, per capita, that of Germany. ,

CoumposiTioN.—The essential ingredients or elements entering into
Portland cement are calcium, silica and aluminum., The caleium is
furnished either by a limestone or marl; the silica and aluminum by
clay. In the process of burning, these three elements unite to form a
complex silicate. It is therefore necessary that they be combined in
the proper proportions if the best results are to be -obtained. In a
few places in the United States, notably the Lehigh Valley region,
Pennsylvania, natural deposits of stone occur in which the elements
of Portland cement are found already existing in the proper propor-
tions. It is in this region, comprised within a circle of fifteen miles
radius, that the greatest development of the industry in the United
States is found. There are at present in this region eleven factories,
two of which are larger than any others in the world. One of these
is producing over 8,000 barrels per day, while 4,110,132 barrels, or
nearly four-fifths of the entire product of the United States, was pro-
duced by the eleven factories in 1899. In the rock of the Lehigh
Valley region there is a slight excess of clay; a small proportion of
pure limestone is. therefore ground with the rock to produce a cor-
rect mixture.

In other places a pure limestone and clay are ground together for
the cement. In this case the grinding of the stone must be much
finer than where the natural Portland cement stone is used, since
any coarse particles of the latfer which may remain -in the raw

*In Germany 40 per cent, of the burnt clay roofing tile has been replaced by concrete

tile during the past 10 years.
1 These blocks, made of concrete and molded in imitation of terra cotta, are being

extensively used for external walls of dwellings and business houses.
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material are of nearly correct composition. - The use of marl as the
form of carbonate of lime has greatly increased in the past few years,’
the new factories which have been erected in Michigan, Ohio and
Indiana generally using that material. The following table gives
the comparative product of Portland cement from limestone and marl
for the years 1897, 1898 and 1899:

1897, 1898. 1899,
Ni)g’:' Product. Ni,';f}’ Produet. IL':E' Product.
Barrels. Barrels. Barrels,
Factories using limestone......... 18 | 2,288,126 20 | 3,112492 24 4,69’7.722
Factories using marl .............. 1 395,649 11 579,792 12 954,544
Total....vvurierrareerannnsanns 29 2,677,775 31 3,692,284 36 7 5,662,266

The chemistry of Portland cements has been very carefully studied
by Messrs. S. B. and W. B. Newberry who, from a long series of ex-
periments, have deduced the following conclusions:* '

“First. Lime may be combined with silica in the proportion of
three molecules to one, and still give a product of practically con-
stant volume and good hardening properties, though hardening very
glowly. With three and one-half molecules of lime to one of silica
the product is not sound, and cracks in water. '

“Second. Lime may be combined with alumina in the proportion
of two molecules to one, giving a product which sets quickly, but
shows constant volume and good hardening properties. With two
and one-half molecules of lime to one of alumina the product is not

sound.

“Assuming that the tri-silicate and di-aluminate compounds above
mentioned are the most basic compounds which can exist in good
cements, we arrive at the following general formula for cements:

(X (3010.8i0,) + Y (2€a0.A1,0,), -

in which X and Y are variable quantities, having different values
according to the relative proportions of silica and alumina present
"in the clay employed.

“The formula 8Ca0.8i0, eorresponds to 2.8 parts of lime, by
weight, to one part of silica.

“The formula 2Ca0.Al,0, corresponds to 1.1 parts of 11me, by
weight, to one part of alumina.

%4 The Constitution of Hydraulio Cements,”’ 1807, p. 7.
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“The cori;ect mixture wouldlthén be:

100 parts clay.
355.56 pamts pure carbonate of lime.

“The percentage of carbonate of lime in thls Imxture would be
78.0. On burning this a cement of high quality will result, provided
the materials are finely ground and perfectly mixed. This statement
was confirmed by practical test; an excellent cement of constant
volume. resulted. '

It will of course be understood that the proposed formula repre-
sents the mazimum of lime which can be used with safety. This
maximum can be reached in practice only by most thorough grinding
and mixing of the raw materials. In practice the preparation of the
materials is always imperfect, and a certain part of the silica and
alumina present remains inactive, as is shown by the occurrence of
a small percentage of insoluble matter in all commercial cements. -
For this reason the proportion of carbonate of lime is usually carried
about one to two per cent. lower than that called for by the above
formula.”

-~ According to Dr. Mlchaehs, the ratio of .the total sﬂlcates to the
lime should be about as 1 to 2, and the variation from this ratio
should only be within narrow limits. Cements rich in lime set more
slowly, but harden to a greater degree than those poor in lime,
Cements rich in silica_generally set more slowly than those rich in
alumina, but the former harden very quickly and are better for use
in contact with ocean water. The celebrated German Portland ce-
ment manufactured at Stettin has a silica percentage of nearly 25
per cent. with 5.7 per cént. of alumina and 2.5 per cent. of ferric
oxide.

From a series of experiments the Messrs. Newberry concluded
that:

“Iron oxide (Fe203) combines with lime at a high heat, and acts
like alumina in promoting the combination of silica and lime. TFor
practical purposes, however, the presence of iron oxide in a clay need
not be considered in calculating the proportion of lime required,”
and that “alkalies, so far as indicated by the behavior of soda, are of
no value in promoting the combination of lime and silica, and prob-
ably play no part in the formation of cement.”*

In regard to the alkalies, the German chemist, Schoch expresses
the opposite opinion from the Newberrys, and considers that these
alkalies act as a flux and are of great benefit in gonnection with the

*Loe. cit., p. 16.
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hardening process of cement, as they convert the silica into a soluble
condition so that it combines readily with the lime when wet. Since
these alkalies act so powerfully in bringing about the vitrification of
clays in the burning of such products as sewer pipe and paving brick;
there can be but-little doubt that they have a somewhat similar effect,
or. at least lend much aid to thé proper caleination or vitrification of
the slurry or cement material during its progress through the kilns.

The question of the influence of magnesia as one of the ingredients
of Portland cement has been studied by many chemists, but is, as yet,
unsettled. It is held by several prominent authorjties that the pres-
ence of any considerable amount of magnesia causes the cement to
expand and crack after & time. R. Dykerhoff, a German authority,
clajms that more than four per cent. of magnesia, either added to a
normal mixture or substituted for an equivalent percentage of lime,
causes a steady deterioration in the strength of the resulting cemerit.
Actual cracking was observed only when 8 per cent. or more of mag-
nesia was present. The Messrs. Newberry, by a series of tests, found
that pure magnesia, when calcined at a high temperature, sets with
water and hardens like cement but is not constant in volume. Com-
pounds of magnesia with alumina and silica did not set or harden in
air, water or steam. When calcined with clay, the magnesia decom-
poses the clay, but the action is far less complete than in the case of
lime; and the product of calcination had no setting or hardening
properties. Magnesia is not capable of replacing lime in cement
mixtures, the composition of which should he calculated on the basis
of the lime only. On the whole it is believed that two and a half
per cent. of magnesia is the maximum amount which a good grade
of Portland cement can contain, though some German products con-

“tain as high as three and a half per cent.

Sulphur is another element which is harmful to cement, especially
when the latter is exposed to sea water, as its presence in any quan-
tity hastens disintegration. The source of the sulphur may be either
calcium sulphate in the marl or clay, or iron sulphide in the coal used
as fuel. An addition of one-third to three-fourths per cent. of fluor-

* spar is often very beneficial for bringing about an easy clinkering of
the material in the kiln. , .

The clay used in. the making of Portland cement should not con-
tain an excess of sand or free silica. Many clays contain a high per-
centage of sandy particles not in combination with the other ele-
ments. Such clays possess a harsh, gritty feeling when rubbed be-
tween the finger and thumb or when brought in contact with the
tongue and it is possible to wash out from them a considerable quan-

-
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© ity of grains of sand. These clays, though well adapted for brick
making, are not suitable for cement.

The clays best adapted for Portland cement are fine grained and
have a greasy or unctuous. touch; any free sand present must be re-

moved or ground fine. The ,anionnt of-silica in the clay used in the.

best grades of cement runs from .58.to 65 per cent. The more
amorphous silica present, the better. the clay. The amount of iron
oxide present should not exceed 10 per cent. Clays low in iron are
usually of a gray or blue color and change to hght yellow when
weathered. :

The following are the analyses of some of the clays used in the
making of European and American Portland cements:

1 2 3 4 5 6 v 8 9 10

Bilica (8i0s)...cvcvveeiunnnns 60.06 | 59.25 | 60.00 | 62.48 | 64,72 | 64.70 | 62.10 | 69.49 | 56.54 | 57.98
Alumina (81,05 ;0100 1710|2812 | 2028 2000 | 2421 | 1100|2009 1 16,4 | 1948 | 18328
Yerric Oxide \Feg 0s) ..} 7.08| 858 899 7.33] 7.64] 990 7.81 4831 457

ime (Ca O) .. J9927...... 418 630 189 9 65 2201 7211 175
Magnesia ( gO) 1189 280( 160 1.161...... - 96 78 3060 183
Potash (K,0) ..... .1 250 1.87) 149 17¢1 1.90(..... S O POCT PO RSO
Soda (NayOs .ooiiieriei o B 16| 72 g0l
Oaloium sulphate (Ca 80.).| 60| 2073| 89| 60}......  FOp 49 [.....oifenenns 1.28

The above clays are used in making cement at the following
localities: :

- Europe. : America.
1. Province of Saxony. 6. Sandusky, Ohio.
2. Vorpommern. 7." Bronson, Michigan.
3. . Oberharz. 8. Wellston, Ohio.
4, Brandenburg. 9. S8troh, Indmna
6. Medway. 10. Yankton South Dakota.

Tt will be noted that the percentage of alumina in the above clays
ranges between 11.90 and 24.27 per cent. Cements low in lime and’

without an excess of alumina but high in silica are always of low
tensile strength. If the alumina in the cement runs above 8 per cent.
it im considered high, if below 5 per cent., it is very low. Since the
clay is the source of all the alumina, and almost all of the silica, too
great an amount of clay will cause the resulting cement to fuse too
tmsily. It will also be light in weight, will set quickly, have a brown-
wsh color and mever become thoroughly hard. Moreover, it will
crumble to a_greater or less degree when exposed to the weather.

On the other hand cements containing too great a percentage of lime

will stand the hottest fire without fusing. When burned, such ce-
ments are slow setting, hard to grind, and liable to flow and swell
after being used. Tn’most of the Portland cements now on the mar-
ket j:he lime runs from 60 to.65 per cent.
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The following is-a ‘ta;ble‘of chemical analyses of some of the leading
makes of European-and Ameriean Portland cements: =

gl 2] 3] 3 g5 7| =
w3 |43 | 3| 21 2|58 2| L2
e85 g8 Bl of | B | HE | &£ | 5%
- © S . ® Ee % © X e 50
Be | 85 | 42 | 58 | 82 | =5 | g2 | &8
Y 5 5 .| g5l pe | 24 | g4 | 2<
(=] [ [ | 0 w 4] [=]
Lime (C80)........ 63.06| 63.72| 62.28 | 60.92 | 62.30 | 64.19| 63.37| 61.90
Bilioa (8i0,) .. 2064 | 22.08| 22°69 | 22.04 | 22:68 | 23:20 | 2095 | 21.80
Aluming (A1,05) 735 ] 6.8 | 70| 65| 61| 708 94| 7.5
Iron Oxlde o 369 | 336 287| 841! 23| 241, 312| 49
Magnesia ( gd Y 238) 18] Yos| 353 3| "o Tzl 16t
Sulphurie Acid (803) .1 1.39 1.82 1.62(  2.73 1.88 1.05 .86 .79

The table shows that the composition of the Portland cements
now on the market is very uniform, the limit of variation of each -
constituent in the analyses given above bemg less than three per
cent. :

PROCESS OF MANUFACTURE —-—In the making of Portland cement
from marl and clay, the process now followed in most of the factories
in Ohio, Michigan and Indiana is-what is known as the “wet process,”
the materials, after being carefully proportioned and thoroughly
mixed being introdueced into the kilns in a moist or semi-moist con-
dition. “To-accurately proportion the raw materials and to perfect
an intimate mixture of them are the prime factors in making good
Portland cement.” Other things being equal the more exactly the
proportions are maintained the greater the uniformity of the cement;
the more homogeneous the mixture and the finer the state of di-
vision of its. particles, the greater the strength and hydraulic energy
of the product.”* ;

In some plants the mixing is begun in large steel wet pans having
a diameter of eight to ten feet, water being allowed to flow onto the,
ingredients while they are being ground. From the wet pans the
mixture is pumped or forced through steel pipes into ball mills

~  where. the particles of clay and marl are brought into still more
intimate connection. From the ball mill the mixture or “slurry,” as
it is now called, is passed into revolving steel kilns.

In other plants the clay is first passed through horizontal cylin-
drical steel dryers, where it is brought into direct contact with hot
air, and then through a Williams or other grinding mill, where it is
thoroughly pulverized. From these mills it passes into steel storage
bins, and from-:there; as needed, into pug m which correspond to

N

*Lewis, Mmera.l Industry, 1897,

2—@eol




18 _REPORT OF STATE GEOLOGIST.

thée wet pans above mentioned, where it first comes in contact with
the wet marl. From the pug mills the mixture goes to the ball mills,
which it leaves as slurry ready for the kilns. -

The kilns in operation in all of the more modern factories arc
those of the rotary steel pattern, in which the process of burning is
continuous. These kilns were first introduced into the United States

- in 1889 and crude petroleum was employed for fuel. The oil was
blown in by jets at one end and the smoke and gases of combustion

_ passed into a stack at the upper end of the inclined revolving cyl-
inder. As a'labor saving device, this kiln had many advantages over
the old fashioned, upright intermittent kilns. For a number of’
years, however, it was handicapped by the varying price of the crude
petroleum used as fuel. When this petrolenm was only 37 to 48 cents
a barrel, as it was between 1891 and 1894, and again in 1897, its use
as fuel in cement manufacture was extensive, but when the average
Pprice rose above 60 cents, as in- 1895 and 1896, and from 1898 on, the
cost became prohibitory. Then it was that experiments were made
with pulverized cpal, and owing to various improvements in its
preparation and in the methods of feeding it into the furnaece, it is
rapidly becoming adopted as a cheap and in every way satisfactory
fuel for use in rotary kilns. At the same time the evolution of the
mechanical features for handling both the raw materials and burned
product in the rotary kiln plants has steadily advanced. As a conse-
quence the amount of manual labor necessary ha$ been materially
reduced and the cost of the manufactured product correspondingly
lowered.  So satisfactory have these results been that in 1899, 20 of
the 36 factories in the United States were using the rotary kilns, and
in that year 3,711,220 barrels, or 65.7 per cent. of the total pro-
duction was burned in these kilns, as against 149,000 barrels, or 25.2
per cent. so burned in 1893.

The rotary kilns in use vary in size, some being 60x6 feet with a
capacity of 160 barrels per 24 hours; others 60x5 feet, with a ca-
pacity of 125 barrels. They are so set that the back end is a foot -
or two higher than the lower or front end. - The coal used is bituniin-
ous and, usually a mixture of glack and nut. In some factories it is
dried in upright steel dryers encased in brick, the hot air being
applied between the brick and the steel, and then ground in revolving
tube mills; in other factories it is dried in rotary cylinders about
4x50 feet in size, and afterward ground in Griffin or similar mills.
After grinding it is conveyed to storage tanks. . In the latest and
most improved plants, these are flat funnel-form, made of heavy
sheet iron, one heing fastened to the walls about six feet above the
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ground, and in front of each rotary kiln. The coal, when prepared
as described, is in the form of a fine powder, and is forced by a blower
into the front end of the kiln, where it burng like gas, evolving a

heat of 8,000 to 3,500 degrees F.

" The raw material or slurry mixture-enters the kiln by a spout at
- the upper end and is carried slowly forward and downward by the
revolution of the- furnace, the burnt' clinker finally falling out of
an opening at the front end just below the point at which the fuel
is forced in. - In burning, the furnace is at a white heat 20 to 25 feet
back from the front, and at a red heat 10 to 15 feet back. The
material, in passing through, is kept at a high heat only 15 to 20
minutes, although it is in the kiln about three times as long. It
emerges in clinkers the size of a hickory-nut or less. These are lifted
by “endless bucket elevators and are then stored in steel cooling
bins, or are passed through troughs of water and so cooled immedi-
ately. In some factories it is customary to add about two per cent.
by weight of raw ground gypsum to the cooled clmker to prevent the
cement from setting too quickly.

From the cooling bins or troughs the clinkers go to the final grind-
. ing machines. These are either of the Griffin or the ball and tube
pattern, and from them the cement emerges as a finished product.
From these mills it is conveyed to the storage bins where it is usually
kept 60 days or more before being shipped for consumption. This
seasoning increases the tensile strength by neutrahzmg the free lime
remaining in the cement.

From what has been written it will be seen that the manufacture
of Portland cement is an operation requiring great care and skill.
The selection, preparation and mixing of the raw materials, the
burning of the charge, and the sorting and grinding of the product,
must all be carefully controlled, or serious defects in the finished
product will result. The faults shown by bad cements are, moreover,
generally not Yrifling ones, nor immediately evident, but often con-
sist of hidden and dormant evils, which may cause the failure and
destruction of important pieces of engineering work after the lapse
of months or years. It is evident, therefore, that simple and rapid
methods of detecting these hidden faults, and of determining the
comparative values of different samples of cement, are absolutely
indispensible to all engaged in the many kinds of constructive work
in which cement is used.

THE ‘Testing OF PorTLAND CEMENT.—FEach of the leading fac-
tories now has, as an adjunct to its plant, a laboratory in which an ex-
perienced chemist is constantly at work, making analyses of the raw
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materials and the completed product, and also-carrying on numerous
 tests to show the setting and hardening properties, the tensile and
compressive strength, and the permanence in water and air of the
cement manufactured. Each of the great engineering departments
of the different nations; as well as those of different cities, have
certain special requirements or specifications which each brand of
Portland cement offered must satisfactorily meet before it will be
accepted for use. The requirements vary much; and are based not
only upon the specié_xl use 1o which the cement is to be put, but also,
oftentimes, upon the whim or judgment of the engineer in charge.
Some engineers require only a proper tensile strength to be shown.
Others require satisfactory proof of many qualities other than
those above mentioned. The following”are the

SPECIFICATIONS OF THE ENGINEERING DEPAB.TﬁENT, DISTRICT OF COLUMBIA.

Fineness.—Not less than 95 per cent. to pass a 50 mesh sieve, and
not less than 85 per cent. to pass a 100 mesh sieve. - ‘

Time of Setting.—Initial set in not less than one hour.

Tensile Stréngth.*—One day, neat, 125 1b.; 7 days, neat, 400 1b.;
with three parts sand, 100 Ib.; 28 days, neat, 500 lb.; with three parts
sand, 150 1b.

Constancy of Volume.—Portland cement shall not contam more
than 3 per cent. of free lime, and shall withstand ‘without cracking
a temperature of 212 degrees F. after 1mmer310n in water for 24
hours. :

The city of Philadelphia in 1898, reqmred only a test for tensile
strength as follows: !

Neat—24 hours, 180 pounds
7 days, 500 pounds.
28 days, 600 pounds per square inch.
One part cement to three parts sand—
24 hours, 100 pounds.
7 days, 170 pounds. -
28 days, 240 pounds per square inch.

The chief standards of reference among American engineers for
the testing of Portland cement are the recommendations of the
American Society of Civil Engineers, drawn up by a committee
appointed to devise a uniform system of testing. The report of this'
committee, published in the proceedings of the society for June,
1885, contain, among others, the following 1mportant recommenda-

! ]
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“Fineness.—Cement of the better grades is now usually ground so
fine that only from 5 to 10 per cent. is rejected by a sieve of 2,500 .
meshes per square inch (50 mesh). The finer the cement, if other-
wise good, the larger dose of sand it Wlll take, and the greater its
value.

“Checking or Cracking.—Make two cakes of cement two to three
inches in diameter, one-half inch thick, mixed with water to the
consistency of stiff plastic mortar. Note the time required to set
hard enough to stand the wire test recommended by General Gilmore,
1/12 inch diameter loaded with 4 pound, and 1/24 inch diameter
loaded with 1 pound. One of these cakes, when hard enough, is
placed in water and examined from day to day to see if it becomes -
contorted or cracked. The remaining eake should be kept in air and
its color observed.

“Tensile Strength.—The cement is to be tested neat and also with
three parts sand. The amount of water required is approximately
as follows:' Neat Portland cement, 25 per cent.; cement with one
part sand, 15 per cent. of total weight; with three parts sand, 12 per
cent. The mixing must be rapid and thorough; the mortar, which
should be stiff and plastic, should be firmly pressed into the molds
with the trowel, without ramming, and struck off level.

“The temperature of the briquettes and of the testing room should
‘be constant between 60 and 70 degrees F.

“The sand recommended is the crushed quariz used in the manu-
facture of sandpaper, of such fineness as to pass a 20-mesh sieve
and be caught on one of 30 meshes.”

The tests for tensile strength are made with small molded
briquettes which are in shape somewhat like the figure 8. The fol-
lowing method of making the cement and sand briquettes is that
adopted by the German Minister of Public Works and is probably
the best in vogue: For five briguettes weigh out 250 g. (9 oz.)
cement and 750 g. (27 oz.) sand. Mix dry, add 100 c. c. water (3%
oz. by weight = 10 per cent.) and work strongly five minutes. The
mixture is pressed into the molds so as to fill them above the top,
and pounded for at least one minute each with an iron spatula, at
first gently from the sides, then more strongly, until the mass be-
comes elastic and water appears on the surface. The spatula should
be 14 inches long, the blade 1% by 2 inches, and should weigh about
50 g. (9 oz.). Briquettes are to be kept in a zinc lined box for 24
hours, and then placed in water. Tests are to be made at seven days,
28 days and 12 weeks, and all tests are to be made 1mmedlately on
taking the test pieces from the water.
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The testing machine i in most common use is one made by the Fair-
banks Scale Co., in which the weight is applied by a stream of shot
which runs from a reservoir into a pail suspended at the end of the
steel-yard arm; when the briquette breaks the arm falls, automatic-
ally cutting off the flow of shot. The actual weight used is multiplied
by 100. The time required to break a briquette is about five seconds
for every 100 pounds of tensile strength.

Mr. S. B. Newherry has issued a little pamphlet entitled “Notes on
Cement Testing” which contains valuable information based upon
the results of his experience. In regard to the making of briquettes

‘and the constancy of 'volume of the cement he makes the following

observations:

“The proportion of water used greally affects the resulting
strength. Enough water should be taken to make a stiff, plastic mix-
ture; more than this weakens the briquettes, especially when tested
at short periods. Portland cement requires from 22 to 25 per cent.
In work so necessarily exact as this, the use of French weights and
measures will be found an immense saving of labor and tedious calcu-
lation. The cement and sand are weighed in grammes and the water
measured in cubic centimeters. Since one cubic centimeter of water
weighs one gramme, the correct percentage may at once be taken
without calculation. :

“The thoroughness of mixing the cement and water makes a most
surprising difference. The German requirements specify that the
mixture for sand briquettes shall be ‘strongly worked with the trowel
for five minutes” The writer found, in one cage, that a cement
with three parts of sand, worked about one minute, gave at seven
days 87 1bs.; the same mixture, thoroughly worked five minutes, gave
in seven days 240 lbs. With neat cement thoroughness of mixing is
equally necessary. Doubtless many failures and variations in results

are due to neglect of this precaution. Rubbing the moist mixture

in a large porcelain mortar for a few moments before filling each
mold is practiced by some. This method gives higher results, and, if
adopted, should be uniformly followed.

“Constancy of Volume.—The tendency of cement to expand or
crack is the most dangerous of all the faults it can show, since this
may in time cause the destruction of the work in which the cement
is used. The pat test on glass is generally relied upon to detect this
fault, and should never be omitted. Care should be taken not to
put the pats in water until thoroughly set, as the best cements will fail
if put in water too soon. For the sake of uniformity it is best to
keep the pats for 24 hours under a damp cloth or in a closed box be-
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fore putting in water. The amount of water used in mixing should
not be too great, or the cement will not harden well. The amount
specified in the German requirements will be found suitable. The
cracks due to expansion occur usually at the edges of the pat, and
radiate from the center. These should not be confused with irregu-
lar shrinkage cracks, which show themselves when the pats are made
too wet and allowed to dry out too much during setting.

“The tendency to expand and crack shows itself much sooner and
more distinetly in the pats than in briquettes. Nevertheless the in-
spection must be continued for a long time, if all possibility of future
failure is to be avoided. The writer has known cases in which the
pats stood satisfactorily for two weeks or more, but briquettes of the
same cement went to pieces after several months. The dangerous
expansion of cement is due to free or imperfectly combined lime,
resulting generally from coarseness or imperfect mixture of the raw
materials. The slaking of this lime is often very long delayed, but
finally takes place with irresistible force, completely destroying the
hardened cement and the work done with it. ‘

“For the purpose of quickly determining any tendency of cement

* to expand and crack, the boiling test is largely used. This consists in
exposing the pats, after setting, to the action of steam for several
hours, then placing them in boiling water for some hours more. The
action of steam quickly slakes the free lime, if present, causing the
pats to swell, crack and often fall to powder. The writer believes
that three hours’ exposure to steam is amply sufficient for all practi-
cal purposes, and that the boiling ‘water test is unnecessary. A few
trials will convince anyone that no cement which cracks in cold wa-
ter, even after months, can possibly stand the test in steam for three
hours. The fact is that no cement is wholly free from uncombined
lime, and that a very small percentage of this is entirely harmless.
Such ‘a proportion as would be dangerous in practical work is im-
mediately and strikingly detected by the test in sleam, and much
more surely than by long tests in cold water.

“In using the hot test, care should be taken not to make the pats
too wet, since excess of water causes even the best cements to swell
up and soften under the action of steam. The writer has found
that exposure to steam after setting is a more searching test than
that of placing in steam as soon as made. In the latter case, slaking
of the free lime appears often to take place before the setting, and
the fault thus escapes detection. Pats of sound cement placed in
steam after setting will harden rapidly, and show .no cracking or
crumbling; they will also generally remain attached to the glass,

i . g N
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though this point is usually not regarded as essential, since the best
cements vary greatly in this respect.” '

Mr. Newberry also recommends the following as a fair equipment
of the apparatus needed for testing cements:

A slab of slate or marble, at least two by three feet in size, one and
a half inches thick. v

A grocer’s scale, weighing to one-fourth ounce.

Set of weights, preferably on the metric system.

A glass graduate for measuring water, preferably showmg cubic
centimeters.

A trowel with five-inch blade.

‘Pieces of glass, about five inches square, for pats, and some about
three inches square for hot tests.

Testing machine and at least one dozen molds.

"A trough for keeping briquettes in water, best lined with zine.

.A square copper box on legs for hot tests, with gas burner, rack
for pats, and cover. : ‘

THE' PORTLAND CEMENT INDUSTRY IN INDIANA.

The first Portland cement factory in Indiana, and one among the
firgt in the United States, was erected at South Bend in. 1877,
Thomas and Duane Millen, father and son, with John H. Leslie,*
being the founders. A factory had, a short time previously, been
erected at Kalamazoo, Mich., for the making of Portland cement
from marl and clay, but it was not a success. The South Bend fac-
tory was, therefore, the first in the United States to successfully use
these ingredients in cement making.

The Millens and Leslie began experimenting in June, 1877, and,
after making irnumerable experiments in proportion and combina-
tion of different materials, and building a large number of experi-
mental kilns, they succeeded so far that in the following October
they began preparing a small plant to manufacture the cement for
the market. They began with one small semi-dome kiln and one
millstone with an American cracker to reduce the clinker for the.
millstone, thus requiring one man with a sledge and a large hollow
piece of iron to do the work of a Blake crusher.

They did not succeed in successfully burning any clinker until
the latter part of January, 1878, although they were working day
and nlght to find the right proportion for the mlxture, the proper

¢ To Mr. Leslie, still a resident of South Bend,I am indebted for many of the facts .
here given regarding the early history of the Portland cement industry in Indiana.
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way to fill the kiln and the best kind and proper amount of fuel. At
last these problems were solved and, with occasional set-backs, they
succeeded so -well that it was determined to construct another and
larger dome kiln. The first year’s operation lacked much of being
profitable. The second year they constructed a second dome kiln
and made many improvements in the methods of mixing, drying and
burning, so that at the end of this second year they were nearly even
“ with expense and profit.

The company was soon after reorganized by taking in Homer
Millen, a younger son, under the firm name of Millen & Sons, and
disposing of their other manufacturing interests, they gave their
‘entire energies to developing their cement plant. The quality of the
cement wag gradually improved, and the United States Government
finally recognized its high grade by annually purchasing large quanti-
~ ties for use in the arsenal at Rock Island, Illinois. The output was,
however, small compared with that of factories of to-day, ranging
from 5,000 to 20,000 barrels per annum. The cement was made from
marl taken from the lakes at Notre Dame and from clay shipped
from Bertrand, Michigan, seven miles north. .

.The analyses of the raw matenals, made by H. H. Hooper of Chi-
cago, were as follows:

MARL

Calcium carbonate (CaCO3)........coiviiiiiini e 91.25
Magnesium carbonate (MgCO0;). i oo iivineriannennns 3.21
Calclum sulphate (CaSO).........coiiviviiiviiean... 24
Insoluble inorganic matter (silica, ete.).................. 3.80
"Organic matter ............ N 1.50

, CLAY.

Silica (SI0g). . oot iiviiirriiatisiieisioionroenasniass 59.36
Aluming (ALO,) and Iron Oxide (Fe,O,) .................. 10.01
Magnesia (MgO)........cvvciivenn. O 2,40
Lime (0a0) ... .vvneiiiiniiiiiiii i, PN . 23.80
Sulphuric acld (805). .. vvtvivennrneisarneeiaasuns 171
© Soda. (Na,0) and Potash (K0).......vvtniivennniiiens. .58
Water (H,O) combined. ..........coovennenn. eeeaeaes 2.06

_ The clay was first ground in a disintegrator, then mixed with the
marl in a pug mill in the proportion of one part to four. As it is-
sued from the pug mill it was cut into cakes the shape of an ordinary
brick, but larger. These were placed on iron cars and dried 24 to 36
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hours by steam and were then burned in an English dome kiln,*
four of which, averaging in capacity about 65 barrels of cement each,
were in use by the company. These kilns were intermittent in op-
eration. In preparing the kiln for burning, wood and coke were
piled for several feet above the grate and then above that the bricks
of dried slurry and coke in-alternate layers up to the doors at the
base of the stack. The doors were then sealéd up, the fire started
at the bottom and allowed to burn for 64 hours, until it had burned-
through the clinker at the top. The doors were then opened, and
after cooling, the clinkers were removed, the kiln being recharged
for another burning. This style of kiln consumes a large amount of
fuel and requires more or less sorting of the clinker to separate the
underburnt and vitrified material.
At the South Bend factory the clinker, after burning, was run
through a Blake crusher and reduced to the size of a hickory-nut or
-less; then through a “cracker” from which it emerged in pieces the
size of a grain of wheat, and then through a rock emery mill for
final grinding. ) '
The cement of this factory for many years had a high renown
among engineers and contractors. The average tensile strength of
its neat briguette was as follows:

24 hours ........... ................ 225 pounds.
T A AR 400 pounds.
28 ABYS vt i e e e 550—625 pounds.

while its chemical composition showed the presence of

Lime (Ca0) ...t iiiitennttniteetsietanoennneans 59.24

Silica (8102, .0 vt iiii i iiei ittt aeeaieaan 22.30
Alumina (ALO,)............. e reaea et e 7.21
Iron Oxide (Fe,0,)...... A I .. 879
Magnesia MZO) . ....covivivieirerneronnenanns S 8.03
Sulphuric acid (805). ... .viviiin it ine it 1.47

In 1886 the original founders, Thomas and Duane Millen, opened
up another and larger plant at Warner’s, New York, leaving the
one at South Bend in the care of Homer Millen and Mr. Leslie.
These gentlemen succeeded in -increasing the output several hun-
dred barrels per year: The demand for their product continued to
increase; so that from 1887 on, the company was constantly refus-
ing orders during the summer and fall months. In 1889, the Millens,

*This style of kiln was the only one used in the United States up to 1889, and next to

the rotary continunous, it is the most common one in operation to-day, the process of burn-
ing being the same as here described.
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desiring to concentrate their capital, sold their interests in Indiana
to the South Bend Portland. Cement Co., consisting of Horace M.
Taggart and E. F. Marshall, Mr. Leslie being retained as superin-
tendent. The new company was for two or three years very success-
ful, being several carloads behind their orders during the cement
season, although when the season opened they usually had from
eight to ten thousand barrels in stock. Tiring at last of declining
orders, they concluded to increase their capital stock by reorganizing
and building a larger plant. This was begun in the summer of 1891,
and late the next spring the new plant was completed at a cost. of
about $40,000. The machinery consisted of one large Blake crusher;
one pug mill; one clay grinder; three sets of millstones; two 80
horse-power boilers; one 125 horse-power engine; three dry arches,

. fitted with pipes and cars; elevators, conveyers, line-shafting and all

other necessary equipments. The burning was done in “dome” kilns
of large size, four of which were erected. The plant was in opera-
tion only about 18 months, during which time its output was about
60 barrels daily.

Private misunderstandings and dissensions arising among the
members of the company, the plant was shut down in 1893, and re-
mained closed until 1896, when it was operated for a short time.

" Soon after its second opening the company failed, and the plant was

permanently. closed. It is understood that a Chicago company has
recently purchased or leased it, and will use it in making Keene’s
cement. _

The old factory, after having been idle for a year of two, was re-
opened by a new company in 1894. From a lack of experience the
new owners were ngt able to make cement of as good quality as that
produced by the original founders, nor were they able to compete
with the lower-priced makes burned in continuous kilns. The output
wasg, therefore, allowed to dwindle, and finally stopped in 1898, the
factory having been idle since that year. The high standard at-
tained by the product of the original company shows that the ma-
terials used were in every way suited for the manufacture of an ex-
cellent grade of Portland cement.

Tae WaBasH PortiAND CeMENT CoMPANY. — This company
began the manufacture of cement at Stroh, Lagrange County,
Indiana, in August, 1900. - Their plant was erected in 1899 and
1900, on a piece of high ground between Big and Little Tur-
key lakes, a railway switch having been put in connecting the
site with the Chicago Division of the Wabash Railway at Helmer,
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five miles southeast. With the exception of the chemical laboratory

and office, the whole plant is under one roof. It is equipped with
the latest improved machinery as follows: One steel revolving dryer,
4x40, and Williams pulverizer for clays; one Vulcan dryer and Smith
tube grinder for the reduction of the fuel coal to powder; four rotary
continuous kilns, 60x5 feet in size, with a total daily capacity of 480
barrels; 20 steel tram cars, holding one and a half cubic yards each,
to convey the marl from the pit to the mouths of the pug mills,
three in number; three tube mills for thoroughly mixing. thé slurry
after it leaves the pug mills; and four ball mills for grinding the
cement. The capital invested in the plant is at present about $275,-
000, though this will soon be increased by the addition of more
rotary kilns and other machinery.

According to the statement of the chemist, Mr. W. R. Oglesbey,
employed at the works, the average tensile strength of the cement
being shipped from the factory in January, 1901, was as follows:*

Neat: -
T A8 o eeerievinereeeenneseseannnsnrecens 700 pounds.
28 AAYS ...ttt ittt ire e et 824 pounds.
One part cement to three parts sand
A 2 £ T 210 pounds.
28 AAYE . iuviiiierr ettt iiaee e, 302 pounds.

while its average analysis showed the following percentage comf)o-
sition: ‘

BiHea (S10,). ...ttt iiiiiiiiiriieieneenecsnsaceaaiverennas 21.78
Alumina (ALOQ,)...... @t eesesetsenenantatttenaaeneanan 7.31
Iron oxide (Fe,0;).......... [ et ear e 2.65
Lime (CA0). ...vrrvreeniaireinnnnenneennnnas e 62.35
Magnesia (MZ0) .. viuieeiiniiineinresnosrenensnnaens 2.88
Sulphuric anhydride (80,).....ivvviviiiiiiiinnin.. .. 1178
Carbonic anhydride (Co5)....covvvvivivennnnnnn e heeean .23
Water (Hy0) . ooovieeeneivoenesonnestesesocaneensassnns .56
Potash (K,0), Soda (Na,0) andloss..........c..cevuenn,s AT

THE SYRACUSE PoRTLAND CEMENT CoMPANY.—The Syracuse
Portland Cement Co. began the erection of a plant by the.side of
the Baltimore & Ohio Railway, one-third of a mile east of Syracuse,
Indiana, in 1899, and completed it ready for the making of cement in
November, 1900. The materials used are marl from Syracuse Lake
and clay from near La Paz, Indiana. - :

“ An analysig of the clay and marl used will be found under the hea.dmg of Turkey
Lake, Lagrange County, on a sabsequent page of this volume. - '
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The compesition of the marl, clay and cement are as follows, ac-
cording to S.'B. Newberry, chemist:

Marl. Clay (LaPaz). Cement,

Silica ....... O RN 174 55.27 22.06
Aluming .....cvveeannins vees .90 10.20 4.80

Iron Oxide .........covnvnenn 28 . 3.40 1.66

LiMe .vvvviirnieninnnnnnnns L. 4084 . 812 65.44
Magnesia .......... eereanens 175 5.73 3.82 .
80, ........ O 1.12 cees 0.90

LOSB ...l eiereneionnenisnnnn 46.01

The different departments of the plant at Syracuse are in separate
buildings, thus diminishing greatly the risk of loss by fire. At the
same time the arrangements for carrying on the work are so per-
fected that no waste of labor or increase of machinery is necessitated
by this isolation. The buildings erected and machinery installed
are in part as follows: (1) Power house, with three sets of boilers;
two compound.engines of 1,000 horse-power each, and two Westing-
house dynamos each of 440 voltage power. The foundation and
floors of this building, as of all the athers, is of concrete, the engines
being set on concrete foundations reaching to below the level of the
water in the nearby lake. (2) Mixing room, 218x62 feet, containing
four upright cylindrical storage tanks for marl and clay, each 16x15
feet; two 10-foot wet pans; two steel tube mills, 80x6, for mixing
glurry; and three storage tanks 16x15, for slurry after mixture. (3)
Rotary building, 100x110 feet, containing six rotary kilns, 60x6 feet,
with a total capacity of 960 barrels daily, and six storage tanks, one
in front of each kiln, for powdered coal. (4) Coal grinding house,
176x30 feet, containing two steel rotary dryers, each 47x4 feet, and

. four Griffin mills. (5) Dry grinding house, containing four ball mills
and two rotary tube mills. (6) Warehouse, 147x60 feet, with packing
room, 45x60, annexed. (7) Store building for supplies and machine
shop. (8) Main office and chemical laboratory. The plant is one of
the best equipped now in operation in the United States, the amount
of capital invested being nearly $400,000. The company is composed
mainly of Cleveland and Sandusky, Ohio, capitalists. Preferred stock
amounting to $400,000, with a guarantee of 6 per cent. interest, and
common stock to the amount of $700,000, was issued. Most of the
available marl in and around Turkey or Wawasee Lake has been pur- -
chased by this company, and it has also secured, at a cost of $6,000,

| i the only eligible site for a factory by the side of the B. & O. Rail-
| way, near Johnson’s Bay, Turkey Lake. ~




PLATE 5.
TLLUSTRATING UsEs oF PORTLAND CEMENT.

ey

Nearly completed section of Government Breakwater at Cleveland, Ohio, made of Portland Cement Concrete,
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Three additional companies have been organized for utilizing some
of the Indiana marl deposits, hereinafter described, in the manufac-
ture of Portland cement. 'These are as follows:

(1) The Indiana Portland Cement Co:, with headquarters at De-.
troit, Michigan, has invested $12,000 in marl and clay lands in and
around Dewart and Waubee lakes, Kosciusko County, and propose
. soon to erect a factory near Milford.

- (?) The Goshen Portland Cement Co., at-an expenditure of $11,-
600, secured control of 560 acres of marl land, the former sites of
Mud and Cooley lakes, Elkhart County, and are now engaged in rais-
ing the funds necessdry to erect and equip a large factory.
~ (3) The Monolith Portland Cement Co., with headquarters at

Bristol, Elkhart County, has secured by purchase the extensive marl
deposits in and about Indiana and Long lakes, north and northwest .
of Bristol, and will soon erect a large factory, utilizing the water
power of the St. Joseph River. '

From what has been written it will be seen that the citizens of In-
"diana have until very recently been exceedingly backward in utilizing
the materials suitable for cement making which lie within her
bounds. However, the two factories which have just been crected,
and those which are proposed promise much for the future. Let us

hope that they are but the forerunners, the pioneers of a great in-.
‘dustry which shall center about the lakes and marshes of northern
Indiana. ' : '
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INTRODUCTORY.

In the preparation of the present paper Dr. Ashley collected and
partially wrote up the data on the marl deposits of the larger num-
ber of the lakes, and, with three exceptions, drew all of the accom-
panying maps. He also furnished a part of the data for the prelim-
inary article on marl. Mr. Blatchley wrote the articles on “Lakes”
and “Marl,” and mostiof, the matter. pertaining to the individual
lakes. He also edited and rewrote in part that portion of the marl
data on these lakes collected by Dr.- Ashley. Dr. J. T. Scovell, of
Terre Haute, prepared most of the article on Lake Maxinkuckee
and furnished the map of that lake. Mr. Hugh B. Holman, of Roch-
ester, kindly made the survey and platted the map of Manitou Lake
and Mr. George W. McCarter that of the Barbee Lakes, Koscmsko
County.

The thanks of the authors are due to a large number of persons
who kindly furnished information, and in other ways assisted in the
collection of the data. Among those to whom special acknowledg-
ments are due are Dr. Vernon Gould, of Rochester; Mr. J. P. Dolan,
of Syracuse; Mr. George W-. McCarter, of Warsaw; Capt. B. F. James,
of North Webster; Mr. Frank Hay, of Winona, Starke County; Mr.
Jacob Kellar, of North Judson; Mr. Walter' Derr, of South Bend,
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THE LAKES OF NORTHERN INDIANA AND THEIR
ASSOCIATED MARL DEPOSITS.

By W. S. BLaATcHLEY AND GEo. H. ASHLEY.

LAKES.

The lakes of northern Indiana are the brightest gems in the corona
of the State. They are the most beautiful and expressive features
of the landscape in the region wherein they abound. Numbered by
hundreds, they range in size from an area of half an acre up to five
and a half square miles. With the fertile soil, the great beds of
gravel, and the myriads of bowldérs, large and small, they are to be
classed as mementos of those mighty ice sheets which, in the misty
past, covered the northern two-thirds of our State. Outside of the
counties in which they occur but few of the citizens of Indiana know
of their presence, their beauty, their value. Their origin, their
fauna and flora, the causes of their gradual diminution in size and
final extinction are likewise known to but few.

By the red man these lakes were more highly appreciated than by
hig more civilized Caucasian successor, for the reason that the Indian
stood much nearer to wild nature than we. On the higher ridges over-
looking the lakes he had his village sites. Over their placid waters
he paddled his birchbark canoe, and from their depths he secured
with spear and hook fishes sufficient to supply his needs, while mus-
sels and the roots of the water lily added variety to his daily food.
Wild fowl by myriads, in their migrating seasons, came and went,
stopping to feed upon the lakes, thus offering him many a chance
to test his marksmanship with bow and arrow, while the skins of the
muskrat, otter and beaver which he trapped about the marshy mar-
gins furnished him protection against the cold. Thus it will be seen
that his very existence depended oftentimes upon these living
bodies of water. It is little wonder, therefore, that he remained in
their vicinity until driven westward by the conquering white man, .
leaving only the signs of his feasts—vast piles of shells, bones, and
pit-ovens—as remindeis of his former presence.

3—Qeol. (33)
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Of the two classes of glacial lakes existing in the United States,
viz., those with rock basins and those with drif¢ basins, only the
latter are found in Indiana. The original bottom of these is com-
posed of an impervious clay, or mixture of clay and gravel, which is
probably nowhere much less than 100 feet in thickness. Upon this
bottom has been deposited, during the centuries which have elapsed
since the lake was first formed, thick beds of muck, silt or marl.

‘The cause and manner of this deposition will be noted farther along.

Here it is only necessary to say that it began the day the lake came
into existence, has been continuous since, and will go on until the
lake becomes wholly extinct. In other words, the water of all these
glacial lakes was much deeper when they were first formed than now.

The lakes of Indiana all owe their origin to the irregular deposi-
tion of the drift brought in by the glaciers. The original hollows
or lake basins are the counterparts and complements of the surround-
ing hills and knobs so_characteristic of the -terminal moraines of the
retreating ice sheets. They occur only in the three northern tiers
of counties of the State, and are found, for the most part, in the
great “interlobate moraines which lie between the former borders
of the Michigan, Saginaw, and Erie ice lobes.

Morainic lakes are classified, according to the shape of their basins,
into three divisions:

1. “Kettle-hole” lakes with round cauldron-shaped basins—usu-
ally of great depth. The size of the basins varies much, Bull’s Eye
Lake, two miles north of Valparaiso, Porter County, having an area
of but one-half acre, with water 45 feet in depth, while Gage Lake,
Steuben County, is one mile long by three-quarters of a mile in
diameter, with a maximum depth of 70 feet. Other notable examples
of the kettle-hole form, described in detail on subsequent pages, are
Blue River Lake, Whitley County; Clear Lake, Steuben County and
Pretty Lake, Lagrange County.

The origin or mode of formation of the kettle holes in which
these lakes occur was for a long time a puzzle to geologists, but the
study of existing glaciers has revealed the process. During the re-

“treat of the glacier from the region where the kettle holes occur a

great mass of.ice was embedded in the debris where each kettle hole
now exists. By its melting a cavity was left the shape and size of
which depended upon the shape and size of the ice block and the

- amount of -drift originally covering it. If the bottom and sides of

the resulting kettle hole were of a porous nature it remained dry;
but if they were of a stiff, impervious clay it in time became filled
with water up to the level of the lowest point in its rim. If so located
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that the annual rain fall exceeded the evaporation, it became pos- -
" sessed of an outlet. -Many examples of kettle-hole lakes without
visible inlet or outlet are known. Among these, Walden Pond, near
Concord, Massachusetts, made famous by the writings of Thoreau
and Emerson, is perhaps most notable. There is usually drainage
enough from the region around its basm to balance the loss by evap-
oration.

2. Channel lakes, or those with long narrow basins whose bot-
toms are very uneven, the water in places forming deep pools, in
others being shallow. One of the best examples of such a lake in Indi-
ana is Tippecanoe Lake, Kosciusko County, its basin being five miles
longand in most places less than one-half mile wide. The irregularity
of its bottom is shown by the variable depth of its waters, one of
its pools being 121 feet deep, which is the greatest depth found in
any Indiana lake. Other noteworthy examples are the long, shallow
arm of Crooked ILake, Steuben County; also Long Lake, Lagrange
: County, and Shriner and Cedar lakes, Whltley County. All of these
were formed by the ercsion of the great streams which flowed from
the retreating and melting glaciers. The morainic material dropped
by the gldcier was soft and loose, and the mighty stream rushing
forth from the base of the melting ice ploughed its way through
this with little opposition. As a result a broad and deep channel
was left, whose mouth or lower end was afterward partially filled
by sediment, thus ‘damming back the water and forming the lake
of to-day. A ‘stream, variable in size, usually forms the outlet of
these channel lakes and often ¢onnects several of them which occupy
the same valley, thus forming a chain. For example, the Tippecanoe
River flows through-‘the lake of that name, above mentioned, and
connects its three basins, James, Tlppecanoe and Oswego, so that
they practically form one body of water..

8. “Irregular lakes,” whose basins are very complex in outline,
being branched, lobed and otherwise irregular. The bottom is also
very uneven, deep pools” of water alternating with shallow areas,
without regard to order or regularity. The majority of the lakes
in Indiana belong to this class, Lake Maxinkuckee, Lake Wawasee,
Bass Lake and Lake James, Steuben County, being the largest and
best examples. Each of these lakes was doubtless largely formed by
the irregular heapipg up of the driff about the area now included in
its basin, leaving this the lowest land in the vicinity. The bottom
and sides of this low area happened also fo be composed of an
impervious clay or other material into which the water did not sink.
Many low basins were left by the retreating glacier which might
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have become lakes had their bottoms not been of sand, gravel or
other porous debris, which would not hold water. There is little
doubt but that many of the lakes, bays, channels, etc., auxiliary to
the main basins of the lakes of this group, were formed by erosion
and other agencies at the time the surroundiny’ drift was being .
dropped where it now rests.

A lake of small size, like those in Indiana, begins to die the mo-
ment it is born. In other words, its basin begins to fill with material
other than water, and the process of final extinction is commenced.
There are more beds of extinct lakes in northern Indiana to-day than
there are existing ones. Their former basing are now the sites of
extensive bogs or meadows underlain by 15 to 20 feet of muck and
marl. All of the lakes now there are in various stages of existence
or extinction. ’ :

The- agencies which bring about the extinction of lakes are sev-
eral in number. One is the carrying in of debris or foreign matter
by streams and springs. The majority of the lakes are fed by great
springs which well up from the bottom and so replace the water
lost by evaporation. In the early history of the lakes the water
brought in by these springs was so strongly charged with salts of
lime that the resulting deposits of marl did far more to fill up the
lake basins than any debris of surface erosion brought in by the
streams. Those lakes which at present are fed mainly by streams
are becoming shallow more rapidly than those fed by subaqueous
springs, as the streams are much smaller than they were a score of
years ago, and are each year lessening in size. The amount of debris
annually carried into the lakes by streams and springs is very much
less now than when the lakes were young. Then the surrounding
material left by the glacier was not bound down and held in place.
by the roots of trees and other vegetation but was loose and readily
‘eroded. The carbonate of lime and other materials in the surround-
ing high lands was then soft and easily soluble. It is probable that
four-fifths of the marl now existing on the bottoms of the lakes was
deposited there during the first half of their existence.

The artificial drainage carried on by man is a second important
cause of the extinction of Indiana lakes. In order to reclaim a few
hundred acres of adjacent marsh land a dredged ditch is put through
it, which either taps the lake itself or allows ity waters to slowly
seep away; or it may be that the ditch drains the principal water
supply of the lake and so causes the latter to lose by evaporation
much more than it receives from without. Bruce Lake, Fulton
County; High and Bear lakes, Noble County, and Loon Lake, Whit-
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ley County, are notable examples of former magnificent bodies of
water, but now mere mud holes, and made so by the avaricious greed
of man for more tillable land. Many others have lost half or more
of their former water area by the same cause.

The decrease of water supply in the vicinity of lakes is another
reason for their rapid extinction. This supply comes in the main,
if riot wholly, from the rainfall of the season which, soaking into the
earth, finds its way through springs into the basinsg of the lakes,
or is earried more immediately thereto by surface streams. The
settlement of the regions about the lakes caused most of the timber
to be cut away, and the land to become so drained that the water
flows rapidly away instead of, as formerly, soaking into the ground
and slowly seeping its way into underground currents, which finally
emerged as springs about the rim of the lake or welled up from its
bottom. For example, the outlet of Fish Lake, Steuben County,
“was gauged in August, 1830, when its discharge was found to be
much greater than in the year preceding and amounted to 18.64
cubic feet per second while the discharge into it on the same day
from three small spring branches amounted to only 4.94 cubic feet
per second. The supply, therefore, accruing from subterraneous
sources was 13.70 cubic feet.”* At present, especially in those lakes
which have an outlet, the surplus water of a heavy rainfall is
carried away at once, and the after seepage is often not sufficient
to replace the loss by evaporation.

The most important cause of the extinction of lakes is, however,
the replacement of their water area by muck, formed by the decay of
aquatic vegetation. - These muck beds are usunally found upon the
west and south shores of the main basins of the lakes, the east
and north shores having their margins either of sand or mud, a con-
dition due to the prevailing westerly and southerly winds, which
create a stronger and more continuous breaking of the waves along
the eastern and northern shores and so prevent the formation of
muck. The bays and narrow channels are also more apt to be choked
by vegetation and become filled with muck, on account of the limited
extent to which their waters are exposed to wave action. In the
words of Dr. Dryer, “the lakes are literally being filled with solidified
air, the great bulk of the solid material which composes the plants
being absorbed from the gaseous ocean above and consigned to the
watery depths below.”$ '

*Reporé of Howard Stansbury, U. 8. Engineer, on the “Michigan and Wabash Canal,”’

1835, p. 15,
1iStudies in Indiana Geography, p. 60.
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A lake which has been raised by damming its outlet is more apt
to have mucky margins than one which has been lowered, as the
aquatic plants take root easily in the soil which lies beneath the
newly acquired water area. Where muck meadows—former portions
of the water area—-border a lake the transition from the species of
vegetation covering their surface to those growing in the water on
the outer edge of the muck beds is a gradual one. In the water:
eight to 12 feet in depth, are pondweeds (Potamogeton), water shield
(Brasenia), bladderwort (Utricularia), and water-millfoil (Myrio-
phyllum). As the water decreases in depth, first the white water
lilies (Castalia) and then the spatterdock or yellow water lily (Nym-
phea), appear. With the latter are usually pickerel weed (Pontederia)
and often the green arrow-arum (Pelfandra). A little higher up and
growing in the muck which reaches to or nearly to the surface of
the water is usually a thick bed of cat-tails (T'ypha) and arrow-head
(Sagittaria), while farther back are the sedges and grasses of a typ-
ical muck meadow. The most of the muck in the water is formed
by the decay of the water lilies, especially the spatterdock, whose
roots, stems and leaves are large and thick. The muck reaching
nearly to the surface of the water is each season crowded still higher
by the action of the ice, while the cat-tails, etc., growing upon it
soon bring it wholly above the surface to form a part of the already
existing meadow. .

The water area of every lake in Indiana is thus being encroached
upon by muck, some slowly and along only a small portion of their
margins, others more rapidly and around most of their shores. The
process is, however, slow if measured by the years of a man’s life;
the muck beds extending into.the lake often only a few feet in a
century. One of the best examples of the almost complete extine-
tion of a lake by the decay of plants is that of Clear Lake, St. Joseph
County, which, from a large, clear bofly of water, has been reduced to
a mere accumulation of beds of muck, surrounding a pool of deep
water. Another example is that of Cedar Lake, Steuben County,
the former site of which—a square mile or more in area—is now a
muck meadow. The water area of those lakes which have their
bottoms mainly of marl or sand is much less subject to the encroach-
ment of muck beds, since the aquatic plants growing therein are few
in number and stunted in size. In the lakes with sand bottom the
species of rushes (Scirpus) are- often the only aguatic plants of
note, while in several lakes whose bottom is composed wholly of
marl, as Lime and Silver lakes, Steuben County, no vegetation af
all is visible, '
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Like the lengths of the, caves of southern Indiana, the depths
. of the northern Indiana lakes are greatly exaggerated by the sur-
rounding inhabitants. According to their story, many of them “are
bottomless” or have deep holes in which it is “impossible to find the
bottom.” Their attempts at sounding were probably made with
an ordinary fishing line or the butt end of a cane pole. Mr. Stans-
bury, at the time of his survey in 1830, evidently took stock in the
local stories regarding the depths of the lakes, as is shown by the
following extract from his report above cited:* “The country around
the summit level in Steuben County abounds in small lakes, from a
half to two miles in length, either connected together in chains;
or separate and alone, without any apparent inlet or outlet. They
consist of the purest spring water, are full of the finest fish, and are
of immense depth; in one of them, the bottom, as I have been in-
formed, was sought in-vain with a line of 250 yards” No one of
- the local residents who has such beliefs concerning the bottomless
pools has ever brought up a Chinaman’s queue on his fish hook, or
a new species of fish from the central regions of the earth. In fact,
the deepest water found in any lake in the State, and all of them
have been carefully sounded, is 121 feet, in Tippecanoe Lake, Kosci-
usko County.. Two or three others have water above 100 feet in
depth, but in most of them the deepest pools are less than 70 feet.
The following is the area and greatest depth of the five largest
lakes in the State:

Areain - Mazimum
Square Miles.  Depth.

Lake Wawasee or Turkey Lake, Kosciusko

County ....ovvviviiiiiniiii it 5.66 68 feet.
Lake Maxinkuckee, Marshall County........ 2.97 89 feet.
Lake James, Steuben County............... 2.62 87 feet.
Bass Lake, Starke County.................. 2,23 32 feet.
Tippecanoe Lake, Kosciugsko County......... 1.61 121 feet.

In conclusion it may be said that all of the morainic lakes in
Indiana are “geologically young, being confined to the very latest .
moraines of the glacial period. They are mere babes born yesterday
and destined to die to-morrow. The present dominant race of men
may pass away -and leave these lakes still lying like bright jewels
among the hills; but every one is doomed to final extinction.

‘The hills ére shadows, and they flow
From form to form, and nothing stands;
They melt like mist, the solid lands,

Like clouds they shape themselves and go.

. *Page 4.
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“But of all the features of the landscape, lakes are the most
ephemeral. As long as they remain they will continue to contribute
to the service and delight of man, by affording means for that relaxa-
tion and healthful pleasure which the conditions of modern life
demand.”* ‘

MARL.

As stated in the paper on the Portland cement industry, the in-
gredients used in making that cement are some form of lime-car-
bonate and clay. In the majority of Portland cement works in the
United States limestone is the form of lime-carbonate used. This
must be crushed and ground fine before being utilized. In the
Portland cement works now in operation in Ohio, Michigan and In-
diana, marl is used as the carbonate of lime ingredient. With marl
the expense of crushing and grinding the raw material is in part
saved, and with care in choosing and mixing the marl and clay a
good cement can be manufactured more cheaply than with limestone.
. DeFINITION AND PROPERTIES.—Marl, or “merl,” as it is commonly
called in the country, is a soft, earthy material, composed principally
of an amorphous form of carbonate of lime. Its color varies with
the percentage of impurities which it contains. In the wet or damp
state in which it occurs in lakes or marshes, it ranges from a milky-
white through varying shades of brownish-yellow to a dark brown,
which may finally grade over or merge into the overlying or adjacent
muck. After exposure to the air a short time a wet marl that at
first may seem almost white turns a bluish or drab color, on account

- of some chemical change which takes place. In drying the color of

the marl tends to lighten again, but seldom gets beyond a light
dove color, and is generally a decided drab, running from.a.light
drab to a slate color. The purer forms, however, when dry, are white
or slightly cream colored. The grains or particles composing the

" dry mass cohere very loosely and vary in size from coarsely granular

to fine powder. They effervesce very freely and in time wholly dis-
appear when a few drops of muriatic acid are applied, and in this
way may be readily distinguished from any soft clay or mud, which
effervesces or bubbles but slightly or not at all upon the application
of acid. On dissolving the marl in acids small particles of vegetable
and other organic and insoluble materials usually remain scattered

throughout the solution.

* Dryer, Studies in Indiana Geography, 1897, p. 59.
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OccurRENCE IN INDIANA.—Deposits of marl of sufficient size to
justify the erection of cement, factories occur in Indiana orly in
the three northern tiers of counties. Small deposits are found scat-
tered here and there in other portions of the drift-covered area of
the State, but none have been reported south of this glacial area.
The reason for this is obvious and will be noted when we deal with
the origin of the marl.

Except in a few instances where small deposits occur on hill-
sides, where they have been formed by the seeping waters of springs,
all the beds of marl in Indiana are found either in existing or ex-
tinct lakes. Many of the deposits are found in marshes, now partly
or wholly dry, but easily recognized as former lakes or ponds.

In hardness and consistency the marl as it occurs in lakes resem-
bles somewhat soft butter. In seme of the marsh deposits outside
of the lakes it is firm enough to be cut out in blocks and handled
with a shovel, but not easily because of its tendency to stick to the
shovel. When piled up it tends to settle and spread slightly, though
not usually to such an extent that it runs down to a level surface.
Much of that found about the margins of lakes has the consistency
of common mortar when ready for use. From the semi-solid condi-
tion found in marshes, it runs to the other extreme, where it becomes
more like a thin pudding or thick soup. Some of the water deposits
seem, in fact, to be only undergoing the process of deposition. From
a boat it appears in such cases as though the water were only a few
inches deep. But a very slight movement of the water is sufficient
to either set the apparent bottom in wave-like motion, or to stir
it up into a white cloud-like mass, which rises to the surface of the
water. If allowed, however, it will quickly settle back to its old con-
dition. An iron bar will sink rapidly of its own weight in such marl.

In such a deposit it would seem as though the marl did not occupy
over one-fourth of the space, the rest being water.

Usually the marl in the lakes forms a distinct body from the water,
appearing like an ordinary lake bottom, except for its being whiter.
An attempt to wade out into the water, however, at once shows

. the difference, for generally one sinks two or three feet at every step,
and an oar put down from a boat is easily pushed its whole length
into the marl, provided the latter is of sufficient depth. Where it
is above water or at the surface in the marshes the marl can usually
be crossed on foot, one not, as a rule, sinking more than six inches
into it, and sometimes hardly at-all, particularly if there has been
some vegetation growing on it. In these places it is often quite
difficult to force the iron rod its full length, 16 or more feet, into it,




PLATE 6.

IrnrusTRATING MARSH DEPOSITS OF MARL.

(a) Deposit at Goose Lake, near Fish Lake, Laporte County, showing white marl surface, scant
vegetation (bulrushes), and cracking due to drying. The footprints and bicyecle track
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or withdraw it after being so forced in. Where the marl in a marsh
is covered with muck or peat, ifs upper surface is level and wholly
distinet from the lower surface of the overlying muck or peat. The
marl, in other words, appears as a distinet stratum and does not
merge irregularly into the overlying mass. When exposed, this
marsh marl is usually whiter in color than that in lakes, though
chemical analyses do not show it to be of greater purity. Like the
more recent water deposits it has usunally remains of shells scat-
tered through it, the most common form being the fresh water uni-
valve—H elisoma trivolvis ‘Say. Where both muck and peat overlie
the marsh marl, the peat lies next to the marl, the muck forming
the surface layer. Sand or gravel underlies most of the marl de-
posits in Indiana, though in a few instances the rod struck a tough
blue clay after passing through the bed of marl.

In size the marl deposits of Indiana run from a fraction of an acre
to several hundred or a thousand or more acres. ILake Wawasee,
including the arm known as Syracuse Lake, contains about 1,700
acres. Several deposits run over 800 acres, though in some cases
this is not all commercially available. Areas of 100 to 200 acres are
still more numerous, though the majority of the deposits run under
100 acres. This may be an under-estimate based largely on the fact
that a large majority of the deposits examined showed less than 100
acres of shallow water marl or commercially available marl.

The thickness of the marl beds in Indiana varies from 0 to 45+
feet, a deposit of the latter thickness having been found in Turkey
Lake, Lagrange County. Many deposits are everywhere less than
10 feet in thickness, but the majority exceed 16 feet in places and
often over the major part of their areas. As 16 to 20 feet was the
total length of the rod used on the lakes, the actual or maximum
depth of the marl beds was often left unknown. Experience has.
" shown that a testing rod 16 or 18 feet-in length is as long as one
man can readily handle in an open boat. Where greater lengths
are used a platform is usually built over two boats and this being
securely anchored, two or more men can make the tests. By such
means, according to the map furnished of tests on Syracuse Lake, -
Kosciusko County, depths of 60 feet were reached with a maximum
thickness of marl of 40 feet and bottom not reached. Depths of
25 to 30 feet or over were reported at several places. From our
own experience it seems safe to say that a large majority of the de-
posits have a maximum depth of over 20 feet, even though the area
of the deposit be quite limited.
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Or1gIN AND DErosiTioN oF Marn.—The deposition of marl in
the still water of lakes and ponds is, as yet, not fully understood
by scientists. Several theories have been advanced, no one of which
seems to fully account for the deposits as they actually occur. Since
the remains of several existing species-of shells are found in abun-
dance in almost all of the marl beds, it was at first thought that the
marl itself was derived from the remains of such shells. Such is at
present the belief of most people who have made only a superficial
examination of the marl deposits. An extended investigation soon
shows that the immense size and thickness of the deposits precludes
their origin from the remains of shells. A small portion of the marl
is doubtless formed from the shells since these mollusca exist in num-
bers in all bodies of fresh water. Moreover, the shells are composed
mainly of carbonate of lime, the same as is the marl. But the number
of shells imbedded in the marl is not greater than would naturally
exist in the waters of the lake at the time the marl was being de-
posited. As they died the majority of them were covered with the
marl and were by it kept from being ground into fine powder by
wave action. Some of them were doubtless so ground and their
remains went to swell the bulk of the marl, but not more than one
per cent. of the latter is, in our opinion, so derived. When the marl
is exposed, numerous nearly entire fragile shells are found embedded
in its mass. Should the marl beds, in the course of ages, become
hardened into stone, such shells might become “fossils,” and bear the
same relation to the marl-stone as other fossils bear to the beds of
limestone in which they occur. It is, of course, preposterous to think
that any bed of limestone is wholly formed from the crushed remains
of the same species of shells as those which have become fossilized in
its midst, however abundant the latter may be. The same is true
of the deposits of marl. _

Since the marl occurs only in the drift-covered area of Indiana,
and the larger beds are found in the vicinity of the thicker deposits
of drift, there is evidently a close relation between the marl and the
surrounding drift. A careful study of the marl leads to the belief
that this relation is two-fold in nature. Firsf, the lakes and ponds
in which the marl is being and has been deposited occupy depressions
formed by the irregular deposition of the drift. Second, the
immediate source of the marl is the glacial clays which form so
large a component part of the surrounding drift. These clays were
transported to and deposited where they now lie by a great glacier
or moving sea of ice which, thousands of years ago, was formed in
the regions to the east and south of Hudson’s Bay. The climate
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of those regions was, for a long period, similar to that of Greenland
to-day, or even colder. - The snow, ever falling, never melting, ac-
cumulated during hundreds of centuries in one vast field of enor-
mous thickness. Near the bottom of this mass a plastic, porous sort
of ice was gradually formed from the snow by the pressure from
above. This ice mass or glacier took upon itself a slow, almost
imperceptible, motion to the south and southwestward. As it moved
thus onward great masses of partly decayed rock and clay from
hillsides and jutting eliffs rolled down upon it and were carried on
and on until, by the melting of their icy steed, they were dropped
hundreds of miles from the parent ledge. large, irregular masses
“of rock from the region in which the glacier was formed were either
“frozen into its nether portion or rolled along beneath it, and as
“the ice sheet moved they served as great stone drags, grinding down
and smoothing off the hills and ridges and filling up the valleys,
until the irregular, uneven surface of the old preglacial rocks was
planed and polished. In this way all the beds of so-called “drift -
clays” were accumulated where they lie. )

Transported and deposited as they were, it is no wonder that the
" majority of the drift clays are too impure for any use but the making
of ordinary brick and drain tile, and oftentimes they contain too
much lime even for this purpose, numerous analyses showing the
‘presence of as high as 40 per cent. of calcareous material. This is
due to the grinding up and mixing with the clays much of the soft
surface limestones over which the glacier passed, as the erosion of
that epoeh not only removed and commingled the previously formed
residual deposits, but planed away the country over a vast area to
‘a greater depth than had been reached by any previous decay.. These
eroded limestones and the clays with which they were mixed were
‘many of them ground into impalpable powder, and deposited as
rock flour in the places where they now lie. They are rich, there-
fore,in finely divided limestone and other soft rock-forming minerals,
many of which contain the components of marl.

Vast deposits of these glacial clays compose the hills and higher
ground surrounding the lakes. Upon these deposits the rain of
centuries has fallen, gathering unto itself before it reached the earth
a part of the gaseous carbon di-oxide of the air. Rain water con-
taining carbon di-oxide is a weak form of carbonic acid (H,0+4CO,==
H,C0,). This weak acid or acidulated water, wherever it comes in
contact with limestone dissolves and holds in solution, up to a cer-
tain point, the carbonate of lime; the result being calcium bi-car-
bonate according to the following formula: H,C0,+-CaCO—=
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CaH,(COy),. Percolating through the deposits of glacial clays and
limestone debris the rain water dissolves and becomes saturated with
the carbonate of lime. It then flows onward underground until it
issues forth in the form of a spring, either bubbling up from the
bottom of the lake or flowing in from the side.

This spring water as it enters the lake is always colder than the
waters of the lake itself. The bi-carbonate of lime is more soluble
in cold water than in warm and a part of the dissolved material is
therefore precipitated in the form of a fine powder soon after the
cold stream enters the warmer, still water of the lake. Such precipi-
tation of calcium carbonate from cold water as it becomes warm
is seen every day in almost every household. The hard water heated
in tea-kettles holds, while cold, a large quantity of bi-carbonate of
lime in solution. As it becomes warm much, if not all of this, falls
and forms a coating of lime upon the bottom of the kettle.

Again, if there is a large amount of carbon di-oxide in the percol-
. ating water, the percentage of carbonate of lime held in solution
will be increased in proportion. As the spring water enters the lake
and rises to the surface the pressure will be decreased and a part of
the carbon di-oxide will escape, and so cause a precipitation of
another part of the bi-carbonate of lime according to the following
formula: CaH,(CO,),—C0,—=CaCO0,-+ H,0.

Most if not all of the marl lakes examined in Indiana are fed by
these subterranean or sub-aqueous springs, even though they have
streams entering and leaving them. The larger deposits of marl in
the lakes are found in close proximity to these springs and not along
the direction of the current of water entering by inlet or leaving
by outlet. In fact almost every lake which has a stream entering it
has a large area of its bottom adjacent to the inlet covered with muck
and silt from which much aquatic vegetation springs. A part of this
muck and the most of the silt is brought in by the entering current,
especially if the latter be in any way rapid. Where the inlet is
sluggish and runs through a marshy area, more or less marl is often
found along its bottom, quite a distance back from the lake. These
facts do not bear out the following statement of a recent writer on
the subject: “Theoretically, then, some, if not a great part of the
dissolved matter, should be thrown down along the courses of the
streams which connect the original outlets of the water from cal-
careous clays and lakes where marl occurs, and we should find the
mar] occurring in small deposits along these streams wherever there
is slack water. Moreover, we should expect the waters of these
gprings and streams to show more or less milkiness on standing
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exposed to the normal pressure of the atmosphere at usual tempera-
tures. Actually, however, none of these phenomena have been
noted, and we infer that there is not a large amount of carbon di-
oxide, and not an approach to the saturation point for the calcinm
bi-carbonate, in the springs and streams feeding marly lakes.”*

Mr. Davis evidently does not take into account the fact that most
of the marl enters the lakes by means of hidden springs and not by
the streams or inlets flowing above ground. The waters of the latter
are mainly surface waters. which are gathered from over a wide area.
They have not percolated to any great extent deep beds of glacial
clays and therefore, even if the amount of carbon di-oxide were great
when the water fell upon the surface, the amount of carbonate of
lime or marl material held in solution is small. Moreover, flowing
as they do exposed to the air for long distances the carbon di-oxide
will in great measure have escaped before the waters of the surface
gtreams enter the lakes. Again, the amount of carbonate of lime
held in selution bjr water, even where the latter is saturated with
carbon di-oxide, is too small to show appreciable milkiness when
standing. According to T. Sterry Hunt, water so saturated will
not hold more than one part in onethousand of the carbonate of lime,
and pure water only one part in thirty to fifty thousand.t For this
reason the process of deposition of the marl in the lakes is necessarily
a very slow one. It has been going on for hundreds of centuries,
for thelakes and their surrounding beds of glacial debris have been
in existerice since the close of the glacial period. It was probably
much more rapid in the past than at the present for the more soluble
materials composing the glacial clays were doubtless first removed .
by.the filtering waters.. That the deposition is still going on is shown
by the :fa(ﬁ: that many of the living organisms of the lakes, as shells
and aquatlc plants, are coated with the marl. All facts go to show
that the beds of marl have been formed in much the same manner
as have’ many of the beds of fine-grained limestone of paleozoic
. age. They are both sed1me\ntary deposits, the prmmpal difference ’
being that’ the limestones are composed mainly of the remains of
minute ofganisms which slowly fell in great masses to the bottom of
the sea water, and were afterward covered with a different sediment
and hardened by pressure and other forces. Given thousands of
years and similar conditions, and the marl would also be changed
into a somewhat similar limestone.

*Chas. A. Davis, *“The Natural History of Marl,”” Journal of Geology, VIII, 1900,

p. 486.
4 Chem. and Geol. Essays, p. 139,
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" Another factor which reduces the amount of carbon di-oxide in
the entering waters and therefore causes a farther deposition of the
marl, is undoubtedly the aquatic plants which grow in many of the
marl-bearing lakes. Any one who studies the botany of such a lake
soon notes that the stems of many of the submerged plants are en-
crusted with mineral matter, which, when removed and subjected
to acids is easily shown to be carbonate of lime. “It is also easy for
a casual observer to see that the deposit is not a true secretion
of the plant, for it is purely external, and is easily rubbed off the out-
gide of the plants in flakes, while the tissues beneath show no injury
from being deprivéed of it, and again, the same species of plants in
some sections of the country do not have any mineral matter upon
them. The deposit is formed incidently by chemical precipitation
upon the surface of the plants, probably only upon the green parts,
and in performance of mormal and usual processes of the plant
organism.

All green plants, whether aquatic or terrestrial, take in the gas,
carbon di-oxide, through their leaves and stems, and build the carbon
atoms and part of the oxygen atoms of which the gas is composed
. into the new compounds of their own tissues, in the process releasing
the remainder of the oxygen atoms.” When the carbon di-oxide is
rémoved from the surrounding water by the aquatic plants the car-
bonate of lime, held in solution on account of the presence of the gas,
is precipitated. A part falls upon and encrusts the leaves and stems
of the plants. Another part falls to the bottom and increases the
thickness of the marl bed in which the plants have grown. When the
plants die, their encrustation, as well as the organic matter in thelr
" bodies, is also added to the mar! deposit. .

The principal plants which thus aid in the deposition of marl in
Indiana lakes are the different species of Stoneworts or Chara.
They are easily recognized by “their jointed stems, which have at
~ each joint a whorl of radiating braneches, which are also jointed. In
some species the stems and branches are covered with a thick coat-
ing of mineral matter, are almost white, and very brittle because of
this covering. These plants not only grow near the surface of
shallow water, where it is unoccupied by other plants, but in the
deeper parts as well of our ponds and lakes, and, as they thrive
where the light is feeble, they continue to grow throughout the year,
although in winter they must grow less rapidly than in summer,
because ice and snow on the surface of the lakes make less favor-
able light conditions.”* S

* Davis, loe, cit., p. 491,
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However, not more than one-half of the marl lakes of this State
possess the beds of Stonewort in any abundance. Again, the species
of Chara are often found in lakes which contain no marl or in those
portions of marl-bearing lakes remote from the marl itself. Where
present in large quantity the stems of these plants, as they die and
decay, add much organic matter to the marl and so cause it to be in-
ferior in quality. In fact, all marl deposits covered with Chara are
darker in color and show a smaller amount of carbonate of lime
when analyzed than do those devoid of plant life. Some of the
larger and thicker deposits of the whitest and purest marl in the State
are found in Lime and James Lakes, Steuben County, and Tippe-
canoe and Dewart Lakes, Kosciusko County, where Chara and other
plants are almost wholly absent, thus showing that the presence of
plant life is not necessary to the deposition of the marl.

Another group of plants which evidently aid in the depositing of
the marl are some of the lower forms of Algae. The cells of these
are found in great numbers intermingled with the particles of marl
in the encrustation on shells and in the concretions and pebbles of
carbonate of lime found in James and neighboring lakes, Steuben
County, and in Milford Lake, Kosciusko County.

SuMyARY.—From the foregoing statements we therefore conclude:

First—That the marl deposits of Indiana have been formed in the
still waters of lakes now in existence, or in former lakes, now ex-
tinct.

Second—That the original source of the marl material is the
glacial clay in the region surrounding the lakes.

Third—That the deposition of the marl is caused by the loss of
carbon di-oxide from the sub-aqueous spring waters which bear the
marl material into the lakes.

Fourth.—That this loss of carbon di- oxide is, for the most part,
caused in three ways, viz.:

(a) By the increase in temperature of the incoming spring water.

(b) By the decrease in pressure as the spring water rises to the sur-
face of the lake.

(¢) By the action of different aquatic plants in abstracting the carbon
di-oxide for food.

RiratioN oF MarL 1o DEPTH OF WATER.—One of the most strik-
ing facts brought out in a detailed study of the marl deposits is the
great irregularity in their occurrence. One part of a lake or marsh
may contain a bed of marl 16 feet or more in thickness while in an-
other part, 10 to 20 rods distant, it may be wholly lacking. This
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irregularity is doubtless largely due to the presence or absence of
sub-aqueous springs. If they are absent in a lake and the latter is
fed only by surface streams, there will be little or no marl found in
its bed. One part of a lake may have a number of these springs
welling up from the bottom or flowing in so as to enter the lake bed
where the water is six feet or more in depth, and in other portions
of the same lake they may be wholly absent. Under such condi-
tions, if the lake be a large one, only that portion of its bed adjacent
to the springs will likely be covered with marl. If it be small, the
whole bottom may be covered, but the thickness of the deposit will
be variable. : .

In the earlier Geological Reports of Indiana, the marl, when men-
tioned, was usually described as “composing the shore,” or “bor-
dering the lakes,” or as “occurring around their margins,” thus giv-
ing the impression that it was confined to the shallow-water area of
the lake, or occurred only between the limits of high and low water.
Recent tests, however, have shown marl to occur at probably all
depths of water, and with often greater thickness of marl in deep
water than in shallow. No data were obtained concerning the char-
acter of the bottom at depths of 100 feet or over. Perhaps the
greatest depth at which we have data of the occurrence of marl is
in Turkey or Wawasee Lake, Kosciusko County, where, in the
plankton survey carried on by Mr. Chancey Juday, marl was found
under all the deeper water up to 69 feet, the deepest point in the
lake. Interpreting this in the light of our knowledge of shallower
lakes it leads us to the conclusion that, as a rule, the marl occurs
abundantly in the deeper water of all the lakes where it occurs at
all. In a few of the lakes this rule did not appear to apply, for the
marl found close to shore appeared to thin out in 10 to 15 feet of
water. This wag probably due to the fact that but few sub-aqueous
springs entered such lakes and they only along the sides in the
shallow water. It is possible a similar thinning out takes place in
many other instances at depths too great for the fact to be observed
with the facilities at our command. But in general the data seem
to indicate not only a deepening of the marl toward deeper water
but & more wide-spread distribution. Thus in many lakes the distri-
bution of the marl close to shore is irregular so that perhaps not
more than half of the three-foot water has marl under it, but in nearly
every such case it was found that the eight or ten-foot water is almost
all underlain with a thick deposit of marl. At present this deep
water marl is considered unavailable for manufacturing cement,
but there can be but little question that, as need arises, means will

4—Gool.




50 REPORT OF STATE GEOLOGIST.

be devised for securing it with at least fair economy. It should be
therefore taken into account in any calculation of the quantity of
marl in a deposit.

In some cases the accumulation of mar! has alinost or quite filled
up the lake. This is notably true in what are now marshes. In
such cases it is evident that the marl is thickest at the points where
the water was deepest when the marl began to deposit. In small
lakes which have been recently drained, it is also found that the
thickest beds of marl underlie those portions of the former lake
over which the deepest water occurred.*

In any case it is evident that the thickness of the marl is limited
by the depth of the sub-marl surface below the water surface. Ifor
this reason, even though accumulation is most rapid in the shallow
water, the water surface, and hence the limit of -accumulation, is
more quickly reached, so that the slower accumulations in deeper
water may continue until many times as thick as those in shallow
water. In those cases where a lake becomes entirely filled up,
the thickness of the marl at every point will be equal to the original
depth of the water at every point, except as modified by changes
in the water level. These conditions are frequently met with close
to shore in unfiljed lakes. Here, however, on account of wave action
the surface of the marl seldom reaches the surface of the water
except just at the shore line.

Marl islands, reaching almost or quite to the surface of the water,
are often found in the deeper parts of the lakes. Sometimes there
is a visible connection of marl under water, between these islands
and the nearest shore. Again they are quite isolated from other beds
of marl. In either case they are probably above and surrounding
the orifice of a former, large sub-aqueous spring which bubbled up
from the bottom of the lake.

Where the bed or basin of the lake is narrow and deep, it is mani-
fest that the majority of the springs feeding it must enter from the
sides. In such cases the larger and thicker deposits of marl natu-
rally occur around the margin and it is probable that much of the
marl after deposition is gradually carried down to fill up the deeper
parts of the lake.

While complete detailed drillings of a number of the deposits
would be desirable, we are fortunate in having one, that of
Syracuse Lake, Kosciusko County. One of the most mnotable
things shown by the detailed drilling in this lake is the tendency

*8ee detailed descriptions of deposits at Houghton Lake, Marshall County; Shallow
Lake, Steuben County, etc.




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. 51

towards filling up the hollows of the. sub-marl surface. In
several cases this has progressed until deep hollows have been
filled up even with the marl over the higher ground on either
side, so that no hint of the greater depth of the marl is given
by the present depth of the water. From this we deduce that the
deepest marl is probably found in places where the water was deepest
when the marl began to be deposited; also that the present depth
of the water may or may not be an indication of the greater or less
depth of the marl. Where the lake had originally a uniform basin-
.shaped bottom it would generally be true that the deeper the water
to-day the deeper the marl. But the bottom of most of the lakes
examined was very irregular in shape, hence some of the deepest
original depressions may have been so completely filled as to be in
no wise indicated by the present depth of the water.

Finally it may be stated that the facts gathered go to show that
most of the larger lakes possessing extensive deposits of marl are
slowly filling up the lowest depressions, thus making the bottoms of
the lakes more and more lével. Should this process continue in-
definitely it could but result in these lakes being filled level full,
just as many of the smaller lakes of the State have been filled here-
tofore. :

~ S178 oF A WoRKABLE DEPoSIT.—In the Portland cement industry,
a cubic yard of marsh marl, of the.consistency of soft putty, is used
in making two barrels of cement. Where the marl is dredged from
a lake, and contains much water, this proportion is necessarily
greater. Careful estimates go to show that an acre of marl three feet
in thickness will make 10,000 barrels of cement. From this data
the length of time necessary to exhaust any deposit can be readily
computed. At the present time a factory with an output of 500
barrels of cement each 24 hours, is considered of only medium size.
As the process is a continuous one, with no stop for Sundays or holi-

days, such a factory will use a bed of marl nine acres in area and . -

six feet in thickness each year.
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The following table gives approximately the length of time which
deposits of varying area and thickness will last a factory Whose out-
put is 500 barrels of cement daily:

Area in Acres. Thickness in Feet. Barrels of Cement. Time.

1 3 10,000 : 20 days.

1 6 . 20,000 ‘40 days.

1 12 40,000 80 days.

1 18 60,000 "120  days.
9 6 180,000 1 year.
40 - 12 1,600,000 8.9 years.
120 12 4,800,000 26.5 years.
135 12 5,400,000 30 years.
160 10 5,333,000 29.6 years.
200 10 6,666,000 36.5 years.
90 18 - 5,400,000 30 years.
270 6 5,400,000 30 years.

Since a modern cement factory with a capacity of 500 barrels
daily costs in the neighborhood of $350,000, the company erecting it
wish a deposit of marl in sight which will last, at least, 30 years.
From the table we note that a deposit equal to 160 acres, 10 feet .
in thickness, will last almost 30 years, and such a deposit will, in this
report, be termed a “workable deposit.”” It is needless to say that
the great majority of deposits examined were too small to be work-
able except on a very small scale. The time may come when by im-
proved processes the amount of capital necessary to manufacture the
cement will be materially decreased. Small factories may then be
erected and the lesser deposits utilized. Again, there is no doubt
but that appliances will ere long be perfected for securing the marl
from beneath all water 20 to 60 feet in depth. The amount of avail-
able marl will then be greatly increased, and a number of deposits
not now considered workable will then be utilized.

Uskeg oF MARL.—The marls found in Indiana can be used for the
following purposes:

First.—As an ingredient in the manufacture of Portland cement.

Second.—As a fertilizer of soils.

Third.—As a means of improving the mechanical condition of
clayey, sandy or peaty soils.

Fourth.—As a mineral food for poultry, furnishing them the neces-
sary ingredient for shells of eggs.

Fifth.—As a polishing powder.

Sizth.—As a material for the manufacture of quicklime.

Seventh.—In the place of limestone in the manufacture of beet

sugar.
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These possible uses will be taken up in the order mentioned and
briefly discussed. :

First.—Its use “As an mgredwnt in the manufacture of Portland
cement” has been fully discussed on preceding pages. Many farmers
who have only 20 to 60 acres of marl have written to this Department
asking for directions for making Portland cement, intending to use
their deposit for this purpose. It will be evident, from what has been
said, that it will not be practicable to utilize such sinall dep051ts for
the manufacture of cement.

Second—“As a Fertilizer of Soils.”” A fertilizer is any material
which furnishes a necessary plant food to soils. It is well known
that wheat or any cereal uses as food the following chemical elements,
viz., carbon, hydrogen and oxygen, which are derived mainly from the
air and water and which make up the greater bulk of the.grain and
stalk; and, in addition to these, nitrogen, sulphur, potash, soda, lime,
magnesia, phosphoric acid, chlorine and silicon, which are important,
yea absolutely riecessary, constituents.

If any one of these is lacking in the soil, or is present in a form
not available by the wheat roots, the plants will not flourish, and the
soil will be worthless for wheat production. Such a soil may, in most
cdses, be made to produce a crop of grain by adding to it the con-
stituent which is lacking, but if this can not be done except at a pro--
hibitory cost, or one at Whlch more fertile ground can be procured,
the soil may be regarded as “worn out” or “barren.”

Any compound containing in an available form the element or
elements of plant food lacking in a soil, is a fertilizer. From the
analyses of Indiana marls which will be given, it will be seen that
their principal constituent is carbonate of lime. Other than it they
contain but a small percentage of one or two of the important ele-

‘ments used as plant foods. Their value as fertilizérs, therefore, de-

pends almost wholly upon their lime component. Lime is one of the
elements used as food by most plants, and it is therefore necessary to
supply some compound containing it in case it is not found in suffi-
cient quantity in the soil.

According to the German scientist, Dr. Maercker, a lime content
in a soil of orte per cent. is always sufficient; where one-half to one
per cent. of lime is present, the application of lime fertilizers is
occasionally beneficial, and always so, when only one-quarter to one-

“half per cent. of lime is present. When less than one-quarter of one

per cent. of lime is found in the soil, liming is absolutely necessary.
Generally speaking, we may say that the content of lime can not

-fall much below one-half of one per cent. in a light soil, and one per

cent. in a heavy soil, without impairing the fertility of the soil.




PLATE 7.

ILLusTRATING UsEs oF PoRTLAND CEMENT.

Highway Bridge, constructed of Portland Cement Concrete.
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The great majority of Indiana soils are clayey, loamy or prairie
soils, lying within the drift-covered area of the State, and, for the
most part, containing a sufficient quantity of lime. The addition of
marls to such soils would therefore be of little or no benefit. How-
ever, there are some large areas of light sandy soil in northern In-
diana the fertility of which would undoubtedly be increased by a
dressing of marl. Mucky soils, though usually containing a large
percentage of lime, are often benefited by an application of marl
or some other lime compound. The reason for this is that lime is
present in these soils in combination with organic acids, as humates,
ulmates, etc., which compounds can not supply plant food to cro;is
until they are broken down and oxidized to inorganic materials. The
effect of lime on marshy soils is partly in this direction, promoting
the fermentation of vegetable matter and assisting in the decompo-
sition of inert compounds so as to render them soluble in soil water
and available as plant food, partly in the way of neutralizing free
organic acids and of oxidizing poisonous iron compounds (ferrous
salts) generally present in such soils.

An example of the beneficial results of marl on muck soil was
noted on the land of F. M. Trissal, two miles northwest of North
Judson, Starke County, in the summer of 1900. A field which a
few years ago was part of an extensive marsh was being cultivated
in corn. 'The surface was a loose black muck or semi-peat, two feet
or more in thickness. Beneath this was a deposit of marl from two
to six feet thick. In draining the field a ditch had been put down a
foot or more into the marl and a quantity of the latter became mixed
with the mucky soil when the ditch was refilled. On July 15th, the
corn in three rows on either side of the ditch was fully twice the
height of that in the remainder of the field, and it has since been
learned that the yield of these rows was a third greater than
that of the rows adjoining where the marl had not been mixed with
the muck. Much of the mucky soil of northern Indiana is underlain
with marl and the farmers owning such land could, at a small ex-
pense, bring about a mixture of the underlying marl and overlying
muck. There is little doubt but that such a mixing would in the end
prove highly remunerative. An account of the results of such mix-
ing would, if properly compiled, also afford valuable data for those
farmers and scientists who are interested in all important questions
relating to commercial fertilizers. ' \

Experience goes to show that good effects will follow the applica-
tion of marls on land deficient in lime, but on account of the small
amount of -other plant food which they contain, their value is not




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. 55

" ‘ sufficient to justify shipment for long distances. The marl must

i therefore be used near where it is found and the price which it will

‘ command will be governed by the law of supply and demand. In
the vicinity of much of the light sandy soil of northern Indiana
there is an abundant supply of good marl, and the price in this region
will therefore be very reasonable.

As to the application of marl as a fertilizer, we can not do better
than to quote the following from a paper by Mr. F. W. Woll;*
“Where there is a probability that beneficial results may be obtained

" by applying marl on a soil, it should be done directly before sowing
or planting time, or as a top-dressing on clover or on grass land,
provided the marl at hand is in the form of a dry fine powder; if it
is wet and putty-like, and dries to large hard lumps, the dressing
should take place in the fall or early winter so that the winter and
gpring weather, with alfernating frosts and thaws, may gradually re-
duce it to a pulverulent mass. In countries where liming or marling
is frequently done; special machinery is used for the purpose of dis-
tributing the material evenly over the land, which is of importance.
Tt is very likely that our common manure spreaders will do the work
in a satisfactory manner.

“Thé crops most likely to be benefited by applications of marl are
the legumes (clover, peas, beans), g.frass, potatoes, corn, and root
‘crops. As in case of other fertilizers, a small quantity of marl placed
in the row or the hill will go farther and give better results for crops
planted or sown in this manner, than the same quantity scattered
broadcast. . :

“Like all lime compounds, marl has a tendency to exhaust the soil
if applied excessively and for a series of years, as it render§ valuable
fertilizing ingredients soluble and therefore subject to leakage. The
old European saying that ‘lime without manure, makes the father
rich and the son poor,’ is an expression of this fact. Unless we start
with a soil well supplied with fertilizing ingredients, aside from the
lime added, the effects of dressings of lime or marl alone will there- .
fore be of temporary benefit, but a detriment in the end. To avoid
this difficulty, barnyard manure, or complete artificial fertilizers
should be applied at times on marled or limed land. The liming or
marling, if done thoroughly, need not be repeated on the same land
oftener than every sixth to eighth year. '

“Marl may furthermore be used to advantage for making composts

. with muck, barnyard manure, and refuse fertilizing materials; its
action in this case depends on the favorable effect which it exerts

*4 The Maria of Wisconsin ’’ in Bull. 51, Wisc. Agr, Exﬁ. Stat., 1896, p. 14.
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on the progress of the nitrification of inert organic nitrogen sub-
stances. Where marl is near at hand and easily accessible, farmers
should not fail to make use of it for this purpose, and also to apply
it directly in varying quantities on small pieces of their land, so as
to obtain definite knowledge of what it will do under their condi-
tions. :

“In some of the potato-growing counties of our State (Wisconsin)
where land plaster is used extensively for mixing with paris green,
shell marl in a fine powder has been advocated as a substitute for
plaster. Marl of this character is well adapted to this purpose on
account of its mechanical condition, but it can not he considered
as valuable as plaster as a fertilizer owing to the fact that the latter,
being a sulphate, is able to bind the free ammonia and carbonate of
ammonia of the air and soil, thus preventing the nitrogen which
they contain from going to waste. Land plaster is also in other
respects of greater value to growing crops than is any form of car-
bonate of lime.”

Third—The use of marl “4s a means of improving the mechanical
condition of soils” is a very important one, and is worthy of more
general practice than it has received from farmers in the past. A
soil may contain all the elements or ingredients necessary for the
production of a certain crop dnd yet, on account of its mechanical
condition—its extreme looseness or porosity, or its compactness—
_ plants can not grow in it. By the application of certain materials,
one of the best of which is carbonate of lime, these unfavorable
physical properties of the soil are often modified or broken up, so
that the plants can avail themselves of the store of fertility in the
soil, and"a good crop is the result.

Many clay soils, when wet by rains, are not porous enough to allow
the water to pass through them with sdfficient rapidity. As a conse-
quence they become water-logged and the air which is necessary for
the healthy growth of the plant roots is excluded. In time of
drought such soils cake readily, thus forming large clods, and “be-
coming more difficult to till and less adapted to the sustenance of the
growing plant. Marl or some other compound of lime, when ap-
plied in sufficient quantity, will prevent this puddling or caking, thus
allowing the water, air and heat to thoroughly permeate the soil.
The texture of the soil will also become more suitable for the easy
penetration of the roots and rootlets of the plants.

If to'a loose sandy soil a sufficient quantity of marl be added, the
sand grains will in time become more or less cemented together,
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thus lessening the large openings between the soil particles, and
causing the better retention of heat and moisture.

Another way in which marl, or other compound of lime, improves
the mechanical condition of soils is by its effect upon the, action of
microscopic organisms. “Many important changes are produced in
the soil by organisms so small that they can only be observed by the
aid of the most powerful microscopes. Some of the changes of this
character in which lime plays an important part are the following:

“(1). The change of ammonia and of nitrogen in organic matter,
such as blood, meat, fish, tankage, plants, etc., into nitrates, the form
in which it is chiefly assimilated by most cultivated plants. This is
known as the process of nitrification and is promoted by the presence
of lime in soils. ‘

“(). The decomposition of organic matter in muck and other
gsoils. In this process the production of carbonic acid is much aec-
celerated by the use of lime. This carbonic acid in turn so acts upon
the inert plant food of the soil as to make it more quickly available
to plants. The indirect result, therefore, is to help the plant to draw
more potash, phosphoric acid, ete., from the soil than would other-
wise be possible.

“(8). The utilization of atmospheric nitrogen by certain of the
leguminous plants (notably the clovers), particularly upon sour soils,
is facilitated by the application of lime.”*

Where marl is added to a soil for the purpose of furnishing the
latter with lime for plant food, or as a fertilizer, the amount neces-
sary will be much less than where it is applied to better the mechan-
ical condition of the soil. In the former case a dressing of one to
two tons per acre every six to eight years will generally prove suffi-
cient. - In the latter case as many as 25 to 40 tons per acre may be
applied without harm. If the marl be spread out perfectly even
over the surface a dressing of 40 tons per acre will form a layer
about one-fourth of an inch thick.

Fourth—“As a mineral food for poultry.” Chemical analysis and
experiments, together with reports from many practical poultry men,
prove conclusively that the ordinary grain and green foods supplied
to chickens and other fowls do not contain enough lime for the
formation of egg shells. Several times as much lime as is ordinarily
fed is necessary if good strong egg shells are to be produced. No
form of lime is more convenient for this purpose than marl, its
particles being in a state of fine division and easily assimilated as

*H.J.Wheeler, Farmers’ Bull, No.77, U. 8. Dept. Agr., 1898, p. 6.
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shell-forming material. Several farmers in the vicinity of marl de-
posits in northern Indiana have tried it, hauling up a load {wo or
three times a year and placing it where the fowls had free access
to it. They report that the chickens lay much better during the
winter season. It is probably better to keep the marl thus continu-
ally before the fowls, trusting to them to eat the amount necessary
to supply lime, than to mix it with their other food. The judgment
of the fowl can be relied upon to secure the amount required. Poul-
try supply houses could doubtless build up a good trade for marl for
this purpose were they to give the matter proper attention.

Fifth—“As a polishing powder.” Several different mineral prod-
ucts are used as “polishing powders,” for scouring articles of silver,
brass and other metals. Such a product, to be of value for this pur-
pose, must be in a fine state of division and form an impalpable
powder, free from grit or other similar impurities which might
scratch the object to be polished. Beds of marl of this character,
or which can readily be rendered suitable by grinding when dry,
are of frequent occurrence in northern Indiana. On account of the
limited demand for such powder it is not likely that the sale of marl
for polishing purposes can ever become a source of much income to
the owners of the deposits. The marl will, however, furnish an abun-
dant supply of material for use in the kitchens of these homes ad-
jacent to the beds.

Sixth.—“As a material for the manufacture of quicklime.” In the
early settlement of northern Indiana much quicklime was made from
marl. No one of the counties in which the principal marl deposits
occur, have outcrops of limestone, and hence the marl was used, being
burned in rude kilns erected for the purpose. = Richard Owen, in
his report on St. Joseph County, says: “Beneath the swamp-muck
beds in the Kankakee marshes near South Bend, a shell marl, three
to ten feet thick, is obtained, in which are large and abundant speci-
mens, some well preserved, of shells belonging to the genera physa,
planorbis, cyclas and unio. At many places this is dug and moulded
into brick-shaped masses of comsiderable size, so as to be readily
piled in a kiln, burnt and used for all purposes to which lime is
ugually applied, being an excellent quality and white color. An
extensive manufacture of this kind is also carried on near the fine
Catholic College of Notre Dame, heautifully situated a mile or two
north of South Bend.”*

Other localities where the marl lime was made, were near Roch-
ester, Fulton County; Lime Lake, Steuben County; Albion, Noble

“Report of a Geological Reconnaisance of Indiana, 1859, p. 200,
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County, and Silver Lake, Steuben County. The lime from the marl
was snow-white in color, and very perishable owing to its fine me-
chanical condition. As much of the mortar made from the burned
marl did not endure exposufe to the weather (probably on account
of too small ai amount of sand being used in its composition) the use
of marl as a lime material was discontinued when railways were con-
structed which brought in from Wabash, Delphi and Huntington a
superior lime.

Since caustic lime or quicklime is the most concentrated form
of lime which can be applied as a fertilizer, it might prove profitable
to burn the mar! into quicklime for that purpose. The manufacture
of quicklime from the mar! for use in mortar will, however, hardly
be renewed, as the quality of the lime produced at the lime-burning
cities along the Wabash, taken in connection with the present cheap
and rapid means of transportation, will not justify its renewal.

Seventh.—The use of marl “in the place of limestone in the manu-
facture of beet sugar” has, as far as we can ascertain, not been prac-
tically tested, but we see no reason why the purer marls of northern
Indiana could not be so used. From 23 to 3 per cent. of lime is added
to the juice of the beets as a purifying agent during the process of
sugar manufacture. ~This lime is added to the juice after it has
left the diffusion batteries and entered what are known as the carbon-
atation tanks. After the lime has been added carbonic acid gas is
forced through the juice and the excess of lime is precipitated in the
form of a carbonate, and carries down with it mechanically many of
the impurities. This operation is terminated when the lime precipi-
tate becomes granular and settles readily. At this point there still
remains about a gram and a half of lime (CaQO) per liter of juice.
After having been passed through filter presses the juice is again
treated while boiling hot, with } per cent. of lime, and carbonic acid
is once more passed through it, until all the lime is precipitated.
This second operation is termed the saturation, the formeér the first

~ carbonatation. .

In most beet sugar factories limestone is used, not only for the
" making of the lime mentioned above, but also in the making of the
carbonic acid gas. Large areas of northwestern Indiana have, by
practical tests, been proven in the highest degree suitable for the
raising of sugar beets. An extensive factory will, in 1901, be erected
at Shelby, Lake County, for making beet sugar, while several others
will, in the next few years, doubtless be built in neighboring counties.
Not an outerop of limestone of sufficient purity oecurs in- or near
any of the counties where these factories will be located, and such
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stone will have to be shipped long distances. Since the better marls
found in this region contain at least 92 per cent. of carbonate of
lime, it would seem that they are pure enough to take the place of
the limestone. Care would have to be taken in their selection, and
they would have to be briquetted, but even then the cest would, we
believe, be less than that of limestone. The experiment is at least
worthy of consideration by parties interested in beet sugar manu-
facture.

MeTHOD OF MAKING SURVEY.—The survey of the marl area was
made between September first and December first, 1899, by Dr. Ash-
ley and at intervals during the spring and summer of 1900 by Mr.
Blatchley. It was planned to be only a reconnaisance, made for the
purpose of determining in a general way where the workable de-
posits lay. Such details as may be given were obtained 1n01dentally
to the necessary examinations.

The work in the fall of 1899 was almost wholly on the lakes from
a boat. The testing was done with a drill composed of §-inch gas
pipe, in lengths of three feet, screwed together at the ends. To the
lower joint of pipe was attached a 13-inch carpenter’s auger. The
total length of the drill was 16 feet. The purpose of the auger was
to open a passage for the rod; break up the marl so as to facilitate
the withdrawal of rod and to bring up specimens of the marl for ex-
amination. When, therefore, in the detailed description, it says
the marl is over 16 feet, or in two feet of water is over 14 feet, it
implies simply that the rod did not reach the bottom of the marl at
a depth of 16 feet from the surface. The marl at such a point ex-
tends downward at least to 16 feet, and may extend down to 20 or
30 feet or even more. In the spring of 1900 the auger was length-
ened to 25 feet in order that marsh deposits might be more thor-
oughly tested, and during that season 18 feet were usually used in
work on the water. »

As most of the lakes examined have a depth of from 30 to 100
feet over most of their area it follows that the examinations on water
were confined to the usually narrow belt of shallow water close to
. shore or over bars, leaving in most cases the greater part of the
lake’s resources unknown. On the other hand, since practical cement
men consider only the marl beneath 15 feet of water or less available
with present appliances; it is evident that this deeper water area
may, from the practical standpoint, be considered out of the ques-
tion, and thus our examinations, limited as they were, covered the
area of available deposits. For these reagons it is evident that with
a given average depth of marl it is not so much the size of the lake
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that determines the size of the deposit commercially, as the size
of 'the area of shallow water. Where it is possible to lower a lake
or partly or wholly drain it, the available deposit may include every-
thing out to where the water is 10 feet in depth, plus the possible
amount of lowering. Many of the lakes, on account of the value of
the adjacent real estate being dependent upon the maintenance of -
a high level, can not be economically lowered. Many have already
reached the limit of lowering due to lack of fall in outlet or drainage
ditch. Some can readily be lowered from three to ten feet. A few
can, by expensive ditching, be completely drained. - _ .

In many instances, however, even where the lakes contain large
deposits of marl and can be easily lowered, they are far more valuable
to_the public at large at their present level, than they would be,
were their depths decreased and the deposit of marl made commer-
cially available.

The work in the autumn of 1899 was carned .on much more rapidly
than that in 1900, and but little attention was given fo the main
features of the lakns'themselves, the deposits of marl alone being
considered. Usually two, and sometimes three or four deposits, often
several miles apart, were examined in a dav -Asg the season advanced
much trouble was experienced in securing boats. The results of the
investigation of that season are, therefore, in part crude and often
irregular, some deposits being examined much more in detail than
others. In 1900, with more time at command, the study of the de-
posits was made more in detail, and many interesting facts relative
to the properties and deposition of the marl were secured.

LEGEND.

Figure 01 is explanatory of the details of the marl deposits as
shown on the maps accompanying the descriptions of the lakes. The
various shades and markings of black indicate a variability in the
thickness and location of the marl and muck, as shown by the ac-
companying figure.

In general, black indicates workable marl, that is, marl havmg a
thickness of .over 10 feet and lying out of water or in shallow water,
without muck cover. As the maps are all reduced to the’same scale,
a glance at any map suggests the relative amount of sich marl in
that deposit. Under the general rule that marl can not be profitably
dredged at a depth of more than 15 feet, or removed from beneath
more than three feet of muék, the black shows the amount of work-
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able inarl in each deposit, without lowering the water level. Many of
the lakes can be lowered so ag to render workable a part or all of the
area which on the map appears as an unworkable deposit.
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Fig.01. Legend, Explanatory of Maps of Marl Deposits R

A. Marl, dry, or in six feet or less of water, of which the bottom is over

" B.

C.

D.

H.

Y

16 feet deep. It thus, in all cases, represents marl over 10 feet
deep. In lakes, the outer edge of solid black band, where shown,
is supposed to represent the line of six-foot water. ASs a rule the
distance from the shore to the six-foot line is exaggerated.

Marl, more than 10 and less than 16 feet thick; not overlain by muck.
Line or lines parallel to shore; marl in water over 6 feet deep; the

bottom of marl being more than 16 feet below the water level.

Marl less than 10 to 16 feet deep. Lines at right angles to shore.
Sample map of overshore deposit, interpreted as follows: Marl sets

in close to shore, increases in thickness toward the body of the
lake, until at half way or a little more to the six-foot water line
the bottom of the deposit is beyond reach of sixteen-foot auger, a
condition that continues into deep water. The black band suggests
the width of marl bed from where the deposit first extends more
than 16 feet below water level to the six-foot water line. The lines
outside of the black band indicate that marl is still found outside
of the six-foot water line with bottom more than 16 feet below
water level. : .

Section corner showing road, railroad and numbers designating

sections.

Deposit, “dry,” as in A, except that it has muck over it, the number

of uprights in the open squares suggesting the number of feet the
muck is thick (in this case, 2). ‘

“Dry deposit” marl, less than 16 feet thick, overlain by muck—at left

by muck averaging one foot thick; in middle, two feet thick; at
right by muck three feet or more thick.

. Sample map showing at the right a deposit similar to E; at left the

marl extends out under shore, with muck overlying, a small area
having only one foot of muck above more than 15 feet of marl.

Marsh, not explored.
Muck in cross sections.
Sandy ground, or sandy bottom of lake.-
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STEUBEN COUNTY.
REFERENCES. —

1873.—G. M. Levette, Fifth Ann. Rep. Geol. Surv. Ind., p. 440.

1875.—Id., Seventh Ann. Rep. Geol. Surv. Ind,, p. 491. ,

1891.—Dr. C. R. Dryer, Seventeenth Ann. Rep. Dept. Geol. &
Nat. Reso. of Ind., p. 114,

1899.—Frank Leverett, Water Supply and Irrigation Papers of the
U. 8. Geol. Surv., No. 21, p. 27. A

This county occupies the extreme northeastern corner of the State
of Indiana. It is bounded on the north by Michigan, on the east by
Michigan and Ohio, on the south by Dekalb County, Indiana, and
on the west by Lagrange County. Its area is 311 square miles. The
entire county, except a valley in the southeastern corner, is more
than 900 feet above sea level, and it is estimated that more than one-
half of the county is over 1,000 feet above, while occasional points
rise to 1,150 feet. With the exception of Randolph County, its aver-
age height above sea level is probably greater than that of any other
county in Indiana. This great elevation is not due to an elevated
rock surface but to the heavy accumulations of drift which every-
where cover the underlying sedimentary rocks to a depth of 300 to
600 feet. The deposition of the drift has been in most parts of the
county very uneven and has given rise to a remarkable group of
rounded hills and irregular valleys, which has rendered the surface
picturesque to a degree, hardly surpassed by any cotinty of the
State.

As -yet the county is but fairly well supplied with transportation
facilities. The Fort Wayne branch of the Lake Shore & Michigan
Southern Railway enters the county near the middle of its southern
boundary and runs through it in a northeasterly direction, leaving it
at the station of Ray, three miles west of the northeastern corner.
The Chicago division of the Wabash System runs east and west along
the southern edge, crossing the L. 8. & M. 8. at Steubenville. This
leaves a large area of the western and northwestern portions of the
county distant 12 to 17 iniles from a railway. Several electric lines
have been proposed through this section, and one or more of them
will doubtless be soon constructed.

- - Steuben is pre-eminently the ranking county of Indiana in the
number and beauty of its lakes. They occupy the valleys and de-
pressions due to the irregular deposition of the mantle of drift.
Their great variety in size, depth and outline of shore render the
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region most delightful for a summer’s outing, and the number of vis-
itors annually attracted by their presence is constantly increasing.
The waters of most of the lakes are very clear and pure. They are
well stocked with the larger game and food fishes, thus furnishing
an abundance of sport to visiting anglers and a plentiful supply of
cheap and nutritious food to the permanent resident.

In the latest atlas of the county 57 lakes are named, but many of
them are mere ponds or “Mud Lakes.” Twenty-two of the larger
ones were visited while gathering data for the present report. Six
deposits of marl sufficient in area and thickness, and easily available
under present conditions for cement making, were found in the
county. Three additional deposits were of workable size but were
mainly beneath deep water. Six of the deposits were found not to
be of sufficient size to justify the investment of capital for their ex-
ploitation. In a number of instances the marl in or about two, three
or four lakes was considered as one deposit, on account of their prox-
imity, and is so treated in the pages which follow.

Finally it may be said that a number of the larger lakes of the
county, although underlain with large deposits of marl, are of far
more benefit to the community at large, as they exist to-day, than
they would be were these deposits developed and used for cement
making.

CLEAR LAKE.

WorkABLE DEPosIT: LARGELY UNDER DEEP WATER.

Clear Lake lies principally in sections 19 and 20 (38 north, 15
east) Clear Lake Township, in the extreme northeastern corner of
Indiana. Its northwestern point is about one and one-half miles
from Ray, the nearest station on the Fort Wayne branch of the Lake
Shore and Michigan Southern Railway.

The lake is broadly L-shaped with a large bay projecting from the
southwest. The extreme length from east to west is over one and
one-half miles, and from north to south over one mile, with a breadth
in each of the arms of about one-half mile. The total area is 600
or more acres. The lake consists of three distinct basins which would
become separate lakes if the water surface were lowered six or eight-
feet. This results from the presence of a broad bar extending from
(D)* to (0) and (P).

*See the accompanying map.
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It is evident that the low ridge at (D) which is rapidly being cut
down, formerly extended south of west across the lake to the island
and beyond; the island (F) being but a fragment spared in the plan-
_ ing down of the ridge by wave action. In November, 1899, a ma-
jority of the soundings across thisbar gave a depth of three feet and
none more than five feet on the crest of the bar. The shallow water’
around the lake is broad, the line of six-foot water running from 50
to 300 feet from shore, with an average of perhaps 150 feet. Outside
of that the depth increages rapidly, so that at one point a depth of
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Fig.1. Map of Clear Lake, Steuben Cuunty, Ind.

90 feet was found by Dr. Dryer within 10 rods of the bar. He re-
ports a descent of 30 to 40 feet in five rods at several places, the
average slope being not less than one foot in two.. The south basin
has a maximum depth near a line through the center of from 70 to
101 feet. The bay to the west gave depths of 54 to 77 feet. The
north“basin has an irregular bottom, and while of less average depth.
than the southern basin, gave 80 and 90 feet in places.

. The fact that, except on the bar mentioned, no marl oceurs in
water with & depth of less than three or four feet, indicates that the

5—Geol.
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surface of the lake is higher now than at some preceding period.
On the other hand, the broad sandy beach at the eastern end indi-
cates that it has also, for at least a short time, stood at a somewhat
higher level than now.

Around most of the lake the banks slope up rather quickly to an
clevation of a score or more of feet. The northwest shore is bor-
dered by rather extensive marshes containing spring mounds and
small elevated islands. There is also a small marsh near the south-
eastern corner of the lake. As_a rule the shores of the lake are
quite clean and free from vegetation. The yellow and white water
 lilies and pickerel weed occur in isolated patches in shallow water.
The pond weeds and chara dre of more frequent occurrence. The
most conspicuous plant in the lake is the great bulrush, Scirpus
lacustris L., which thinly coyvers the bars. The outlet of the lake
is to the northward through a small stream which, after many me-
anderings, empties into the St. Joseph of the Maumee. Two large
‘hotels on the north side of the lake, easily accessible from Ray
station, furnish, during the summer, a¢eommodations for .visitors,
and the place is rapidly growing into a résort for sportsmen, and
all ‘who seek clean, safe bathmg, and ample boating and fishing
grounds. (S

MaRrr.—As indicated on the map, the shallow water from (A) to
(D) contains no marl. At'(A) the marl ig- five feet deep where the
water is four feef, and reaches about 10 feet- at the six foot water
line. Beyond that the bottom of the miarl was ‘not found, the water
being 13 feet deep, at 200 feet from shore. "Going toward (B) the
marl on the six foot line runs under 10 feet and at (B) a fine blue
clay replaces the marl in six feet of water. -From (B) to (D) no marl
was struck in three feet of water or less, and at one point four feet
of water found no marl. At most points the marl reaches below 16
feet outside the six-foot water line. The bar running from (D) to
(F) contained no marl on its crest as far as examined, the water
thereon being from three to four feet deep. . A little south of the

-crest the marl was over 12 feet deep in four feet of water and drill-
ings in five feet of water at pomts along the south side found every-
where, over 11.feet of marl.

At (G), in the southern. basm, one foot of marl is. found 100 Aeet
out from shore in four feet of water, the bottom being hard nearer
shore. At 150 feet out the water is eight feet deep and marl over
eight feet thick. Going toward (H) the marl runs out in, four feet
‘of water at the same distance from shore. Six feet of water 200
feet from shore shows but four feet of marl. . About the same con-

;
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ditions continue to (I). At (J) no marl is found in six feet of water,
150 feet from shore, but sets in and deepens rapidly beyond that.
At (K) somewhat similar conditions prevail, but the marl does not
appear to deepen quite so rapidly, only four feet being found beneath
seven feet of water. Toward (L) the marl in seven feet of water
deepens to more than nine feet at 400 feet out. The six-foot water
line, which extends from about 200 feet to over 300 feet out, shows
only three feet of marl, with none toward shore. Toward (M) and
(N) the shallow water narrows so that at (N) five feet of water is
found 50 feet from shore, with five feet of marl beneath. Between,
as at (M), there is only three feet of marl in six feet of water.

Crossing the bar west of the high island (F) the water is mainly
three feet deep, though running up to five feet in places. The marl
is beyond reach of 16-foot drill all over this area until (P) is ap-
proached, where, in four feet of water, only seven feet of marl oc-
curs and still less going north. The area between (P) and (D) was
" not explored in detail, so that the black shading north or northeast
of the island is sorhewhat questionable. From (P) to (8) the six-
foot water line is quite irregular, and where farthest from shore
the marl was beyond reach of pole in four or five feet of water at
all points tested. ‘At (T) a long shoal projects from the north shore,
but no marl was found on it, the bottom being blue clay like that
at (B).

The area of marl in the lake is probably 400 acres or more. Of
this about 80 acres, averaging 10+ feet in thickness, is beneath shal-
low water. The remainder is found beneath water 10 feet or more
in depth. ',

CEDAR LAKB.
Not A Wonxnim: DEposIT.

Two miles west of Clear Lake in sections 22 and 23 (38 north, 14
east), Fremont Township, and just east of the Ft. Wayne Branch of
the Lake Shore & Michigan Southern Railway, is what was once
called Cedar Lake. It has now been partly drained so that with the
exception of a few lagoons its former area is a marsh. As far as ex-
amined, all across the north end near the railroad, this marsh was
in the form of a floating meadow, barely, or not at all, sustaining
one’s weight: and with water-muck below.. Tests made in several
places from the shore out 300 or more feet, or as far as seemed safe
to go, showed no marl until a depth of over five feet of muck was
reached, when marl began to appear. The points farthest out showed
about five feet of watery muck and two feet of marl,
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Since the lake area, as shown on the older maps, was 400 or more
acres, it may be that quite a large area of marl exists near the center
of the former lake, but even its proper testing is not under the
present conditions, possible.

LAKE GHORGE.

LArgE DEpcsit, MosTLY BENEATH DEEP WATER.

This lake lies partly in sections 14 and 15 (38 north, 13 east),
Jamestown Township, Stenben County, and partly in Branch County,
Michigan. lt is about one and one-quarter miles in length by three-
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Fig.2.. Map of Lake George, Steuben County, Ind.

quarters of a mile in greatest width. Its outline is somewhat irreg-
ular, there being two bays on the north shore, one on the west and
two on the south. Those on the north are much the larger
and are formed by a‘ long point of projecting land. The north-
western bay is the longer, while that on the northeast is the wider
and contains the deeper water. - The level of the lake was raised
four feet in 1836 by the building of a mill-dam at its outlet, Crooked
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Creek, near the southwestern cormer. A good water-power mill,
erected in 1862, is still in operation at this point.

Northeast of this mill, on the southwest shore of the lake, is a
handsome grove mow much frequented by picnic parties. East of
this grove the banks are lower and the adjacent fields are cultivated.
Along the southern third of the eastern shore there is a long, low
wooded stretch of territory. North of this the eastern bank is high
and sparingly wooded, forming an excellent site for cottages, of
_ which quite a number have been erected at Spring Bank. In front
of these the shore and bottom are of gravel, with many good-sized
boulders intermingled. A fine spring, flowing 40 gallons or more per
minute, runs into the lake from a height of 10 feet above the water
level. Immediately north and sonth of Spring Bank a muck meadow,
10 to 20 rods in width, intervenes between the edge of the water
and the margin of the wooded hills. This would indicate that the
level of the lake was once at a sufficient height to cover the present
meadow area. In the northwest corner of the northeastern bay a
lagoon extends back in which there is much muck and aquatic vege-
tation, as spatterdock, cat-tails, etc. . The long lobe of land extending
into the lake from the north, has its eastern bank low, with stumps
of trees out in three and four feet of water. The western bank is of
gravel and rises eight feet above the water level. It is well wooded
and offers fine sites for summer cottages. The northwestern bay ex-
tends about one-third of a mile north from the southern point of
this lobe. Its shores are low with much aquatic vegetation along the
margins. The same is true of the western shore of the lake. - A long
point, covered with rushes, puts out at (L) and forms the bay to
the north.

On account of limited t1me no. lines of detailed soundmgs were
made. Dr. Dryer reports that “The main body of water was found
to have nearly a uniform depth of from 50 to 60 feet, sinking to 80
feet a little south of the center, the depth being far in excess of what
might be expected from the character of the shore.”

MarrL.—Around the south and west shores the area of sha,llpw
water marl is not wide. Opposite (B), 100 feet from ghore in six--
foot water, the marl was six feet thick. Two soundings, 150 and
250 feet from shore showed respectively 26 and 38 feet of water.
Opposite (C), 75 feet out, the marl was beyond length of 18-foot
auger in geven feet of water. Between (C) and (D), 150 to 200 feet
from shore, the bottom of marl was reached but once in six-foot
water, while three-foot water had gravel bottom beneath.. The
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greater part of the southeastern bay is underlain with marl ranging
up to 12+ feet in thickness. Opposite (E), 200 feet from shore, only
five feet of marl occurs beneath six feet of water, but it deepens to
beyond 11 feet in seven-foot water. Between (E) and (F) only a
very tenacious blue mud occurs beneath six and seven feet of water.
Near (@) one-third of the way across the lake, were several stakes,
denoting fishing places, which were sunk into the marl—here 10+
feet thick beneath eight feet of water. Beyond (¥F) the marl sets
" in 200 feet from shore in five-foot water, but it is dark-colored or
mucky. It gradually thickens and 150 yards out it'is 11+ feet thick
Leneath seven feet of water. Southeast of the point (H) gravel bot-
tom only is found in seven-foot water. (oing westward one-third of
the way across the northwest bay, a fine quality of marl was found
10+ feet in thickness at several points beneath eight-foot water.
One-half way across near (I) the water was 30 feet in depth. One
hundred yards north, a growth of rushes denotes another area of
shallow water, but it was nowhere less than eight feet deep with 10+
feet of marl beneath. Opposite (K), 100 yards from shore, on the
six-foot water-line, 12+ feet of good marl occurs. North of this
muck sets in and covers much of the bottom of the shallow water
area. Coming south between (K) and (L) 12+ feet of marl] is found
everywhere on the six-foot water-line. The rush-covered point at
(L) is, however, composed of gravel, and no marl was found in eight-
foot water, east or south of its extremity. Between (M) and (B) the
marl sets in again and was everywhere found beyond reach of pole
at the six-foot water-line.

From the above facts we ]udge that at least two-thirds of the ong-
inal lake area is underlain with 12 feet or more of marl of a good
quality. It seems to be lacking over part, at least, of the eastern
third of the former water area. The deposit is not deemed available
for cement making with the present facilities for securmg marl be-
neath deep water.

HOG LAKE.
WorkarLE Depostt, PARTLY UnpER DEEXP WATER.

Hog Lake lies two miles west of the village of Jamestown and oc-
cupies part of section 17 (38 north, 13 east), Jamestown Township.
Its northern border is about 50 rods south of the Michigan line.
The water area of the lake was lowered about eight feet in 1896, by
a ditch cut from it northward into Walters Lake, so that the present
area covered by water is probably not over 70 acres, 'Ehe immediate
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shores of the lake are, except on the east, everywhere low and
marshy.  On the south and west, the marshes gradually rise into
higher, cultivated land. The eastern shore ‘is, for the most part,
composed of a gravelly ridge which a few rods back from the water’s
edge rises to a height of 15 or more feet. On the north a level
marsh, 50 Tods wide, separates Hog Lake from Walters Lake, the lat-
ter lying in Michigan just north of the State line. On the northwest
is an extensive tamarack swamp. An island of five or six acres,
thickly covered with tamarack, birch and alder, lies a little south of
"the center of the lake. Since the latter was drained the channel
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west of the island has become choked with vegetation, and a con-
tinuous marsh now exists between the island and main land.
A long marshy point puts out from the south shore to the north-
east, thus dividing the water, at present existing in the lake, into
three lobes. Among the mollusca noted in Hog Lake were Anodonia
grandis Say, Unio luteolus Lam., Physa heterostropha Say, Campeloma
decisum Say and the Helisomas trivolvis and bicarinata Say. '

The greatest depth of water found was north of the island where
three soundings, 10 rods apart, showed respectively, 32, 35 and 33
feet. The southeast lobe of water runs up to 24 feet in depth, while
no sounding in the southwest lobe showed over 15 feet.

Fig.3. Map of Hog Lake, Steuben County, Ind.
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Marr.~The area of shallow water along the east and north sides
of the lake is not wide. A belt of rushes, Scirpus lacustris L. five to
ten rods in width fringes these shores and wherever tested, in depths
of four to six feet, the bottom of marl was not found with an 18-foot
auger. The tests were usually made near the outer edge of the
rushes where the bench of marl began to dip rapidly beneath deeper
water. The water directly east of the island in the middle of the
channel was but eight to 10 feet deep, and in it bottom of marl was
nowhere reached. At only one point (B), opposite north end of the
island on the east shore was bottom reached in three feet of water.
Here, with 21-foot auger, the marl was found to be 16 feet thick,
with gravel beneath. * Along the north side, in two feet of water 75
feet from_shore, the bottom of marl was reached at depths varying
from 11 to 17 feet. Marl forms the surface of a large portion of the
marsh, (C) and (D), between Hog and Walters lakes. At no place
- was it less than 14 feet thick and the large majority of tests showed
more than 21 feet. On the west side of the drainage ditch, half way
between the two lakes and five rods east of the border of tamarack,
it was 16 feet thick beneath one foot of muck, but at the edge of
the tamarack was not found.” From the tests we judge that this
marsh of 20 or more acres is underlain with marl of an average
thickness of 18 or more feet. Walters Lake, 80 rods wide by 70 rods
long, is said to be also wholly underlain with marl Being in Mich-
© igan, it was not tested, except along its south shore, where the marl
was 21+ feet in depth.

Along the eastern side of Hog Lake, north of the island, the marl
was everywhere 18+ feet in depth in three-foot water. East of the
lake and north of the half-section line, at (E), is a marsh of about
20 acres, over much of which the marl forms the surface. Seven
bores were put down on this marsh which showed the marl at the
water’s edge to run from 15 to 21+ feet in thickness. Near the north
end of the marsh, and 10 rods west of the lake’s margin the marl
was still 21+ feet, while within five rods of the wéstern margin of
the marsh it was eight to 12 feet deep. On the north side of the
island, at the edge of the rushes, ¥5 feet from shore, the marl was
13 feet thick beneath two feet of water. It was 15 feet thick at
several places along the south side of the island and at (F) on the
west shore of the lake southwest of the island was 18+ feet in three
feet of water. At (G) it had increased in thickness to 20+ feet and
the larger part of the marsh and the shallow water area between (@)
and (A) was underlain with a deposit 20 or more feet deep.
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Taking into consideration the marl in and about Walters Lake,
we have here a first-class workable deposit. The two lakes can, with
“little expense, be lowered so that the larger part of the marl now
in water over 10 feet in depth, will become available. The only
drawback to this deposit is its distance from transportation facili-
ties, the nearest railway being seven miles to the eastward. '

An analysis of an average sample of the Hog Lake marl showed its
composition to be as follows:

Calcium carbonate ................coiiiiiiiiiiiea., 90.42
Magnesium €arbonate ..........coeveveeevennrnnenesas.. 2.88
AlUming . cvviviiiiiii ittt i it et e it i te e J14
Ferric oxide ... i iiiiiiiiiin ittt ittt i 28
Insoluble inorganic matter (silica, ete.).............. ... .68
OTZANIC INALEET .. vvene it inerneenenieneenuennennenns 413

TOtRY oivveieenuroneenenasononisssosinsosssancsnsnas 98.53

The marl is thus proven to be of excellent quality. The percentage
of organic matter is a lit{le high, but this was'probably due to the
method of securing the samples. The organic matter is destroyed
during the process of burning into cement, and the amount present,
when less than six per cent. has, therefore, little or no effect.

. LIME LAKE.
‘WoRKABLE DEPOSIT.

Lime Lake lies about one mile northwest of Orland, in section 18
(88 north, 12 east), Mill Grove Township. In shape it is oval, and at
present. has but about 15 acres of water surface. The greatest depth

~is 26 feet, but most of the water is under 10 feet, and from a distance
looks like milk on account of the reflection from the white marl at
the bottom. The lake lies in a narrow valley between hills 30 or
more feet in height. On the west is a marsh five to eight rods in
width. On the north and south the marsh extends for a long die-
tance up and down the valley. On the east the water reaches the
base of a ridge of gravel. No vegetation, not even Chara, exists at
present in the water. The outlet of the lake is a small stream which
flows from Anderson Lake, 30 rods north of the State line, south-
ward through Lime Lake and empties into Crooked Creek. The
marsh land, mentioned below, lies on both sides of this stream.

MaRL~—On the west, north and south sides of the lake at the

water’s edge, the marl is, with one exception, everywhere more fhan
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25 feet thick. It also exceeds that depth in the marsh to the south
of the lake as far as the road, beyond which it was not tested. At
the extreme southeastern corner of the lake within 20 feet of the
gravelly ridge, it was but six feet thick, with gravel beneath. Along
the east side in three feet of water, 70 feet from shore, it was 18+
feet in thickness. ¢

In the marsh to the north, which is over three-guarters of a mile
- in length and 20 to. 30 rods in width, the marl comes to the surface
in a number of places, and, five rods out from the foot of the border-
ing hills, was almost universally found to be more than 21 feet in
thickness. In a few places it is overlain with muck one to two feet
thick. The upper three or four feet of the marl beneath the muck -
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Fig.4. Map of Lime Lake, Steuben County, Ind.

was here, as elsewhere, darker than that in the lake, on account of
the sediment from the decaying grass and other muck-forming vege- -
tation, soaking through it. Anderson Lake, north of the Michigan-
Indiana line; is said to be somewhat larger than Lime Lake, and
wholly underlain with marl which in places has been tested and
found to be more than 35 feet thick. It was not visited by us.

The marl of Lime Lake is, in appearance, very white and pure.
It was, in the early settlement of the country, burned for lime. Dr.
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Dryer, who visited the lake in 1890, made a chemical analysis of a
sample of the marl which showed its constituents to be as follows:*

Calcium carbonate ....ovvveericanneincierenan eeeees. 86.00
Magnesium carbonate .........covvieiivinioiasiriaoes 9.42
Iron carbonate .........vvviiiiiineetnnnniencniianeenns 116
SIHER «vviinivieiineisaeocanressssonnas [T 1.08
Organicmatter .........ccocivieennnnnnes N 2.32

Total oottt iiitiaetrenanaasatornasanoannnnnn 99.98

The amount of magnesium carbonate found was in excess of that
of any marl of which analysis has been made in the State, and it is
very probable that a mistake was made in its computation. The
other impurities are very few, and aside from the magnesium car-
bonate the anaylsis indicates 8 deposit of high grade.

Taking into consideration the acreage of marsh marl, above and
below Lime Lake, and also the great average thickness of the bed,
there is here a good workable deposit, which will doubtless become
utilized whenever transportation facilities are secured.

SHALLOW, DEEP, LITTLE AND BEAVER-DAM LAKES,
- : N
WorKABLE DgposIT,

These four lakes are connected by a narrow stream and so form a
chain which occupies a valley in the western half of sections 6 and 7
(87 north, 12 east), Jackson Township. They are about 12 miles
east of the Grand Rapids & Indiana Railway, 11.miles west of the
‘Fort Wayne Branch of the L. S. & M. 8. Railway, and the same dis-
tance north of the Chicago Division of the Wabash Railway.

Beaver-Dam Lake, in the northwestern quarter of section 6, is
one-half mile long by about 30 rods wide, and occupies a narrow val-
ley between two parallel ridges. Tts greatest depth is said to be
26 feet. Little Lake is nothing more than a large pond in the
southwest quarter of the same section. Its water area is about six
acres and its margins are thickly covered with rushes and other
water-loving vegetation. These two lakes were not visited, but it

“was said by the residents of the vicinity, that their bottoms and
margins were composed wholly of marl of great depth.

Deep Lake, in the northwest quarter of section 7, has a water area
of about fifteen acres and a maximum depth of 28 feet. Its southern
shore is less than 30 rods north of the northwestern corner of Shal-
low Lake. Its shores are low and surrounded by marsh.

*17th Ann, Rep. Ind. Geol. Surv,, 1801, p. 124,
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Shallow Lake lies near the center of section 7. It has been re-
cently drained by a ditch running fo the southwest, so that in Sep-
tember, 1900, its water area, of about 60 acres, was nowhere over two
feet in depth, though one in wading was apt to sink deeper on ac-
count of the softness of the marl bottom. Its shores are low and sur-
rounded by a wide marsh except on the east, where, 10 rods from the
edge of the water, a gravel ridge rises 20 feet above the lake. From
the side of this ridge, opposite the middle of the lake, two fine springs

emerge about 10 rods apart. The
o] larger of the two has a flow of at least
150 gallons per minute, and' the other
one-half as much. The only aquatic
vegetation in the lake, other than scat-
tered bunches of rushes, was about a
half-acre of cat-tails, near the south-
ern end of the eastern shore.
N MARL.—On the north, west and
south shores of Deep Lake, the marl at
the edge of the water is everywhere
> more than 21 feet thick. The bottom
o s| shelves off rapidly into 10-foot water.
7 7 The marsh on the west is but about 12
rods wide, and over most of it the
‘muck is two feet deep and underlain
i with marl, which diminishes gradually
o1, in thickness from the edge-of the lake
-] ALLOVY to the margin of the hill. On themarsh, -
. between Deep and Shallow lakes, the
gi O mold YUy marl forms most of the surface and
| -ley_woTLd a00 bag sia@1+ feet in depth. At the north-
od ot bige at diqeb fesidoruwest comer of Shallow Lake one bore
sda‘ i broq ogigl 5 aedt owas: putiddowrei wikth..a 25-foot auger
it o 1 whithodidmat orbath bottom of marl.
mdjmmsgmedﬂmt&ggm‘bb (Adyidthirty srodssmouthwest :and
s d e TR PR et 4890 203 HO ofiebto frdl threo otomeys eghgior odfrthey
brs amodtod tiod tsdd .viididie, dtiwie t50Ebétothiek witlhigeavels
beneath. Alonglthebeirtire wedhshote yHe dnafl-wapdonndsto de Rk

©

ER DAM ..

2=

DEEP
I3

15843

 faets sizito eight rodwidusefroms b dapmer isharedbuti gridiaihp @i-

misidhing 48 139f8e8SatotHe obdrmrarginiof the: lakes rOutithéusolstho
sHer@ bt tonrwaymoimbhert reachibil ot Rt deet) andfe mukhbesl of bastds
showed that tHergreaidrbphrtvoftilzel30: acoé mmwaﬁhbf sHe.Iakel

is underlain with marl of an eqlﬁ} thég}me;s% 1o M qm




MUD LAK

Pt o .
L 2
ke 27]
A 7 Water 30°, LOWER OTTER
er i LAKE
LAK
UPPLR O[TTER
AKE
<
) 87
.
a4
VPPLR
P 28121 - 217l
33 33134 34
. LAnE
. .
" D,
Y -
T
Q A e
Ceda @f’al’”' 1
P [ 3
; 4]
33 MIDDLE -
7 4 3
LARE
Water 60-80' ?
] £
0,
' Water 3065
Ll Y sland
&
LOWER
..... 2
Y H
* Cedar I. Sowlels
Bons Bay ~ “AKE N
2 . % 3
9 T ~ ol ) 70
~ Aound K
"-,"l ;
parTyirown  Xh van

Fig.6. Map of James Lake, Steuben Cou;xty, Ind.




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. e

the lake, on account of the proximity of the gravel ridge, the marl is
not so thick, being but nine feet at the margin of the former lake,
and 15 feet six rods out from shore. Between the springs, at. (B),
and the lake, the marsh, 10 to 15 rods wide, is covered with a fine
wire-grass and underlain with marl 15 feet or more in depth, while at
the edge of the water it is 21+ feet. The marsh northeast of Shallow
Lake and east of Deep Lake is 60 rods long by 40 wide, and covered
with wire-grass. The surface is of muck fwo to six feet thick. The
southern half is underlain with marl from four to.15 feet in thick-
néess, but beneath the muck of the northern half only sand was found.
Along the east margin of Deep Lake the marl was %1+ feet thick.

“An analysis of an average sample of the marl from this deposit
- resulted as follows:

Calcium CATDONALE .. iivviiii i rieerenrerennnnnnnas 93.29
Magnesium carbonate ..........covviveeienrnnenerneena 2.67
CATUIRA i e e i it ee e .04
Ferric oxide ...... i . ittt iieeteininenninnneinennas a2
Insoluble inorganic matter (silica, ete).................. AT
Organic matter ......ccociierreeeeeneeenennennneennaans 1.56
b 1 7 1 P 98.15

This shows the marl of Shallow Lake to contain the highest per-
centage of caleium carbonate of any deposit in the State, of which
analysis was made. The acreage and thickness is sufficient to justify
the investment of capital for the purpose of cement making, and
there.is little doubt but that the deposit will be so utilized in the
future. T N A R B

PR Y

JAMES LAKE.
Two WoRKABLE DerosiTs; ONE LLARGELY UxDER DEEP WATER.

Lake James lies in sections 21, 22, 27, 28, 33 and 34 (38 north, 13
east), and sections 3, 4 and 10 (37 north, 13 east), in Johnsen and
Pleasant townships. Its southern shore is three miles northwest of
Angola, but the Fort Wayne Branch of the L. 8. & M. 8. Railway
to the east can probably be reached in two miles. It is the third
largest lake within the State, being exceeded only by Lake Wawasee,
Kosciusko County and Lake Maxinkuckee, Marshall County. The
total length of James Lake is nearly five miles and its average width
about one-half mile. It covers an area of about 1,670 acres. In
shape it is very irregular, lying. mainly in a north and south line, but
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divided into five basins, separated from each other by narrow and
often shallow channels. ' k

The most southern basin, known as the “Lower Lake,” is about
one and one-quarter miles in length from north to south and three-
quarters of a mile in extreme width, with a very irregular shore line,
running back to form several prominent points and“embayments, as
Sowles, Ball’s and other bays. The maximum depth of the Lower
Lake is 65 feet. Half way between the southeast shore and Round

. Island the depth was 40 feet; 200 feet west of the island, it was but
18 feet, while. 100 yards east of the cottages at Spring Point it was
32 feet. Three small islands, Long, Round and Cedar, project above
the water and several shoals nearly reach the surface. These facts
indicate that the bottom of the lake is very uneven. In like manner,
the area of shallow water along the shore is quite irregular in places,
as at (F) being very narrow, while from (D) to (E) and (G) to (J) it
projects out in long and often broad points several hundred feet
from shore, making the average width of shallow water over the
stretches named, probably, 200 feet. The shores on the south side
of this basin rise rather abruptly 30 or more feet and are heavily
wooded with oak and hickory. Those on the east and northeast are
much loftier, reaching a height, in places, of 100 or more feet. On
the west, between Spring Point and Ball’s Bay, the shores are much
lower and the adjacent fields are, in part, cultivated.

The next basin north of Lower Lake is known as “Middle Lake.”
It is really the foot of the entire lake, as the outlet, Crooked Creek,
flows from it into Jimerson Lake. This basin is separated from the
preceding by a rather narrow strait between Lone Tree Point and
Spring Point, in the center of which was formerly an island, now a
shoal. Northwest of this shoal, near the point indicated by the let-
ter (M) on the map, the water was 32 feet in depth; 100 yards farther
northwest it was 56 feet; while a third sounding, the same distance
north from the second, showed 63 feet. A fourth, 200 yards north
from the third, and about the middle of this basin east and west, gave
72 feet, the greatest depth found in Middle Lake, though Dr. Dryer
reports 80 feet as the maximum. The band of shallow water around
this basin is'narrow and as a rule quite regular. A small shoal exists
just south of Cedar Point. Middle Lake is about a mile long by a
third of a mile wide. The shores are more regular, though two bays
or points put out from it. The hills on the east rise abruptly from
the water, are heavily wooded, and 40 to 60 feet in height. To per-
sons willing to climb, their crests contain many ideal sites for sum-
mer cottages. The shore at the northwest corner is low and marshy.
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The remainder of the shore line slopes upward and backward into
low wooded hills.

The third basin or “Upper Lake,” is reached through a narrow
channel with only two or three feet of water over the bar or spit
of sand which puts out from the west shore. This basin is a mile
long by three-quarters of a mile in greatest width. A depth of 87
feet of water, the “deepest sounding in the lake,” is reported by
Dr. Dryer to have been found a few rods west of Eagle Island, which
forms part of the north shore of this basin. The greatest depth
found by us was 78 feet.*  The belt of shallow water in Upper Lake,
particularly along the east side, is broader, ranging from 100 to
300 feet in width. The east shore, like that of the two basins to the
south, is densely wooded, but the hills rise only about 30 feet. The
west shore is of rounded hills of clay and gravel, bare of timber,
and, near the northwest corner, sloping gradually upward to a he1ght '
of 100 or more feet.

From the north of Upper Lake, an unbroken expanse of water
formerly extended a mile and a half to the northeast. Now the en-
croachments of vegetation have nearly cut this off to form a separate
lake, known as “Snow Lake.” This is also nearly divided into two
separate basins. A chanmnel, only about thirty feet wide and difficult
to find, runs through the marsh to the east of Eagle Island, and ad-
mits the passage of a row-boat from Upper Lake to the south basin
of Snow Lake, the longer axis of which extends northeast and south-
west and is continuous on the east with the valley of Oter and Marsh
lakes. This basin is three-quarters of a mile long by one-sixth of a
mile wide and is separated from the much larger northern basin by a
long marshy point from the northeast, and by Deer Island and a bar
to the east of that island covered with a growth of rushes. Several
soundings from west to east through the middle of the basin
gave® the following depths in feet: 78, 54, 40 and 36, the
first and deepest being south of Deer Island. This island
rises 40 feet above the water; contains an area of about three acres
and ig heavily wooded with oak and other timber, forming one.
of the prettiest spots about a lake which is far above the average in
picturesque beauty. Deer Island, as well as Eagle Island, are now
both connected with the main land by extemsive marshy meadows.
Along the south side of this basin the shallow water area is from
10 to-20 rods in width. At the inlet from Otter Lakes ‘the valley
is broad, it being evident that at onc time the lower part of Snow

*This was near the point oceupxed by the letter “u’’ of“ upper”’ on the accompanying
map.
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Lake extended east so as to include upper and lower Otter Lakes
and Marsh Lake, the latter about two miles to the eastward.

The waterway at present connecting the North and South basins
of Snow Lake is a channel about 10 rods wide between the marshy
point at (X) and the extremity of the bar east of Deer Island. The
North basin is very nearly a mile in length from north to south
and not quite one-half mile in average width. A peninsula-like point
of land juts into the water from the north shore, forming two bays,
.the eastern one of which is much the wider and recéives Crooked
Creek, the outlet of George and Mud lakes. A small island, less
than an acre in area, and covered with wire-grass and cat-tails, rises
three feet above the water about 40 rods south of the extremity of
this peninsula’ Betweeen the island and the west shore the water
is 32 feet in depth. Twenty rods southwest of the island a shoal 10
rods wide, and thinly covered with rushes extends in a southeasterly
direction almost across the lake basin. The water over this shoal
is but 10 to 18 inches deep. West of the shoal two soundings gave
respectively 48 and 36 feet of water. - In the southwest bay, northeast
of Deer Island, two additional soundings showed 33 feef and 52 feet;
while on a north and south line across the lake, 20 rods east of Cedar
Island, not over 32 feet of water was found. The east shore of this
basin is wooded, but the hills slope back gradually and rise but 20 to
30 feet above the water. The shores of the northeast bay are, for
the most part, low and marshy. The northwestern bay has a narrow
muck meadow between the water and the adjoining hills. At several
points northwest and west of Cedar Island, the muck banks rise ab-
ruptly three feet and more above the water.. The greater part of
the west shore is bordered with marsh, varying in width from 10
to 30 rods, and covered with wire-grass and other vegetation. Back
of the marsh are steep, densely wooded hills, rising 150 feet or more
above the level of the lake.

Except in a few localities, mollusca were not plentiful in James
and Snow lakes. - The only univalves taken were Helisoma trivolvis
and H. bicarinata Say, which were common in shallow water near
shore. One of the bivalves, Margaritana marginate Say, found in
Snow Lake, is noteworthy in that this is the only lake in which it was
seen, The specimens were plentiful just south of Cedar Island and
were of large size. Other bivalves were Unio luteolus Lam., Anodonta
footiana Lea, A. grandis Say, A. salmonia Lea, and A. edentula Say,
all of which wefe seen in small numbers; U. Zuteolus being the most
common and of very large size.
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The waters of the lower and middle basins of Lake James are quite
free from vegetation.  In the channel connecting the Middle and
Upper basins as well as along the east shore of the latter, the eel
grass, Vallisneria spiralis L., grows in abundance, as do also several

‘species «of pond-weed (Potamogeton), and the two rushes, Scirpus

americanus Pers. and 8. lacustris L., the latter growing in water up
to seven feet in depth. The newer portions of the marsh north and
east of Eagle Island are covered with cat-tail, Typha latifolia L.,
while several species of marsh grasses and sedges thickly cover the
older portions. The channel west of (B) runs between dense masses
of  spatterdock, Nymphaea advena Sol., broad-leaved arrowhead,
Sagiltaria latifolia Willd., and cat-tails. In the northeastern corner

" of the southern basin of Snow Lake the white water lily, Castalia

odorata, and the spatterdock are both abundant. In the sghallow
water areas of the north basin, both along shore and over the shoal-
like islands of marl which rise nearly to the surface, the eel grass
and various species of Pofamogeton grow in profusion. In fact Snow
Lake contains as much aquatic vegetation within its bounds as do
all the other basins of James Lake combined. In the words of Dr.
Dryer: “The group of lakes, including James and its companions,
furnish about ten miles of boating, every rod of which is rendered
delightful by repeated surprises and a changing variety of pictur-

_esque scenes which rival on a smaller scale Lake George, the gem

of the Adirondacks, and the famous Thousand Islands of the St.
Lawrence. The region around it might be fitly characterized as the
Alps of Indiana, and although alpine only in miniature, is worthy to
attract more attention than it has yet received. It needs only to be
better known to become a favorite resort for many who now travel
hundreds of miles in search of the beautiful and the picturesque.”*

Mazrr.—Around the Lower, Middle and Upper lakes at mearly
every point examined marl was found, and in general deepened rap-
idly from shore, so that in no case was marl in four feet of water
found to be less than 12 feet thick, and generally the bottom of the
marl was not reached at 16 feet in two feet of water, and on the
broad shallow bars not in one foot or six inches of water. Along
much of the shore of the lake, particularly in the shallower water,
the marl is markedly concretionary on top and often for three or
four feet down: In places these concretions are like coarse grit,
elsewhere they are like small gravel. Apain they increase to a
flattened diameter of several inches, and resemble geodes externally.
The formation of these concretions and the incrusting of shells in this

*17th Ann. Rep. Ind. Geol. Surv., 1891, p. 123.
6—Geol.
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and other lakes has already been mentioned under the general head-
ing of the “Deposition of Marl.” This concretionary structure might
easily be mistaken for gravel, for often the drill for the first three or
four feet was forced through it with much difficulty. In places the
encrusted shells are just scattered here and there on the bottom, but
at other places, notably along the east shore of the bay north of

~ Eagle Island, make quite a thick layer. Here also the pebbles of lime
were thrown by wave action in windrows along the shore.

The width of the shallow water around the lake has alveady been
described or is indicated on the map. At the mouth of a little branch
from the northeast at (E) the marl is rather shallow, only four feet
being found in three feet of water. The bar running from (I) to
(J) across the mouth of Sowles Bay was thought to be hard bottom
when tested, but the discovery a little later that a similar hard bot-
tom was an unusual thickness of concretionary marl led to the theory
that we had been in error and that the bar, like the rest of the
ghallow water, was deep marl. It is so mapped, though it was not
retested. The shore from Paltrytown to Ball’s Bay was not tested,
but is reported to show a good breadth and thickness of marl. The
marl off the point at (L) is shallow, three feet being found in six
inches of water. - At the east side of Cedar Island it was 14+ feet
in two feet of water.

The tests for marl in September, 1900, were mostly on Snow Lake,
and were made with an auger 18 or 21 feet in length. However, a
few were made along the east shore of Upper Lake. These showed
that between (C) and (B) the marl was everywhere 18+ feet in two
and three feet of water. Southwest of (B) there is an area of 20 or
more acres of this shallow-water marl. In the bay north of Eagle
Island is one of the finest deposits in Upper Lake. In a number of
places in one foot of water 10 feet from shore the marl was 18+
feet and of excellent quality. There is little doubt but that the
greater part of the marsh area, 60 or more acres, to the east and
northeast is similarly underlain. ‘

An analysis of an average sample of the marl from the three lower

basins of James Lake gave the following results .
Calcium carbonate .............. ... .ol 92.41
Magnesium CArDONAte . ......vveurenereenrnaeunennennn. 2.38
Calcium sulphate ............. .o oottt 15
0 TS < 1 R U .29
Insoluble inorgani¢ matter (siliea, ete).................. 1168

Organic matter ........... e e e e sac e [P 1.97
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PLATE 8.

ILLUSTRATING CONCRETIONARY ForMS oF MARL, FoUND IN JAMES LAKE.

(a) Showing gradual incrustation of shells of Unios.
(b)Y Showing nodular concretions caused by low type of freshwater alga growing in
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This analysis shows the marl to be of superior quality; the per-
centage of carbonate of lime being above the average. Dr. Levette
states that “A heavy deposit of lime or ‘marl’ on the west margin of
James Take was, in the early settlement of that region, worked for
lime for making mortar; the marl pits are still visible.”* This fact
is, in itself, a good evidence of its excellent quality, for only the
purest deposits of marl were used by the early settlers for lime
making. '

It is estimated that there are at least 200 acres of marl 10 feet or
more thick beneath less than six feet of water in the three lower
basins of James Lake. It is, however, much strung out along the
shore. The deep water of these basins is also very probably almost
wholly underlain with a thick deposit. Due to the mill below and
the large number of cottages along the lake, it is doubtful if its

“waters will ever be lowered. Indeed it is heped that no endeavor will
be made to lower them, for the lake is far more valuable to the citi-
zens at large in its present condition than it would be were its water
area diminished in an attempt to secure the marl beneath its
depths.

The area of shallow water marl in Snow Lake is proporﬂonally
much larger than in the lower basins of James Lake. This is due to
the fact that there are many shoals, or subaqueous islands, which rise
to within a foot or 18 inches of the surface, and which are composed
wholly of an excellent quality of marl 18+ feef in thickness.. These
shoals are scattered over the northern and eastern portions of the
north basin.

Between Cedar Island and the northwest shore, the marl is every-
where present in shallow water, being 18+ feet in thickness in two
feet of water. Where the muck banks rise perpendicularly from the
water the marl is nine feet thick and underlain with-gravel at the
edge of the bank. That portion of Cedar Island below the level of
the surrounding water is composed of marl 19+ feet in thickness on
the western side, and eight to ten feet on the eastern. The long
shoal, 10 rods or more in width, which reaches nearly across the lake
basin, southwest of Cedar Island, is underlain with marl 18+ feet
thick and very white in coler. Between (Z) and the north end of
Deer Island the shallow water area is from 5 to 25 rods in width;
the bottom of marl in no place being reached with 18-foot pole.
South of Deer Island, 100 feet from shore, the marl was 13 feet
thick in two feet of water, with gravel beneath.

*Seventh Ann. Rep. Ind. Geol. Surv., 1875, p. 491.
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At the western end of the south basin at the edge of the marsh,
the marl was 18+ feet, 20 feet from shore in three feet of water.
Along the southern shore of this basin the shallow water area, 10 to
20 feet in width, is all underlain with marl to beyond reach of 18-foot
pole, except close to shore where the marl runs from five to 12 feet
in thickness. In the northeast corner of the same basin, there is
a large shallow water area, in which muck from one to two and a
half feet thick overlies 14+ feet of marl. A similar area five to 10
rods in width is found along the south side of the long marshy point
separating the two basins. - At (X) there is 16+ feet of marl beneath
two feet of water. The same thickness is found on the west side
of the channel. On the east side of the north basin, the shallow
water marl ranges in thickness from five to 16+ feet, except along
the east shore of the bay which receives Crooked Creek, where 1t is
largely replaced by muck. .

Taking into consideration its great average thickness, the deposit
of shallow water marl in Snow Lake alone is of workable size, and
would fully justify the erection of a large Portland cement factory.
The quality of the marl is also of the very best, fully equalling that
of James Lake, an analysis of which is given above.

CROOKED LAKE.
WoRKABLE DEposit, MosTLY UNDER DEEP WATER.

Crooked Lake lies in sections 6, 7, 8, 9, 16 and 17 (37 north, 13
east), Pleasant Township. It is about three miles northwest of
Angola and somewhat less from the Fort Wayne Branch of the Lake
Shore & Michigan Southern Railway. The lake was originally bottle
or gourd shaped, but is now practically divided in two at the east
side of section 7. The main part, or the part east of this, is divided
into two lobes by a long point from the north. The part west of the
road, in section 7, is really a long narrow neck mnearly choked with
vegetation. 'The total area of the lake is about 950 acres, of which
the eastern lobe has about 400, the middle 225, the western 325
acres. . '

The eastern basin is nowhere deeper than 30 feet and contains
much shallow water. From (C) on the east side a broad hammer-
shaped bar extends out half way across the lake. The water here
is nowhere more than two feet in depth, even on the part farthest
out. Just west of it is a small island or shoal. From the west shore
at (R) extends out a broad bar bending to the north. Over much of
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this the water is only six inches to one foot in depth. The point of
land from the north is continued out some distance fo the south in
a long shoal. The shallow water belt from (A) to (B) is usually less
than 100 feet in width.

In the middle basin there is a large area of shallow water just
west of the end of the point from the north. At the western end
the embayment (K M I H) is now nearly filled up, being practically
shut off from the lake by a marl bar. The northwestern lobe is
very shallow, in places being readily crossed by wading.

Though abrupt in places, .the banks are neither as high nor as
steep as those around much of -the neighboring Lake James. In

Fig.7. Map of Crooked Lake, Steuben County, Ind.

places they rise from 50 to 70 feet above the water level of the lake.
At several places along the east shore is a broad sandy beach very
popular with bathers.

- Magr.—From (A) to (B) the shore is sandy to a depth of one or
" two feet of water. At 25 feet from shore the water is three or four
feet deep and the marl from one to five feet thick. Toward (A)
therer ig.ysually some sand over the marl, often six inches or more,
giving the joppression that there is no marl present. The six-foot
water line runs fromsif) to 100 feet from shore and beyond it the
drill at no point reached the bottom of the marl, indicating quite a
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rapid thickening of the deposit. The long point running out from
(C) has no marl on its crest, but on the flanks of the point the marl
rapidly thickens up. In the bay enclosed by the point on the south
the water is-shallow. Running west from a little south of (C) no
marl is found in two feet of water. In three feet of water 75 feet
.~ from shore the marl is three feet thick. It is six feet thick from
where the water is four feet deep to where it is over seven feet deep,
but in nine feet of water several hundred feet from shore the bottom
could not be reached with a 16-foot pole. - At (D) the marl was over
13 feet deep in three feet of water quite close to shore. Due to the
breaking of the drill the tests from (D) to (H) were made with only
a nine-foot drill. Sand and gravel occur near the shore at (G) and
there ig only three feet of marl in four feet of water, but at all other
points the bottom of the marl was not reached in three or four feet
of water. From (H) to (K) is a marl beach with a channel cut
through to the crest.  The marl at every point tested was over 16 feet
deep. West of this toward the road it appeared to be all marl but
was too soft to wade, so was not tested. The southern end of the
western basin at (J) is a floating meadow underlain with marl beyond
reach of 16-foot pole. Only a short distance north there is hard
bottom nearly if not quite clear across and tests between (L) and
(X), made by wading, gave only hard bottom. From (M) to (N) the
marl is variable. In places there are over 13 feet in three feet of
water; in others, only one foot.. At one point four feet of water
" has only seven feet of marl beneath. From (N) to (P) the marl is
thinner, the bottom near shore being hard and at several places
along the six foot water line the marl was only three feet deep with
one foot of marl in four feet of water. In other places five feet of
water showed from five to seven feet of marl. Marl is wanting over
most of the broad shoal between (P) and (Q), but occurs around the
edges, running from six to 10 feet deep in three to four feet of water.
The subaqueous point running out from (Q) showed eight feet of
marl with three feet of water. The center of the shoal (U) was
not examined, but marl is probably not found there, as only nine
feet of marl was found in four feet of water on the west side. The
center of the bar from (R) to (W) shows no marl, but the marl
deepens rapidly around it, so that the bottom is below 16 feet in
three and four feet of water. From (A) to (T) the bottom is sand
and boulders with no marl in 16 feet or less of water. At (T) marl
sets in again, there being about six inches in four feet of water
mcreasmg to nine feet at the six-foot water line. e
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Dr. G. M. Levette, who visited Crooked Lake in 1875, made the
following statement concerning the marl: “In this lake the deposi-
tion of lime (locally called ‘mar]’), from the water, by the action of

- light and vegetal growth, may be studied to advantage. The water
is of crystal clearness, and objects on the bottom, under 10 or 15
feet of water, may be distinctly seen. Mussels (Unionide) are very
abundant, and the posterior part of the shells, through which the
breathing tubes project up into the water, are almost universally
built up with a soft, pasty deposit of lime, varying in thickness from
a half inch to an inch and a half, giving them the appearance of being
much longer than they really are. This coating of lime excludes
the light so completely that the epidermis beneath is a pale salmon
hue, and without the rays and color markings peculiar to the species
in running streams. The broken surfaces of stones, bits of wood,

", which, from partial decay, have sunk to the bottom, and the dead

stalks of grass and weeds, are all coated with a film of lime. This
incrustation appears.to accumulate more rapidly in shallow water, -
where the sun’s rays heat it more quickly and to-a higher tempera-
ture than in deeper portions of the lake.

“A bottle of water was taken from this lake and sent to the labora-
tory at Indianapolis for analysis. - It is clear and has a pleasant taste
and is neutral to litmus paper. An imperial gallon (10 pounds) con-
tains 10.5 grains of solid mineral matter, composed of .

Bi-carbonate of lime............c.oooiiiii i 7.00 grains.

Iron, alumina and silica'................... ... 2.10 grains.

Magnesia and undetermined.................... 1.40 grains.
B 10.50

“It contdins no more mineral matter than is commonly present
in river water and is not only a potable water in a most eminent de-
gree, and may be drawn from the bottom with a temperature of 50
degrees, which is refreshingly cool without the addition of ice, but is
likewise well suited for laundry purposes and for those branches of
manufactures which require large quantities of water, such as the

“manufacture of fine writing paper, printing paper, ete.”’*

#7th Ann, Rep. Geol. Surv. of Ind., 1875, pp. 490 and 40.
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GAGE AND LIME LAKES.
WorkaBLE DEPosIT.

GAGE LAKE.

Lake Gage lies a short distance northeast of Crooked Lake, with
which it is connected by Concord Creek. It occupies a part of section
35 (38 north, 12 east) and section 2 (37 north, 12 east), its eastern
shore being about eight miles west of the Fort Wayne Branch of the
L.S. & M. S. Raﬂway

LAKE GAGE
Waterso-70°

. Fig.8. Map of Gage and Lime Lakes, Steuben County, Ind.

This lake is heart-shaped and quite regular in outline. It has an
area of about 350 acres and a diameter of one mile by three-quarters
of a mile. The lake occupies a single deep and regular basin with a
depth through the center of 50 to 70 feet. The area of shallow water
is usually broad, being especially so at the north near the outlet.
The general shape and position of the line of six foot Water is shown
on the map.

The lake ranks among the prettiest in the county, being clear and
clean without adjoining marsh or much aquatic vegetation. On the
east, hills of gravel rise 25 to 40 feet above the water. The other
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shores are less in height, are composed mainly of sand or gravel,
and are less regular in outline. There is evidence that the lake is
now higher than at some past time.

Marr~—The largest deposit of marl found was at (A). Going
south from the shore the marl sets in about 50 feet out in about two
feet of water. At 150 feet out the water is three feet deep and marl
10 feet in thickness. At twice that distance the water is four feet
deep and marl beyond reach of 16 foot drill. The six foot water line
is here nearly 1,000 feet out. Just west of this and 200 feet from
shore the marl is only three feet deep in five feet of water. Going
from (A) to (B) the belt lacking marl broadens from less than 50
feet to over 200, there being no marl at (B) in four feet or less of
water. The line of six-foot water there becomes a belt 400 feet or
more wide with the marl four feet deep on the inside and 10 feet
or over on the outside. From (B) to (D) the belt of shallow water is
narrow, usually not over 100 feet, but getting gradually deeper.
There is no marl close to shore, and at only one point was it found
in four feet of water. In seven feet of water the marl is usually over
nine feet thick. From (E) to (F) the belt of shallow water is ir-
regular but broad, extending out 400 or 500 feet from shore. Kxcept
in three feet or less of water, the marl was everywhere below
reach of 16-foot drill. From (F) to (I) the shallow water is very
narrow, except at (&) and (H). . In places at 15 feet from shore in
one or two feet of water no marl was found, while at 30 feet out in
- four feet of water the marl was over 12 feet thick. The marl is deep
on the two points mentioned.

In appearance the marl of this lake was of a light dove color and
unusually smooth and even. There is little doubt but that it under-
lies three-fourths of the water area of the lake.

”

~LIME LAKE.

Lime Lake lies just northwest of Lake Gage in section 35. It is
a small lake of about 50 acres and is said to be about 30 feet deep in
the center. There is a broad bench of shallow Water all around the
lake, and its shores are low.

MazrL.—Except close to shore all the tests made failed to reach the
bottom of marl with the 16-foot drill. The deposit of shallow water
marl in the two lakes is amply sufficient to justify the erection of
a good-sized cement factory; the deficiency in acreage being counter-
balanced by the greater average depth. The distance of transporta-
tion facilities is, at present, the greatest drawback, and deposits more
favorably situated will doubtless be sooner developed
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FOX LAKR.
Notr A WoRKABLE DEPOSIT.

Yox Lake lies a mile or less southwest of Angola in sections 27,
33 and 34 (37 north, 13 east), Pleasant Township. It is only about
half a mile from the Fort Wayne Branch of the L. 8. & M. 8. Rail-
way. The lake is three-quarters of a mile long by half a mile broad,
with an area of about 150 acres. A long, low point from the north,
near the west end, shuts off a small bay.

The deep water of the lake has a very uniform depth of more
than 40 feet, with a_maximum of 60 feet. The water is clear and
cold, with clean shores and no marsh except at one point near the
west end. ‘A long point of shallow water extends out from (B) on
the northeast shore of the lake. Along the part of the shore in sec--

Fig.9. Map of Fox Lake, Steuben County, Ind.

tions 28 and 33 the shalldw water belt is narrow. Around the rest
of the lake it is broader and more variable, there being several pro-
jecting submerged points on the south side. The shores are “high

-and abrupt all around this lake except near the outlet, which flows

southeasterly into Pigeon Creek.

MagL.—At (A) the marl is eight feet thick in four feet of water,
and more than 10 feet thick in seven feet or over of water. Over the
broad shallow bar running out from (B) the water is from one to four .
feet deep and the marl from nine feet to over 16 feet in thickness.
At the eastern end of the lake the marl does not set in until the
water reaches a depth of between one and two feet. In two feet of
water the marl showed a depth of eight feet and in two and one-half
feet of water, 75 feet from shore, was more than 14 feet. From (D)
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to (F) are several points on which the marl was over 16 feet thick
except at (E) where the marl was found to be shallow on the crest of
the point. From (G) to (I) the six-foot water line runs from 25 to
- 50 feet from shore, with marl to below drill at most points, but
shallower at (G). There the marl was one foot thick at the shore
and eight feet thick in seven feet of water. Around the long point,
beneath two feet of water, the marl ran over 14 feet thick. At the
north side of the lake the shallow water is broader, three feet of
water at 200 feet from shore showing 11 feet of marl.

While the lake is largely underlain with marl, the acreage is not
deemed sufficient to justify the outlay of capital for a cement factory,
especially as much of the marl is at present beneath deep water. -

PLEASANT AND LONG LAKES.
Nor A WorkABLE DEPOSIT.

PLEASANT LAKE.

This lake is situated near the town of the same name, on the Fort
Wayne Branch of the L. 8. & M. S. Railway. It is in sections 14, 15,
22 and 23 (36 north, 13 east), Steuben Township. The lake is half
a mile long by a quarter of a mile wide, with an area of about 75
acres. The basin is symmetrical, with a depth of 30 feet close fo
shore and 40 to 50 feet through the middle. The belt of shallow
water, a8 a rule, is very narrow. The banks rise sharply all around,
except at the outlef, to a height of 10 to 20 feet.

‘MarL~—In the northwest corner of the lake the drill found only
muck, that in two feet of water being three feet deep, but running
out before a depth of 13 feet of water is reached. Going south along
the west shore the marl sets in and increases in depth. At (B) the
marl is four feet deep in one foot of water and six feet deep in two
feet of water. At (C) it is 10 feet deep in three feet of water, and in
deeper water quickly extends to below 16 feet. Continuing toward
(D) the marl becomes thin until at that point it is not over three feet
thick in any depth of water up to 16 feet.” At (E) only muck
was found. The largest body of marl occurs in the embayment at
(F), where drillings in from two to four feet of water failed to reach
the bottom of the marl, four-foot water extending about 150 feet
from shore. Toward (G) the marl is still over 10 feet thick on the
six-foot water line, 50 feet from shore. At (H) four feet of water
shows from two to 10 feet of marl. At (I) the marl is nine feet
deep on the six-foot water line, 30 feet from shore, and just on the
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edge of deep water. Toward (K) the marl becomes shallow, being
four feet deep in three feet of water at (J), 25 feet from shore; but
at (K) only reaches a thickness of one foot in nine feet of water. At
(L) four feet of mucky marl was found in seven feet of water.

~ The shallow water marl deposit in the lake is, from the tests, seen
to be meager in size, while that supposed to be in deep water is not
promising.

LONG LAKE.

Long Lake lies just northwest of Pleasant Lake village, close to the
L. 8:& M. 8. Railway. Itis in sections 15 and 16 (36 north, 13 east).
The lake is a little over one mile long by one-quarter of a mile wide,
much resembling in shape a willow leaf, and has an area of about
150 acres. In depth Long Lake varies from 25 to 40 feet. Except
at the east end the belt of shallow water is rather narrow. The land
around the lake is inclined to be marshy, and an extensive marsh
stretches east and south from the eastern end of the water area.
The water of the lake is of the rich amber color characteristic of .
Pigeon Creek, which flows through the lake, entering at a point, west
of the middle on the morth side and flowing out at the western
extremity. )

Marrn.—A¢ the east end of the lake the bottom is of muck to be-
vond reach of pole at all depths of water from one to six feet. From
(B) to (D) marl sets in, and while not far from (B) it reaches a thick-
ness of 12 feet in two feet of water, it grows shallower to the west,
finally running out between (D) and (E), where the bottom is of sand
at all depths up to 16 feet. On the south side of the lake, marl shows
from (F) to (H). Itis of fair depth, the marl in three to four feet of
water running from eight to 12 feet in thickness, while near (H) it
was over 12 feet in four feet of water. The shallow water varies in
width from 75 or less to 150 feet. - A little east of (H) sandy bottom
sets in and is found at all depths between (H) and (J), where the
marsh begins. o

The tests show that the area of shallow water marl in Long Lake
is less than in Pretty Lake, and we are therefore led to believe that
no workable deposit of marl occurs in the two lakes, even if that
below deep water was largely available.
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BOWER AND GOLDEN LAKES.

Nor A WorkABLE Drrosrr.

BIG AND LITTLE BOWER LAKES. .

These are two small lakes or kettle holes filled with water, through
‘which Pigeon Creek runs on its way from Long Lake to Golden Lake.
The deep water of each sets in close to shore. Only muck was found
on the south side of Little Bower. On the north side a little marl
was found under six feet of muck. In Big Bower 13 feet of mucky
marl was found in two feet of water at (C) and a little marl under
15 feet of muck at (B); otherwise only muck was found.

GOLDEN LAKE.

(tolden Lake lies just northwest of Big Bower Lake, in sections 5,
6 and 8 (36 north, 13 east). It has a length of about one and one-half
miles and a width of one-quarter of a mile. In shape it is a counter-

_part of Long Lake with a more irregular shore line. . Its depth
varies from 25 to 40 feet.

MarL~On the north side a little marl was found, usually under
several feet of muck. On the south side the bottom seems to be
hard out to where the water is three or four feet deep. Then the
marl sets in, but it is mucky and shallow. At (C) the marl is only
three feet deep in seven feet of water. At (D) it is 11 feet deep in
four feet of water. At (E) it has become shallow again and is ap-
proximately as at (C).- At (F) the marl is five feet deep in four feet
of water and seven feet deep in seven feet of water, but with muck
on top. In water over 10 feet the bottom of marl could not be
reached on the north side, but it was generally quite mucky. While
there is doubtless a large area of deep water marl in the lake, it
can never be used for cement making on account of its quality.

SILVER LAKE.
WorKABLE Derosir.

Silver Lake lies four miles west of Angola,: in sections 29, 30, 31
and 32 (37 north, 13 east), Pleasant Township. While only two and
one-half miles in a straight line from the Fort Wayne Branch of the
L. 8. & M. 8. Railway, it did not appear possible for a switch to be
built via Fox Lake, but it must, instead, go from Pleasant Lake
down Pigeon Creek by the side of Golden and Hog Back Lakes. Sil-
ver Lake is oval in-shape, one mile long by three-quarters of a mile




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. 95

wide and with an area of about 300 acres. The marl deposit in this
lake and adjacent to it extends up under a large marshy area to the
north (probably 100 acres or more), 1nclud1ng Mud Lake and a small
lake in section 19.

The lake is rather shallow, the greatest depth being only 25 to 30
feet, while probably half of its area has a depth of six feet or less.
Most of the shallow water is in the northeast part. ‘Three island-
like shoals, noted on the map, come nearly to the surface of the
water.

The outlet starts from a little basin at (F) which is almost shut off
from the main lake, and flows into Hog Back Lake, an enlargement

water 2030
SILVER

Fig. 11, Map of Silver Lake, Steuben County, Ind.

of Pigeon Creek. The shape of the marsh to the north is shown on
the map. There is a small but high knoll in the arm of the marsh
near (N).- .

The hills on the east side of the lake, though rising gently, attam
a considerable height. The marsh-land is shut in by rather steep
hills. The shores west of the lake are not so high.

MarL.—Though small, this lake contains one .of the best deposits
of marl in Steuben County. It takes its name from the silvery re-
flection from the marl just below the water surface. The water has
been lowered several feet, rendering the marl more noticeable.
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In the northeast part of the lake, there is no marl near shore, but
by the time two feet of water is reached the marl is four feet. deep,
and over 12 feet before four feet of water is reached. There are two
extensive areas extending out from (A) and (B) with ten feet of water
between them, also underlain with marl to below 16 feet.

Around the south side of the lake, the shallow water belt is narrow
and the bottom of the marl was reached at most points at depths of
from nine to 11 feet in two feet of water. On the west side the
ghallow water belt is broader, and except toward the northwest, has
much marl over 14 feet deep in two feet of water.

Over most of the marsh to the north, as far as tested, the muck
is too deep to permit the working of the marl. At (M), however,
the marl comes to the surface over a small area and is over 16 feet

‘deep. It was formerly worked here for lime, being cut out in-blocks
with a spade. -

Just south of the knall at (N) the muck is three feet or more
thick, with seven feet of marl beneath. - From (M) to (N) the depth
of the muck increases until at (N) it is seven feet in thickness. Near
the small pond at (O) the muck is seven feet deep, with marl below
to over 16 feet. In the eastern arm of the marsh the least depth of

‘muck was found just west of Mud Lake, where it was three feet -
with 10 feet of marl below. East of Mud Lake the muck is four feet
or more thick, with marl below to over 16 feet.

An apalysis of marl from this lake made by Dr. C. R. Dryer,
showed its constltuents to be as follows:*

Calelum carbonate . ................ T 84.00
Magnesium carbonate .......... .. .iileiieiiiee., ... 646
Ferrous carbonate .......... e siee e e 1.34
Silica and silicates...... m e die ettt 4.52
Organic matter ....... P S 3.68

100.00

Judging from the analysis, the sample taken by Dr. Dryer must
have been secured from near the surface. From the general appear-
ance of the marl we should judge that an average sample, taken from
a dozen or more localities, some distance below the surfa.ce, would
show a higher percentage of earbonate of lime and less magnesia
and organic matter.

From the location mted we Judge that the sample of marl, whose
analysis is given in the Report of the Indiana Geological Survey for
1878, P 87, was taken from the western side of Silver Lake. Prof. ‘

*17th Ann. Rep. Ind. Geol. Surv., 1891, p. 126.
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Cox’s statement regardingvit is as follows: “The composition of a
sample (marl) taken from the farm of G. W.-Slocum, on section 30,
T. 37, R. 13, in Steuben County, Indiana, is:

Moisture expelled at 212 degrees. ..........c..ovaees e 8.00
Insoluble silicates ........c.icoviiiiiii i, 0.30
Alumina with traces of fron............................ 1.50
LI vt vieee ettt eeesteasenneoansintsesenuesnoeraannns 45.36
B P 1L U UG A PO 3.42
Carbonic-acid .......... PPN 41.50
Sulphuric acid ... ... . i 0.10
Phosphoric acid ..... ... .ottt i 0.38

FISH LAKE.*
Nor A WorRkABLE DEposiT,

Fish Lake lies immediately north of the town of Hamilton, in sec-
tions 21, 22, 27, 28 and 83 (36 north, 14 east), Otsego Township.
It is but one-half mile north of the Chicago Division of the Wabash
Railway. The lake is nearly two miles long from north to south and
just one and one-half miles widefrom east to west. It is veryirregular
in shape, comprising a main body to the north with arms extending
to the east and west, known as the Devil’s Neck and Muskrat Bay,
and to the south narrowing down to what is known as the Mill-
pond, with a considerable body to the southwest almost shut off by
South Island. The area, according to Col. J. M. Wilson, is 740 acres.
The lake was formerly in three different bodies of water. In 1837
the outlet was filled in and the surface of the lake was thus raised
nine feet, which united the three lakes into one body of water. The
water power of this lake is utilized for milling purposes, and is at
present controlled by the Fort Wayne .Water Power Company. It
has several islands, the largest, South Island, containing 13 acres,
the others less than one acre each. The large island is covered with
a growth of small oak. '

The large basin ferming the north part of the lake has a maximum
" depth of 68 feet, and a temperature in July of 70 to 75 degrees. In
the narrow part of the lake in its middle the water is from two to
62 feet deep with an average of 40 feet. There is a small island a
little northeast from the mouth of Muskrat Bay which is probably
the southern end of a long bar. Northeast of this island, near the
middle of the main lake, the depth was only 30 feet and the tem-

*This lake was visited in July, 1893, by Mr. Blatchley, while working for the U. 8, Fish
Commission, anid again by Dr. Ashley in November,1899. The most of the data relative to
depth and temperature, and the list of fishes, were secured on the first visit.

T—Geol.
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perature of the water 57 degrees. The low temperature of the water
at this point would indicate the presence of strong bottom springs.
A bay (Devil’s Neck) extends from the northeast side of the main
lake in a southeast direction. It has a length of three-quarters of
a mile, and along its middle line a depth of 40 feet and a temperature
of 67 degrees. Toward the shores the water gets shallower, with a
corresponding increase in temperature. In 12-foot water the tem-
perature was 70 degrees. The narrow channel leading to the Mill-
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Fig.12. Map of Fish Lake, Steuben County, Indiana.

pond is, in places, 30 feet deep, though only seven feet of water was
found well out in the channel a little north of this. Tests in the
Mill-pond showed a depth of water from four to nine feet, and the
temperature of the water at this depth was 73 to 74 degrees. The
temperature of the water immediately below the surface in all parts
of Fish Lake was 78 degrees. )

The shores of the main lake on its northwest and east sides are
gravelly, with clean bottom, and the banks at either place are rather
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abrupt, with a height of from 10 to 20 feet,’and are covered with
woods. The remainder of the shores of the lake are more or less
swampy, with several large patches of peat or muck, except along
the large island, where the bottom is rather clean and solid. On the
east side of the main lake are several strong springs. The water of
these springs is charged with iron gulphate, and has a temperature of
49 degrees F.

Fish Lake receives its waters from several ditch-like tributaries,
but chiefly from the springs along its shores and bottom. It empties
its waters from the lower end of the Mill-pond into Fish Creek, of
whieh it is the source, the latter stream flowing into the St. Joseph
of the Maumee. The land around the lake is very uneven, being
full of kettle holes and other depressions between conical and dome--
shaped drift hills,

The water in Fish Lake is clear and well stocked with native game
and food fish. The ringed perch (Perca flavescens), the blue gill
(Lepomis pallidus), the common sunfish (Lepomis gibbosus), and the
large-mouthed black bass (Micropterus salmoides) are among the most
common food fishes. The following is a complete list of the fishes
taken in the lake on July 19 and 20, 1893 by the party connected
with the U. S. Fish Commission:

Lisr oF Fisues IN Fisu LAKE.

Lepisosteus osseus (L.). Longnosed Gar pike.

Ameiurus nebulosus (Le 8.). Bullhead. =

Catostomus nigricans Le 8. Hog Sucker.

Momstoma macrolepidotum duquesnei (Le 8.), Common Redhorse.
Pimephales notatus (Raf.). . Blunt nosed Minnow.

-Notropis heterodon (Cope). Northern Notropie.

Notropis whipplei (Girard). Silver-fin. : e
Semotilus atromaculatus (Mitehill). Creek Chub.

Zygonectes notatus (Raf.). Top Minnow.

10.  Lucius vermiculatus (Le 8.). Grass Pike.

11.  Labidesthes sicculus Cope. Skipjack.

12, Pomozis sparoides (Lacépéde). Calico Bass.

D PT DO BN

13.  Chenobryttus gulosus (Cuv. and Val.). Warmonth.

14. Lepomis pallidus (Mitchill). Bluegill.

15. Lepomis gibbosus (L.). Common Sunfish.

16. ' Micropterus salmoides (Lacépéde). Large-mouthed Black Bass.
17. Etheostoma nigrum Raf. Jolinny Darter.

18.  Etheostomo eos (Jor. and Cope.). Sunrise Darter.

19. - Etheostoma microperca Jor. and Gil, Least Darter.

20. Psrca flavescens (Mitchill).  Yellow Perch.
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The Mill-pond and western side of Fish Lake are in places largely
- filled up with vegetable growth, the pond being covered with the
white water lily Castalia odorate (Dryand). Dr. Dryer, who made
careful observations in thé summer season, reports that in the bays
of the west shore the outer zone of vegetation begins at a depth of
10 feet with a band of Chara, Potamogeton and eel grass, Vallisneria
spiralis; the latter peculiar to this lake. At a depth of five feet
the white pond lilies, Nymphea, flourish, the spatterdock or yellow
lily, Nuphar, being scarce. At a depth of three feet rushes, smart-
weed and cat-tails form a floating margin too thick to push a boat
through. Above water level, on the solid mass of peat, a great
variety of plants flourish, among which, besides grasses, small sedges
and ferns, are the water hoarhound, Lycopds europeus, the clear-
weed, Pilea pumila, the shrubby cinquefoil, Potentilla fruticosa, the
willow herbs, Epilobium coloratum and palusire, the arrow-leaf,
Sagittaria variabilis, the meadow cone-flower, Rudbeckia hirta, and
the jewel-weed, Impatiens fulva, the latter covered with tangled
orange skeins of the dodder, Cuscafa gronovii. Besides these are
also found the bedstraw, Galium asprellum, the marsh bellflower,
Campanula aparinoidés, the blazing star, Liatris spicata, the cardinal
flower, Lobelia cardinglis, the swamp milkweed, Asclepias incarnata
and the skull cap, Scutellaria galericulata, all conspicuous in Avgust.
In many places the strictly aquatic plants are absent, and the peat
bed rises with a clean cut edge two feet above the water.

“The large area of Fish Lake, furnishing a broad expanse of water
visible at one sweep of the eye, its irregular outline and prominent
islands, its bold shores and encircling hills, and the beauty and pro-
fusion of its aquatic vegetation, form a combination of characters
which render this lake one of the most interesting and attractive in

_the State. The village of Hamilton, at its south end, is clean and
quiet, and furnishes such acecommodations to the summer visitor as
can not fail to make his stay enjoyable.”* _ ‘

Marr.—On account of the recent elevation .of the water surface
of this lake no marl need be looked for in less than seven or eight
feet of water. Most of the drillings made in seven feet or less of

“water showed muck to below 16 feet. A little marl was found beneath
six to eight feet of muck at the following localities: -Near the
south end of South Island; east of South Island; on the north side
of the entrance to Muskrat Bay; just off from Cold Springs, and on
the east shore opposite the mouth of Muskrat Bay. Marl without
overlying muck was found around the point south of the mouth of

*17th Ann. Rep. Ind. Geol. Surv., 1891, p. 129,
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Devil’s Neck. The marl does not set in until seven feet of water
is-reached and then quickly deepens to beyond 16 feet. It was of a
dark gray color. In the center of the channel east of South Island
at least six feet of light brown marl was passed through beneath
three feet of muck. On account of the conditions found to exist,
no attempt was made to make a thorough test for the marl in the
lake, as it is practically all beneath water too deep to allow the de-
posit to be worked. '

LAGRANGE COUNTY.

REFERENCES.—

" 1859.—Richard Owen, Rep. of a Geol. Reconn. of Indiana, p. 198.
- 1878.—G. M. Levette, Fifth Ann. Rep. Geol. Surv. of Indiana, p.
444, :
1893.—Dr. C. R. Dryer, Eighteenth Ann. Rep. Dept. Geol. & Nat.
Resources of Indiana, p. 72.
1899.—Frank Leverett, Water Supply and Irrig. Papers, of the U.
8. Geol. Survey, -No. 21, p. 25.

On the northern border of the State and in the second. tier of
counties from its eastern boundary is Lagrange, which contains one
of the most fertile sections of northern Indiana. It hag an area of
393 square miles and lies between Elkhart and Steuben counties
and north of Noble County. ’

The county is well supplied with railways. The Grand Rapids &
Indiana crosses it from mnorth to south near the center, passing
through Lima, Lagrange and Wolcottville. The Chicago Division of
the Wabash_runs along its southern border, crossing the G. R. & L.
at Wolcottville. The Goshen Branch of the Lake Shore & Michigan
Southern crosses the northwestern corner, passing through Shipshe-
wana and meeting the G. R. & I. at Sturgis, Michigan, six miles north
of Lima. The elevation in feet above tide of the stations on the G
R. & 1. Railway is as follows:  Lagrange, 925; Lima, 886; Valentine,
967; Wolcottville, 949. ’

The elevation of the county is between 897 and 1,027 feet above
tide, and the whole area is covered with drift from 100 to 200 feet
or more in thickness, the bottom of which has rarely if ever been
reached. “The general surface slopes gently to the north, except the
lake region of Johnson Township, which is drained gsouthward into
the Elkhart River, the crest of the divide being near Valentine. It
lies entirely upon the Saginaw side of the Saginaw-Erie interlobate
moraine of Chamberlain, and contains no Erie drift, except, possibly,
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at the southeast corner. It is crossed by two terminal moraines of
the Saginaw glacier, so that about one-half of the county presents .
a topography of a distinctly morainic character, but its outlines and
distribution are so irregular as almost to defy description in words.”*

The lakes of Lagrange County are not so numerous as those in
Steuben County on the east or Noble on the south. About
40 occur which have been deemed worthy of name on the maps of"
the: county heretofore issued. The total area of water in the county
is about 4,000 acres, 1,500 of which are in Johnson Township.
Twenty-two of the lakes weré visited during the progress of the
present survey and are briefly described on the pages which follow.
Nine deposits of marl of workable size, i. e., containing an area of
160 or more acres and averaging 10 feet or more in thickness, were
found in the county. These are either in single lakes or in groups
of lakes the members of which are in adjoining sections. Of the
nine, four are easily available for cement making under present con-
ditions. The other five are, for the most part, found beneath water
10 feet or more in depth, and are therefore not available until appli-
ances are invented for readily securing the marl from beneath such -
depth of water,

SHIPSHEWANA LAKE.
WorkasLE Drrosit; SECOND CLABS

The eastern edge of this lake is about three-quarters of a mile .
west of the town of the same name. The lake lies in sections 4 and :
9 (37 north, 8 east), Newbury Township. The Goshen and Michigan
Branch of the Lake Shore & Michigan Southern Railway passes
within one-quarter of a mile of its southeastern corner. The lake is
about three-quarters of a mile in length from southeast to north-
west by one-half mile in greatest width, and has a water area of 200
or more acres.’ The western half of the north shore and the west
shore are bordered by extensive muck meadows. The east half of
the north shore and the east side have wooded hills sloping gently
back to a height of 30 to 50 feet. On the east these extend to the

* water’s edge and furnish fine sites, as yet unutilized, for cottages. On

" the northeast the hills are separated from the lake by a strip of muck
covered marsh five to 20 rods in width. On the south shore a marsh
20 rods in width and covered with wire-grass and other vegetation
lies betWeen the water’s edge and the hlgher wooded slopes to the
southward.

* Dryer, loc. git., P.73,
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The lake is everywhere shallow, the greatest depth found being 14
feet, and the average depth not over eight feet, with probably half
of its area less than six feet. Its waters contain much vegetation.
On the east and north sides the principal growth is the giant rush,
Scirpus lacustris L., which forms large beds, extending out into five
and seven-foot water. On the west side the stems and leaves of
spatterdock, Nymphea advena Sol., and of the white water lily,
Castalia odorata (Dryand), cover large areas of the water surface and
. by their decay are gradually replacing the water with muck. Several
species of pondweed (Polamageton) grow in all parts of the lake,
their flowering parts reaching above the surface of eight to 10 feet
of water, while their roots are buried in the muck and marl at the
bottom. The water-shield, Brasenia purpurea (Michx.), with its curi-
ous flowers and floating peltate leaf is also a very common plant in
most parts of the lake, while the~ditch moss, Philoiria canadmsw
(MlChX ),covers a large portion of thelake’s bottom. So much aquatic
vegetation doubtless aids much in separating the marl-forming mate-
rial from the water, but at the same time, the decay of the plants
adds an undue percentage of organic matter to the slowly depositing
marl and renders it-dark in color.

MarrL—Al along the east side the marl sets in about 50 feet from
shore, the intervening strip of bottom being sand. In four foot
water the marl was 10 feet thick, underlain with gravel. In all
water over four feet, bottom of marl could not be reached with an
18-foot auger. Along the north side the marl was found closer to
shore but was usually covered with a foot or less of muck out to 75
or 100 feet, where the muck disappeared. The tests nowhere found
bottom of marl, except at a point 20 rods southwest of the northeast
corner of the lake where, in three feet of water, the marl was nine
feet thlck ‘with gravel beneath. Twenty rods south of this point
and the same distance from the east shore it was 15+ feet in
three feet of water. A number of bores diagonally across the lake
to the southwest corner gave 14+ feet of marl in four feet of water
to within 10 rods of shore. Here, one-third the distance east from
the west end of the lake, the drill touched gravel in four feet of
water, showing the marl to be just 14 feet thick, the upper third
dark, the lower portion of good quality. On the west side a bed of
thick muck extends out 50 yards from shore, where it is gradually
replaced by marl 14+ feet in five feet of water.

The marsh on the south shore showed muck four to six feet with
gravel beneath. In the meadow on the north and west shores the
muck was 18+ feet deep, with no indications of marl. Along the
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south shore to the eastward the marl was everywhere six to 10 feet
thick in three feet of water, 10 rods from shore. In greater depth
of water and farther from shore, bottom of marl was nowhere found.
From the tests made it is safe to say that 160 acres of the lake are
underlain with mar! which will average 10 feet or more in thickness.
The upper third of the marl is in many places darker in color than
the remainder. This is doubtless due to the larger percentage of
organic matter derived from the decay of recent aquatic vegetation.

TWIN LAKES,
Larae Dxposit, MosTLY UNnDER DEEP WATER.

Twin Lakes are located two miles west of Lima, in sections 23,26
and 27 (38 north, 9 east), Lima Township. They are about one-third
of a mile east of Twin Lake Station on the Goshen & Michigan
Branch of the Michigan Southern Railway, and two miles west of the
Grand Rapids & Indiana Railway.

Fig.13. Map of Twin Lakes, Lagrange County, Ind.

The upper lake is shaped somewhat like the bottom of a shoe and
is about three-quarters of a mile long by one-fourth of a mile wide,
with an area of nearly 160 acres. The lower lake is somewhat smaller
and is roughly pear-shaped, with the narrow end to the west.

N
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North; Twin Lake has a depth of from 30 to 43 feet, with rather
broad areas of shallow water in the east end and northwest corner,
and much vegetation in the southwest corner. This, by its decay,
is forming muck, thus gradually decreasing the water area of the lake
from that direction. The banks of gravel and clay rise rather ab-
ruptly from 10 to 25 feet. The two lakes are not over 20 rods apart,
with a wagon road running between them. The presence of marl
and fragments of shells beneath the sand in the lowest part of the
dividing ridge indicate that in a time not very remote the two lakes
were one continuous sheet of water.

The bottom of South Twin Lake shelves off very abruptly along
most of the north and west shores, 15 to 20 foot water being found
in most places 75 feet from shore. Hills of drift rise abruptly 30 to
50 feet from the water’s edge on the east and north shores, while at
the west end is a muck meadow. On the south shore a strip of marsh
separates the hills and water. The shallow area of the latter extends
out 50 to 250 feet on the east and south, many rushes growing
therein. '

A row of soundings, taken 20 oar-strokes apart, from mnorth to
south along the eastern edge of the western third, showed the depth
to be respectively 22, 32, 34, 36, 48, 40, 32 and 20 feet. - A little east
of the center, soundings from south to north gave 24, 36, 42, 48, 54,
46, 40 and 32 feet 54 feet being the maximum depth found. The
water of this lake is in hue a clear greenish blue and wholly free
from visible vegetable organisms. In this respect it differs much
from that of Shipshewana and other lakes in the region hereabouts.
But little muck is found in the lake and that only along the shore
of the meadow at the west end.

MARL.—The north lake hag a large body of marl at the east end.
The water here is very shallow and the marl everywhere tested ex-
tended to below 16 feet. There are also several acres of marsh at
this end of the lake. Along the south side of the lake from (B)
to (C) the shallow water belt is narrow, probably not averaging
over 50 feet, though the marl shows a good depth except close to
shore. Around the west end there is also considerable shallow water
with deep marl. Along the north side it was estimated that the
shallow water had an average width of 150 feet, with deep marl
except close to shore. It was estimated that there are nearly 50
acres of shallow water in this lake, most of which was underlain by
marl to below 16 feet. In appearance the marl seemed to be of very
fine quality, being soft and smooth, and of a dove color
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In the south lake on the north side, marl of good quality was found
all along the outer edge of the narrow shallow water area. In thick-
ness it runs from eight to 14+ feet in four feet of water, thinning out
to one foot at edge of shore. Numerous tests showed that the wider
shallow water areas on the east and south sides are likewise
underlain  with a deposit 12+ feet in thickness in three to six feet of

"water. There is no doubt but that the marl exists beneath the en-
tire deep water area of the lake. The qualityis of the best, being,
if anything, superior to that in the north lake. Altogether, the marl
deposits of the two lakes are sufficient to furnish material for an
unlimited number of years to any cement factory which might be
erected, provided some means were devised for securing that beneath
the deep water after the 75 or more acres in shallow water had
become exhausted. -

CEDAR, GRASS AND LiBEY LAKES, AND ADJOINING MARSHES.
WORKABLE DEPoSIT.

CEDAR LAKE.

Cedar Lake lies about three miles northeast of Lima in sections 21
and 22 (38 north, 10 east). It is two and a half miles east of the
Grand Rapids & Indlana Railway.

This lake is nearly a mile long by one-half a mile or more broad.
There is a small, nearly land-locked bay at the south end. The area
is about 1¥5 acres.

The lake is shallow, having a maximum depth of 24 feet with an
average of not over 18 feet. On the south and east sides the banks
rise abruptly 15 to 20 feet. A high point with a narrow neck pro-
jects out from the southeast corner. In 1832 this was fortified and
called “Fort Donaldson.” There is a small island a little north of
the old fort.

MAaRrL.—On the east side of the lake the marl is quite limited in
amount, usually not setting in until some distance from shore and
on the six foot water line running from 10 feet or over near (A)
down to a few inches by the time the island is reached, with no marl
just north of the island. South of the island the marl is shallow.
In the embayment at the south end the marl runs from 10 feet to
over 16 feet in depth, but is very mucky. All along the west shore
there is a narrow belt where, in from four to six feet of water, the
bottom of the marl was not reached at 18 feet There is little doubt
but that the deposit underlies the greater part of the water area,
thinning out towards the east shore.




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. 107 -

: ' GRASS LAXKE AND MARSH.

'This lake and adjacent marsh lie just south of Cedar Lake, being
partly in the same section, but mainly in section 2%.
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Fig.14. Map of Cedar, Grass and Libey Lakes, Lagrange County, Ind.
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The lake, as far as could be examined, seemed to be very shallow,
appearing as though nearly filled up with marl. The marsh on the
east side is rather extensive, running eastward from each end of
the lake. On the west of the lake the bank is more abrupt.

Marr.—The deposit here covers probably 65 acres or more of
exposed marl, 15 acres of which are in section 22. The lake occu-
pies but a part of this area. The marl at all points tested was over
16 feet deep. On the north marsh back from the water it passes
under the muck which in a short distance becomes over seven feet
deep, or too deep to work. -

Tests in the south prong of the marshes to the eastward showed
that toward the head of that prong the muck thinned down to two
or three feet, with the bottom of the marl not reached at 16 feet.
Over how large an area of the marsh such conditions occurred could
not be accurately determined.

LIBEY LAEKE AND MARSH.

This deposit lies southeast of Grass Lake, in sections 27 and 33,
where it occupies part of a considerable marsh, It is estimated that
" there are about 60 acres of this in section 33, where the marl is
bare or covered by less than one foot of muck with marl over 16 feet
deep.

_The deposit at (N), in the northwest quarter of the southeast
quarter of section 27, was estimated to contain 15 acres of deep marl.
The thickness of the muck seemed to be irregular outside of the
areas mentioned, occasionally, as at (0), being two feet or less thick

with over 14 feet of marl underneath, and the next drilling, but a -

short distance away, perhaps showing six or seven feet of muck,
so that it is difficult to say how much of that portion of the marsh
overlain with muck contains workable marl. Libey Lake, which for-
merly covered the entire marsh, has now an area of only about an
acre, having been reduced by artificial drainage.

Taking in connection with the 140 acres of marsh and shallow
water marl in Grass and Libey lakes the deposit in Cedar Lake, the
approximate area of which is unknown, it will be seen that we have
here a good workable deposit for a cement factory of large capacity.
From the extreme north end of Cedar Lake to the southern extremity
of Libey Lake, the distance in a straight line is but little more than
two and a half miles, so that with an electric tramway the three de-
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posits could be easily. worked from one plant, especially if the latter
were situated near the center of the territory—say on the margin
of Grass Lake. :

GRASS AND FISH LAKES.
WoORKABLE DEPOSIT.

GRASS LAKE.

This lake is now a.dry or semi-dry, level marsh or marl plain. It
lies in section 31 (87 north, 11 east), Springfield Township, about
eight miles south of east of Lagrange. The lake, recently drained,
had an area of about 100 acres. Over this the marl presents a bare
surface, resembling in places the alkali plains of the west, more or
less overgrown with bulrushes. At no point in this deposit was
bottom reached with our 16-foot drill, and it is claimed that tests
with long poles show it to have a depth of 30 feet or more over most
of the area. -

Fig.15.. Map of Qrass Lake, Lagrange Coﬁnty. Ind.

" This lake area is surrounded by a considerable original marsh area
and it is reported that there is fully 100 acres of this that is
underlain with deep marl with but little cover, making in all 200
acres, with a thickness of 16 feet or more. The marsh area was not
examined or mapped. The area shown on the map is therefore only
suggestive of the general position and shape of the marsh. It prob-
ably extends much farther west than shown.

This deposit is easily workable and is one of the largest in the
county, lacking only railway facilities to make it a very valuable
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property. It is now owned by Chicago parfies who secured it ‘for
a nominal sum, and who are expectmg to develop it in the near
future. ,

FiSH L+ KE.

This lake lies a mile and a half west of Grass Lake which, before
draining, emptied into it. It has an area of about 140 acres, a maxi-
mum length of nearly three- quarters. of a mile and a width of nearly
one-third of a mile. At most points around the lake the marl ex-

tends back beneath the shore from a

few yards to several rods, so that the -

depth at the water’s edge is often
~ from six to 15 feet or over. At most
places it is not over 50 feet from the
ghore to the edge of deep water. Wher-
ever the water is two feet or more
deep the marl below reaches a depth
of over 16 feet. At (F) the marl is
shallower and at (C) the bottom is
sandy for a short distance out. At

(B) there is a broad bench of marl,

‘amounting to several acres, Wthh is
. 16+ feet in depth.

It is possible that Fish Lake in it-
Fig.16. M“‘é"fF"hL“k“’I‘““““ self, contains enough marl to furnish
ounty,Ind. ,

: material for a cement factory, but at
present the greater part is beneath deep water and therefore not
available. That portion along shore and beneath shallow water could
be readily utilized in connection with the dry deposit at Grass Lake,
provided there should be need for additional material.

TURKEY AND LITTLE TURKEY LAKES.

WORKABIF‘ DEPOBIT, OwnED AND UTILIZED BY THE WABASH PORTLAND
CEMEN'I‘ ComMpaNy.

These lakes will be considered together, as they are not only close
together but are at present owned by the same company and so may
commercially be considered as one deposit. They lie in sections 1,
2, 11 and 12 (36 north, 11 east), Lagrange County, and sections 7
and 18 (36 north, 12 east), Steuben County. They were in 1899 con-
nected by a switch, five miles in length, with the Chicago Division of
the Wabash Railway at Helmer. The two new towns of Stroh and
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Elmira, about one-half a mile apart, have sprung up near the cement

R works since their establishment. In October, 1900, they contained _

\ * probably 50 houses. :

o The lakes have recently been lowered by the digging of a long
ditch, materially reducing the size of their water areas, especially
that of Little Turkey. The depth of water in Big Turkey Lake is re-
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. Fig.17. Map of Turkey Lakes, Lazrange and Steuben Counties, Ind.

ported to be 45 to 50 feet in the northern lobe and 25 to 75 feet in
the southern lobe. The banks are low on the west side of the lake
but on the east side slope back irregularly to a height of 40 or 50
feet.

As shown on the map, the white space indicates the present water’
area. The black area outside shows the marsh and former lake area
acquired by the company. The outside line of the black is said to

I
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have followed the line of 10 fo6t marl. This is copied from the com-
- pany’s survey sheet and shows a water area in Little Turkey Lake
of about 75 acres, and land area outside, of 125 acres, or a total of
200 acres. Big Turkey Lake has a water area. of about 250 acres
and an equal amount of marl land around, or a total of 500 acres,
making 700 acres for the deposits around and beneath the two lakes.
Big Turkey Lake is over a mile and a half long by one-eighth to
three-eighths of a mile wide and is. divided nearly in two near the
north end.

MarL—1t is claimed that the marl runs from a thickness of 10
feet on the edge of the area shaded black, to a maximum depth of
45 feet. It was not learned how much of the area was under
water shallow enough to allow the marl beneath to be worked. In
October, 1900, the marl was being secured from the border of the
marsh, just north of the cement factory. The pit as exposed, showed
muck one foot, marl nine feet. :

The average of six analyses of marl from Big Turkey Lake, as
furnished by Prof. W. R. Oglesbey, the chief chemist of the Wabash
Portland Cement Co., was as follows:

Carbonate of lime (CaCoy). . ... e e e 91.14
Magnesium oxide (MgO)......vueiineeeenneinn. 1.31
Alumina (Al,0,) and Ferric oxide (Fe.O3). ... ooounvnun... .86
T (T ) (6 T U .85

The clay used in the making of the cement is hauled from a point
about two miles northwest of the factory. It comes from a bed of
drift clay, a section of which is as follows:

Lo8Sand b 15 inches.
2. 008y .o e e e e 6 feet.
8. Clay mixed with pebbles. .. ....ouuuen'seiveannnn. 3+ feet.

The surface sand is stripped and the first six feet of clay is used,
the remainder containing too many pebbles of lime and other min-
erals of drift origin to be available for cement making. The clay
used is light brown, fine-grained and free from grit. It may be
classed as exceedingly pure for a clay of glacial origin. An average
of eight analyses of this clay kindly furnished by Prof. Oglesbey,
was as follows:

Silica (S105). v .ottt it e e e 56.74
Alamina (ALOg). ..o vne et 19.48
Ferric oxide (Fe,05). .. oouoeeeeeiieae e, 4.83
Lime (Ca0). ... it e e e 7.27
Magnesia (MgO).......ioiiiriiii i i 3.05
Lossonignition....... ... ... 0.0 il 10.39
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LONG AND PRETTY LAKES.
LarGE MarL DEeposit, MosTLY UNDE\R DeeEr WATER.
LONG LAKE,

Long Lake lies in a northwest and southeast direction in sections
22, 26 and 27 (36 north, 11 east), Milford Township. It is about one
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Fig.18. Map of Pretty and Long Lakes, Lagrange County, Ind.

mile from the Chicago Division of the Wabash Railway. The lake

is nearly two miles long by from one-quarter to one-half mile wide.

A long point from the west side nearly divides it into two parts,
8—Geol. '




114 REPORT OF STATE GEOLOGIST.

giving it a striking resemblance to Big Turkey ILake, Lagrange
County. The head and foot of the lake have been somewhat reduced
by the encroachment of the marsh.

In the southern part of the lake the belt of shallow water is usually
narrow with one unusuvally long point near the south end. In the
north . part of the lake the shallow water will average somewhat

. wider, due to the existence of several points extending out inté the

lake. The deep water runs from 45 to 60 feet, the deepest being 78
feet near the southern end. The banks around the lake are un-
usually steep and high.

 MarL—Judging from stumps and logs in the water around the
margins of the lake it would appear to have been raised a little.
Partly as a result the bottom is hard close to shore and in water
under two feet deep. Generally, where the water has reached a
depth of three feet the marl is found to be over ten feet deep and at
most points over 16 feet deep.- From (A) to (D) none of the drillings
in two feet or over of water reached the bottom of the marl at 16
feet. At (D) the marl is shallower, being only nine feet deep in four
feet of water, and is overlain by sand. At (E) it is deep and at (F)

begins to get shallow again, so that at (@) it is only one foot thick in _

two and one-half feet of water, with six inches of sand over and
seven feet deep in four feet of water with three inches of sand
over. The marl is deep on the long bar running out from (H) and
around the south end of the lake nearly to (). From (L) to (N)
the marl is shallower, being absent in two and three feet of water
and only five or six feet deep on the six-foot water-line. Though
one drilling showed only six feet of marl under seven feet of water,
most of the tests in water of that depth or more did not reach the
bottom of the marl at 16 feet. Between (N) and (O) the marl in
two feet or more of water is over 14 feet deep. From (0) to (Q)
the marl runs eight or nine feet deep in two feet of water near shore,
but in two or three feet of water, on the points shown, extended to
below reach of drill. Around the marshy island at (R) the marl is
deep but inclined to be mucky and with usually a little muck on top.
There is little doubt but that marl averaging over 10 feet in thick-
ness underlies almost the entire deep water area of the lake.

PRETTY LAKE.

A lack of boat prevented the complete testing of this lake. It
lies in sections 15 and 16 (36 north, 11 east), just northwest of Long
Lake, from which it is separated by an elevated ridge about one-third
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of a mile in width. The lake is over three-quarters of a mile long
by one-half a mile wide, with an area of more than 200 acres.

It is described as a very regular basin 83 feet deep in the center
and shallowing gradually toward shore to 70 feet, then rising rapidly
to the shallow water bench. The surrounding topography is much
the same as that of Long Lake. Tests for marl were made by wading
along the southwest shore. Thus at (T), in one foot of water 25
feet from shore, the marl is four feet deep and twice that depth in

.two feet of water at 40 feet from shore. In three feet of water at’

60 feet from shore the marl is 11 feet deep and a little further out
extends to below 16 feet. About the same results were obtained by
tests at various other places along the south or southwest shore.

There is undoubtedly enough marl in the two lakes under con-
sideration to justify the erection of a large cement factory, but until
appliances are invented for securing the marl from beneath deep
water it can not be utlhzed

ADAMS AND EVE LAKES.
Larer MazL Drposit, MosTLY UNDER DEEP WATER.

ADAMS LAKE.

Adams Lake lies two miles northeast of Wolcottville, Lagrange
County, in sections 23, 24, 25 and 26 (36 north, 10 east), Johnson
Township. Its southern edge is a mile north of the Chicago Di-
vision of the Wabash Railway and its western edge a little over a
mile east of the Grand Rapids & Indiana Railway.

The lake has a length of over one mile by a width of over a half-
mile and an area of 320 acres. A long point, but slightly submerged,
extends out from the northeast shore nearly cutting off the east end.
This point had, when examined, only a few inches of water over it.
The shore at most points runs out gently for 100 to 150 feet, to a
depth of four to eight feet of water, then in a few feet descends rap-
idly to deep water. The deep water is said to run from 40 to 75
teet deep with 93 feet of water off from the long point mentioned.
The shores of the lake are at most points elevated with a noticeably
high hill at (G). ‘

MarrL.—A few inches of marl is often found elose to shore, but
usually it does not reach a thickness of three feet until 50 or 75
feet from shore, where the water is perhaps two feet deep. Where
the water is three feet deep the marl is apt to run from five to |
ten feet deep. After reaching four feet of water the marl quickly
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thickens to over 10 or 12 feet. The conditions around the lake are
fairly uniform and as given above. The long point has no marl on
its crest, which is composed of sand and gravel, often quite coarse.
The marl appears to be of good quality.

EVE LAKE.

This lake lies in section 24, just northeast of Adams Lake. It has
an area of about 25 acres and a reported depth of 65 feet. Sur-
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Fig.19. Map of Adams and Eve Lakes, Lagrange County, Ind.

rounding the lake is about 50 acres of marsh showing much bare.
marl. This, it is claimed, has been tested all over with a 15-foot
pole without finding bottom. except at the edges. - ,

There is very probably an acreage and thickness of marl, beneath
and around these two lakes, sufficient to furnish a large factory with
cement material. The larger deposit in Adams Lake is, for the most
part, however, covered with deep water, and is, therefore, not at
- present available.
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OLIVER AND OLIN LAKES.

LargE MaRrL DEerosiT, Mostuy Urxper DEEP WATER.

These lakes, which are contiguous, lie in sections 17, 18, 19 and 20
(36 north, 10 east), Johnson Township. They are about a mile and -
a fourth west of the Grand Rapids and Indiana Railway, and two
and a half miles northwest of Wolcottville. Oliver Lake is over a
mile long from east to west and nearly a mile wide from north to
south, with an area of about 600 acres. Olin Lake is more irregular
in shape, with a length of one-half mile and a width of a quarter of-
a mile, covering probably less than 100 acres.

Oliver Lake has a broad expanse of shallow water in the north-
eastern part, but around the remainder of the lake the shallow
water belt is comparatively narrow. There is a considerable shoal in

OLIVER LAKE
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Fig.20. Map of Oliver and Olin Lakes, Lagrange County, Ind.

the southeast part of the lake over which the water is from one to
three feet deep. The deep water in the eastern half of the lake
runs from 60 to 72 feet in depth.

The shallow water belt in Olin Lake is very narrow, being only a
few yards in width at the most; when the bottom slopes down rapidly
‘into deep water, which ranges up to 80 feet in depth.

MARL-—At (A) the shore ig hard, but the marl sets in a short dis-
tance out, and though the water remains two feet deep for a long
distance, the marl gradually increases from one foot to over 12 feet
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and in three feet of water extends to below 16 feet. Along the east
side of the lake the marl is shallower, running up to eight feet in
two feet of water in one place, but generally only showing five or
gix feet of marl in four feet of water. In seven feet or over of water
the marl is deep. It is also deep on the shoal, and along the south’
gide of the lake the bottom of the marl was not reached even in one
and two feet of water. Along the western and northwestern side
of the lake the conditions are practically the same. Though the
shallow water belt is narrow the marl, even in two feet of water,
reached to below the pole. All of the tests in Olin Lake found marl
to below 16 feet.

The deposit of marl in the two lakes is sufficient to supply a large
factory for many years, but the greater part of it is not at present
available, on a.ccount of the depth of the overlymg water.

NAUVOO‘LAKE.

‘ Nor A" WorkABLE Drposrr. -
This lake liés beside the Chicago Division of the Wabash Railway,
about two miles east of Wolcottville. The tests for marl were lim-
© ited to a line of drillings along the channel from the lake to the
ice-house besidé .the railway. These were made about 100 yards
apart, starting near the railway and extending to the lake. All of
these showed muck varying in thickness.from two to 16 feet, with
the underlying marl from one foot to 14 feet in depth, The amount
of muck was deemed too great to allow the working of the deposit.

“- WITMER, LONG, THIRD, DALLAS AND ATWOOD LAKES. !

LarGE Mar1 DerosiT, MosTLY UNDER DEEP WATER.

As these lakes, except Atwood, are all openly connected, they will
be treated as containing a single deposit. They lie west of Wolcott-
ville, Lagrange County, in sections 29, 30, 81, 32 and 33 (36 north,
10 east); Johnson Township, and section 25 (36 north, 9 east), Clear
Spring Township. Atwood and Witmer lakes are each but little
over one-quarter of a mile from the Chicago Division of the Wabash
‘Railway and Witmer Lake about a mile from the Grand Rapids &
Indiana Railway. '

Witmer Lake is an irregular oblong, a mile long by a quarter to-
a third of a mile wide. Long Lake is more like a wide, deep channel

. than a lake. It is a mile long by an eighth of a mile or less wide.
. Third Lake is an irregular body of water, a half mile wide from east
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. to west and a little over that from north to south. The northern
part narrows down to channel-like proportions, with Pickerel Bay
projecting to the east. Dallas Lake has a length of about a mile
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Fig.21l. Map of Atwood, Dallas, Third, Long and Witmer Lakes, Lagrange County, Ind.
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and a width of a quarter of a mile or less. Atwood Lake is more
regularly oval than the others with a length of over three quarters
of a mile and width of nearly half a mile.

Though the hills surrounding these lakes are of only moderate
height and usually separated from the lakes by a varying width of
marsh, the lakes themselves have a good depth and, in the case of
Third Lake, a surprising depth. Except a strip along the east side
of Third Lake, the belt of shallow water around all of the lakes is
very narrow, usually not more than a few yards or at most a few rods
wide. o
Witmer Lake has a depth of from 40 to 56 féet; Long Lake a depth

of 25 to 35 feet. Third Lake showed a depth of 75 feet or more all
over the deep water area with a maximum of 96 feet within 20
“rods of the inlet. Atwood Lake is shallow, running from 20 to 30
feet. Around these lakes, somewhat as suggested on the accompany-
ing map, is an extensive marsh area. Back of that the hills slope up-
ward to moderate elevations. This chain of lakes forms the source of
the northernmost branch of the Elkhart River, the upper course of
which is characterized by passage through very extensive marshes,
and lakes of considerable depth in the midst of them. 7
Marr.—With the exception of a small area of sandy bottom
around the inlet of Witmer Lake, the shores of these lakes show
marl at every point and except at a point near (E) on Witmer Lake
and one on the north side of+Long Lake, the marl extended to below
reach of drill at every point tested. At the two points mentioned
bottom was found at 15 feet. From the depth of the marl at the
edge of the water it would appear evident that in many places it
runs back under the marsh. Tests at one or two points showed that
back from the water the marl quickly gets thinner while the over-
lying muck as rapidly thickens.- The largest local deposit of marl
was found on the east side of Third Lake at (A). At this point is a
large area of shallow water, beneath which the marl is very light in
color and comes within a few inches of the surface. In the sunlight
this glitters with the white lustre of burnighed silver, due to the
milky color imparted to the water by the underlying marl. There is
little doubt but that a large portion of the marsh east and south
- of Pickerel Bay is underlain with a thick deposit of marl, but the
‘ conditions were such that a detailed examination could not be made.
| Atwood Lake was only examined along part of the south side. The
marsh here ig, for the most part, a quaking meadow with a good
depth of rather mucky marl below.
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Judging from the thickness of the exposed or shallow water marl,
around these lakes, the greater portion of their deep water area is
underlain with a deposit of good depth. That at present available
is mostly in Third Lake. On account of the excellent railway facili-
ties and the quality of the marl, which appears of the best, the de-
posit will doubtless be developed as soon as appliances for utilizing
the deep water marl can be used.

NOBLE COUNTY.
REFERENCES. —

© 1859.—Richard Owen, Geol. Reconn. of Ind., p. 207.
1873.—G. M. Levette, Fifth Ann. Rep. Geol. Surv. of Ind., p. 447.
1875.—Id., Seventh Ann. Rep. Geol. Surv. of Ind., pp. 487, 492.
1893. —-—Dr 'C. R. Dryer, Seventeenth Ann. Rep. Ind Dept. Geol.
and Nat. Res., p. 17.
1899. ——I‘rank Leverett, Water Supply and Irrigation Papers, U.
8. Geol. Sury., No. 21, p. 31.

Noble County is in the second tier of counties south of Michigan
and in the second tier east of Ohio. It is bounded on the north by
Lagrange, on the east by Dekalb, on the south by Allen and Whitley,
and on the west by Elkhart and Kosciusko counties. The county
contains 417 square miles and lies between 868 and 1,018 feet above
sea level, the lowest point being the Elkhart River on the western
ling of the county and the highest the summit in Wayne Township,
three miles east of Kendallville. The following is the elevation in
feet, above-tide, of the more important railway stations in the
county: Albion, 919; Avilla, 976; Avilla Summit (B. & 0.), 1,007;
Brimfield, 944; Cromwell, 930; Kendallville, 974; La Otto, 881;
Ligonier, 885; Rome City, 933; Swan, 885; Wawaka, 895.

The county is well supplied with transportation facilities, being
crossed by three railways and touched by two more. The Grand
Rapids & Indiana passes north and south through the eastern part;
the Baltimore & Ohio, east and west through the center, and the
Lake Shore & Michigan Southern, east and west through the
northern tier of townships. The Eel River Division of the Wabash
crosses the extreme southeastern corner, and the Chicago Division -
of the same system touches the northern border for about three miles
in Orange Township.

The surface of the entire county is thickly covered with drift,
the known thickness of which ranges between 169 and 485 feet

" The greater part of this drift covering belongs to the interlobate
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moraines of the Erie and ‘Saginaw lobes. The Salamonie or Third
Erie moraine crosses the southeastern corner of the county forming
the surface of Swan and a small portion of that of Greene and Allen
Townships. The Mississinewa or Fourth Erie moraine covers the
_ townships of Greene, Jefferson, Allen, Orange and Wayne. The
" western part of the county is covered with the Saginaw Drift. On
account of the intermingling or merging of debris from so many
different glacial invasions, the surface of the county is extremely
diversified. High rounded domes, hills and ridges alternate with
deep valleys and level plains in rapid succession. Many of the de-
pressions form water-tight basins, occupied by lakes either present
or extinet. The latter far outnumber the former, the combined area
of the marshes, which occupy the sites of former lakes being esti- -
mated at 15 per cent. of the total area of the county. Many of
these marshes still retain a small pool of open water at the center,
the last vestige of a once noble expanse of water, whose area has
become gradually lessened by the encroachment of aquatic vegetation
and by the dredged ditches of mankind.

The number of lakes still existing in the county probably exceeds
100, but the great majority of them might be termed “ponds,”
they are less than 40 acres in extent. -Nineteen, which contained an
area of 150 or more acres each, were vigited during our investigation
of the mar] deposits. A number of these were adjacent, the marl,
if present, being termed as one deposit, even though beneath or sur-
rounding two or three lakes. But four deposits were found in the
county which were deemed workable under the present conditions
of securing marl. Three others had a bed of sufficient area and

thickness, but mostly beneath deep water. At the remainder the - 7

marl was not found in sufficient quantity to be available for the
manufacture of cement.

TAMARACK LAKE. .
Laree Derosit, Mostry UNpER DEEP WATER.

This lake lies in section 6 (35 north, 11 east) and section 1 (35
* north, 10 east), in Wayne and Orange Townships. Tt was formerly
nearly a mile and three-quarters long with a long arm extending out
from the northeastern side. By the removal of a dam and the
. ditching of the outlet it has been to a large degree lowered and re-
duced to a crescent-shaped body of water three-quarters of a mile
long by less than a quarter of a mile wide. On account of this lower-
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ing, the water area is surrounded on all sides by marsh-land, the
widest extent of which is on the south and east sides. The lake.con-
tains but little vegetation except at the margins, where Chara, rushes
and spatterdock are, in places, abundant. The maximum depth of
water found was 40 feet. Along the west and south sides it was al-
most, everywhere, 15 feet deep at a distance of 20 feet from shore.
Marr.—The present water area is probably wholly underlain with
a thick deposit of marl as, except where the township line meets
the south shore, the marl extends to below 16 feet at every point
along the narrow, shallow water area. Only the marsh-land south
and goutheast of the lake between (A) and (B) was tested. Begin-
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Fig.23. Map of Tamarack Lake, Noble County, Ind.

ning at the water’s edge opposite (C), four bores were put down, 10
- rods apart; on a line to (D). These resulted as follows: (1) muck
three feet, marl nine feet; (2) muck two feet, marl 11 feet; (3)
muck six inches, marl 15 feet; (4) muck one foof, marl 12 feet.
At the margin of the former water area, five rods south of number
(4), the marl had wholly disappeared. Two bores, numbers (5) and
_(8), 10 rods apart, west of number (4), gave respectively nine and 10
feet of marl beneath one foot of muck. Twenty rods west of number
(6), near (A), the muck had increased to four feet and the marl di-
minished fo six feet in thickness. Twenty rods north 18 feet of
- muck only was found, and west of this to the township line no marl
was found benedth 18 feet and more of muck. East of the quarter
section line (C and D) the marl occurs 10 to 12 feet in depth for
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about 10 rods and is then gradually replaced by muck, so that not
over 12 to 15 acres of this portion of the marsh are underlain with
marl. A number ‘of tests in the marsh, in a southeasterly direction
to the end of the lake, found only small isolated patches of marl,
the muck everywhere predominating. The same thing holds good
of the 60 acres or more of marsh southeast of the lake (E to F),
where but one or two of many bores, with 18-foot auger, showed
marl.

While the deposit beneath the present water area, combined with
that in the marsh, is doubtless large enough for cement making, the
amount under shallow water and in the marsh is not sufficient to
justify the erection of a factory at the present time.

'SYLVAN LAKE.

~

‘Nor A WORKABLE DEPOSIT,

This lake, more commonly. known as “Rome City Reservoir,” is
wholly artificial, being formed in 1837 by a dam thrown across a
small tributary of the Elkhart River, to create a feeder for the pro- -
posed Michigan and Erie Canal. It adjoins Rome City on the east
and the G. R. & I. Rajlway runs along its western border. The lake
is nearly three miles long by one-half a mile wide, with an area of
1,200 or more acres. Its depth runs from 17 to 30 feet and its out-
line is very irregular, with numerous points, bays and narrow chan-
nels. Several islands, prettily wooded with oak and other timber,
dot its surface and furnish delightfully cool and shady retreats for
picnic and boating parties. The “Island Park Assembly,” an institu-
tion under the management of the Methodist Episcopal Church,
holds here its regular summer sessions. The lake has several times
been well stocked with fishes by the U. S. Fish Commission, and
furnishes excellent sport for-all interested in the pursuit of the finny
tribe. , ‘ S

Marrn.—Being artificial, no marl occurs beneath its waters.  In
many of the bays and inlets a deposit of imuck is slowly accumulating
by the decay of water-lilies, rushes and other aquatic vegetation. .

In the report of this Department for 1875, Dr. Levette states that
“In a bluff that formed the border of a lake now filled up by vegeta-
tion, about one mile north of Rome City, a ditch has exposed a
deposit of marl or fresh water chalk several feet in thickness.
Other heavy deposits were reported in the same neighborhood. In
the absence of a better article, this might be burned and used for

!
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making mortar, but its chief value lies in its fertilizing properties
when spread over the clay lands of the vicinity, after having been
burned and slaked.”

“An analysis of this marl showed the following composition in 100
parts:

Water at 212 degrees F.ovuivviriniiiitiinneiinonnnninns 3.00
Carbonic acid and combined water...................... 41.00
Insoluble silicates ........covvvviiiiiinireiirinniraness 70
Oxide of IrON.....oovviieenrrnnnnnneasess ey a trace.
Alumina ...........c0vivennn, et tee ettt e 1.00
Lime .......on0. U 49.84
Magnesid .. ...ociiiiiiiiiiiiatrtanesttiare it aneaans 4.10
Sulphuric acid ......... . i i i i e J03
Phosphoric acid .......ccoviiiiiiiiiiinrieceenaninneans 52

B4 7 ) AU 100.19

“This chalk shows a remarkable degree of purity, the insoluble
matter being less.than one per cent., and it contains only a trace of,
iron. The discoloration is removed by ignition; it is pulverulent
when dry and soft like mortar when first taken from the bank, and
may be pressed into pencils and will mark like the common English
chalk.”*

LONG AND ROUND LAKES.
Lar@eE DErosit, MostLY UNDER DEEP WATER.

These lakes lie just north and northeast of Kendallville in sections
27 and 28 (35 north, 11 east), Wayne Township.

Long Lake is a mile long and has a width varying from a few rods
toward the eastern end to one-quarter of a mile near the western
end. Round Lake has been lowered several feet, thus materially
reducing its water area. It is at present nearly three-quarters of
a mile long by three-eighths of a mile wide and is almost divided
in two by a point which projects out from its northwestern shore,
and by a long island near its center. ;

~ The area around the basins of these lakes is high and rolling except
for a marsh at the head of Round Lake and another at the foot
of Long Lake. Around most of Long Lake and on the eastern side. .
of Round Lake the banks rise abruptly from the water. The western

*gide of the latter lake is at present occupied by an extensive marsh
which covers at least one-third of the old lake area: Around both -
lakes the belt of shallow water is very narrow.

"’_Levette, loc. ¢it., pp. 493,41, -
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‘Marr—Long Lake showed marl to below 16-foot drill on the

- north side and at the west end, even where the water was only six

inches or one foot deep. Along the south side of the lake the condi-
tions vary greatly. At (M) the marl is over 15 feet deep close to
shore in one foot of water. Going toward (L) it thins until it is
only six feet thick in six feet of water; then deepens until it is 12
feet deep in one foot of water. Toward (K) the marl nearly runs
out, and while here and there is a foot or two thick, in the main
only sand and gravel is found out to 16 feet of water. The marl is
deep but mucky in the bend at (J). Along the south side of the
narrow neck of the lake no marl was found, but farther east at (H)
it deepens rapidly so that as much as 12 feet of marl was found at
the water’s edge. Marl probably extends from one lake to the other.
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Fig. 23. Map of Long and Round Lakes, Noble County, Ind.

Tests on Round Lake along the south shore showed either 12 or
13 feet of marl at the water’s edge with remarkable regularity. The
gsame depth was found between the point and island. Along the
north side of the island the marl is deeper, in most cases being over
16 feet thick and suggesting that the island is largely composed of
marl. Tests made in the marsh at (I'-G) showed from three feet to
12 feet of muck, underlain by from one to five feet of marl, the

 thickest marl coming under the thinnest muck. Doubtless still

thicker marl underlies parts of this old lake bed, but circumstances

- prevented us from making a detailed test of its area.

From the results of tests made we feel safe in believing that,
the entire deep water area of the two lakes overlies a thick deposit
of marl. The amount at present available is not, however, sufficient
to term it a workable deposit.
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WALDRON, JONES AND _STEINBARGER LAKES.
WORKABLE DEPUQIT, ParTLy UnpER DEEP WATER.

This group of lakes lies about {wo miles west of Rome City in sec-
tions 7 and 18 (35 north, 10 east), and sections 12 and 13 (35 north, 9
east), Orange and Elkhart fownships, and are tributary to the North
Fork of the Elkhart River.

Jones Lake is nearly rectangular; is half a mile long by a quarter
of a mile wide, with an area of about 100 acres. Waldron Lake is an
irregular shaped body of water, more like an enlargement of the
Elkhart River than a lake. Following its windings it has a length of
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Fig.24. Map of Waldron, Jones and Steinbarger Lakes, Noble County, Ind.

a mile or more with a width ranging from a few rods to'a quarter of
a mile. Toward the west it gradually narrows down to the propor-
tions of a river. An open channel connéefs this lake with Jones
Lake. Steinbarger Lake has a length of one mile and an average
width of less than a quarter of a mile. A point from the north side
near the southeast end mnearly divides the lake into two unequal
parts. . ) ‘
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Except along the south side of Steinbarger, the immediate shores
of these lakes are nearly everywhere flat and marshy. Back of these
extensive marshes the land rises into rolling upland. As a rule the
belt of shallow water is narrow, being especially so in Steinbarger
Lake. Jones Lake has a maximum depth of 30 feet, and a small
island rises a little west of the center. Waldron Lake averages 30
feet in depth with a maximum near the south end of 47 feet. Stein-
barger Lake has about the same depth with a maximum, near the
head, of 39 feet.

MarL—In Jones Lake the marl ran to below 16 feet at nearly
every point tested in water from one to 12 feet in depth. In places
the marl gets shallow toward shore but generally it extends to below
16 feet in one foot or less of water, indicating that it tends to run
back under the marsh. The island appeared to be all marl. In
quality, the marl of this lake was usually dark and mucky, especially
toward the northwestern corner, where it appeared to be more muck
than marl.

In Waldron Lake the marl gets shallow toward shore at the east
side at (M), in two feet of water running from four to seven feet in
thickness. It is nine feet thick in three feet of water and then in-
croases rapidly. At (U) on the nosth side the marl was only 10 feet
thick, but at every other point tested it ran to over 16 feet. Time
did not permit the testing of the extensive flats around the lake,
but their appearance seemed to favor the idea that some marl would
be found beneath them. The marl here appeared much whiter and
more solid than in Jones Lake. -

In Steinbarger Lake none of the tests found the bottom of the
marl at 16 feet. The marl here was not as clean as in Waldron, and
much softer, especially in the southeastern end.

The above three lakes are so closely connected as to form practi-
cally one deposit. A switch three miles in length would reach Wal-
dron-Lake, from either the L. 8. & M. 8 or the (. R.. & T railways,
thus giving excellent transportation facilities, and there is no doubt
but that the acreage and thickness of shallow-water marl now
available in and around the lakes is large enough to warrant the
investment of capital in its development for cement making.
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SKINNER LAKE.
Nor A WorkaBLE DEPOsIT.

Skinner Lake lies about two miles east of Albion in sections 15 and
16 (34 north, 10 east), Jefferson Township.

The lake occupies a shallow basin 25 to 30 feet deep surrounded by
low rolling land. It has an extreme length of nearly a mile and -
extreme width of half a mile, with an area of about 150 acres. The
shores are low. and devoid of points of interest.

Marr—The distribution of marl on this lake is extremely ir-
regular. At (A) is no marl, but muck to below 16 feet. Toward
(B) marl sets in, being four feet deep in one foot of water but in
deeper water is replaced with muck. Thus in four feet of water
the muck is seven feet deep and a little further out is more than
16 feet in depth. The muck continues to 16 feet of water and be-
yond. At (C) the marl is six feet deep in one foot of water, four
feet deep in four feet of water and has thinned out before eight feet
of water is reached, where the .
bottom is hard. From (D) to
(E) no marl was found. At (I)
the marl is thick, the bottom
not being reached in water
eight feet or over deep. Going
on to (G) it disappears and is
replaced by muck which is over
14 feet deep in two feet of
water, and bottom not reached
farther out. At (H) a little
marl appears below the muck.
From (H) to (J) no marl was Fig. 25. Map of Skinner Leke, Noble
found, the muck being every- County, Ind.
where to below 16 feet. At (K) six feet and more of greenish marl
.was found under five feet of muck in five feet of water. Then for
a distance the bottom is all sand at all depths within reach. At (M)

“in shallow water, marl appears below a considerable thickness of
muck, but drillings in 10 feet or over of water showed only muck.
At (N) the bottom is hard. From (O) to (P) the muck is deep. At
(Q) the marl runs to below 16 feet at all depths of water but is
mucky. At (R) there is a foot or two of mud and marl in water
from one to five feet deep, but in deeper water the bottom is hard.
From (8) to (T) the muck is thick.

9—Qeol.
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The tests showed that the marl is not sufficient in quantity or suit-
able in quality for cement making.

. DIAMOND LAKE.

Laree Derosit, MosTLY UNDER DEEP WATER.

Diamond Lake lies in sections 31 and 32 (35 north, 9 east) and
- sections 5 and 6 (34 north, 9 east). ' It is two miles south of the L.
S. & M. 8. Railway and three miles north of the B. & O. Railway.
The lake is five-eighths-of a mile long by three-eighths of a mile
wide and of a.regular oval shape. On the south the country is
rolling or flat but on the north rises one of the most abrupt ranges
of hills oceurring in-the drift region of the State. In the words of
Dr. Dryer:*- “They are as rough and irregular a pile of gravel
- knobs as can be found in Indi-
ana, rising 150 to 200 feet
above the lake, with a southern
descent almost too steep for a
horse and wagon. The range
is two and a half miles long
east and west, and {rom one-.
half to three-fourths of a mile
: wide. It is completely isolated
Fig.26. Map of Diamond Lake, Noble by the valley of the Elkhart on
County, Ind.
the east and north, and the
valley of the lakes and their outlet on the south and west, and forms
one of the most remarkable as well as conspicuous features of the
region. . The Diamond Lake hills stand like an Egyptian pyramid
amid the ruins of an ancient city, a monument to show us what the
Saginaw Glacier could do upon occasion.”

The depth of Diamond Lake is unusual for a lake of its size,
averaging 50 feet, with a maximum of 82 feet. A long bar extends
out from the south shore nearly across the lake. When visited in
October, 1899, this had only a few inches of water over it. The shore.
at most points runs out gently for a way then descends rapidly. to
deep water. Although the Elkhart River is but one-half mile to
the eastward with no elevation between, yet the outlet of Diamond
Lake flows southwesterly into Eagle Lake and thence, by a small
stream, cutting the highland, northward into the Elkhart near the
town of Rochester. /

MarnL—Around most of the lake the marl is deep, sometimes
shallowing rapidly at the shore and sometimes running out beneath

*Loec. ¢it., p. 24.
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the marsh bordering the shore, the latter condition being due to a
recent lowering of the lake by ditching. Along the east side the
shore is sandy, but in the water the marl quickly reaches a depth
of 16 feet or over. At (A) the sand has washed down over the marl,
making it appear as though absent. Thus in two feet of water is
found six inches of sand, then 10 feet of marl. Toward (C) the marl
gets more shallow again. On top of the long bar it runs from one
foot to four feet in thickness, increasing to seven feet on the
flanks where the water is five feet deep, then thinning down until
it runs out in 1? feet of water and only hard bottom is found beyond.
Toward (E) the marl gets thicker, being nine feet thick in six inches
of water, 13 feet thick in two feet of water and below reach of drill
in deeper water. Along the west end of the lake none of the tests
in the water reached the bottom of the marl which here runs back
from the water’s edge. From (I) to (1) the marl is somewhat varia-
ble at similar depths, about half of the drillings failing to reach
the bottom, while others found 12 feet or more.

On the whole the tests showed the presence of a large deposit of
good marl, but as most of it is beneath 10 feet or more of water it is
not, at present, available.

EAGLE LAKE.

‘WoRKARBLE DEPosIT.

Fig.27. Map of Eagle Lake, Noble County, Ind.
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Eagle Lake lies a little southwest of Diamond Lake in section 6
(34 north, 9 east) and sections 1 and 12 (34 north, 8 east). It is two
miles north of the B. & O. Railway and three miles south of the L.
S. & M. 8. Railway. The size of the lake has recently been much re-
duced by draining, so that the present water surface is comparatively
small. It has a length of half a mile or more and a width of a few
rods to one-eighth of a mile. The shores of the old lake basin on’
the north and west are low, while those on the south and east are
abrupt. As already noted, the outlet flows northward into the Elk-
hart River. " k

Marr.—Though small, this lake is rich in marl. Except along the
southwest shore none of the drillings in the water reached the bot-
tom of the marl. Tests out on the shore
indicated that while at places the marl
extended back with gradually lessening
depth to the old shore line, at other places
it did not extend back more than half way.
The marl appeared of good quality.

The total area underlain with marl. in
and around Eagle Lake is, at a low esti-
mate, 200 acres, and its average depth is
probably in excess of 20 feet. On account
of its proximity to two important railways
the deposit is an Important one and in
every way worthy of development for ce-
ment making purposes.

LONG LAKES.
Nor A WorkABLE DEposit.

Long Lakes lie in sections 28 and 33
(34 north, 9 east) and section 4 (33 north,
9 east), York and Noble townships. Only
the Lower Lake was examined.

This lake is less than three-quarters of
a mile long by a little over a quarter of a
| mile wide. Upper Long Lake is one mile
long by a quarter of a mile wide. The
lakes lie in a narrow valley with high hills
on either side, those east of the lake being
especially rugged. As a rule the band of

Fig.28. Mapof Upper and Lower

Long Lﬂkeslv Ndo‘i"e County,  ghallow water is narrow, in places the six-
nda.

foot water line being within 10 or 15 feet
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from the shore. The outlet of the lakes is to the morthward into
Elkhart River.

Magrr.—Marl was found at nearly every point around the shore,
but at most points was comparatively shallow. Thus at (A) in one
foot of water five feet from the shore the marl is six feet deep. At
10 feet from shore in four feet of water it is 11 feet deep, while at
15 feet from shore in six and a half feet of water it is only nine feet
deep. Toward (B) the marl reaches a thickness of 11 feet in two
feet of water, no marl showing in one foot of water as before. At
(C) one foot of marl is found in one foot of water and five feet of
marl in two feet of water, with the marl increasing in depth toward
(D) where, in two feet of water it is over 14 feet thick but mucky.
At (E) and (F) the marl is about three feet deep in one foot of
water, five to five and a half feet in two feet of water, and eight
feet deep in four feet of water. At (@) there is more muck than
marl. At (H) and (I) the marl has a depth of nine feet in one foot
of water and 13 feet in two feet of water, marl at bottom but muck
on top. At (J) 10 feet of marl occurs in four feet of water, good:
- at the bottom only. At (K) the marl is eight feet deep in six feet
of water, while at (L) only muck is found. On the whole the quality.
of the mar] does not appear to be very good and the quantity beneath
shallow water is not sufficient for the purpose of cement making.

DEER LAKE.
‘WORKABLE DEPOSIT.

This is a small lake which occupies part of section 25 (34 north, 8
east), Sparta Township. It is distant one and one-half miles south
of the B. & O. Railway. The lake is only a -
little over a quarter of a mile long and about *
the same in width, with low marshy ground
in nearly every direction around its borders.
It has been lowered materially in recent
years, thus decreasing its water area.

MarL—Though this lake is small the
marl in its basin is above the average in
thickness. Except in the northwest corner,
all of the tests found marl to below 16 feet.
Outside of the lake the marl extends back
75 or 100 feet.” Thus at one point 50 feet
back from the margin of the water the bare Fie o Mo — T
marl was 13 feet deep; 25 feet farther back Noble County, Ind.
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it was only 3 feet deep, and ran wholly ouf within 100 feet from
shore.

The marl appeared to be of good quality, and there is deemed
to be a sufficient quantity for cement making, as the area of the bed
ig probably 130 acres and its average thickness 15 or more feet.

LONG AND SAND LAKES.
Nor 4 WorraABLE DrrosiT.

These are two out of eleven lakes which lie in a chain across
northern Greene Township in sections 3, 4, 8, 9 and 10 (33 north,
10 east). These lakes are all small and occupy a narrow valley
flanked with high hills on the north and south. Their outlet is to
the southward into Blue River, a tributary of Eel River.

Fig.30. Map of Sand and Long Lakes, Noble County, Ind.

Marr.—Long Lake, for lack of a boat, was only tested on the
western side, where it revealed no marl at all. Sand Lake shows
10 feet of mucky marl in one foot of water at (A); but at (B) the
marl has run out and there is only sandy bottom from (B) to (C).
At (D) the marl is mucky and two feet deep in two feet of water;
four feet deep in four feet of water, and at greater depths up to 16
feet, runs from three feet to zero in thickness. From (E) to (@)
there is from one to three feet of muck in shallow water, or even out
to 12 feet of water, but in 16 feet of water at every point the bottom
is sandy. From (@) to (L) no marl is found, but everywhere the
muck is deep, extending below drill in all tests. The amount of
marl present is, therefore, too insignificant for further consideration.
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MARL LAKE.

TraIcK DEPOSIT OF DOUBTFUL WORKABLE SIZE.

This is a small lake, east of Wolf Lake postoffice, in sections 10
and 11 (33 north, 9 east), Noble Township. It is about three-eighths
by one-eighth mile in size and has an area of about 40 acres. It is
largely surrounded by marsh land, beyond which the ground rises
in rugged ridges.

Fig. 31. Map of Marl Lake, Noble County, Ind.

MarL.—This lake seems to lack but little of being a solid marl
bed. None of the tests in the lake with 16-foot drill reached the
bottom of the marl, and around much of the shore the bare marl is
exposed for 20 or 30 feet back, and extends still farther back, but
with an ever increasing depth of muck over it. Up the ditch, at the
west end of the lake, the marl is over 16 feet deep for a quarter of a
mile; with from one to two feet of muck over it. Beyond that the
marl is replaced with muck. At either side of the ditch the muck
increases in thickness at the expense of the marl. There are several
acres of marl additional in Little Marl Lake, just east of the other,
and marl is reported as occurring extensively in the marshes in this
neighborhood. While the acreage of mar! in the lake and surround-
ing marshes is not large, its great depth renders it worthy of more
detailed investigation than we could give it with the auger at our -
command.

Deep Lake, to the southwest of Marl Lake, has much aquatic veg-
etation around its margins. No boat was available for its exploration
and the tests put down where it was possible to wade showed only
muck. ‘ ’ )
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BEAR AND HIGH LAKES.

Nor A WorkaBLE DErosiT,

These lakes are distant from one another about one-half a mile,
and lie southwest of Wolf Lake postoffice, in sections 7, 8, 17 and 18
(33 north, 9 east) and section 13 (33 north, 8 east), Noble and Wash-
ington Townships.

BEAR LAKE,.

BEAR LAKE)

Fig.32. Map of Bear and High Lakes, Noble County, Ind.

At the time of our visit in October, 1899, Bear Lake had a length
of nearly a mile and a width of nearly three-quarters of a mile, with
a water area of 820 acres. It was then a clean, compact bhody of
water, with the banks of its north and east shores rising rather ab- .
ruptly for 20 or more feet and then running back into a level or
slightly rolling surface; while the south and west shores were bor-
dered with extensive marshes, the area on the west between the two
lakes being entirely a low marsh filled with dense aquatic vegetation.
The water had a maximum depth of 50 and an average depth of per-
haps 18 feet, the shallow water on all sides extending out well into
the lake. In November, 1899, the lake was lowered six feet, thus
destroying its natural beauty, by enlarging greatly the area of shal-
low water and causing great mud flats around its entire margin.

Marr.—Before the recent draining, Bear Lake had, for the most
part, sandy and gravelly bottom in three feet or less of water. At
(A) and () the bottom is clay instead of sand. In deeper water
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some marl was found. Thus at (B), in 10 feet of water, the marl is
six feet deep. At (D) in five feet of water, there is sand six inches,
over marl 10+ feet in thickness. Going toward (E) the marl was
11+ feet and overlain by one foot of sand in four feet of water.
At (I") and (G) the marl extends to below 16 feet in water four to
nine feet deep, but is mucky and poor. From (H) to (I} no marl
was found. At (J) the bottom is muck to below 16 feet, and the
same conditions prevailed along the south and west shores.

HIGH LAKE. -

Before the recent dredging this was one of the prettiest lakes in
Indiana. Along its eastern border was a natural ridge of sand and
gravel, 30 to 50 feet wide, 15 to 20 high, and sparsely covered with
fine oak and other trees, thus forming a beautiful site for camping
parties and summer cottages. The waters of the lake were then clear
and sparkling, well stocked with fish and mussels—a delightful re-
sort for anglers and boating parties. Now all is changed. To gratify
the caprice of a few men, who wished to enhance their acreage of
land, a ditch wag dredged through the gravel ridge and the marsh
beyond, and “High Lake” was converted into a low mud-hole. The
fish and bivalve shells are dead or dying. Rank weeds and aquatic
rushes and cat-tails are rising over the marsh and sand bars which
were formerly covered with clear, pure water. Mud and ooze, black,
slimy, disgusting to the sense of sight and smell, is everywhere about
the margins. Like hundreds of others of the fairer bodies of Indi-
ana’s inland waters, it has yielded forever its natural beauty to the
devastating hand of man. : '

In 1893, Dr. Dryer wrote of High Lake as follows: “It is inter-
esting from the fact that its basin seems to belong to a type hitherto
undescribed in Indiana. The western half of section 7, Noble Town-
ship, is occupied by a series of sand ridges, perhaps 20 feet high,
extending north and south. At the north end of High Lake they
divide into two branches which follow the east and west shores re-
spectively., Thus the lake basin lies between the arms of the'Y in a
space which is nearly closed up by a cross ridge along the south shore.
These ridges are generally of moderate slope and from 20 o 40 feet
above the lake, composed chiefly of sand; but at the point on the
east side, where the outlet leaves the lake, the ridge is not more
than three feet high and composed almost entirely of small, angular
boulders. At this point it was first observed and was mistaken for
a beach ridge. A few excavations in the higher part of the ridge
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show yellow sand intermingled with angular stones from the size
of a man’s fist to the size of his head. We evidently have here a

~ specimen of the kames or eskers which are so numerous in other por-

tions of the great morainic belt of North America.”*

In its original condition the water area of High Lake was about
one mile long by one-quarter to one-half a mile wide and with an
area of 250 or more acres. The maximum depth of water was 30
feet. The bench of shallow water along the east side of the lake
was very broad and near the bend in the lake extended out so that
it was possible to wade fully one-third of the distance across. It is
highly probable that High and Bear Lakes at one time formed one
unbroken sheet of water, being connected around the south end of
the sand ridge at (N).

In October, 1900, no water above 22 feet in depth was found in
what was left of the lake and three-fourths of the remaining water
area was less than 12 feet deep, while it was everywhere thickly
turbid with the sediment of decaying alge and other organic matter.
On the south side between (P) and (O) are wooded hills rising 25
to 40 feet above the former lake level. The water adjoining these
hills has been reduced to a narrow morass, 20 rods wide, bordered on
the north by the former bed of the lake, the surface of which is
gravel and sand. A large portion of the former water area opposite
the shore between (O) and (Q) has become a marsh covered with cat-
tails. On the west shore between (R) and (8) a ridge of sand, 10 rods
wide and thickly covered with boulders, has heen brought to the

“surface. Over this were the scattered remains of many fishes and
shells. ‘One of 'the accompanying illustrations shows this ridge and
gives a good idea of the nature of the former hottom of this portion
of the lake.

MarL.—No trace of marl was found by any of the bores put down
on High Lake. Along the entire eastern shore between (K) and (N)
the bottom, for 250 and more feet out, was of sand before the lake
was lowered. Much of this former sand bottom is mow dry land.
The southeastern lobe and the shallow water adjoining the entire
southern and western shores is underlain with muck from 10 to 18+
feet in depth. A tamarack swamp occupies much of the former
shore between (K) and the section corners.” But little tillable land
was reclaimed by the draining of High Lake and it would be far
better to fill up the ditch and allow its basin to refill than to leave
it as it is now, a pest-breeding spot of muck and mud,

* Loe. oit., p. 27,




PLATE 9.

InLusTrATING RESULTS OF DRAINING OF HicH LAkE, NoBLE CoUNTY.

(a) Present beach on west side of lake, formerly covered with water; a portion of the kame
or esker mentioned in text.
(b) Portion of esker island, and stretch of mud flat beyond; both formerly covered with water.
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TIPPECANOE LAKE.

Nor A WorkABLE DEposiT,

This, the largest lake in Noble County, lies in sections 28, 29, 32
_ and 33 (33 north, 9 east), in the extreme southern part of the county.
It has a length of nearly one and one-half miles and a width of over
one-half a mile. As a rule the shores seem to show rather broad
areas of shallow water, the width from shore being, however,
rather variable. The shores of the lake are low, except upon
the south, where a wooded bluff rises' 25 to 40 feet above the water
level. This and adjoining lakes form the extreme head-waters of
Tippecanoe River, one of the most picturesque streams of Indiana.

Dr. P. H. Kirsch reports* the following fishes as having been
taken in the lake: ’

Lepisosteus osseus (L.). Common Gar-pike.

Ameturus nebulosus (Le 8.)." Common Bullhead.'

Pimephales notatus (Raf.). Blunt-nosed Minnow.

Coregonus artedi sisco (Jor.). Cisco.

Zygonectes notatus (Raf.). Top Minnow.

Lucius vermiculatus (Le 8.). Grass Pike.

Oheenobrytius gulosus (Cuv. and Val.). War-mouth.

Lepomis pallidus (Mitch.). Blue-gill.

Micropterus salmoides (Lacépéde). Large-mouthed Black Bass,
Perea flavesocens (Mitch.). Ringed Perch; Yellow Perch.

Fig. 33. Map of Tippecanoe Lake, Noble County, Ind.

. -MARL.—The marl deposits of Tippecanoe Lake are iﬁegularly dis-
tributed. Along the east and northeast sides the shore tends to

" »Bull. U. B. Fish Commission, 184, p. 40.
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show a hard sandy bottom of some width with marl in only a few
places, and then generally in water eight or more feet deep. Off
from (M) the marl extended below 16-foot drill in nine feet of water.
Southeast of (L) beneath 12 feet of water only muck was found,
though beneath eight feet of water near this eight feet of marl oc-
curs. Off from (J) and (K) only muck having a depth of 13 feet and
over occurs in shallow water, but out in seven to nine feet of water
the bottom of marl could not be reached. Out from (H) the marl
was thin, only four feet being found in seven feet of water. At the
western end of the lake the water is shallow over a large area, run-
ning from three to 10 feet deep. Most of the drillings in this part
of the lake found marl which in many cases extended to below 16
feet, but more often was less than eight feet thick. Along the west-
ern half of the south side there is a considerable area where the
water is less than 10 feet deep and where all borings passed through
marl to below 16 feet. Some marl was found in the southeast corner
of the lake, but most of the drillings along the eastern end of the
south side found a mud bottom. While the deeper waters of the
lake are doubtless largely underlain with marl, the amount at present
available in shallow water is too small to justify development.

WHITLEY COUNTY.
REFERENCES.~

1859.—Richard Owen, Geol. Reconn. of Ind., p. 216.

1891.—Dr. C. R. Dryer, Seventeenth Ann. Rep. Ind. Dep. Geol.
and Nat. Resources, p. 160.

1899.—Frank Leverett, Water Supply and Irrigation Papers, U.
S. Geol. Surv,, No. 21, p. 47.

1899.—E. B. Williamson, Proc. Ind. Acad. Sci., p. 151.

‘Whitley County is bounded on the north by Noble County, on the
east by Allen, on the south by Huntington and Wabash and on the
west by Wabash and Kosciusko counties. It contains 10 civil town-
ghips, nine of which correspond to the congressional townships and
contain 36 square miles each; the other, Etna, in the northwest
corner, having but 12 square miles—a total of 338 in the county.
The county is crossed by three railways. The Pittsburgh, Fort
Wayne & Chicago passes from northwest to southeast through the
central portion; the Eel River Division of the Wabash, from north-
east to southwest diagonally across the county, and the New York,

R Chicago & St. Louis (Nickel Plate), from east to west through the
| northern part of the southern tier of townships. The surface of
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the county lies between 787 and 948 feet above tide, the lowest point
being near Collamer and the highest near Larwill. The elevation in
feet above tide of the more important railway stations in the county
is ag follows: Churubusco, 887; Coesse, 850; Collamer, 787; Collins,
862; Columbia City, 838; Dunfee, 858; Larwill, 948; Peabody, 836;
Taylors, 856; South Whitley, 813. =

The entire area of the county is overlain with drift, the thickness
of which is known in but two places, viz., at Columbia City, where
it is 224 feet, and at Larwill, seven miles west, where it is 365 -
feet in thickness. That portion of the surface lying east and south
of Eel River is flat or slightly rolling, being a part of the great level
plain of east-central Indiana, though ¢ccasional knolls and ridges of

" drift, especially in Cleveland Township, give it some diversity. North .

and west of Eel River the surface is much more irregular and con-
taing many deep, elongated valleys, with sharp, winding ridges inter-
vening. The region drained by Blue River, comprising the north-
eastern third of the county, is less broken, but is still typically
morainic in character.

The lakes of Whitley County are few in mumber and are found
wholly in the northern tier of townships. Only eight have an area
of more than 150 acres each. Of these séven were visited and are
described in detail on the pages which follow. Five of the seven are
largely underlain with marl,-but only two of the deposits are deemed
to be workable under present conditions. These two are distant
from transportation facilities, so that éome time must elapse before
the marl will be utlhzed for cement makmg

BLUE RIVER LAKE.‘
Larae Derosit, MosTr.y UNDRR DEEPF WATER.

This lake lies two miles northwest (}f Churubusco, in sections 9,
10, 15 and 16 (32 north, 10 east), Smith Township. It is two miles
or less from the Fel River Division of the Wabash Railway.

The lake is oblong in shape, narrower at the eastern end, about
one and one-quarter miles long by one-half mile in average width,
and has an area of about 420 acres. It has a very uniform depth of
40 to 55 feet. 'The area of shallow water is of medium width, rather
broad on the east, south and west sudes, and narrower on the north.
The shores at most points are rather abrupt, the surrounding country
being of a volling type. The lake receives its waters from Upper
Blue River, a small stream from Noble County, and from springs
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along the sides and bottom of the lake. The outlet, Blue River, a
tributary of Eel River, is at the west end, and only a few rods from
the entrance of the inlet above mentioned.

Blue River Lake is well stocked with game and food fishes, the
large-mouthed black bass, blue-gill, ringed perch and calico bass
being abundant. The following is a list of the fishes taken in the
lake in 1892, by the State Fish Commissioner, Mr. P. H. Kirsch:

List oF FrsaEs KNowN To Occur IN BLUE RivER LAKE.

Lepisosteus osseus (L..). Common Gar-pike,

Amia calva L. Dogfish,

Ameiurus natalis (Le 8.). Yellow Cat. _

Ameiurus nebulosus (Le 8.). Common Bullhead.
Minytrema melanops (Raf.). Striped Sucker.

Notropis anogenus Forbes. Small.chinned Minnow.
Notemigonus chrysoleucus (Mitch.). Golden Shiner.
Coregonus artedi sisco (Jordan). - Cisco.

Zygonectes notatus (Raf.). Top Minnow.

10.  Lueius vermiculatus (Le 8.). Grass Pike.

11.  Pomozis sparoides (Lacépéde). Calico Bass.

12. Chwnobryttus gulosus (Cuv. and Valenc.). War-mouth.
13. Lepomis eyanellus Raf. Green Sunfish. '

14. Lepomis pallidus (Mitch.). Blue-gill ; Blue Sunfish.

156. Lepomis gibbosus (.). Common Sunfish,

16. Mieropterus salmoides (Lacépéde). Large-mouthed Black Bass.
17. . Etheostoma eos (Jor. and Cope.). Sunrise Darter.

18. Etheostoma microperca Jor. and Gilb. Least Darter.

19. Perca flavescens (Mitch.). Ringed Perch; Yellow Perch.

©.0 N3O

In his report on Whitley County, Dr. Dryer speaks of the mid-
summer vegetation about the shores of this lake as follows:
“Aquatic vegetation in great variety and profusion furnishes a
botanist’s paradise. The shores are nearly surrounded by a broad .
belt of plants arranged in distinct zones, according to the depth of
the water. On approaching the shore the first zone appears at depths
between eight and six feet, and consists of the water-shield, Brasenia
purpurea (Michx.); pondweeds or Pofomogeton, species with filiform
leaves being very abundant; several kinds of bladderwort or Utri-
cularia and water millfoil, Myriophyllum.. At a depth of four feet
the yellow pond lily, Nuphar advena, covers the water with its leaves,
the spaces between heing filled with a dense mass of Chara covered
with a mantle of duckweed or Lemna. Here navigation becomes
difficult. At a depth of three feet the pickerel-weed, Pontederia
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cordata L. appears with the water smartweed, Polygonim amphibium.
At two feet the water passes gradually into a jungle of swamp loose-
strife, Decodon verticillatus (L.); cat-tail, Typha latifolia L.; water-
pepper, Polygonum nodosum; reed-grass, Phragmiles communis Trin.,
and different species of. willow, Saliz, passable only by birds and
reptiles. This lake is the only locality known to the writer in north-
eastern Indiana where the splendid American lotus, Nelumbo lufea
(Willd.) occurs, and here it is as abundant as the white water lily,
Nymphea odorate Dryand. Its flowers are difficult to procure be-
cause they are gathered by numerous visitors as fast as they open,
but the leaves, rolled up and rocking like a boat, or expanded into
an orbicular shield twenty to thirty inches in diameter and flapping
in the wind, present an interesting and atfractive sight. The water
of Blue River Lake in midsummer has the appearance of muddy
coffee, and through the whole season teems with plant and animal
life. Such a lake as this would repay a thorough and prolonged
biological examination, and would furnish the naturalist with mate-
rial enough for several years’ study.”*
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Fig.34. Map of Blue River Lake, Whitley County, Ind.

MarL.—The distribution of the marl in Blue River Lake is very
irregular. In places it extends back some distance from shore, while
but a short distance away it is not found until deep water is reached.
At (A) the bare marl extends back some distance from shore, 16
feet and more deep. Then it begins to be covered with sand, which
increases in depth toward the bluff, the last drilling showing two
feet of sand underlain by marl to below 16 feet. Out in the lake
from shore, several tests in one foot or a little over of water showed
over 15 feet of marl. In two feet of water the marl was only 11

* Loc, ¢cit., p. 166.
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feet deep with a blue mud bottom. Then the marl increases in
depth again, but at the same time becomes mucky, and the tests in
water from three to 16 feet deep showed only muck. How far the
marl runs back under the bank can only be conjectured. At the east
end of the south side of the lake, no marl was found, the bottom
being sandy. Several attempts to find marl under the sand failed.
From (D) to (E) the bottom is hard sand or blue mud for about 50
feet out from shore or in from five to eight feet of water, then for
25 feet, or in water from five to 15 feet deep, the marl is over 16
feet thick angd of good quality.
For a short distance, at (F), 25
feet from shore, the marl is be-
yond 16 feet deep in three feet
of water. But diagonally out from
this in six feet of water only blue
mud is found. At (G) this mud
bottom extends up to the shore,
while at (H) the top of the mud
'is marly. At (I) the marl is one
foot deep at the shore and the
_same out in one foot or a little
over of water. In three feet of
water and from' there out the
bottom is sandy. At (J) tests in
water from two to five feet deep
showed marl everywhere to be-
low 16 feet. Just north of this
only muck was struck, then the
) . . mar! sets in again, the bottom
Fig. 35. Cross sections showing character . .
of deposiis at various points along shore not belng reached in from one
of Blue River Luke, Whitley County, {oot to seven feet of water. In
Tnd. the northwest corner of the lake
only muck was found. Then from (O) to (P) the marl occurs again,
running from one foot deep in six inches of water to beyond reach of
drill at the six-foot water-line. Kast of this it is shallow again,
only one foot of marl being found in four feet of water. From (R)
to (V) the marl is variable, often being absent close to shore and in
places is not over one foot thick in 10 feet of water; but generally
the marl is of good depth in six to 10 feet of water. ‘
The tests show that a large body of deep water marl occurs in
the lake which may some day become available. The amount be-
neath shallow water is entirely too small to be of use at the present
time.

A
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ROUND, CEDAR AND SHRINER LAKES. ~
NotT A WORKABLE DEPOSIT.

These lakes lie close together in sections 1, 2, 11 and 12 (32
north, 9 east), Thorn Creek Township. ‘They are connected by
natural or artificial channels and hence will be treated under one
general heading. The railway nearest them is-the Eel River Division
of the Wabash, distant about three and one-half miles to the south- -
east.

ROUND LAKE.

This lake, which receives its waters from the other two and from
the drainage of the neighboring woods and fields, has a length of
seven-eighths of a mile and a maximum width of one-half a mile.
Its shores on the north and east are rather thickly wooded and rise
20 to 30 feet above the water. The south shore is lower and bordered
with cultivated fields. A long bay filled with aquatic vegetation ex-
tends out to the northwest. ¥rom it an artificial channel connects
Round Lake with Shriner Lake. The inlet from Cedar Lake is
through a marsh grown up with cat-tail flag, Typha laififolia 1.,
button-bush, Cephalanthus occidentalis L., swamyp loosestrife, Decodon
verticillatus (L.), and a variety of other aquatic plants, with occasional
stretches of open water. It enters the north side of Round Lake,
while the outlet, Thorn Creek, a tributary of Blue River, leaves the
south side. Thorn Creek has been dredged for some distance, thus
materially lowering the water area of the lake. As a result, a number
of long points project out under the water and there is a large area
of shallow water in, the western third of its basin. “Lowering the
lake five feet more will fill it with sand bars or even reduce it to a
number of ponds. An extensive tract near the head of Thorn Creek,
which five years ago was a swamp, is now under cultivation. Among
the farmers of the neighborhood the practice is common of planting
artichoke among the spatterdock where the lowering of the lake has
exposed the land. In the fall this is turned over to hogs and their

_persistent rooting in the soft earth pulverizes and dries the soil most

effectually.”* -
In October, 1900, a series of soundings, about 10 rods apart, be-
ginning at the. eastern edge of shallow water on the west side and

" running east; a little south of the middle of the lake, showed the
depth of the water to be respectively: 18, 12, 28, 25, 26, 32 and 17

* Williamson, loé. cit., p. 153,
10—Geol. \
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feet.. Another line running across from (M) to (C) gave 17, 22, 38,
48, 51, 54, 57 and 32 feet.

The vegetation about Round Lake is very rank. The spatterdock,
Nuphar advena R. Bv., ig very common, filling most of the bays and
bordering the shores in many places. In the region of the second
sounding, in the first series given above, a species of pondweed* was
abundant, its fruiting head above the surface, its roots in the marl

.12 feet below. Other species of pondweed are very common. Mr. C.
C. Deam, of Bluffton, has found the reversed bladderwort, Utricularia
resupinate Greene, growing along the western shore. The greater
bladderwort, U. vulgaris L., is abundant, and eel grass, Vallisneria
spiralis L., hornwort, Ceratophyllum demersum L., several species
of water-millfoil, Myriophyllum, and the stiff white water crowfoot,
Batrachium tricophyllum (Chaix.), cover the bottom of the more
shallow portions of the lake.

" The number of fishes in Round Lake is greater than in either of its
neighbors, as is evinced by the following list of those taken in the
three lakes in 1892 by Mr. Kirsch:

List or FisuEs KNnowN 1o Occur IN Rounp, CEDAR AND SHRINER LAKESs.t

1. Lepisosteus osseus (L.). Coramon Gar-pike.
2.  Ameiurus natalis (Le S.). Yellow Cat.
3. Ameturus nebulosus (LeB.). Common Bullhead.
4.  Catostomus teres (Mitch.). Small-scaled Sucker ; Black Sucker.
Round Lake only.
5. Erimyzon sucetta (Lacépéde). Chub Bucker; Sweet Sucker.
Round Lake only.
6. Minytrema melanops (Raf.). Striped Sucker. Round Lake only.
7. Pimephales notatus (Raf.). ~Blunt-nosed Minnow.
8. Notropis cayuge Meek. Meek’s Minnow.
9. Notropis heterodon (Cope). Variable-toothed Minnow.
10.  Notropis megalops (Raf.). Common Shiner. Cedar and Round

; lakes.

11, Hybopsis amblops (Ra,f'.). Silver Chub.

12.  Coregonus artedi sisco (Jor.). Cisco. Shriner and Cedar lakes.
18.  Zygonectes notatus (Raf.). Top Minnow. Shriner and Cedar lakes.

: *This is. the white-stemmed pondweed, Potamogeton pralongus Wulf, Another species
very common in shallow water, where it formed thick beds on the bottom, was P. robbinsii
Oskes. It grows bat a foot or two high, and when the water is agitated the leaves spread -
out 80 that the whole plant resembles a fern. Both stem and leaves then wave gently to
and fro in graceful motion.

1 Where the species oceurs in all three of the lakes no locahty is given, Where in but
one or two of them, they are mentioned specifically.
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14.  Lucius vermiculatus (Le 8.). Grass Pike; Little Pickerel.
15.  Labidesthes sicculus Cope. Brook Silverside; Smelt. o
16.  Pomoxis sparoides (Lacépéde). Calico Bass. e
17. Chenobrytius gulosus (Cuv. and Valenc.). Warmouth.
18. Lepomis cyanellus Raf. - Green Sunfish. Round Lake omly. - it
19.  Lepomis pallidus (Mitch.). Blue-gill; Blue Bunfish. 2
20. Lepomis euryorus McKay. Broad-eared Sunfish. Cedar and; ]
Shriner lakes. 5
21. Lepomis heros (Baird and Girard). Chain-sided Sunfish. Round
Lake only. : =
22.  Lepomis gibbosus (L ). Common Sunfish.
23. Micropterus salmoides (Lacépéde) Large-mouthed Black Baes
24. Etheostoma nigrum (Raf.). ~ Johnny Darter.
26.  Etheostoma eos (Jor. and Cope.). Sunrise Darter. .
26. Etheostoma microperca Jor. and Gilb. Least Darter. Round Ls%g
only. i
27. Pereca flavescens (Mitch.) Ringed Perch; Yellow Perch.

S

1‘.;“'!3
4

i

Marr.—On the two bars indicated at (G) and (I) the water is shal
low, a foot or less deep, and the marl from one to four feet in deptﬁ‘fi
while in two-and-a-half-foot water it thickens to seven feet. At the
edge of deep water opposite (I) the marl had decreased to six feet arid
wag underlain with a stiff, blue mud. In 12 feet of water it was si'x
feet thick and underlain with gravel. Along the south shore betweeit
(J) and (X) the shallow water area, for the most part, overlies a good
quality of marl 12+ feet in thickness. Near (M) in three feet of water
it was 16+ feet thick but dark in color. At (A), across the lake, the
same conditions exist, and at (B) there is too much muck to render
the deposit of value. Good marl sets in again to the westward, and
is everywhere 15+ feet thick in three feet of water. The shallow
water area west of (C) widens greatly and is in most places, except

within five rods of shore, underlain with marl below reach of 18-fo&‘t
drill, though the water was seldom over 18 inches in depth. Cloké
to shore the thickness of the marl is variable, running from three £6
11 feet. The tests show that probably one-half of the area of tHe
lake is underlain with marl. It is, however, variable in quality, mueﬁ
of that along the east end merormg gradually into muck. :

CEDPAR LAKE. :;

“This lake lies just northwest of Round Lake and empties into the
latter through a broad, weedy channel. Cedar Lake is nearly dividéd
into two unequal lobes, at the crossing of the north-south section
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line. The upper and larger lobe is about one mile long by one-
quarter of a mile wide, with its main axis lying northwest and south-
east. From its western side a short arm, now choked with vegetation,
protrudes. The center of its basin shows a depth of water ranging
from 45 to 79 feet. The lower lobe is but about one-third the size of
the upper and is quite shalléw. The shores of the entire lake are
covered with underbrush, due to the fact that its level was raised by
a dam at the same time that that of Shriner Lake was lowered. The
shallow water area thus gained in the lower lobe is in part filled with
muck and bears much aquatic vegetation, the spatterdock or yellow
water lily being especially abundant. There are also’ many tree
trunks and fallen limbs near the shore, which detract much from the
original natural beauty of the lake.

MARL.—At most points around the lake the marl is shallow within
the six-foot water line. Thus at (A) no marl is found in one or two
feet of water, but in three feet or more of water the marl extends
to below 16 feet. From (B) to (C) the marl is only six feet deep in
seven feet of water, four feet in four feet of water, etc., the shallow
water area being very narrow. From (D) to (E) the marl is deeper,
being over 12 feet deep in four feet of water, and to below reach of
drill at all depths beyond. From (E) to (G) some of the depths of
marl found were as follows:

‘Water 4 feet—marl 8 inches to 3 feet.
Water 6 feet—marl 3 feet.
‘Water 7 feet—marl 7 feet.
Water 8 feet—marl 7 feet.

-

From (H) to (K) the marl is somewhat deeper, just about reach-
ing 10 feet on the six-foot water line and extending below pole in all
deeper water. At (L) only muck was found. Oft the point at (M)
the marl is over 15 feet deep in one foot of water at 75 feet from
shore. From (N) to (P) in four and five feet of water, it runs from *
four to 10 feet in depth. Around most of the lake the area of
shallow water is very narrow. : :

SHRINER LAKE. .

This is one of the prettiest bodies of water in Indiana. Long and
narrow, it lies like a priceless emerald of palest green, hidden and
guarded by the surrounding hills. "Its basin is in shape a deep trough
or V, somewhat curved, one and one-quarter miles long by less than
one-quarter mile wide in average width. In most places the water
is shallow for only a few yards, or even feet from the shore line,
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when the bottom suddenly descends at a sharp angle to a depth, in
some places, of 65 or more feet. A small gfream, dry most of the
year, enters’ the lake at its southwestern cofner; but springs are
almost the entire source of water supply, hence the clearness and
purity of its depths. Back from the water line the shores rise in
low bluffs, which are covered with oak, maple and beech timber. A
few sycamores and cotton-woods grow near the water’s edge. Around
the northern lobe of the lake the shores have, for the most part, been
cleared, and are cultivated in places, within 75 feet of the water’s
edge’

Fig.36. Map of Cedar, Rpund snd Shriner Lakes, Whitley County, Ind.

-

A number of soundings were taken in Shriner Lake on October _ -

3d, 1900. In the southeast corner, at the boat landing, the water
was six feet deep 20 feet from shore; 30 feet out it was 18 feet, and
100 feet out, 42 feet in depth. Forty rods west, on the south shore
at (A), the shallow water area is less than 20 feet wide, then dips
down at an angle greater than that of a steep house roof. The
bottom, where it could be reached, was of a very tenacious blue mud,
from which the auger, when sunk with difficulty about a foot,
could hardly be removed. Ten feet from shore the water was eight

feet deep. Three oar-strokes out it was 21 feet and 70 feet out was 32 _

“feet. A line of soundings 50 feet apart from here across to (B)
found the following depths: 45, 63, 65, 40, 27 and 8 feet, the last a
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boat’s length from the north shore. Here the bottom was of marl
six feet thick, with gravel beneath. At the bend, where the basin
of the lake turns northward, a row of soundings from (C) to (D), 75
feet apart, resulted as follows: 48, 52, 50, 66, 60 and 34 feet. At
this point the west shore is of gravel or sand, with but little vegeta-
tion. Sixty feet back from the water the wooded gravel hills rise
25 feet or more. Rowing 40 rods north along the gravelly west
shore, another line, 10 oar-strokes apart, from east to west, showed
28, 51, 66, 62 and 26 feet. The shore on the east is here bordered by
a marshy area, three to six rods wide, in which rushes, spattetdock
and the green arrow-arum, Pelfandra virginica (L.), flourish in pro-
fusion. The muck is here 12 feet deep in three-foot water, but at
the water’s edge the bottom is of a stiff blue mud. Just above this
the lake narrows somewhat and then expands into a wider basin
which comprises about one-quarter its area. Soundings near the
center of this lobe showed the depth to range from 32 fo 46 feet.
Along the west shore of this basin the three-foot wafer line is under-
lain with 12 feet or more of muck, with gravel beneath. 7

In Shriner Lake and its neighbors, Round and Cedar lakes, ate
found growing in profusion many species of water-loving plants.
Mr, C. C: Deam, of Bluffton, has taken there in August and Sep-
tember, the following species, all of Whlch are aguatie, i. e., g'row
partly or Wholly in the water:

Lxs'r oF PLANTS G,BOWING IN Rounp, CEDAR AND SHRINER Laxms.

Typha latifolie L. ~ Broad-leaved Cat-tail.
“Potomogeton, four species. Pondweeds.
Sagittaria rigidi Pursh. Stiff Arrow-head. i
Zizonia aquatica L. - Wild Rice. : '
Homalocenchrus oryzoides (L.). Rice Cut,-grass

Cyperus engelmanni Steud. Engelmann’s Sedge.

Cyperus rivularis Kunth. - River Sedge.

. Dulichium arundinaceum (L.). ‘

Eleocharis interstincta (Vahl.). Knotted Spike-rush.

Eleocharis mutata (L.). Quadrangular Spike-rush.

Seirpus americanus Pers. Chairmaker’s Rush.

Scirpus atrovirens Muhl. ~ Dark-gréeen Bulrush.

Seirpus lacustris L.  Great Bulrush; Mat Rush.

Scirpus lineatus Michx. Reddish Bulrush.

Rhynehospora glomerata (L..).

Cladium mariscoides (Muhl.). Twig-rush.

Carex lupuliformis Sartwell.
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Carex comosa Boott. Bristly Sedge.

Eriocaulon_septangulare With. Seven- -angled Plpewort .
Pontederia cordata L. Pickerel-weed. v
Juncus canadensis Gay. Canada Rush.

Rumex verticillatus L.  Swamp Dock.

Polygonum incarnatum Ell. Slender Pink Smartweed.
Polygonum punetatum Ell. Water Smartweed.

Polygonum sagittatum L. Arrow-leaved Tear-thumb.

Brasenie purpurea (Michx.). Water-shield.

Nymphea advena Soland. Large Yellow Pond Lily.

Castalia odorata (Dryand). White Water Lily.  *

Batrachium trichophyllum (Chaix ). B8tiff White Water Crowfoot.
Decodon verticillatus (L.). “Swamp Loosestrife.
Myriophyllum, one species. Water Millfoil.

Cicuta bulbifera L.  Bulb-bearing Water—hemlock
Cicuta maculate L. Water-hemlock.

Lycopus rubellus Moench. Water Hoarhound
Mentha piperita L. Peppermint, . :
Gerardia paupercula (Gray). Small- ﬂowered Gerardm
Utricularia resupinata Greene. Reversed Bladderwort.
Utricularia vulgaris L. - Greater Bladderwort. ..
Cephalanthus occidentalis 1. Button-bush ;. Globe-flower.
Lobelia cardinalis L. Cardinal Flower. .. ’
Bidens beckii Torry. Water Marigold.”

Bidens trichosperma (Michx.). Tall Tlckseed Sunflower.

MARL—On account of its deep shelvmg basin but little marl oc-
curs around the margin of Shriner Lake. In the southeastern end
near the boat landing there is a deposit six feet thick in two feet of
water, and 12+ feet thick in six feet of water, but it is dark in color.
Between (B) and (C) a better quality is found which is six feet
thick in eight feet of water, but the bottom dips so rapidly that but
little of it is available. Opposite (E), about half way the length of
the east shore, there is an acre or two of shallow water, in which the
marl is 15 feet thick in two-foot water and eight feet thick in one-
foot water, with blue mud beneath. In the northwestern corner,
at (F), there is a small area with marl bottom nine to 12 feet in thick-
ness, in two to five feet of water. At all other points examined the
bottom was of gravel, sand or muck.

There is, without doubt, quite an extensive deposit of marl beneath
the deep water areas of Cedar and Round lakes, but that in Shriner
Lake is evidently limited in extent. The deposit beneath the three
lakes, considered as a whole, is not believed to be of sufficient im-
portance to attract capital for cement making.
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CROOKED LAKE,

WorkABLE Drpostt, PArRTLY UNDER DEEP WATER.

The east end of Crooked Lake is only a little over a quarter of a
mile from the west ends of Cedar and Shriner lakes, but is separated
from them by the water-shed or divide between the basins of Kel
and Tippecanoe rivers. This divide is a ridge about a fourth of a
mile wide and 25 or 30 feet -high. The lake lies in section 33 (33
north, 9 east), Noble Township, Noble County, and sections 8 and 4
(32 north, 9 east), Thorn Creek Township, Whitley County. It is

ERE RN

L 413
- - Fig.37. Map of Crooked Lake, Whitley County, Ind.

very irregular in shape, as it grows very narrow at each end, while
a prominent point from the southwest partly divides the main body
into two irregular lobes. In size it is about one and one-quarter miles
long with a width varying from a few rods to over half a mile, its
main axis lying southeast and northwest.

The basin of Crooked Lake is very deep, a sounding of 107 feet -
having been taken mnear its center. Two submerged bars and a low
island indicate a considerable area of fairly shallow water. The
shallow water along the shore is generally narrow on the-east side and
around much of the eastern part of the main body of the lake.
Along the western shore of the northwestern basin the shallow water .
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bench is very irregular but with a good average breadth over the
most of which the water is only a foot or less deep. The banks
around the lake rise rather abruptly 20 to 30 feet, with rolling
ground back from their crest.

The lake is well stocked with fish, among the larger of which may
be mentioned the long-nosed gar-pike, cisco or lake herring, grass-
pike, calico bass, blue-gill, large-mouthed black bass and ringed
perch. The lake forms the headwaters of the Tippecanoe River
which, by a very circuitous course, finds its way into the Wabash
near Lafayette. -

MaRL.—Tests near the outlet of the lake at (A) showed three
feet of marl in one foot of water, over 14 feet in two feet of water,
and bottom not reached at greater depths. Toward (B) the marl in
two feet of water ranged from eight fo over 14 feet. The small shoal
at the entrance to the western tongue has only about one foot of
water over-it and more than 15 feet of marl beneath. From (C) to
(D) the marl is irregular, the three-foot water line varying from 20
to 100 feet from shore, and the marl from four feet to 13+ feet, the
best being near the bend in shore; about half way between the two
points. From (D) to (E) the shallow water is very narrow, in places
the six-foot water line coming within 20 feet of shore. The marl
runs from fair to good in thickness. At (F) the marl is four feet
thick in four feet of water and five feet in eight feet of water, 100
feet from shore. Towards (G) the marl gets thicker, until 10 feet
deep in two feet of water. On -the shoal between (@) and (H) it
extends to below 16 feet. At (H) the marl is mucky. From (H) to
(M) the marl extends to below 16 feet at every point tested, including
the island. Much of the shallow water area is broad and has only a
foot or less of water over it, so that a large area of available marl is
present along this shore. There is no doubt but that the greater
part, if not all, of the deep water of this lake is underlain with a thick
marl deposit. By lowering the water five to eight feet, a sufficient
supply could be added to that already available to last a large cement
factory for maﬁy years. We would not advise such a course, however,
as under its present conditions, the lake is far more valuable to
mankind at large than it would be were much of its present water
area turned into mud flats. Then only a few manufacturers would
derive a benefit from its marshy shores. Now the angler and the
sportsman from far and wide can seek health and pleasure o’er its
watery expanse.
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LOON LAKE.

WorkABLE DEPOSIT, PARTLY UNDER DEEP WATER.

Two. years ago this was one of the most beautiful sheets of water
in northern Indiana. To-day it is a mud hole—a pond surrounded
by wide margins of ill-smelling muck and marl. Then its clear
waters rippled against the shelving banks almost at the very
thresholds of the many summer cottages in the beautiful wooded
grove on the south and east shores. Now a barren waste of gravelly

or marly beach, 85 paces wide and
in part o’ergrown with noisome
weeds, intervenes between the cot-
tages and the edge of the water,
~while the latter is not over two
feet deep for 10 rods or more far-
ther out. There are weeds enough
on earth and places sufficient for
their growth without changing a
clear watery expense, like that
formerly existing here, into a bar-
ren, weed producing waste. Yet
the average human, who sees no
beauty in such spots as was Loon
Lake—who is possessed only of
the desire to conquer and hold in
thralldom more of the acres of

. our mother earth, goes on with his
Fig. 35, Map of Loon Lake, Whitley  dredging and his ditching, and will
County, nd. so continue until all of nature’s

beauty spots are gone, and only dreary weed patches and cultivated
fields remain. , '

The basin of Loon Lake lies nine miles northwest of Columbia
City, and is partly in Noble and partly in Whitley County. That
portion in Noble County lies in section 31 (33 north, 9 east), Noble
Township. That part in Whitley County lies in section 36 (33 north,
8 east), Etna Township; section 1 (32 north, 8 east), Troy Township,
and section 6 (32 morth, 9 east), Thorn Creek Township. It is
roughly bottle-shaped with a short neck to the north and has a length
northwest and southeast of one and one-eighth miles and a width of
one-half mile. Before draining the water was very clear, so that
objects at the bottom of 30-foot water could be plainly seen. The
maximum depth was 102 feet, just northwest of a'small but pretty
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island near the southern shore. Between this island and the shore
to the south the deeper water ranged from 35 to 40 feet, while the
main body of water north of the island had an average depth of 70
feet. The lake was fed by the overflow of Old and New lakeg, each
with an area of about 60 acres, and lying respectively one-half mile
to the west and southwest. Numerous springs also welled up from
its bottom, their waters adding to the clearness of its contents. Its
outlet joined with those of Tippecanoe and Crooked lakes to form a
tributary of the Tippecanoe River. Since draining, in the spring of
1900, the depth of water in Loon Lake has decreased 12 feet, leaving
a wide margin of the basin bare, and greatly increasing the shallow
water area.

The lake is well stocked withsfood and game fishes, the following
15 species having been taken in one-half day by Prof. P. H. Kirsch
during his investigations in 1892:

List oF FisaEs KNowx 10 Occur 1N LooN LAKE.

Lepisosteus osseus (1.). Common Gar-pike.

Ameiurus nebulosus (Le 8.). Common Bullhead.

Pimephales notatus (Raf.). Blunt-nosed Minnow.

Notropis cayugs Meek, Meek’s Minnow.

Notropis heterodon Cope. Variable-toothed Minnow.
Zygonectes notatus (Raf.). Top Minnow.

Lucius vermiculatus (Le 8.)." Grass Pike.

Labidesthes sicculus Cope. Brook Bilverside.

Cheenobryttus qulosus (Cuv. and Valenc.). War-mouth.

10.  Lepomis pallidus (Mitch.). Blue-gill; Blue Sunfigh.

11. Lepomis megalotus (Raf.). Long-eared Sunfish.

12 Lepomis gibbosus (L.). Common Sunfish. _ '
13.  Micropterus salmoides (Lacépéde). Large-mouthed Black Bass.
14.  Etheostoma eaprodes (Raf.). Log Perch; Hogfish.

15. Perca flavescens (Mitch.). " Ringed Perch; Yellow Perch.

LN

Marr.—The investigation of the marl resources of Loon Lake
was made before the draining took place and the conditions then
found are now greatly modified. From (A) to (D) the conditions are
much the same; the marl, which is thin or wanting close to shore,
rapidly increasing in depth until in four or five feet of water it
extends to below 16 feet from the surface. The line of six-foot water
runs from 75 feet to 100 feet from shore. Toward (E) the shallow

. water area gets broader, and tests near shore show sand over the
marl. Thus at 30 feet from shore in two feet of water there is found
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one foot of sand and seven feet of marl. In three feet of water the
marl is over 13 feet thick. Going toward (¥) the marl is not so deep,
drillings in three feet of water showing from three to 12 feet of mar],
while one drilling in four feet of water showed only 10 feet. In
deeper water the marl is beyond end of drill. The lake bottom
around the island appears to be all gravel and a gravel bar covered
with small boulders extends some distance west of the island. Along
the west shore much the same conditions as on the east shore pre-
vail, until toward the north end, where a sand and mud shoal occurs.
A stop of less than a quarter of an hour was made on the south shore
of the lake in October, 1900, while enroute to a station on the B. &
0. Railway. There was no time for tests with auger. Along this
shore the marl sets in and forms the surface of the drained area 120
feet out from the former margin. Over a wide area along the east
shore it also forms the surface. The 120 or more acres in Old and
New lakes, one-half mile distant, are reported to be wholly under-
lain with a good quality of marl. There is sufficient in the three
lakes, or for that matter in Loon Lake alone, to attract the atten-
tion of capital for manufacturing purposes. )

The quality of the Loon Lake marl, based upon chemical analysis,
is fair only. In appearance it is white enough, and it is more than
probable that samples carefully taken from below the surface with
a spade will show better, as it is almost impossible to avoid mixing
other substances with it when brought up from beneath water by
the auger. An analysis of an average of a number of samples so ob-
tained resulted as follows:

ANALYRIS oF Marrn FroMm Loox LAKE.

Calcium carbonate (CACOE). . .. ovvirrrrnenaeersiannvans 82.07

Magnesium carbonate (MgCo,).......vvvviiniiieenens 2.63
Calcium sulphate (CaSoJ).............. e eeaeee e 20-
Ferric oxide (FeOs)..cvncinitiiieniniiinioiineciinnns 42
Aluming (ALOg). . cvveuuteriiineineeaaonsononosnsananees A1
Insoluble inorganic matter (silica, ete.)........ e e 5.95

"Organiematter et reereesiestbea st e i 6.71
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CEDAR LAKE. -
Nor A WorsAasLE DerosiT.

This lake lies in sections 10 and 11 (32 north, 8 east), Troy
Township, about eight miles northwest of Columbia City and three
miles southwest of Loon Lake. 1t occupies a valley 25 to 40 feet
lower than the surrounding country.- The original water area of
about 150 acres has been lowered 10 feet by a ditch and water now
covers only about 110 acres. For this reason the shallow water area
around the margin is very narrow, and there are wide beaches of
sand and mueck which were formerly covered with water. The main
body of the lake, comprising more than three-fourths of its southern
area, is quadrangular in shape with narrow bays extending out some
distance from the southeast and southwest corners. From the north-
east. corner of this main body the north shore runs 25 rods west,
then turns north to form the narrow northern lobe of the lake
which has its longer axis lying northwest and southeast.

On the south half of the east shore the gravelly beach rises gently
into a level meadow about 25 rods wide, which intervenes between the
lake and a wooded ridge. The shore is bordered with the rushes
Scirpus americanus Pers. and 8. lacusiris L., but the bottom of the
lake shelves off rapidly, 14 feet of water being found 50 feet from
the margin. The northern half of the east shore is low and mucky,
many soft maple trees (dAcer saccharinum 1.) fringing the woods
which lie beyond. The north and northwest shores are bordered by
an extensive morass, over which the elbow brush' or button bush,
Cephalanthus occidentalis L., the winter berry, Ilex verticillata (L.),
the swamp loosestrife, Decodon verticillatus. (L.), and several species
of dwarf willows and other mud-loving shrabs, grow in such pro-
fusion that one can scarcely force his way among them. Beyond
these shrubs is a large tamarack swamp. The margin of this portion
of the lake is widely bordered with cat-tails and spatterdock, and the
water evidently formerly covered a large area to the northwest. The
west and south shores are, for the most part, low, with mucky mar-

“gins. Only at one placé, on the south side of a point of land which
extends out from the north half of the west shore does a gravelly
margin oecur. Here numerous boulders cover the surface for some
distance back from the water’s edge.

The water of Cedar Lake is turbid and contamq enormous quan-
tities of the lower forms of vegetable organisms. At places, es-
pecially over most of the northern lobe, the wake of the moving boat
was bordered by a plainly visible line of green slime composed of




PLATE 10.

(a) Long arm of Crooked Lake, Steuben County, nearly choked with aquatic vegetation. (See
page 84.)

(b) Showing dense character of vegetation growing on drained marsh north of West Cedar

Lake, Whitley County. Tamarack grove in the background.
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unicellular plants. A row. of soundings about 10 rods apart, taken
from east to west and 15 rods south of the north shore of the main
body, showed the following depths: 12, 15, 24, 26 and 32 feet. Over
the greater portion of the north lobe the depth ranges from 12 to
18 feet. A line of soundings from north to south, 25 oar-strokes
apart, along the eastern margin of the western third of the main
body of water found the depths to be respectively 25, 38, 44, 20,
24, 18 and 40 feet. Another line from west to east, along the
northern margin '6f the southern third of the same body gave 40, 71,
81, 72 and 28 feet. Two soundings near the center gave 83 and 87
féet, the latter being the maximum depth found.

‘*‘*‘iBesides the plants above thentioned the eel grass, Vallisneria
spiralis L., the white water lily, Castalia odorata (Dryand), the three-
squared rush, Scirpus americanus Pers., and the green arrow-arum,
Peltandra virginica (L.), occur in the narrow shallow water area,
sround the main body of the lake, while the duckweeds, Spirodela
pilyrhiza (L.) and Lemna minor L., and the ditch-moss, Philotria
canadensis (Michx.), flourish in profusion in the more shallow north-
ern lobe. Muskrat houses were plentiful and their principal winter
food—the fresh-water bivalves—were abundant in individuals but
1ot in species, only Anodonta grandis Say, Unio luteolus Lamarck and
U. subrostratus Say being found. Where the rats feed upon the thin
shelled Anodontas one valve is always broken, but the valves of the
thicker shelled Unios are left intact. How the animal opens them
thus is, as yet, an unsolved problem.

*The outlet of Cedar Lake leaves the southwest corner, and flows
westward, uniting with that from Robinson Lake on the west line
6f:the county, then northward into Ridinger Tlake, Kosciusko County,
ard finally forms a tributary of the Tippecanoe River.

¥MARL.~—But little marl was found in Cedar Lake. It is fed mainly
b¥ small streams which enter from the north, and by the drainage of
the surrounding fields, hence the’ conditions for marl deposition are
poor. Near the southeast corner a shallow water area 15 rods wide
borders the south shore. Beneath this, in two to five feet of water,
gix feet of a fairly good quality of marl occurs beneath three feet of
dcemixture of muck and marl. The narrow shallow water area around
the remainder of the lake was everywhere underlain with muck
12+ to 18+ feet in thickness according to the depth of the water,
except at two points on the north half of the east shore where a poor
quality of marl, 12 feet thick, occurs in four-foot water 5 feet from
shore. The marl is here underlain with a stiff blue mud, which could
not be penetrated with the auger.
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ELKHART COUNTY.

REFERENCES. —

1859.—Richard Owen, Geol. Reconn. of Ind., p. 198.

1873.—G. M. Levette, Fifth Ann. Rep. Geol. Surv. of Ind., p. 451

1899.—Frank Leverett, Water Supply and Irrigation Papers, No,
21, U. 8. Geol. Surv.,, p. 23.

This county is-bounded on the north by the State of Michigan, o’h
the east by Lagrange and Noble counties, on the south by Kosciusko,
and on the west by Marshall and St. Joseph. It is quadrilateral in
outline and contains an area of 465 square miles.

‘The county is well supplied with railways. Three divisions of the
Lake Shore & Michigan Southern traverse its bounds, while the
Michigan Division of the “Big Four” and the Chicago Division of
the Wabash pass entirely through it, the former in a north and south
direction, the latter east and west along the north border of the
southern tier of townships. The Baltimore & Ohio also cuts across
the southeastern corner. 2

The St. Joseph River enters the county from Michigan, about six
miles west of the northeast corner and flows in a southwest courge
into St. Joseph County. At Elkhart it receives its principal triby-
tary, the Elkhart River, which drains the southeastern portion of the
county. Both the St. Josephi and the Elkhart are dammed in numer-
ous places, and furnish cheap and excellent water power for many
extensive factories, especially at Goshen and Elkhart.

In common with all the counties in which the lakes occur, the
surface of Elkhart is wholly covered with drift, the thickness of
which is known at three points, viz., Elkhart, Goshen and New Paris,
where it is respectively 122, 162 énd 90 feet. The surface of tlﬁg
drift is more level than in the counties to the east and south, an a,régi
of about 200 square miles in the northwestern and southeastern
parts of the county being composed of extensive gravel plains. The
uplands consist of till plains, with an area of 125 square miles, in
the southwest part of the county, and of morainic belts, more broken,
in the southern and western portions. The elevation in feet above
tide of some of the more important railway stations in the county '
is as follows: Bristol, 783; Dunlaps, 747; Elkhart, 725 to 755
Goshen, 796; Millersburg, 885; New Paris, 813; Vistula, 808. ' The
gravel plains in general are below the 800-foot level. The uplands
are mainly between 800 and 900 feet above tide, though several of
the higher points rise above 900 feet.
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The lakes of Elkhart County are few in number and small in size,
and are, with one or two minor exceptions, confined to the civil town-
ships of Osolo and Washington, adjacent to the Michigan line.

SIMONTON, MUD AND COOLEY LAKES.
WORKABLE DEposr.

The former beds of these lakes ocecupy parts of sections 13, 14, 15,
16 and 17 (38 north, 5 east), Osolo Township. They lie in an east
and west line with their northern borders within one-half to three-
fourths of a mile of the Michigan boundary. Simonton Lake is
the only one of these which at present contains.a large water area,
the other two having been drained. On account of their proximity,
the three are treated under one heading.

SIMONTON LAKE.

This lake lies about three miles north of Elkhart and not far
from the Michigan line. Its longer axis is east and west and it has
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Fig.39. Map of Simonton Lake, Elkhart County, Ind.

a length of one and one-half miles and width of over one-half mile.

" A large tongue of land from the south, jutting out a little east of

the center, divides the lake into two unequal parts. -When visited
in the fall of 1899, the eastern or smaller of these was nearly dry,
being in the condition of a marsh with open water channels too
shallow for a boat. This part is sometimes known as “Little S8imon-
ton” The main body of the lake has shores with a fairly rapid de- |
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scent. Some shallow water (four to five feet) exists just east of the
center of the main part of the lake, but the greater part of its area
runs from six to 15 feet in depth. The outlet flows southward into
the St. Joseph River.

MarrL.—Marl is found all around this lake except from the north
end of the dividing tongue of land to the boathouse on the southwest
corner. As a rule the marl runs out a short distance from the shore
but quickly attains a good thickness, which is maintained out to deep
“water. Little Simonton liake was in the main inaccessible; tests
made in it as far as it could be entered from the west showed 16 feet
of marl. In quality the marl appeared unusually white and good,
and as tested by the drill it seemed much more firm than the average
deposit. ‘

MUD LAKE.

Before draining, the water area of this lake was about a mile long
by three-quarters of a mile wide. The lake is now a vast marsh, the
water area having been reduced to about 15 acres which is a mud
hole, the water averaging about three feet in depth. In general the
surface is muck, which varies in thickness from one to four feet.
Peat was found in but two places, between the muck and marl.
Marsh grasses of various kinds formed the prevailing vegetation.
Around the border of the remaining water were many cat-tails and
rushes. The remaing of many large bivalve shells, mainly Anodonta
grandis Say, were scattered about the surface. The shells of one or
two species of Planorbis were also very abundant.

The outlet of Mud Lake formerly flowed south and united with
that of Heaton Lake, which lies about one mile to the southeast, to
form a tributary of the 8t. Joseph River.

COOLEY LAKE.

The greater portion of the former area of this lake is now a quag-
mire over which no man can pass in the summer season, for he can
not push a boat through the cat-tails, spatterdock and other aquatic
vegetation, and if he attempted to wade he would sink in many
places up to his arm pits, if not deeper. Its western end is about
one-third of a mile east of the former bed of Mud Lake, and its
south side one-half mile north of Heaton Lake, into which its out-
let formerly flowed. Between Mud and Cooley lakes there is a ridge
of higher ground, part of which is covered with a dense growth of
tamarack, swamp huckleberry, button bush and other marsh-loving
trees and shrubs.

11—Geol.
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LecExD.
A. Approximate limits of marl.
B. Lines separating different qualities of marl.
C. 10-foot contours showing depth of marl.
D. Edge of flat land.

E. Approximate limits of marl in N. %4 of sections.

F. Upper figure, depth of muck ; lower, depth of marl.

A-D-F. From actual surveys made for the Goshen Portland Cement Co.
E. Based on county atlas.
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MARL BENEATH MUD AND CooLEY LiaKES.—The Goshen Portland
Cement Co. has purchased most of the former area of Mud and
Cooley lakes, and had an accurate survey made, and many test bores
put down to show the thickness and distribution of the underlying
marl. These tests were made 20 rods apart by digging a square hole
through the muck to the surface of the marl and then taking the
depth of the latter. The accompanying map shows in detail the
results of these tests.

In July, 1900, Mr. Blatchley spent two days on the property and
verified most of the fests made by the representative of the company.
With the assistance of Mr. Josiah Replogle 72 bores were put down,
mostly at intervals of 20 rods and near or in the holes made by the
company. Of these 46 were on the former bed of Mud Lake and 26
around the margins of Cooley Lake. Of those on Mud Lake 14
showed a thickness of marl ahove 15 feet; 10 showed a thickness
ranging from seven to 15 feet; 16 found marl between one and seven
feet, while six found only muck.

Of the 26 bores around Cooley Lake, 14 found marl over 16 feet
thick; in six the marl ranged from five to 15 feet, while in four it ran
from ome to five feet. But two bores showed no marl. Over a large
portion of the northern half of Cooley Lake, the muck is too thick
to justify the working of the underlying marl, if any be present.

All of the marl beneath Mud Lake is overlain by muck, the average
thickness of which is about two feet, none of the bores showing over
three feet. In Cooley Lake the average thickness of the muck over
the marl is one and one-half feet. Wherever the muck ran over
four feet, no marl was found beneath.

The marl in Mud Lake is whitish or light yellow in color, while
that beneath Cooley Lake is bluish-gray when first uncovered.
This difference in color is doubtless largely due to the dryer and
more compact form of that beneath Mud Lake.

According to the careful estimate of the Osborn Engineering Co.,
who made the survey and tests for the present owners, there is 55,-
115,400 cubic feet of the yellow marl beneath the former bed of
Mud Lake; 16,380,500 cubic feet of grayish marl in the marshy in-
terval between Mud and Cooley lakes, and 67,238,500 cubic feet of
“blue marl” beneath Cooley Lake. This shows a total of 5,150,000
cubic yards. As each cubic yard will furnish carbonate of lime suffi-
cient for two barrels of Portland cement, there is marl enough on
the property owned by the Goshen company to supply a cement fac-
tory having an output of 1,000 barrels per day for 80 years or a 500-
barrel-a-day factory for 60 years. This estimate does not take into
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consideration the marl underlying Simonton Lake, which can be
made easily available by tramway from the site on which the company
proposes to erect its factory. ‘

An analysis of an average sample of the light yellow marl from
Mud Lake, made by the Osborn Engineering Co., of Cleveland, O.,
and submitted to the Goshen Portland Cement Co., showed its com-
position to be as follows:

Calcium carbonate (CaCog). ...covervivsrsnreeareaninense 82.89
Magnesium carbonate (MgCoz). .. .cveerveersvrneaaeeens 2.04
Ferric oxide (Fe,0;) and alumina (ALOy)..........c..nve 64
Insoluble inorganic matter (silica, ete)).................. 7.94
Organic MAatter, . ......ooiriiiiirinnroaenainnanaens 3.67

TPOEAL v v e oo oo vnenvannrosasonesonsannsssessensnnasons 97.18

An analysis of the blue marl beneath Cooley Lake made by the
same parties resulted as follows:

Caleium carbonate (CaCog). .. ..ovvv i 88.21
Magnesium carbonate (MgC0s). ...ovnverierreenerieens 4.78
Ferric oxide (Fe;0,) and alumina (ALOg).........oonven .88
Insoluble inorganic matter (silica, ete.)............... ... 1.42
Organic MAtter ... ... ovvvier et 2.58

TTOEAL vv v vv e seeneenreaasoseesnsasnasssseenonnanons 97.87

These analyses show a good quality of marl for cement making
purposes. The yellow-white marl is lower in magnesium carbonate,
and is probably better adapted for cement than the other.

HEATON LAKE.
Notr A WORKABLE DEPOSIT.

This lake occupies parts of sections 23 and 24 (38 north, 5 east),
Osolo Township. Tt lies one-half mile southeast of the old bed of
Cooley Lake and formerly received the overflow from that body of
water. Heaton Lake was ditched about 1885 and its level lowered
about five feet. TIts outlet, in part artificial, empties into the St.
Joseph River. The extreme length of its water area is now about
three-quarters of a mile and its greatest width 80 rods. The shallow
water along the shores is narrow, except on the west and northwest,
where great masses of Chara nearly reach the surface and make the
passage of a row boat very difficult. The maximum depth is 41 feet,
though the greater portion is between 15 and 25 feet. The shores
are everywhere low and in most places marshy for five rods back,
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when they rise gently; on the north and east into wooded slopes, on
the south into cultivated fields or meadows. A vast marsh of cat-
tails borders the west shore and continues along the outlet for some
distance.

Among the fishermen of Elkhart, Heaton Lake is noted for its
bass, which reach a weight of eight pounds; its pickerel, which are
often caught up to 15 pounds, and its buffalo or red horse of equal
or greater weight.

Fig..1. Map of Heaton Lake, Elkhart County, Ind.

MaRL.—DBut little marl occurs beneath the shallow water of the
lake. The bottom of the entire eastern third is of muck beyond the
reach of 18-foot auger in one to seven feet of water. Along the
middle of the north shore beneath five to seven-foot water the marl
is three to six feet thick. On the west shore, beneath the Chara
above mentioned, the marl is but two feet in thickness with sand
beneath. Along the western half of the south shore, the bottom is
of gravel in most places, though two bores showed seven feet of a
dark colored marl. It is probable that the deeper water is in part
underlain with a thicker marl deposit, but there is not enough to at-
tract capital for its development.

INDIANA AND LONG LAKES DEPOSIT.
WORKABLE.

This deposit occupies a semicircular chain of small lakes lying
mainly in Michigan, but with their south ends extending into Iun-
diana. Those portions of the deposit in Indiana are on the north
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edge of Elkhart County, a little west of north of Bristol. Only the
parts in Indiana, or just over the line in Michigan were visited. This
includes the deposit in Indiana Lake and in the flat stretch south of
Long Lake. Baldwin, Coverdon and Long Lakes in Michigan were
not examined.

INDIANA LAKE,

Indiana Lake lies in sections 8 and 9 (38 north, 6 east). Its area
is estimated at 100 acres. Except over a small area on the east side
of the lake, marl covers the bottom wherever tested. Along the west
gide the belt of shallow water is very narrow and everywhere showed
marl to below reach of the drill. There is more shallow water at
the south end of the lake, and a long tongue of similar water juts
out from the east shore near the north end, where the marl is deep
except close to the shore. In the northeast corner there are a few
inches of sand over the marl which here runs from three feet deep

on up.
E ) [«
Un?'.
INDIANA X\ e
LAKE. 9 v, 8
U sralre, cone SRR R, .

Fig.42. Indiana Lake and Marl Deposit South of Long Lake.

A half mile east of Indiana Lake is a flat valley extending south
from Long Lake. At the south end of this valley the marl is shallow,
being but one or two feet deep. Toward the little basin known as
Mud Lake it thickens up to over 24 feet, and apparently this.or a
greater depth is maintained northward to Long Lake. Over most of
this area, the marl is overlain by muck, running from 0 to four feet

. in thickness. As a rule the muck is thin or wanting near the center
of the valley and increases in thickness toward the edges. Its aver-
age thickness is not far from two and a half feet. There is about
130 acres of marl land in this valley south of Long Lake. The marl
in this deposit appeared to be of excellent quality, that in Indiana
Lake, especially, being very white. It was formerly burned for lime,

Including the deposits in and around Long, Baldwin and Coverdon
lakes, there are reported to be 400 or more acres of marl land which

N —
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will run over 15 feet in average thickness. The deposit is, therefore,
one of the largest treated in this report, and on account of a large
portion of it lying above or in shallow water, it can be readily and
cheaply worked. The Monolith Portland Cement Company, with
headquarters at Bristol, has already secured a major portion of this
deposit and will soon erect near Bristol a large cement plant. A dam
is being constructed across the St. Joseph River, which will utilize
the 14-foot head of water and so obtain very cheap power, while the
Lake Shore and Michigan Southern Railway, passing through Bristol,
will furnish an excellent outlet for the manufactured product.

KOSCIUSKO COUNTY.
REFERENCES, —

1859. Richard Owen, Geol. Reconn. of Ind., p. 208.

1875. G. M. Levette, Seventh Ann. Rep. Geol. Surv. of Ind.,
p. "483.

1899. Frank Leverett, Water Supply and Irrigation Papers, U. 8.
Geol. Surv. No. 21, p. 35.

Kosciusko, one of the largest counties in Indiana, lies near the cen-
ter of the second tier of counties south of the Michigan line. It is
bounded on the north by Elkhart, on the east-by Noble and Whitley,
on the south by Wabash and Fulton, and on the west by Marshall and
Fulton counties. Its total area is 521 square miles.

Three railways run entirely across the county, the Michigan Di-
vision of the Big Four north and south through its center; the Pitts-
burgh, Ft. Wayne and Chicago, and the New York, Chicago and
8t. Louis (Nickel Plate) east and west, the former through the
center, the latter across the middle of the south half. In addition
to these the Baltimore and Ohio cuts across the northeastern corner,
while the Eel River Division of the Wabash just touches the south-
eastern corner. ‘

The continental divide, separating the Mississippi and Great Lakes
drainage systems, passes through the northern third of the county
in a northeast-southwest direction. The streams and lakes in the
northern tier of townships are, therefore, drained through tributaries
of the St. Joseph River into Lake Michigan, while those of the Te-
mainder of the county are tributary to the Tippecanoe River, one of
the main branches of the Wabash. The Tippecanoe enters the
county from the east, a little north of the center and flows across
in a westerly-southwesterly course. The streams of the extreme
southern part drain into Eel River, also a tributary of the Wabash.
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The entire surface of the county is covered with a heavy mantle
of drift which is largely sand and gravel. The thickness of this is
known only in the vicinity of Warsaw, the county seat, where two
bores for gas wells showed it to be respectively 247 and 255 feet,
while in a third, three miles west of Warsaw, it was 248 feet. The
eastern and southern portions of the county are situated on the
interlobate moraine of the Saginaw and Erie lobe, except the extreme
southeastern portion, which is occupied by a moraine of the Erie
lobe. The northwestern portion of the county, comprising about
one-fourth its area, is occupied largely by gravel plains and by
marshes. The general elevation of these plains is about 800 feet
above tide. The moraine stands 920 feet or more in its higher
portions.

The elevations in feet above tide of the principal railway stations
in the county are as follows: Atwood, 821; Claypool, 887; Etna
Green, 810; Leesburg, 865; Mentone, 838; Milford Junction, 843;
Pierceton, 923; Sidney, 914; Silver Lake, 910; Syracuse, 862; Warsaw,
817 to 826. ’

The lakes of Kosciusko County are more than 40 in number, Of
these more than 20 are too small to be given a name on the county
map; while two, Turkey or Wawasee, and Tippecanoe, rank re-
spectively first and fifth in size among those of the State. Fourteen
of the larger ones were visited during our investigations, and in
and about these, eight workable deposits of marl were found. These
are fully described on the pages which follow.

TURKEY OR WAWASEE LAKE,
LARGE WORKABLE DEPOSIT.

This is the largest lake in Indiana, its water area, including that
of Syracuse Lake, being 5.66 square miles.* That portion south of
the Baltimore and Ohio Railway lies in sections 8, 9, 10, 11, 14, 15,
16, 17, 22, 23-and 24 (34 north, 7 east), Turkey Creek Township.
Its northwest end is less than a mile from the town of Syracuse.
The B. & O. Railway crosses the lake where it connects with Syra-
cuse Lake and is but a short distance north of its shores at Pickwick
Park, Oakland and Johnson’s Bay.

“Turkey Lake is made up of two parts, connected by a channel.
The channel is three-quarters of a mile in length and from 100 feet

*This data, 88 well a8 most of that which follows regarding the topography and physical
features of Turkey Lake, is taken from a paper by Mr. D. C. Ridgley, pablished in the Pro-

ceadings of the Indiana Academy of Science for 1895, The data relative to the marl deposit
was secured by Dr. Ashley in the fall of 1899,
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to a half mile in width. Its depth varies from one to five feet. The
part of the lake north of the channel is known as Syracuse Lake.
The larger part, to the south and east of the channel, may be known
as the main lake. .

“The general trend of the lake is from southeast to northwest.
Tts greatest length is five and a half miles, and its greatest width at
a right angle to its length is one and a half miles. The entire shore
line is between 20 and 21 miles in length. No very prominent irreg-
ularities occur around Syracuse Lake, while in the main lake a
number of evident indentations are to be found. The east end of
the main lake is made up of three bays. Johnson’s Bay, extending
to the north, is one mile long and three-eighths of a mile wide.
Ogden Point lies to the west of the entrance of this bay and Cedar
Point to the east. The east end of the main lake is Crow’s Bay,
with Cedar Point on its north and Morrison’s Island on its south.
Jarrett’s Bay extends to the southeast, with Morrison’s Island to the
east of its entrance and Clark’s Point to the west. In the west end
of the main lake is Conkling Bay, circular in form and with the sur-
rounding marsh a half mile in diameter. It lies south of Conkling
Hill. These are the most prominent indentations. Between the
channel and Ogden Point, which are two and a quarter miles apart,
the shore line curves gently northward three-quarters of a mile,
forming Sunset Bay. Between Clark’s Point and Black Stump Point,
one and three-qliarters miles to the northwest, the shore line bends
southward one-third of a mile.

“The average depth of the lake, found by taking the average for
the soundings at regular intervals of 300 feet along the lines of
soundings, is 21 feet six inches in the main lake, 13 feet six inches
in Syracuse Lake, and 20 feet five inches for the entire lake. The
maximum depth found in the main lake is 68 feet seven inches, one-
quarter of a mile from the sounthern extremity of Jarrett’s Bay;
1,200 feet northeast of Vawter Park Hotel a depth of 66 feet five
inches was found; three-quarters of a mile north and one-quarter of
a mile west of the hotel the water is 60 feet deep; and a half mile
northwest of Black Stump Point it is 63 feet three inches deep.

“An examination of the confour lines of the map shows that if we
consider water having a depth of 30 feet or more as deep water, we
have in the main lake four areas of deep water, varying greatly in
size and connected with each other by channels.

“In Crow’s Bay the greatest depth found was 49 feet nine inches.
These waters enter the main body of the lake through a chanmel
deeper than 30 feet, and 200 feet wide at its narrowest point. This
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channel flows across the mouth of Johnson’s Bay, meeting a short
arm deeper than 30 feet from that bay, and comes within 600 feet of
the southeast extremity of Ogden Point. This channel continues less
than 400 feet wide to a point two-thirds of a mile west of Ogden
Point, where it joins the channel deeper than 30 feet from Jarrett’s
Bay. The deepest water in Jarrett’s Bay is 68 feet seven inches,
and the area deeper than 30 feet is one-fourth of a mile wide, extend-
ing north beyond the mouth of the bay and to within 700 feet of its
gouthern shore. This 30-foot depth joins the main body of the lake
a half mile north of Clark’s Point, where the channel, 30 feet deep, is
only 100 feet wide. Turning to the west, 1,000 feet northeast of
the Vawter Park Hotel, this channel deepens to 66 feet five inches,
and widens to half a mile directly north of the hotel. Here it meets
the narrow channel 30 feet deep from Crow’s Bay. The two channels
merge into one and form an area of water from 30 to 66 feet in
depth, one mile in length and with a maximum width of three-
quarters of a mile. This area of deep water lies nearer the south
shore, its center being one-third the distance from the south shore
to the north shore. Near Black Stump Point the deep water narrows
abruptly from the north, and 500 feet out from Black Stump Point
its width is but 200 feet. West of Black Stump Point the deep water
widens abruptly to the north to a width of a quarter of a mile, and
deepens to 63 feet three inches. West of this the area of deep water
narrows again and the water having a depth of 30 feet ends one-
quarter of a mile southeast of the entrance to the channel between
the main lake and Syracuse Lake.

“Between the deep channels from Crow’s Bay and Jarrett’s Bay
the area having a depth less than 30 feet is one and a quarter miles
long, 1,300 feet wide, and contains an area one mile long and 500
feet wide over which the water is less than 10 feet deep.

“If the level of the lake were lowered 30 feet there would remain
four bodies of water connected by channels from 100 to 200 feet wide
and less than 10-feet deep. These four bodies of water would be:
(1) A small area in Crow’s Bay with a maximum depth of 19 feet;
(?) about one-half of Jarrett’s Bay with a maximum depth of 38
feet; (3) the main body of the lake, its width decreased almost one-
half and its maximum depth being 36 feet; (4) a small area north-
west of Black Stump Point with a maximum depth of 33 feet.
Lower the level of the lake 10 feet more, that is, 40 feet below its
present level, and these four bodies of water would remain as sep-
arate lakes, the connecting channels now being dry,
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“Great changes in the shore line will take place if the level of
the lake be lowered to a much less extent. By observing the map
it will be seen that a lowering of the level of the lake to the amonnt
of 10 feet would move the shore line to the first contour line. This
would leave one-half the bottom of Johnson’s Bay dry land; it would
move the shore line along Crow’s and Jarrett’s Bays from 400 to 1,000
feet into the lake. Clark’s Point would extend 2,000 feet further
north, and the distance between Clark’s Point and Ogden Point would
be reduced from 4,000 feet to 1,800 feet. The south shore line
from Clark’s to Conkling Bay would be moved northward distances
varying from 250 feet at Iron Spring Point to 1,000 feet along the
shore west of Black Stump Point. The north shore line from Ogden
Point to the channel would be moved southward from 900 feet to
2,000 feet, and at one place—between Jones’ Landing and Black
Stump Point—4,000 feet, reducing the width of the lake at this
place from one mile to 500 feet. The channel between the main
lake and Syracuse Lake would be drained, and the greater part of
Syracuse Lake would become dry land. Judging from the contour
of the land the level of the lake has probably never been more than
five feet below what it is at present.

The areas below which there is a certain depth of water have been
estimated as follows:

Depth of Water, Avrea in Square Miles.
B R L (= 3.27777
B Y 59027
2030 feet. ...ttt i i i it et e e 62500
B0—40 feet. . .. i i et i 45833
4050 Feet. ..t iet ittt i et et it 39583
BO—60 feet. .. ..oovieiii ittt ittt ettt reana 22918
B0—T0 feet. .. oo ittt ittt ittt et et e 0694
TOtAl .ottt it i bttt e e 5.64576

“ToPoGRAPHY OF THE SHORE.—The shore of 20 miles is about
equally divided between dry shores and marshy shores. The dry
shores are composed of sand and gravel. Some are less than five
feet high, but more often they are abrupt bluffs from 10 to 30 feet
high, or hills which ascend rapidly to a height of 40 feet. The shore
south of Turkey Creek, the outlet, is marshy, and these marshes
extend along both sides of the channel between Syracuse Lake and
the main lake. Pickwick Park is located on a gravelly shore less
than 10 feet above the level of the lake. Between Pickwick Park
and Eppert’s is the Gordoniere Marsh extending northwest to the
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channel. The shore between Eppert’s and Jones’ is mainly marsh.
From Jones’ one-quarter of a mile east the shore is a bluff from
10 feet to 15 feet high. From this point almost to Wawasee the
land near the shore is at present a dry marsh. The bluff at Wawasee |
is 15 feet high and extends along the shore 1,700 feet. This bluff
extends back from shore 500 feet, where it joins the marsh which
stretches along the shore to Ogden Island, and also to the east
of Johnson’s Bay. On the east side of Johnson’s Bay are two bluffs,
one reaching a height of 23 feet and extending from Cedar Point
northwest one-quarter of a mile along the shore and having 500
feet for its greatest width; the other is 1,000 feet further to the
northwest and is between 10 feet and 15 feet high, 700 feet long and
150 feet wide. Lying to the northeast of these bluffs and extending
between them is an arm of the Johnson Marsh from 50 feet to 800
feet in width, which joins Crow’s Bay just east of Cedar Point.
From the northeast corner of Crow’s Bay the bluffs extend south
along the east end of the lake for half a mile. They are from
10 to 27 feet in height.

“The land on both sides of Turkey Creek, the inlet of the lake,
is marshy. Lying to the north of the mouth of the creek this
marsh is 400 feet wide and extends one-quarter of a mile north
along the lake. This marsh is separated from the marsh along the
east margin of Morrison’s Island by a shallow channel of water.
The west side of Morrison’s Island is a bluff reaching a height of
21 feet. From Turkey Creek to Buttermilk Point the shore is
skirted with marsh from 200 feet to 400 feet wide. Mineral Point
is 200 feet from the lake and ascends abruptly from the marsh to a
height ‘of 25 feet. A half-mile south of Turkey Creek the lake is
entered by Jarrett’s Creek, which is the outlet of a chain of small
lakes lying southeast of Jarrett’s Bay. This stream flows through
a marsh 400 feet wide, and all the small lakes are bordered by
marsh land. The marsh along the lake ends at Buttermilk Point,
and for a quarter of a mile the shore is dry and sandy. The land
along this shore is not a perpendicular bluff, but rises rapidly from
the lake to the south and reaches a height of 40 feet at a distance
of 400 feet from the shore. The west side of Jarrett’s Bay is skirted
by a marsh from 150 feet to 1,000 feet wide. West of the marsh
is a bluff from 10 to 15 feet high, continuous with the land south-
of the bluffs of Vawter Park. West from Clark’s the south shore
of the lake is a perpendicular bluff reaching a height of 29 feet in
Vawter Park and extending west beyond the point where our survey
of the summer ended. This bluff is cut by a ravine 50 feet wide at
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the Vawter Park Hotel and by a small stream entering the lake a
quarter of a mile west of Vawter Park. The shore extending west
to and around Black Stump Point is from five feet to 15 feet above
the level of the lake. The high bluff from Clark’s Point to Black
Stump Point is by far the longest stretch of highland along the
shore, being nearly two miles in length. Conkling Bay during the
summer months contained an area of water about 300 feet in diam-
eter and 20 feet deep, bordered by wide stretches of marsh con-
taining a few small pools of very shallow water. To the north of
Conkling Bay, Conkling Hill ascends rapidly to a height of 40 feet
or more. ,

“Wherever there is a long stretch of shore bordered by marsh,
there is no beach formed, but the muddy bottom of the Jake merges
into the mud of the marsh along the shore line. Along all the dry
shores, and along the marshes of small extent lying between bluffs,
the beach is composed of gravel and sand. These beaches along
the bluffs are formed by erosion and deposit along the base of the
bluffs. The sandy and gravelly beaches along marshes are found
where the adjoining bottom of the lake is composed of sand and
gravel. These beaches have most probably been formed by the
action of ice.

“The lake freezes over and by expansion the ice is pushed up
along the shore, carrying sand, gravel and stones with it. Numerous
ice cracks form during the winter and fill with water. This water
freezes and pushes the ice still fyrther up the shore, carrying the
beach-forming material still higher. These ice cracks are very nu-
merous and may be as much as three inches wide. The amount of
lateral pressure brought to bear on the shores by this means is very
great, and beach ridges are begun and added to each year. The
action of the ice in forming beaches along marshes is very great,
while along bluffs it is small. In the first case no great resistance
is met with in expansion, and the material for building the beach
will be carried up to the full extent of the expansion of the ice, while
along the bluffs the ice crowds against the shore and is itself broken
at every expansion. ‘

“INLET.—The only stream flowing into the lake and containing
water throughout the year is Upper Turkey Creek, which enters
the. lake on the east side of Jarrett’s Bay. - During the summer
months it is filled with an abundant growth-of water vegetation,
and is without any perceptible current, When the water is high
the chain of small lakes lying to the southeast.is drained into the
large lake through Jarrett’s Creek, entering Jarrett’s Bay a half
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mile south of Turkey Creek. A small stream one-fourth of a mile
west of Vawter Park, and another from the east side of Johnson’s
Bay, contribute water to the lake when the water is high, but not
during the dry summer months. There are no springs around Syra-
cuse Lake, but springs are found along the margin of the main lake
wherever the shore rises 15 feet or more and extends across the
country as elevated territory. These springs usually enter the lake
near high-water mark. This gives springs along Crow’s Bay,
Mineral Point, the south and west sides of Jarrett’s Bay, and along
the south shore from Vawter Park one mile west. No springs
are found along the bluffs at Jones’, Wawasee, Cedar Point, Morri-
son’s Island, or Conkling Hill, but in each case these highlands are
narrow and surrounded by marsh or lowland. For a half-mile along
Crow’s Bay the bluff is more than 20 feet high. Al along the
foot of the bluff the water percolates from the gravel, and at places
it flows from quite strong springs. At Mineral Point there are a
number of strong springs. At Buttermilk Point and along the base
of the bluffs west of Jarrett’s Bay are also a number of springs.
The margin of the lake from Vawter Park one mile west is very
springy, but the flow of water is not so strong as along Crow’s Bay.
The waters from all these springs show traces of iron more or less
strongly.

“QOurLET.—The waters of the lake flow into Lower Turkey Creek
through which they enter the Elkhart River near Goshen, Indiana;
then through the Elkhart and St. Joseph rivers they reach Lake
Michigan.

“Near the outlet of the lake the creek, during the summer, was
about 20 feet wide and had an average depth of less than six inches.
The volume of water discharged through the outlet was computed
from measurements taken in the creek and the overflow of the mill
race July 18, 1895. The outflow through the creek was 103 cubic
feet, or 772} gallons, per minute; through the mill race, 41
cubic feet, or 3074 gallons, per minute, making a total of 144 cubic
feet, or 1,080 gallons, per minute. At the same time the volume of
the creek a half-mile below was computed at 137 cubic feet, or
1,031 gallons, per minute.

“By taking the outflow of the lake at 144 cubic feet per minute,

_finding the amount discharged in twenty-four hours, and computing
the amount the level of the lake, with an area of five and a half
square miles, would be lIowered by such an outflow with no inflow,
we find it to be .016 of an inch. At this rate it would require
623 days to lower the lake one inch. In one year of 365 days, at

—;
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the same rate, the level would be lowered 5.84 inches. The inflow
during the summer months is almost entirely due to springs, and
probably equals the outflow. The lowering of the level of the lake,
during the summer months, seems to be due almost entirely to evap-
oration.

“CuHaNGES IN LEVEL—The surface of Turkey Lake is 864 feet
above tide, and 282 feet above the surface of Lake Michigan.
Changes in the level of the lake have been due to three causes:
Erosion, the dam which is built across Turkey Creek just below the
outlet of the lake, and climatic conditions. Old beach formations
give evidence that the level of the lake was formerly five or six
feet higher than at present. By erosion the channel at the outlet
was cut 10 feet below this ancient level, and the dam has raised
the level of the lake five feet to its present level.

“The history of the dam as given by an old settler is as follows:
A small dam was built in 1828, to which additions were made in
1831. This dam was washed out in 1833 and the present dam and
mill race were begun in the same year. This raised the level of the
lake so that timber stood in water five feet deep. Much of this
timber remained uncut in 1840, and some was still standing as late

| as 1865.

“The fluctuations in the level of the lake are caused by climatic
conditions, and vary with the inflow and outflow, rainfall and evap-
oration. The annual fluctuations are estimated to be about two
and a half feet. The level of the lake is usually highest about May
first, after the heavy spring rains, and lowest in August. The hydro-
graphic basin is so small that at present but  seven inches of water
are removed from the surface by outflow, while 30 are removed by
evaporation. The lake having a surface of 5.6 square miles, an
increase of this surface by 7/80, or about one and one-third square
miles, would be sufficient to allow all the water coming into the lake
to be lost by evaporation except in wet seasons. The surface of the
lake, therefore, can not have been very much higher than at present
if the present precipitation and evaporation have been constant since .
the ice left this region.”
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MoLLuscA oF TURKEY LAKE.

The following is a list of the mollusca from Turkey Lake as men-
tioned by Dr. R. E. Call in his various papers on Indiana mollusca:

UNIVALVES, BIVALVES,
1. Limnophysa palustris Muller. 9. ‘Spheerium solidulum Prime.
2. Limnophysa caperata Muller. 10. Sphertum rhomboideum Say.
3. Limnophysa humilis Say. - 11. Pisidium rotundatum Prime,
4. Physa ancillaria Say. 12. Unio gibbosus Barnes.
5. Helisoma trivolvis Say. 18. Unio luteolus Lam.
6. Campeloma decisum Say. 14. Margaritana deltoidea Lea.
7. Campeloma rufum Hald. 15. Anodonta grandis Say.
8. Goniobasis pulchelle Anthony. 16. Anodonia subeylindracea Lea.

17. Anodonta footiana Lea.

Fisues oF TURREY LAKE.

The following lists oi’.ﬁshes and turtles known to occur in Turkey
Lake are from papers by Dr. C. H. Eigenmann in the Proceedings of
the Indiana Academy of Science for 1895:

FISHES KNOWN TO OCCUR IN TUREKEY LAKE.

1. Lepisosteus osseus L. Common Gar-pike.

2.  Lepisosteus platystomus Raf. Short-nosed Gar-pike

3. Amia calva L. Dog-fish.

4. Amieurus natalis LeS. Yellow Cat.

5.  Schilbeodes gyrinus Mitch., Slender Mud Tom.

6. Erimyzon sucetta oblongus Mitch. Sweet Sucker.

7. Pimephales notatus Raf. Blunt-nosed Minnow.

8. Notropie anogenus Forbes. Small-chinned Minnow.

9. Notropis bifrenatus Cope. Two-bridled Minnow.
10. Notropis heterodon Cope. Variable-toothed Minnow
11.  Notropis microstomus Raf. Small-mouthed Minnow.
12. Notropis megalops Raf. Common Shiner.

13. Notemigonus chrysoleucus Mitch. Golden Shiner.
14. Pundulus diaphanus menona Jor. and Cope. Top Minnow.
15. Lucius vermiculatus LeS. Little Pickerel. '
16. . Labidesthes sicculus Cope. Brook Silverside.

17. Pomoxis sparoides Lacépéde. Calico Bass.

18. Ambloplites rupestris Raf. Rock Bass; Red Eye.
19.  Chenobryttus gulosus Cuv. and Val. War-mouth.
20. Lepomis cyanellus Raf. +Green Sunfish.

21. Lepomis pallidus Mitch. Blue Sunfish; Blue Gill.
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22. Lepomis ¢ibbosus L. Common Sunfish.

23. Micropterus dolomiew Lacépéde. Small-mouthed Black Bass.
24. Micropterus salmoides Lacépéde. Large-mouthed Black Bass.
25.  Etheostoma nigrum Raf. Johnny Darter.

26. Etheostoma caprodes Raf. Log Perch.

27. Etheostoma iowe Jor. and Meek. Iowa Darter.

28.  Etheostoma microperca Jor. and Gil. Least Darter.

29.  Perca flavescens Mitch. Yellow Perch.

TurTLES OF TURKEY LAXKE.

“Turtles are at all times and everywhere abundant. They fre-
quent especially the shallower portions of the lake. I present here
simply a list with notes on their abundance and breeding habits.

1. CeHELYDRA SERPENTINA Linn. Spapping Turtle.

“This species is abundant in Turkey Lake, and reaches a larger
size than any of the others. It is caught for the market. It is
much shyer than the cother species of turtles and is not frequently
seen. It inhabits the shallower muddy parts of the lake, being
abundant in the kettle and about Morrison’s Island. )

2. TrIONYX SPINIFERUS LeS. Soft-shelled Turtle.

“The soft-shelled turtle is very abundant. It is the second in
size and is caught for the markets. Its round eggs are laid in the
sand and gravel near the water’s edge during June and July. On
June 26 one was seen digging a nest in the gravel banks at Syracuse,
and on the 27th we obtained eggs from five nests about Ogden Point
and other places about the kettle. Other fresh nests were found
July 9. The time of hatching was not determined. The number of
eggs found in several nests was as follows: 9;12; 17; 18; 27; 32.

3. AROMOCHELYS ODORATA Bosc. Musk Turtle; Stink-pot.

“This species is abundant but not conspicuous. . Individuals were
oftenest seen the.latter part of June and first part of July while
laying their eggs. The eggs are laid in the rotten wood in the tops
of stumps standing in the margin of the lake. The turtles were
frequently found in the tops of these stumps, and some of their
eggs wedged as far into the rotten wood as a finger could bore.
Rotten logs removed some distance from the water are also favorable
places for egg laying, and in a mucky place of small area at the edge
of the lake 362 eggs were taken at one time. The number of eggs

12— Geol.
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laid by one individual varies from four to seven, this number befing
usually in a cluster. At this rate about 60 turtles must have con-
tributed to the nest of 362. '

w

4, CHRYSEMYS MARGINATA Agassiz. Lady Turtle.

“This appears to be the most abundant turtle of the lake. How
far its apparent abundance may be due to its habits I am unable to
say. It is found floating or quietly paddling along, its head out
of the water, but on nearer approach it always turns tail and seeks
refuge in the abundant Chara fields or in other hiding places. The
Chara fields are traversed by narrow paths and tunnels made by this
turtle. The eggs are laid later in the summer and farther from
the water than those of the other species. Many were leaving the
water in late August; the eggs were found but once.

5. MavLAcLEMMYS GEOGRAPHICA Le S. Map Turtle.

“Next to Chrysemys marginata, the most abundant of the turtles.
It goes also by the appropriate name of Housetop.

6. Ewmvs BrLaNDINGIT Holbrook. Blanding’s Tortoise.

“Found in moderate numbers in the lake and along the banks of
Turkey Creek.

7. Cremmys GUTTATA Schneider. Speekled Tortoige.

“But two specimens were seen.”

MarrL.—Marl occurs in the open water just south of Buck Island
but is replaced by muck under the swampy part of the channel.
East of Conkling’s Hill a large area of marl sets in, covering most
of the southeast 40 of section 8 and the southwest 40 of section 9,
though not running in close ‘to shore. This area swings around
the end of the deep water in this part of the lake and extends south-
east along the shore tc Black Stump Point. From the mouth of
Conkling’s Bay to the same point it extends in rather close fo shore,
often to within 50 feet, and deepens to over 16 feet in a few yards.
Tests with a 24-foot auger in this area failed to find the bottom of
the marl.

Between Black Stump Point and Vawter Park the marl sets in
on the average about 100 yards from the shore and reaches a depth
of over 16 feet in a few yards further, and from there out extends
below reach of 16-foot pole into deep water.
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The marl is distributed very unevenly over the broad shallow area
off from Clark’s, nearly half the tests showing hard bottom, while
the others entered marl without reaching bottom, the water being
from three to nine feet deep. Over the long shallow water bar
between this and Ogden Point the marl is also irregularly distributed,
though a considerable quantity is found here.

From Clark’s to Buttermilk Point the marl is found almost if not
quite continuously, though it sets in at variable distances from the
shore. In the embayment between Buttermilk and Mineral Points
the marl is shallow for some distance off shore bhut reaches a good
depth in the center of the bay. Between Mineral Point and Mox-
rison’s Island only muck was found. Marl of good depth was found
west of Morrison’s Island off shore, but runs out southwest and
north of the island, where only hard bottom was found. A small
amount of marl was found in Crow’s Bay, though none in shallow
water or close to shore. Some marl was found just southeast of
Cedar Point. Two thin beds of sand were passed through in testing
here, the first at four feet and the second at seven feet. West of
Cedar Point the bottom is hard out to a depth of from seven to
nine feet of water, heyond which marl sets in. At the head of
Johnson’s Bay there is a good deposit of marl, thinning down to
about 12 feet at the water’s edge but extending half-way to the solid
land before running cut entirely. Along the sides of the bay the
marl is less regular, often being mucky and in places only pure muck
was encountered.

At Ogden Point there is a narrow belt of marl on the edge of deep
water. From here to Oakland the broad belt of shallow water shows
little or no marl. In places it is found on the edge of deep water
or in slight depressions in the general level.

SYRACUSE LAKBE.

WorkABLE Deposrt, Now Being UriLizEp BY THE SYRACUSE PoRrLAND
CEMENT COMPANY.

Syracuse Lake is the name given to the northern end of Turkey
- or Wawasee Lake, it being separated from the main body of the
latter by a marsh and island, though rowboats can readily pass by
a narrow channel from one to the other. It lies just east of the
town of Syracuse on the B. & O. Railway and has a length of a
mile and a quarter and a width of nearly three-quarters of a mile.
The water area is at present 429% acres. A large factory has just
been completed by the Syracuse Portland Cement Company for the
utilization of the underlying marl.
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The topography of the'lake is indicated on the accompanying
map.* The eastern and southern marging of the lake are shallow and -
a shallow water belt juts out from the southeast corner of the lake
well to the center, giving from four to six feet of water there. Along
the northern and western margins the water runs shallow close to
shore but rapidly deepens to from 25 to 36 feet. The banks tend to
be high along the north side with many sparsely wooded bluffs.
Around the rest of the lake they are of moderate height or low. The
southeastern corner tends to be marshy.

MarL.—Through the kindness of Mr. J. P. Dolan, of Syracuse,
we are enabled to present the accompanying map of Syracuse Lake
showing its marl resources as determined by an extended survey..
Tests were made every 300 feet, along lines 300 feet apart.

Q@est)
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Fig.44. Cross Sectious of Lake and Marl, Syracuse Lake, Kosciusko County, Ind.

These tests show thdt the marl is inclined to be shallow, or lack-
ing close to shore, a fact readily accounted for by the reason that
the present lake surface has been artificially raised several feet.
Figure 44 shows, by the width of the solid black bands, the depth
of marl over the lake. In a general way this shows an area of deep
marl under shallow waler in the southeast part of the lake; marl of
moderate depth (10 to 20 feet) over most of the rest of the south
half of the lake; deep marl (15 to 40 feet or more) over most of the

*See map of Lake Wawasee, Syracuse Lake being included.
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north half of the lake, in some cases the marl having depths of 30
to 35 feet within 300 feet from shore. Reference may be made to
the accompanying map for the details concerning the deposit.

Fig. 45.

SHETCH MAP o5 SYRACUSE LAAKE,

l 70 show relation between depths of water and rmarl,

' Analys1s of the marl from Syracuse Lake, made by Prof. 8. B.
Newberry, of Sandusky, Ohio, resulted as follows: .
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Calcium carbonate (CaCo0g). ..o vovvvvvnrnnnn.. 88.49 per cent.

Magnesium carbonate (MgC0;)....nvvevennnr... 2.71 per cent,

Iron oxide and alumina.........ovevevinienn, 1.21 per cent.

Caleium sulphate (CaSo0y).......civvivninnnn 1.58 per cent.

Insoluble ... ittt it e 1.78 per cent.

Organic matter, etC. ..........oiivrvviereeenns 4.23 per cent.
Total .....vviiiiiiiiiierieerernerienenns 100.00

DEWART OR LINGLE LAKE.
WORKABLE DEPOSIT.

This lake lies about four miles southeast of Milford, in sections
25 and 36 (34 north, 6 east), Van Buren Township, and section 30
(34 north, 7 east), Turkey Creek Township.” Its northern shore is
three and a half miles a little west of south of the Baltimore & Ohio
Railway at Syracuse. ~When visited in the antumn of 1899, it had
recently been lowered, very much reducing its area and extent.
The water area was estimated to be then over 300 acres, though

25 .. PZ EL)

50

Fig.46. Map of Dewart Lake, Kosciusko County, Ind.

originally nearly double that. The lake is said to have an average
depth of about 30 feet with water running up to 60 feet in depth.
A row of soundings, 25 oar strokes apart, on a line starting on the
west shore and running east along the center of section 25, gave the
following depths of water in feet: 20, 40, 48, 54, 56, 60, 58, 42,
38, 36, 42, 32, 32, 26, 22, 29, 27, 38, 24, 10. The outlet leaves
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the northwestern corner and flows northwesterly, passing through
Milford or Wabee Lake, finally emptying into Turkey Creek. A
wooded island with an area of about two acres rises in the east-
central part of the lake. It is now, since the lake was lowered,
connected by marsh with the south bank.

Around much of the lake is a belt of flat land flanked by rather
abrupt banks. Along the east half of the north shore these banks
rise into wooded hills 50 or more feet in height. A flat marshy
area eight to 12 rods in width lies between the base of these hills
and the water’s edge. Toward the northwest this marshy area be-
comes from 20 to 40 rods wide. At the northwest corner it narrows
sgain to 10 rods or less. Along the north half of the west shore
the marsh area runs from five to 15 rods in width with a level area
10 feet higher, back of the marsh. The south half of the same
shore has the marsh area narrower with low wooded banks coming
close to the water. The marsh area on the south side is much more
extensive, running back in places nearly 60 rods from the edge
of the water. Above the level of this flat rise two small hills, the
one farthest east being connected with the higher main land by a
fine example of esker. This marshy flat on the south extends around
the southeast corner of the lake and forms the south half of the
east shore. The north half of the east shore has high wooded hills
with their bases close to the water’s edge, gravel banks intervening,
the gravel forming the bottom of the lake 100 to 200 feet out from
shore in 10 to 15 feet of water.

From the hills to the north the view over the lake is a pretty one,
and before its level was lowered, was probably much more attractive.
With the exception of rushes, the amount of aquatic vegetation in
the present water area is limited. As a fishing resort the lake is
noted, and many people, even in a region where lakes are abundant,
seek its waters to try their luck in pursuit of the finny tribe.

Marn.—Near the southwest corner there is an unusually large
stretch of bare marl of which no bottom could be found with 16-foot
drill, until well outside the former shore line and but a short dis-
tance from the abrupt bank. An agent of the owners, The Indiana
Portland Cement Company, claims that over much of this area it
was impossible to reach bottom with a 28-foot auger. Within the
old shore line the marl is bare, soft and of good quality. Outside
the shore line it tends to be covered with muck reaching a maxi-
mum depth, ag far as tested, of two and a half feet. It is said
that the marl extends around the southeast side of the lake in a
similar manner, underlying a large part of the flat belt; also that
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it underlies a large marsh south of the two islands and esker men-
tioned above, being underlain with more or less muck. The shallow
water area along the north half of the east shore is underlain with
gravel. At the boat house on the north shore, at (A), a short dis-
tance west of the mnorth-south township line, the marl is 15 feet
thick at the water’s edge, and thins out gradually in the narrow
marsh between there and the base of the hills, being seven feet thick,
50 feet back. Twenty rods west, and 200 feet out from shore in
{our-foot water, the marl was but one foot thick with gravel beneath.
The low area northwest of the boat house widens in places to 20
rods and most of its surface is formed of gravel. Beneath all water
up to five feet in depth opposite this gravel plain the marl runs
from one to 10 feet in thickness. At (B), about 60 rods west of -
the boat house, marl begins to replace the gravel on the marsh north
of the lake. At the water’s edge the marl is 18+ feet thick, but back
10 rods if has thinned to six feet, and five rods farther back, to two
feet.

West of this along shore the marl runs from 0 up to eight feet
in two-foot water; while in two bores in five-foot water it was respec-
tively 10 feet and one foot thick., ‘There is not more than 12 to
15 acres of marsh marl north of the west half of the north shore,
and over this the marl runs in thickness from two to 14 feet with
an average of perhaps 10 feet. Between (C) and (D) a gravel ridge
20 rods wide lies belween the main marsh area and the water.
Out from (C) beneath five-foot water the marl was 10 feet thick
with gravel beneath, while opposite (D) in six-foot water 150 feet
out it was but one foot thick. Between (D) and (E) the shallow
water area is underlain by marl running from nine feet thick in
three-foot water to 14 feet in six-foot water with gravel beneath;
the six-foot water line averaging about 150 feet out from shore.
At (E), near the extreme northwest corner of the water area, the
marl runs 154 feet thick in three feet of water, 25 feet out from
shore. Twenty-five rods southeast of this corner the water is 21
feet deep. Along most of the north half of the west shore the
shallow water area is not more than 50 feet wide. The marl beneath
water three feet and more deep was everywhere beyond the reach
of auger. Over the narrow marsh area bordering this shore the marl
runs from six to 15 feet in depth. There are perhaps 10 acres of
this marsh. The south half of the west shore was not tested. At (F)
on the north side of the island the mar! was 17+ feet thick in one
foot of water, N
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There is perhaps 40 acres of shallow water and marsh marl along
the north and west sides of the lake. The greater portion of the
present water area is over 10 feet in depth. The area of marsh marl
on the south side is, however, of sufficient size and thickness to
supply a factory for many years. The company owning the deposit
propose to work it in connection with that of Milford Lake, connect-
ing the two by an electric tramway, and locating the factory near
the Michigan Division of the Big Four Railway just west of Milford
Lake.

The quality of the marl in Dewart Lake appears good. That in
‘the south marsh is better than that along the north and west shores.
An analysis of a sample from the south marsh, made for the company
by Mr. A. W. Burwell, of Cleveland, showed the following percentage
composition:

Calcium carbonate (CaCog)....coovvevvnraianen s 92.35
*Magnesium carbonate (MgCo,).......... e ieeinee.... 354
Ferric oxide (Fe,0,;) and alumina (ALOs)........cvvneents .53
Insoluble inorganic matter (silica, etc.)........c.......vne 2.00
Organic IMAtLer. . ..o evienrer it iiaerinaees 2,12

e A O R R R LR 100.54

An analysis made by Dr. Noyes of an average sample collected
by Mr. Blatchley along the north and east shores resulted as follows:

Calcium carbonate (CaCog). ....ovveeenniiriennaeennnn 84.24
Magnesium carbonate (MZCO05) . o v v vminereninnnaes 2.85
Ferric oxide (Fe,Og).vvveeereraineeninns A .30
Aluming (ALOg). v i eernennemrenieinanecainrnennns 18
Insoluble inorganic matter (silica, ete.).......coooenvnnnn 4.52
OFEANIC TALEET. ..\ eve e vnveernnsreaaeemnaeennases ... 502

TPOEAL on v oo evnanensansanasnssnacnnasasssssanonnnnns 97.11

" One is more likely to get foreign organic and inorganic matter
mixed with a sample, when the latter is made up of many samples
scraped off from the auger, than where the sample is taken carefully
from one or two localities in a marsh deposit. An average of the
above two analyses will, therefore, perhaps, show more justly the
average composition of the entire Dewart Lake deposit. Such an
average makes the percentage of carbonate of lime 88.29, which
is about what the average Indiana marl will run.

*In the analysis furnished the company the magnesium oxide was givén as 1.69. This
is equal to 3.54 per cent. of magnesium earbonate, the form in which the magnesia really
exists.
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MILFORD OR WABEE LAKE.
WORKABLE DEposIT.

Milford Lake lies three-fourths of a mile southeast of the town
of Milford in sections 16, 21 and 22 (34 north, 6 east). It is a little-
over a quarter of a mile from the Michigan Division of the Big Four
Railway, and about two miles south from the B. & O. Railway. The
lake hag an area of about 175 acres and an extreme depth of 52 feet.
A small and very pretty island occurs in the southeast part of the
lake. Around the lake on the south, west and northwest is a con-
siderable area of flat land much of which is well underlain by marl.
In places on the north this land rises four to six feet above the
present water level. The inlet is from Dewart Lake and enters the
eastern. end. The outlet leaves the northwest corner and flows
northwesterly into Turkey Creek, a tributary of the Elkhart River.

" %%A é
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Fig.47. Map of Milford Lake, Kosciusko County, Ind.

t is said that surveys show that by ditching the outlet it will
be possible to largely drain the lake. Soundings along a line run-
ning east from the boat house at the west end, and taken at intervals
of 25 oar strokes apart showed the following depths in feet: 15, 36,
42, 46, 48, 44. The water is blue and clear, and appears free from
sediment or organic matter. Along the north shore, about 50 feet
out, the bottom drops down rapidly. East of the island 250 feet,
the water is 48 feet deep again. A belt of muck three to five rods
wide fringes the shore on the eastern half of the north side. On
the east end the rushes extend out 100 to 200 feet from shore. The
bottom then shelves into deep water. On the southeast shore the
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muck banks rise five feet above the water, and the bottom is of sand
50.to 75 feet out from their base. The remaining portion of the
gouth shore is bordered with a strip of marsh 20 to 40 rods wide
and the shallow water area is about 15 rods in width, when the bot-
tom shelves s in other places.

This lake and the surrounding marsh is owned by the Indiana

Portland Cement Company of Detroit, which contemplates working
the deposit of marl extensively in the near future in connection with
that of Dewart Lake. v .
MarL—In the mouth of the outlet the marl is 18+ feet thick
beneath about eight inches of muck. In the south half of section 16
there is-a large area of flat land underlain by marl. The marl runs
out at the edge of this flat area but toward the lake thickens rapidly
to beyond reach of drill. Except on the east side, all tests made with
18-foot drill around the lake and at the shore nowhere found the bot-
tom of the marl. Beneath the muck banks on the north. side of the
lake the marl shows two to three feet above the water. On the east
side the bottom is of muck for 100 to 200 feet from shore. Over the
marl in the marshes outside of the lake there is usually a foot or two
of muck, but at one or two places it is said to run up to a maximum
of four feet. The marl everywhere appears to be very white with a
distinctly granular grain. In places along the water’s edge were
many of the lime pebbles similar in appearance to those found in
Lake James, Steuben County. These pebbles appear to have a con-
cretionary structure, with often a bit of shell at the center.

TIPPECANOE LAKE.
LARGE WORKABLE DEPOSIT.

This is the second largest lake in Kosciusko County, and the fifth
largest in Indiana. Its extreme length is about four and a half miles
and its greatest width a little more than half a mile. It occupies
parts of sections 6, 7, 8, 9, 16, 17 and 18 (33 north, 7 east) and sec-
tions 1, 11 and 12 (33 north, 6 east), Tippecanoe and Plain Town-
ships. The general trend of the lake basin is from southeast to north-
west, and the total water area is 1.61 square miles. The basin of
the lake is divided into three parts. The most eastern, known as
James Lake, has an area of about one-half square mile, and is con-
nected with the much larger central basin by a channel about 200
yards long by 150 feet in width. The western basin—Oswego Lake—
lies adjacent to the town of the same name, and has an area of only
30 acres,
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The lake receives two streams of importance. Tippecanoe River,
after flowing through Webster Lake, a mile distant to the east, enters
the eastern end of James’ Basin and flows through the full length
of the lake, leaving it at the western extremity of Oswego Basin.
Grassy Creek, the outlet of the Barbee Lakes to the south, enters the
middle basin near its extreme southwestern corner. Numerous
springs also add to the waters of the lake, either by bubbling up from
its bottom or entering near the rim of its basin. The water of the
lake is said to vary in level more than four feet at different seasons
of the year. The basin of the lake is but a widening of the chanmel
of the Tippecanoe River and this doubtless causes a greater variation
in the water level than would otherwise occur. On June 19th, 1900,
the water was eight inches higher tham on June 8th, while on the
night of the 21st an extremely heavy local rain raised it five inches
more. \

Tippecanoe Lake enjoys the distinction of being the deepest of
the Indiana lakes, a maximum depth of 121 feet having been found by
Messrs. Large and Fisher near the center of the main basin. The
greater part of James Lake is between 30 and 62 feet in depth. The
contour lines of the accompanying map show the depths of the various
portions of the basin. :

This lake is, at present, more nearly in its natural state than any
other of the larger lakes of Indiana. But few cottages are found
along its shores. No damming or drainm% have in any way affected
it. Its shore line of 123 miles is largely bordered by timber land.
Especially is this true on the east and north shores, where the wooded
bluffs rise in most places between 20 and 40 feet above the water level.
Some fine sites for cottages are found on; these bluffs, especially on
those along the east shore of James Lake and south of Frazer’s Land-
ing on the same shore of the main lake. fThe shallow water area is
not wide except on the north shore between Frazer’s Landing and the
channel opening into Oswego Basin; on th? south shore between Gov-
ernment Point and the mouth of Grassy Creek, and around the east-
ernmost bay of the main basin. Especizﬂlj' does the bottom of James
Lake shelve off rapidly Leneath deep water, the only shallow water
areas of any size being cpposite the inlet of Tippecanoe River and
along the north side of the east shore. In the channels connecting
the three basins the water runs from two to four feet in depth. The
amount of marsh land around the lake is very limited in area and
muck beds of large size occur only in the vicinity of the mouths of
the two inlets and in Oswego Lake.
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The waters of the two upper basins are remarkably free from
aquatic vegetation, while those of Oswego Lake are full of it. In
James Lake the muddy area opposite the entrance of the Tippecanoe '
River is prolific in pond-weeds (Potamogeton),* bladderwort (Utri-
cularia) and water-weed (Philofria), while two or three species of
rushes (Seirpus) occur in numbers, skirting the outer margin of the
shallow water areas in other places. The channel between James and
the main basin has only its middle third open, the shallow water along
the sides being filled with dense masses of pond-weeds, spatterdock
and white pond lilies, the root stalks of which are, in many instances,
four or five inches in diameter and washed bare and shining. The
Indians formerly used lhese stalks for food, roasting them in pits
lined with boulders, the remains of many such pits being found about
the lake, especially on the south shore near “Indian Furnace” Point.
In Oswego Lake, waterweed, pondweeds, bladderwort, white water
lilies, water-shield, duck-meat and many other aquatic plants flourish
abundantly, while along the marshy margin are many muck-loving
forms, as cat-tails, spatterdock, arrow-arum, pickerel-weed, ete. The
decay of these plants is gradually forming muck and filling up this
portion of the lake, so that it will be but a few years until it is a vast
morass or muck meadow with the deeper channel of the Tippecanoe
River passing through its center. The water area of the two main
basins is being encroached upon only opposite the inlets and in a few
places—as in the southwest corner of James Lake—along the borders
of the marshes. :

Morrusca oF TipPECANOE LAKE.

The molluscan fauna of Tippecanoe Lake is a rich one. This is
due largely to the fact that the Tippecanoe River flows through the
lake, as many thick-shelled Unios not usually found in lakes have
been thereby introduced. The following is a list of the shells noted
in the lake by the writer or mentioned as being found therein by Dr.
Call in his numerous papers on Indiana mollusca. Careful collecting
would doubtless bring to light many other species. '

*The species of pondweed taken in James Basin of Tippecanoce Lake have been iden-
tified since the description was in press, and are as follows: Potamogeton natans 1. ; P.

amplifolvus Tuckerm.; P. heterophylius Schreb.; P.lucens L.; P.foliosus niagarensis (Tuck-
erm.); P.pectinatus L. and P. friesii Ruprecht.
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UNIVALVES,

Limnophysa palustris Muller. Common. .
Physa gyrina Say. Common.

Planorbella campanulata Bay. Common.
Helisoma trivolvis Say. Common.

Amnicola porate Say. Frequent.

Valvata tricarinata Say. Scarce. -

Campeloma rufum Hald. Frequent.
Pleurocera subulare Lea. Abundant.
Geniobasis pulchelle Anthony. Abundant.

Ll N

© oo

BIVALVES.

10. Unio gibbosus Barnes. Frequent.
11.  Unio phaseolus Hildreth. Scarce.
12.  Unio iris Lea. Common.

18.  Unio subrostratus Say. Common.
14. Unio fabalis Lea. Common.

15.  Unio luteolus Lam., Abundant.
16.  Unio multiradiatus Lea. Scarce.
17.  Unio trigonus Lea. Common.

18. Anodonta edentula Say. Frequent.
19.  Anodonta grandis S8ay. Common.
20. Anodonta footiana Lea. Frequent.

FisuaEs or TipPECANOE LAKE.

The following 27 species of fishes were taken in Tippecanoe Lake
by the students of the Indiana Biological Station at Wawasee Lake
in the summer of 1895:*

Polydon spathula Walbaum.} Spoon-bill Cat.

Lepisosteus osseus L.  Common Gar-pike.

Amia ealva L.  Mud-fish; Dog-fish.

Ameiurus natalis Le 8. Yellow Cat.

Amieurus nebulosus Le 8. Common Bullhead.

Tetiobus cyprinella Cuv. and Val.i Common Buffalo Fish.

S g

*This list is extracted from a general list of the fishes of the region by Dr. C. H. Eigen-
mann, in the Proceedings of the Indiana Academy of Science, 1895, p. 253,

tAccording to Capt. B. F. James, a specimen of this fish weighing 153 pounds has been
taken in the lake.

1 This species is not given in Dr. Eigenmann’s list, but Capt. James assures me that
specimens of a buffalo fish, some of which weighed 90 pounds, have several times been
taken. »
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7. Erimyzon sucetta oblongus Mitch. Sweet Sucker; Chub Sucker.
‘ 8. ' Pimephales notatus Raf. Blunt-nosed Minnow.
9. Notropis heterodon Cope. Variable-toothed Minnow.
10. Notropis hudsonius Clinton. Spawn-eater.
11. Notropis megalops Raf. Common Shiner.
= 12. - Notemigonus chrysoleucus Mitch, Golden Shiner.
13. Coregonus artedi siseo Jor. Cisco.
14.  Zygonectes dispar Agassiz  Top Minnow.
15.  Lucius vermiculatus Le 8. Little Pickerel.
16. Labidesthes sicculus Cope. Brook Bilverside.
17.  Ambloplites rupestris Raf. Rock Bass; Red Eye.
18. Chanobryttus gulosus Cuv. and Val. War-mouth,
19. Lepomis pallidus Mitch. Blue Gill.
20. Lepomis gibbosus L. Common Sunfish.
21. Micropterus dolomiew Lacépéde. Small-mouthed Black Bass.
22. Micropterus salmoides Lacépéde. Large mouthed Black Bass.
28. Etheostoma nigrum Raf. Johnny Darter.
24. Etheostoma caprodes Raf. Log Perch.
25. Etheostoma aspro Cope. and Jor. Black-sided Darter.
26. Etheostoma towe Jor. and Meek. Iowa Darter.
27. Perca flavescens Mitch. Yellow Perch.
28. Roccus chrysops Raf. White Bass.

The following species of turtles were observed while investigating
the marl deposits. Three or four additional species undoubtedly
occur:

Aspidonectes spinifer (Le 8.). Common Soft-shelled Turtle.
Chelydra serpenting (1.). Common Snapping Turtle.
Aromochelys odoratus (Latreille). Musk Turtle; Stink-pot.
Malaclemmys geographicus (Lie 8.). Map Turtle.

Chrysemys marginata (Agassiz). © Lady Turtle.

Several specimen of the lady turtle were found June 20th in a high,
sandy cultivated field, 250 yards from any water. They were evidently
seeking nesting places. -

At present Tippecanoe Lake offers exceptional advantages to the
fisherman in search of a quiet retreat. On its wooded bluffs he can
pitch his tent with no fear of invading the privacy of some cottager.
Over its deeper pools he can troll or cast for black bass, with the as-
surance that he will cause that gamy denizen to rise and strike; or
alongside the weed-covered bars in water of medium depth he can,
at times, pull in the blue-gill, cat-fish, ringed perch and war mouth
as fast as he can bait the hook. If he tires of fishing and wishes ex-
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ercise, he can row full nine miles up and down the lake itself, or, by
pulling his boat up the weedy waters of Grassy Creek, can enter the
Barbee lakes and add another eight miles to the rowing stretch. All
in all, no better fishing and boating resort exists in Indiana than is
found along this picturesque chain of lakes.

Marr.—The two larger basins of Tippecanoe Lake contain exben-
sive deposits of marl of an excellent quality. Especially is this true
of James Lake, which is everywhere, except over a small area in the
extreme northwestern corner, underlain with a thick bed. Af James’
boat house on the south shore the marl is three feet thick in two feet
of water, while 150 feet northwest it is 17+ feet thick in four feet
of water. At the three-foot water line around the entire south and
west sides it runs 15 or more feet thick, while in most places it is
that thick at the margin of the marsh forming the shore, in less than
one foot of water. The marsh area west of James’ Landing com-
prises about 30 acres. At the edge, beneath one foot of muck, the
marl is 20+ feet thick, while 175 feet back it is practically of the same
thickness. The marsh east of the landing is of smaller size, and 70
feet back from shore the marl is 12 feet thick beneath three feet of
muck and is underlain with gravel.

In the extreme southeast corner of James’ Lake, oppomte the Tippe-
canoe Inlet, muck replaces the marl over an area-of 10 acres, but
elsewhere the marl was 18+ feet bemeath the three-foot water line.
Along the south third of the east shore gravel or blue clay underlies
the marl in the shallower water, the marl in places being 12 feet thick
at the five-foot water line and 10 feet thick at the four-foot water
line. Opposite the middle third of the east shore is a large area of
shallow water marl which is everywhere, except close into shore, over
15 feet thick. In the extreme western end, north of the entrance to
the channel leading into the main lake, the bottom is of gravel in all
water less than six feet in depth.

In quality the mar] of Jaines Lake is above the average of Indiana
marls. An analysis of an average sample by Dr. Noyes shows its
chemical constituents to be as follows:

Calcium carbonate (CaCoz)........covviiiiiininnninn.. 90.67
Magnesium carbonate (MgCoy).......coivvvviinnenn.nn. 2.42
Aluming (ALOs) . o oo vivi ittt ettt e .06
Ferric oxide (Fe,05). oo vviieiie ittt ier et .26
Insoluble inorganic matter (silica, ete.).................. 2.48
Organic matter....................... e 2.87
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The middle of the channel connecting James Lake and the main
basin of Tippecanoe Lake is underlain with marl 16+ feet in thick-
ness, but along the sides, beneath the thick growth of spatterdock,
muck only occurs. All water four feet deep and more in the large
shallow water area immediately below the channel overlies marl
10 or more feet in thickness. Along the east shore, between the inlet
and Wild Cat Point at (H), a number of bores found 17+ feet of marl
beneath three to four feet of water 200 feet from shore. One hundred
yards southeast of the Point, it was 20+ feet deep at the shore in six
inches of water, but was rather dark in color. Between Wild Cat
Point and Black’s Landing the bottom close to shore, in one to three
feet of water, is mostly of sand. The marl gets in a little farther out,
beneath four-foot water, being two feet thick, while beneath six
feet and more of water its bottom was everywhere beyond reach of
18-foot auger. Between Black’s and the east-west township line at
(G) the area of sand covered bottom is wider, but the marl is usually
10+ feet thick beneath at least half the water under eight feet deep.
Just north of the township line, the bottom is of sand or blue sticky
mud as far as (K) beneath all water less than six feet in depth, but
in water 6+ feet deep, the bottom of the marl deposit was seldom
reached. Below (K) marl sets in and varies from four to 11 feet in
thickness at the six-foot water line until Frazer’s Landing is reached.
West of this landing, along the north shore, the marl thickens and
is of better quality. At the three-foot water line 50 to 150 feet from
shore it runs 10 to 14 feet in thickness with sand beneath, while at
the six-foot linte, 200 to 425 feet from shore, it was everywhere beyond
reach of drill. ' Dog-Tail Bay, a wide stretch of shallow water at the
northwest corner of the lake;is all underlain with a bed of marl 15+
feet thick. The channel opening into Oswego Lake has marl 14
feet thick along the full length of its bottom. In Oswego Lake the
méar] thins down to about an average of eight feet with muck two to
four feet deep over most of it. _

Passing back along the south and west shores of the main lake,
we found the marl over most of the shallow water area between (L)
and (M) to be thin and of poor quality. It runs from two to eight
feet thick in four to six feet of water, while close to shore sand bottom
only ‘occurs. Between (M) and Indian Furnace Point, the bottom
shelves abruptly into deep water and there is little if any available
marl. . '

South of the Furnace Point the shallow water widens again, and the
six-foot water line, as far as Government Point, is underlain with a

-10+foot bed of marl, which thins down to one foot or less before the

13—Geol.
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shore is reached. From Government Point south nearly to. the inlet
of Grassy Creek is a shallow water area comprising 80 or more acres
over which the marl is everywhere 17+ feet thick. Close in shore
there is some mmuck above it, but in most places it is. bare and of ex-
cellent. quality. ' This is the largest shallow water deposit in the lake.
For some distance en either sidé of Grassy Creek inlet there is a thick
delta of muck which reaches out 200 or more feet into the lake. Be-
neath this muck the marl, however, occurs, and between the inlet and
the channel at (P) it.runs from six to 17+ feet thick beneath all
water over four feet in depth, while in water less' than four feet deep
the mar] deposit is variable, being in some places wholly lacking, in
others one to five feet thick. The bed of Grassy Creek itself contains
more or less marl, one bore, 300 yards above the mouth, showing 12+
feet in four feet of water.

An analysis of an average sample from the large deposut south of
Government Point gave the following percentage composition.:

Calcium carbonate (CaCog)......covviiiiiiinnininenen 91.02
Magnesium carbonate (MgCo,) .......... e 2.28
Alumina (ALO;). ..o ie ittt i i it eaaane .-
Ferric oxide (Fe,0p)....'tvvveivennannn.. e 0.29
Calcium sulphate (CaSoy)................. T A R P 1 X 151
Insoluble inorganic matter (silica, etc.)........... e 2.92
Organic matter....... e P 2.10

Total .. o e i e i 98.66

From the tests made there is little doubt but that most of the deep
water of the two main basins of Tippecanoe Lake is underlain with a
thick bed of marl of a fine quality. The acreage of that now in
shallow water is sufficient for the needs of a large cement factory for
many years, but, with the exception of the large bed in the southwest
part of the main lake, it is strung along a shore line of great length,
thus lessening its availability. The distance from a railway is also a
drawback for immediate development, the nearest line being the Mich-
igan Division of the Big Four, five miles to the westward. It would be
quite difficult to drain the lake so as to increase to much extent itg
shallow water area, and it is best that it is so, for its natural beauty
is too great to be marred by drainage for the sake of a few thousand
dollars, which might be obtained from the marl beds on its bottom.
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WEBSTER OR BOYDSTON LAKE.

‘Nor A WorRKABLE DxposrT,
L4

_This lake lies just east of the town of North Webster, in sections
10, 11, 12, 13 and 14 (33 north, 7 east), Tippecanoe Township. It is
“very irregular in outline and_ was formerly a group of two or three
lakes, having a maximum depth of 35 feet, which occupied the areas
" enclosed by dotted lines on the accompanying map. In the early set-
tlement of the country these lakes were surrounded by a marsh which
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Fig. 49.

reached the margins of the present lake, and there is little doubt but
that a natural lake of the same shape and area of the present partially
artificial one, once existed here. About 1830 the outlet of the Tippe-
canoe, which flows through the lake, was dammed to secure water
power for a grist mill. This raised the water seven feet, caused it to
overflow the marsh of the former lake basin and unite into one body
the two or three existing lakes. The “Backwater,” shown on the map,
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was a low dry tract whu.h by the overflow was covered with water
two to three feet in depth.

At present Webster Lake is a very pretty body of water, with an
area of 1.057 square miles, and a maximum depth of 43 feet. Seven
islands, variable in size, rise above its surface and add to the pictur-
esqueness of its scenery. The shores are varied in character. On the
west they are composed of gravel banks 20 or more feet high which
slope gently down to the water’s edge. On the southwest, about the
outlet of the Tippecanoe, they are low and marshy, On the south
between the outlet and the chanmel leading to the “backwater,” they
rise, from a gravelly beach, 15 feet above the water and are prettily
wooded with oak. This stretch is known as “Yellow Banks,” and is
a popular summer resort. Several cottages are alrea.dy located and a

number of fine sites exist for others. '
" East of the channel the shore is; for a distance, low and wooded,
and the water adjacent to it in places contains meny stumps .and
roots of trees which were cut after this portion was overflowed. At
“Miller’s,” on the east side, is another fine cottage site which is par-
tially occupied. On the northeast a strip of marsh land 20 or more
rods wide borders the shore. It is in places a quaking bog—10 to 12
feet above the water level. The material composing the higher por-
tions is a mixture of muck and marl thrown up by subberranean
springs. The marsh area extends down.along the west side of the
northeast bay, but the west side of Eagle Point is higher, with gravelly
beach and bottom, and many stumps in the shallow water adjoining.
Between Big Island and the north shore is quite an area over which
the water is from 15 to 25 feet in depth, while southeast of the same
island is the deepest portion of the lake.
- The more shallow waters of Webster Lake are full of immersed

aquatic vegetation, pondweeds, bladderwort, millfoils, etc., being very
abundant. The channel leading to the “back-watber,” as well as the
large area of the latter, are literally filled with spatter-dock and white
water lilies, while the rapidly forming muck beds about their margins
produce rank growths of cat-tail flags, pickerel weed, arrow heads,
ete., thus proving the statement previously made, that in a lake which
has been raised by damming, aquatic plants flourish more luxuriantly
than in one unmodified by man.

The number of species of fish in the lake is not great, but the indi-
viduals are numerous and grow to a large size owing to the abundance
of plant food. The game fishes, bass, blue-gills, war-mouth and etop-

'pies, attract fishermen from long distarices ‘and their visits are always
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crowned with success. The following is a list of the fishes known to
occur in the lake:*

Amieurus natalis Le 8. Yellow Cat.

Erimyzon suceita oblongus Miteh. Chub Sucker; Sweet Sucker.
Pimephales notatus Raf. Blunt-nosed Minnow.

Notropis heterodon Cope. Variable-toothed Minnow.
Notropis megalops Raf. Common Shiner.

Hybopsis kentuckiensis Raf. Horny-head.

Semotilus atromaculatus Mitch. Horned Dace; Creek Chub.
Notemigonus chrysoleucus Mitch, ~ Golden Shiner.

Zygonectes dispar Agassiz. Top Minnow.

Umbra limi Kirtland. Mud Minnow.

Lucius vermiculatus Le 8, Little Pickerel.

Ambloplites rupestris Raf. Rock Bass; Red Eye.
Chanobryttus gulosus Cuv. and Val. War-mouth.

Lepomis cyanellus Raf. Green Sunfish.

Lepomis pallidus Mitch. Blue Gill.

Lepomis gibbosus L. Common Sunfish.

Micropterus dolomiev. Lacépéde. Small-mouthed Black Bass.
Micropterus salmoides Lacépéde. Large-mouthed Black Bass.
Etheostoma nigrum Raf. Johnny Darter.

Etheostoma caprodes Raf. Log Perch.

Etheostoma aspro Cope and Jor. Black-sided Darter.
Etheostoma flabellare Raf. Fan-tailed Darter.

Etheostoma iowee Jor. and Meek. Iowa Darter.

Etheostoma cceruleum Storer. Rainbow Darter.

Perca flavescens Mitch. Yellow Perch.

Roceus chrysops Raf., White Bass.

MArL.—No marl worth mentioning occurs in shallow water in
Webster Lake. Only two of many bores put down in water under 10
feet in depth disclosed marl. One in eight-foot water 250 yards from
shore in the southwest part of the lake, found only a trace. The other,
off Eagle Point in the same depth of water, found a deposit of dark
colored marl six feet in thickness beneath three feet of muck. The
deeper portions of the original lakes doubtless possess fair beds, but
they are at present wholly unavailable.

" 0. H. Eigenmann, Proc. Tnd. Acad. Sci., 1895, p. 253.
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BARBEE LAKES.
WORKABLE DEPOSIT.

One of the prettiest groups or chains of lakes in Indiana is known
. collectively by the above name. They are six in number and occupy
parts of sections 20, 21, 26, 27, 28 and 29 (33 north, 7 east), Tippeca-
noe Township. Their inlet, Grassy Creek, flowing northwest from
Ridinger Lake, enters the extreme southern end of the largest of the
group, Hammon Lake, and leaves, as their outlet, the northern ex-
tremity of the smallest, Mabie Lake. The accompanying map of the
group, platted from a special survey by Geo. W. McCarter, of Warsaw,
shows accurately the relation of the lakes one to another, their relative
size, ete.

Where the public road crosses Grassy Creek, at the lower end of
Mabie Lake, there was constructed, about 1840, a dam.in order to
secure power for a saw and grist mill, the latter being at Oswego, three
miles northwest. To it an artificial water way or mill race 10 feet
wide was constructed. This dam was washed out in February, 1857.
During its existence, the waters of the lakes were five feet higher than
now and Dan Kuhn and Hammon lakes formed one unbroken sheet
of water.

Mabie Lake, the lowest and smallest of the group, is about 1,800
feet long by 750 feet wide and has an area of a little more than 30
acres. Its bottom is mostly of muck and shelves rapidly on all sides
into 12 to 15-foot water, the maximum depth being 22 feet. The
shores on the north, east and south are low and marshy, while on the
west they rise 10 or more feet above the water. -

Plew and Kuhn lakes occupy long and narrow parallel basins with
a strip of high wooded ground, less than a quarter of a mile wide,
intervening. The first named is the larger, being over three-quarters
of & mile in extreme length by ome-fifth of a.mile in width. On the
cast and north the banks rise 15 or more feet, a narrow strip of marsh
lving between their base and the water. The other shores are rather
low and marshy. The greatest depth of water is 35 feet, while the
area, less than 10 feet in depth, is small.

Trish Lake is the second in size of the group, being a little more
than three-quarters of a mile long by one-half mile in greatest width.
Thie- greater part of the shore line is low and marshy. The central
part of the north shore and the east half of the south shore are
wooded and slope gently upward and backward from the water. At
the southwest corner there is a large area of muck thickly covered
with spatterdock and cat-tails. This extends back to form quite a bay.
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Tifteen rods east of the west shore is an 1sland about two acres in area.
Tt is covered with stumps, rushes and cat-tail flags, and rises three feet
above the water level. The shallow water area of Irish Lake is
rarrow, except along the east half of the north shore, where it extends
out 200 yards or more into the lake. The greatest depth of water
found was 32 feet. There is much Chara on the bottom along the
north side, and many aquatic plants flourish luxuriantly in the muck
beds about the island near the west shore.

" Kuhn Lake, 180 rods long by 70 rods wide, is surrounded by low
banks except on the north, where they rise gradually into the narrow
ridge separating Kuhn from Plew Lake. Its maximum depth July,
1900, was 34 feet.

Hammon Lake is the largest of the group, its extreme length from
northeast to southwest being just about a mile, while its greatest
width is a little more than three-fifths of a mile. Its outline is quite
irregular, a broad strip of land extending into its basin from the west.
At Hammon’s Park, on the northeast shore, wooded bluffs rise 40
or more feet a short distance back from the water’s edge, otherwise
the entire shore line is low and in most places marshy. There are
several rather large areas of shallow water in different parts of the
lake, but the greater portion of the water runs between 18 and 35
feet, while 42 feet was the maximum depth sounded. About the inlet
of Grassy Creek, extensive beds of muck are slowly encroaching upon
the water area. On their sub-aqueous portions pond-weeds, bladder-
wort and other immersed plants flourish in profusion and, by their
decay, add each year to the thickness of the slowly rising bottom. In
this portion of the lake are also large numbers of water lilies, both
white and yellow.

The ridge separating Dan Kuhn from Hammon Lake is about 200
teet wide and in its highest portion only three or four feet above
the water level. - It is covered with marsh grasses and sedges except
about the old channel where dense thickets of cat-tail flags occur.
This natural channel near the north end of the ridge is now choked
with vegetation, but a new artificial one has been cut across farther
south for the use of row boats. Dan Kuhn Lake is a little more than
half a mile long by one-quarter of a mile in average width. Tt is the
most shallow of all the lakes. The average depth is probably less
than 12 feet, the maximum fourid being 19 feet.

The Barbee lakes are renowned as ﬁshmg resorts. The species oc-
curring are pra,cincaﬂy the same as in Tippecanoe Lake. Irish Lake,
especially, is noted for the number and size of the large-mouthed
black bass which are found therein. Two club houses have been
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-evected by disciples of Izaak Walton from Anderson, Indiana, and if
their tales are to be relied upon, each season’s catch is 0erta.1nly phe-
nomenal.

MazrL—A fine deposit of mar] exists in Dan Kuhn and Hammon
lakes. A large area along the west side of the former is covered with
water from one to three feet deep beneath which no bore with 21-foot
auger found the bottom of the bed of marl. Around the north and
east shores there is 16+ feet everywhere beneath the four-foot water
line, 150 feet out. Along the south shore in five-foot water the hed
thins down to eight feet with sand beneath.  The quality of the marl
is excellent.

"On the west and north sides of Hammon Lake between (A) and (B)
the bottom of the marl bed could not be reached with an 18-foot drill
in all watef from the shore out 175 to 250 feet in the lake. From
{B) to (C) sand was found next to shore beneath four to eight feet of
marl in two to five feet of water, but at greater depths the bottom of
the marl bed was beyond reach of drill. In the bay between (C) and
(D) the shallow water area is extemsive, reaching out 300 or more
yards, and overlies marl 15+ feet in depth. Between (D) and the
channel at (E) the bottom is of gravel for 75 feet out, when marl sets
in, being 8+ feet thick at the eight-foot water line. From the channel
nearly to the inlet, at (F), the marl is 14+ feet thick on the four-foot
water line 75 to 100 feet from shore. On both sides of the inlet a
thick deposit of muck eovers the marl. Opposite (G) the marl ap-
pears free from muck, being 12+ feet thick at the six-foot water line
125 feet from shore. Out from (H) the bottom shelves down eclose to
shore and in seven-foot water gravel underlies eight feet of marl.
Adjoining the north side of the projecting strip of land at (I) is a
large area of water only two to five feet deep, which is everywhere
underlain with a marl bed 12+ feet in thickness. A similar shoal area
is found opposite the chanmel leading to Kuhn Lake, but here the
water is only six to 18 inches in depth while the marl is but six to.
10 feet thick. Along shore, between (I) and (K), the marl was three’

- to five feet thick at the water s edge and beyond reach of auger in
three-foot water.

In Kuhn Lake shallow water occurs only along the margin, the
four-foot line averaging about 75 feet out.. The marl along the south
shore is 14+ feet thick at this line, but on the north shore it averages.
only about 10 feet, with sand underlying. - The quality is much in-
ferior to that in the two lakes to the eastward, it bemg darker and, in

places, gritty.
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- “Along the north side of Irish Lake between (L) and (M) the
shallow water is 200 yards wide and underlain with marl 16+ feet

thick. At the shore there is usually one or two fest of muck over the

marl. Between (M) and (N) the shore margin is of gravel or sand

and the marl is only three feet thick at the six-foot water line, 150 feet -

out. A marsh of 20 or more acres borders the shore between (N) and
(0). For 200 feet back this is composed wholly of a fine grade of marl
18+ feet thick. Then muck sets in, and at 250 feet is three feet thick
above 10 feet of marl. Between (0) and (P) a similar marsh of marl
extends back 200 to 275 feet, the marl running from 10 to 18+ feet
thick, in many places bare, in others overlain with one to three feet
of muck. Quite a body of shallow water marl also occurs around the
island east of this marsh, but the bottom of the southwest bay is of
muek only. Along the south shore gravel forms the bottom for 50 to
75 feet out, the mar]l averaging only about seven feet along the six-
foot water line. )

No marl was found in the shallow water of Mabie Lake, but in Plew
Lake it occurs along the shore beneath all water three feet deep and
over, the bottom of the bed being beyond reach of drill in all tests
but one. ’

The greater portion of the bottom of this group of lakes is thus
shown to be formed of a thick marl deposit. That in Dan Kuhn and
the shallow portions of Hammon Lake is most available, and both in
quantity and quality will well justify the investment of capital for its
development, If necessary, the channels between the lakes could he
easily enlarged so that the marl in and about Irish and Plew lakes
could be transported in barges to a factory located near the. larger
deposits.

RIDINGER LAKHR.

LArRGE DEposiT, MosrLY UNDER DEEP WATER.

This lake occupies parts of sections 1 (32 north, 7 east) and 36 (33
north, 7 east), Washington and Tippecanoe townships. It lies in a
long and rather narrow valley which trends almost due north and
south. The total length of the water area, according to eareful

- ineasurements made-by County Surveyor McCarter, ig 4,600 feet, while

its width averages about one-third of a mile, the area being close to
300 acres. ' .

The outline is quite regular, there being but two bays, one of about
10 acres in the southwest corner, the other much larger in the north-
eagt. The inlet which enters on the south side is a stream which

.
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comes from Cedar and Robinson lakes, Whitley County, while the out-
let is Grassy Creek, flowing from the northwest corner, north and

‘then west into the larger of the Barbee lakes. A dredge ditch now

being dug in Whitley County has been surveyed to the lake, and from
1t northward, which will lower its waters four or more feet and destroy
much of its natural beauty.

At Weaver’s Landing, near the middle of the west shore, there is a
pretty bit of woodland sloping gradually down to the water’s edge.
The south half of the east shore slopes up from a gravelly beach into
wooded hills, while the north half of the same shore bends rather ab-
ruptly to the east to form a wide bay, the shores of which are a willow-
covered marsh, 10 rods or more wide. The north and south shores
of the main lake are, for the most part, low and marshy, especially
about the inlet and outlet. 'The greatest depth of water found was
45 feet near the center of the north half. The most of the water area
it between 20 and 35 feet in depth.

MaRL—At Weaver’s Landing the bottom for 50 feet out is of
gravel, and shelves rapidly into deep water. Twenty rods south, in
six-foot water 100 feet from shore, marl occurs 12+ feet in depth.
Over the shallow water area of the southwest bay it runs about the
same, except close in shore where it thins down to four feet or less.
Along the west half of the south shore it is everywhere 14+ feet in -
four feet of water. The bottom is here covered with Chara and the
marl is excellent in quality, the six-foot water line being about 125
feet from shore. One hundred yards west of the inlet the marl is
16+ feet thick in two feet of water. On either side of the mouth of
the inlet there are large patches of spatterdock and white water lilies,
beneath which muck only cccurs to a depth of 14+ feet.

Along the south half of the east shore the bottom is of gravel out
to the six-foot water line, where the marl sets in and thickens rap-
idly. In the south half of the northeast bay there is muck close to
shore but 125 feet out marl 10+ feet thick underlies two feet of muck
in six feet of water. In the extreme northeast corner of the lake 100
feet from shove, 11+ feet of marl is found at the seven-foot water
line. At the point where the east-west township line strikes the lake,
the mar]l is 14+ feet in three feet of water, and runs about the same
until near the outlet, where it is partially replaced by muck. Along
the north half of the west shore it is everywhere 10+ feet thick be-
neath six feet of water, while in three-foot water, 175 feet out, it has
thinned down to three feet.

The tests show that practically the entire lake bottom is a bed of
marl of good thickness and fair quality. That portion in shallow
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water is, now, small. The proposed ditch will greatly enla.rge it,
but will not likely make available an area sufficient to justify ite de-
velopment for cement making.

LITTLE EAGLE LAKE.
WorkABLE DgprosiT.

- This lake occupies parts of sections 24, 25, 26 and 35 (33 north, 6
east), Plain Township. It is about three and a half miles northeast
of Warsaw and two and one-half miles east from the Michigan Di-
vision of the Big Four Railway.

The banks of the lake are irregular, in ‘places being flat some dis-
tance back, in others rising gradually 20 or more feet above the water
Jevel. The lake has been twice lowered, the total decrease in level
being about six feet, thus rendering prominent broad belts of low
land along the south side and the northeast corner of the main
basin; most of the old west embayment is also dry. A strip some 225
yards wide between the main lake and the south arm, through which
a channel is cut, is also a wet marsh, while large areas of the western
side of the south arm are above water. The former water area of
the lake was abouf 850 acres., The present area is at least 150 acres
less, the difference being left as marsh except a small portion of gravel
beach on the south side. _

Marr.—In the south arm of the lake the shallow water belt is nar-
row along the east side and the marl is shallow except on the edge
of deep water. Along the west side the reed covered marsh extends
well out into the lake. Drillings on the edge of this showed at every
point marl to below 16 feet. The marsh of 30 or more acres lying to
the west of this lobe of the lake is covered with muck, the depth of
which ranges from four to 20 feet. Beneath the muck on its northern
third is marl running from six to 12 feet in thickness, but the southern
portion is wholly of mueck. There appears to be at least 50 acres
underlain with marl in this part of the lake.

Between the south lobe and the main lake there is a marsh (F. J.
K.) of 30 or more acres in which marl comes to the surface, over the
most of which it ranges from six to 25+ feet in depth. At the south
end of the channel, cut through this marsh, there is about a foot of
~ muck above the marl, but elsewhere the marl forms the surface. The
former lobe of the lake, west of the point at (K), is now nearly all a
marsh, which, in summer, is covered with wire grass, rushes and
sedges. At the east side of this marsh the marl is shallow, Tunning
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only from two to five feet in depth. This is owing to the proximity
of the high point which separates this arm from the main lake. The
remainder of this marsh area of 80 or more acres is underlain with a
fine quality of marl which runs from nine to 25 feet in thickness.
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Fig.51. Map of Little Eagle Lake, Kosciuskq County, Ind.

Along the south side of the main lake the ghallow water forms a
broad belt from 200 to 1,000 feet wide, deepening very gradually.
Near the center a broad point of hard bottom covered with very
shallow water extends well out into the lake, otherwise the shallow
water is underlain by marl. This tends to deepen gradually from the
ghore outward, so that the average depth under the shallow water is
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probably not over 10 or 12 feet. For a space along the east shore
the bottom is hard for some distance out, but in six or seven feet of
water showed marl to below reach of pole. The northern half of the
east shore shows a broad belt of shallow water marl, the width being

"in places between 500 and 1,000 feet. The depth seemed irregular
but is similar-to that along the south side. ~Along the north bank the
belt of shallow water iarl is narrow, ranging at most places between
50 and 150 feet wide.” Theé mar], however, seems to run much deeper
than at corresponding distances from the south shore. There is little
doubt but that three-fourths or even more of the deep water area of
the lake is.underlain with a thick deposit. The shallow water and
marshi areas are, however, sufficient in acreage and thickness to furnish
material for a large cement factory for many years.

The quality of the marl in Little Eagle Lake runs from poor to
good. In the south lobe of the lake much of the deposit appeared
mucky, especially at the south end. That in the main lake appeared
of much higher quality, being a light brown to gray. An analysis
by Dr. Noyes of a sample, taken from about two feet below the sur-
face by Geo. W. McCarter, the owner of a large part of the marsh area
about the lake, gave the following percentage composition:

Calclum carbonate (CaCog).:ivevrervrninvennineiannennnns 84.75
Magnesium carbonate (Mg(}os). R 2.84
Ferric oxide (Fe,0p).vvn.... T P 0.35
Alumina (ALOg)......ovoiiiii 0.15
Calcium sulphate (CaSo,)............. L 0.07
Insoluble inorganic matter (silica, etc.). ................. 4,61
Organic matter......... Bereeere i, PP - X

TOtAl .. i 98.46

An average sample from a greater depth will, without doubt, show
a higher percentage of carbonate of hme, and a lower of organic
matter. -
CENTER AND PIKE, LAKES. -

WonKABLE DEPOSIT

cxvma LAKE. |

Center Lake lies no‘rth of ahd adjommg the élty of Warsaw, It.is
situated in sections 5 and-8-(32 north; 6 tast), Wayne Township, and
#s eastern shore is but a few rods west from the Michigan Division of
the ‘Big Four Railway. - The present’ water area covers about 200
acres. - The banks are low on the north and northwest; otherwise the
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ground around the lake slopes up gently to a height of 10 to 20 feet
The: water is 80 feet deep not far from the shore in the southwest
part and nearly as deep in places near the east shore. The lake is
fed by a small stream from the northeast. The outlet leaves the west
side and after a tortuous course of two or three miles flows into the
"Pippecanoe River. The area of shallow water is, as a rule, narrow,
50 to 150 feet wide, except at the north end, where there are several
acres of shallow water, partly grown up with rushes.

MAaRrL.~—The most of the marl found was at:-the north end, where
none of the tests reached bottom at 16 feet in one to four feet of
water. Along the east side the distribution of the marl is irregular.
Near the center of this side the bottom was found'to:be hard out
to beneath 10 feet of water, then marl sets in. A little north of
this six feet of marl was found in three feet of water.: =

In the southeast corner tests in water from three to 15 feet deep
gave only one or two feet of marl. Just north of the end of Buffalo
street, at the extreme south end of the lake, five and a half feet of
marl was found in one and a half feet of water close to shore and at
50 feet out in four feet of water, the marl ran below pole, as it also
did 200 feet out in seven feet of wdter. The southwest part of the

lake showed marl just equaling in depth the water up to eight feet

as far as we could test. Tn the northwest part of the lake hard bot-

_ PIKE LAKE. .

Pike Lake lies one-half mile east of Center Lake, the Michigan
Division of the Big Four Railway passing between the two. It occu-
pies parts of sections 4, 5, 8 and 9 (32 north, 6 east), Wayne Town-
ship. The north end is within a few rods of the Big Four Railway
and its south end is a little over half a mile from the Pittsburg, Ft.
Wayne & Chicago Railway. On the west, east and southeast the
banks slope up 15 to 25 feet above water level. On the north and
extreme south the banks are low. The embayment on the east is
shallow, most of its surface being covered with less than 10 feet of
water. Just west of the point at the cemetery the deep water comes
quite close to the shore. Around the rest of the shore, the water
deepens gradually. The total area of the lake is about 250 acres.-

MarL—A small lobe of the lake at the north end is now practi-
cally shut off from the main body and was not examined: The®
main deposit of marl occurs in the eastern embayment, covering
probably 20 to 30 acres and extending at évery point tested to below
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16 feet under the water surface. West of the cemetery no marl was

ound. At the south end of the lake, nearest Warsaw, the marl runs
back under the bank 75 to 100 feet, having at the former distance a
depth of five feet with litile or no muck overlying. At the water’s
edge the marl is six feet deep, and nine feet deep in three feet of
water. In the southwest corner the marl does not set in close to
shore, only one foot of marl occurring in seven feet of water and four
feet of marl in 10 feet of water, 75 feet from shore. Along the west
bank next to the park no marl was found, until the north end was
approached, where three feet of marl is found in eight feet of water,
while further out it deepens to below 1each of drill.
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. Fig.52. Map of Center and Pike Lakes, Kosciusko County, Ind '

Along the morth mde the marl ‘does. not set in until the water
reaches a-depth above three teet. In four-foot water the marl runs

from one to three feet, while near the section line the marl is only
three feet deep in 10 feet of water.

reach of drill in five feet of water.

The quality of the marl is variable, the best occurrmg just north
of the cemetery ~ The marl in the north part of the lake is mucky;
that at the south end generally good. The deposit beneath Pike
Lake is not of itself large enough to be termed workable, but taking
it in connection with that beneath Center Lake, a fair workable de-
posit is presented. ILying as close as it does to excellent railway
facilities, it offers a good location for a factory site.

Further east it extends below
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EAGLE OR WINONA LAKE.*

WorkaBLE DrrosiT.

This lake lies one mile routheast of Warsaw and occupies parts of
sections 15, 16, 17, 21 and 22 (32 north, 6 east), Wayne Township.
It consists of a main body of water, almost a square mile in area,
and a small bay on the northwestern side connected by a narrow
channel. The catchment basin is large as compared with the size of
the lake itself. Unusually heavy rains change the lake level as much
as two to two and a half feet. The tributary streams are three in
number. The largest is Cherry Creek, which flows into the lake on
the southeast. For the most part it flows through woodlands. Two
other streams, the larger of which is Clear Creek, enter the lake at its
extreme southern part, The output of Clear Creek is nearly as much
as that of Cherry Creek. Numerous springs on the Winona Assem-
bly grounds, as well as a number bubbling up from the bottom, also
add to the waters of the lake. The outlet is a small stream from the
south end of the northwest bay, which finds its way into the Tippe-
canoe River at a point one mile northwest of Warsaw. The shore
line, for the most part, is low. On the north, a small stretch of culti-
vated land rises rapidly to a 10-foot elevation line. The Winona
Assembly grounds on the east have the greatest elevation. This ele-
vation is from 10 to 50 rods back from the lake. The other parts of
the grounds lie below a 10-foot line. - The south shore is uniformly
low and swampy.. On the west, an abrupt rise is found at Yarnell’s
Landing. To the north of the landing the shore is low, and the ele-
vation gradual. Natural woodland is found at Yarnell’s, at the out-
lets of both Clear Creek and Cherry Creek and on the Assembly
grounds. ‘ :

The greatest depth of water in the lake is 81 feet near the center
of the main body. The contour lines on the accompanying map
show the depth in other portions. It will be seen that the embay-
ment in the northeast corner runs shallow, and a belt of shallow
water from 50 to 150 feet or more wide, runs all along the eastern
and southern side. Along the north shore the belt of shallow water
is broad but irregular. :

. 4
*Much of the general data relative te this lake, as well as all of the information con-
cerning the plants and vertebrate animals, was kindly furnished by Prof. Earl E. Ramsev
of the Muncie High School. Prof. Ramsey has been connected with the Summer Biological
School at Winona for several seasons, and has thus had most excellent opportunities for
gsecuring information.
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The area covered by water is .987 of a square mile, or 631 acres,
and there are probably 125 acres of marsh land adjacent. By refer-
ence to the map of Eagle Lake prepared by the U. 8. survey in 1834,
it will be seen that the-lake was then considerably larger than now.
The difference in area has been brought about, first by dredging the
outlet channel and lowering the level of the lake. Second, the en-
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Fig.53. Map of Eagle Lake, Xoscinsko County, Ind.

croachment of plant life upon the lake proper and the luxuriant
plant life on the land partially dried by lowering the lake level. As
noted farther on, the plant life in the lake is abundant. The dense
beds of Scirpus, Nuphar, etc., tend to collect material that may
float into them and also contribute their own growth to the forma-
tion of new lake bottom. A third agency which has acted in some
parts of the lake—mnotably the southern part—is that of the ice.

14—Qeol.




210 REPORT OF STATE GEOLOGIST.

With the lowering of the lake level, stretches of lake bottom were
left barely covered by water and were in most cases separated from
the land by deeper water. As the'ice formed, it pushed the ground
higher on these shallow places. The ice cracks in exceedingly cold
weather. The cracks fill with water and freeze again and crowd
the ice and the substratum of earth'still farther shoreward. Very:
much of the south shore of the lake shows such a formation. The
ice beach near the outlet of Clear Creek is at least 30 inches above
lake level and separates a dense swamp from the lake. In this
swamp thus isolated from the main lake, the semi-aquatic plants
readily establish themselves and thus finally reclaim the swamp land.

The plant life in the lake is abundant. - A bank of Sctrpus practi-
cally encircles the lake. Nuphar, Nymphea, Typha, Potamogeton,
Ceratophyllum and Chara are abundant. The outlet is now entirely
“overgrown” by Nuphar, Nympha’a Typha and Scirpus arranged
in water zones.

The average temperature of the water from July 6th to August
23d, 1899, was 80 degrees at a depth of two feet; the air temperature
for the same time was' 81.5 degrees. The deep water of the lake
marked 41 degrees, and was of course subject to no diurnal changes.
The prevailing winds during the summer months are west to south-
west.

THE COLD BLOODED VERTEBRATES OF WINONA LAKE..’b :
Bv EirL E. RauMsry.

FISHES,

The number of species of fishes thus far secured in Winona Lake,
its inlets and outlets, is 41. Considering the great variety of physical
conditions, the number of species is small. But the number of indi-
viduals of each species is much more disappointing. The scarcity of
the larger food fishes is due to the great amount of fishing in the
lake. But the scarcity of the smaller fishes, the Cyprinide, many
species of the darters, Labidesthes; etc., is not accounted for in this
way.

To show the relative numbers of a very common form which serves
as food for the larger species, T may. take the Labtidesthes swculus '
As many as a gallon of this form may be secured in e1ther Turkey -
Lake or Tlppecanoe Lake, Kosciusko County, at a single haul of the
seine. Not more than three or four dozen were secured in Eagle
Lake mu'mg the entire summer. The same relative proportions are
true of many other forms. ‘
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The following list gives the species and localities from which they
were secured. The column marked N* gives some notion of the
relative abundance. Thirteen families are -represented and 33
genera. The +'s in the other columns indicate the localities in which
the various species are found s

Cherry Creek.

Clear Creek

Tippecanoe
River.

N.

Lampetra wilders &
Lepisosteus oaaeua (L ) Common Gar
Lepisosteus %‘atouomm Raf. Short-noaed Gar
Amia calva o&ﬁ .............
Amieurus nebulosus (Le ellow Oat ..
Amieurus melas (Raf.) . ... .ooooioieiiinin,
Schilbeodes gyrinus (Mitch.), Slender Mad To
Carpiodes (8p........ ) S R, eneres
Catostomus commersons (Luceﬁédo)
Catostomus nigricans Le 8 ghSuckor. ‘Stone Roller .
Brimyzon sueetta oblonaua (Mite Chub Sucker; Swe
Minytrema melanops (Raf, Wmter Sucker ..
Oampoatoma anomalum tRaf.). Stone Roller.
Pimephales notatus Ra.f ). Blunt-nosed Minnow . .

Notropis whipplei (Qirard). Silver-fin...................
Notropis cornutus (Mitch.). Sllver-m‘le, Shmer ..
Hybopais kentuckiensis Raf.). omﬁ
Semotilus atromaculatus (Mitch.) orned Dace; Creek Chub..
Abramis chrysoleucue glhtch Golden Shiner..c.....covueenn .
Umbra lims (Kirtland ;
Lucvus vermiculatus (Le S. E
Fundulus notatus (Raf.), o
Fundulus dispar (Agassiz).
Labidesthes sicculus (Cope)
Pomoxis sparoides Lacép de). Cnhco Bass; Grass Bass
Ambloplites ruputru (Raf.) ed-oye, Goggle eye .......
Cheenobrytius gulosus (Cuv. and Val War-mouth .....
Lepomis pallidus (M\tch ). _Blue-gill; Blue Sunfish..... )
Lepomis megalotis (Raf.). Long-eared Sunfish-........
Eupomotis gibbosus (L, j. Common Sunfish .
Micropterus dolomieu (Lacépéde). Small-mouthed Black Hass. ..
Micropterus ealmotd,ea (Lagepeéde). Laﬁge-mouthed Black Bass...
Percina caprodes - Raf.).” Log Perch; Maniton: Darter.’. .
Hadropterus aspio gCnpe and Jor.). 'Blnck-sxded Darter
Boleoaoma nigrum (Raf.). Johnny Darter..

iplesion blenniotdes Raf. Green-sided Darte

theostoma towe Jor. and Meek ' - Iowa Darter..
theootoma ceeruleum Storer. Blue Dartor; Rainbow Darter......
Microperca punctulata Putnam. ' Leabt Darter..............c......
Perca flavescens (Miteh.). Yellow Perokh;’ nged Perch. .
Cottus ictalops (Raf.). Bullhead; Blob.............cceoiieneniiiane
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} BATRACHTANS.
This group is represented by but eight spemes, as follows*
1. Necturus maculosus Raf. . Mud Puppy; Water Dog. =

Three or four specimens were found by Workmen who were
deepenmg the channel of Cherry Oreek

i

*In some cases the number of specimens oollectad is marked + Jindioates that the spe-
cles is abundant; X, pot so abundant; —, but few. ~ .

+Two: large specimens taken by fishermen- were - seen. The species -was probably
" 0. velifer (Raf.), but no pontlve 1dent1ﬁcatlon fnrther than nnnl ooulfl be- made
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Bufo lentiginosus americanus (Le Conte). American Toad.
Aeris gryllus gryllus (Le Conte). Southern Cricket Frog.
Aeris gryllus erepitans (Baird). Northern Cricket Frog. -
Hyla versicolor (Le Conte). Comumon Tree Toad. :

But two specimens of this interesting animal were gotten.

Al Rl

" 6. Rana pipiens Kalm. Leopard Frog.
" This is the most abundant of the frogs.

7. Rana clamitans Latreille. Green Frog.

This species is nearly as numerous as RB. pipiens.

8. Rana?atesbi{ma Shaw. Bull-frog.

But one or two specimens found.

SNAKES.

Eight species of snakes have been found in the vicinity of the
lake. \ ‘

1. BrorERrIA DEKAYI (Holb.). Deliay’s Brown Snake. - Rare.
2. CrowvopHI3 KIRTLANDI (Kennicott). Kirtland’s Snake.

Only two or three specimens were taken.

3. THAMNOPHIS SIRTALIS PARIETALIS (Say.). -
3a. THAMNOPHIS SIRTALIS SIRTALIS L.

These two varieties of the garter-snake are the most abundant
of the forms found in the vicinity of the lake. On July 19th, a
female bearing 30 well developed embryos was killed. On
August 5th, one kept in a pen gave birth to young, the number
of which could not be ascertained.

4. ReciNa LEBERIS (L.). Leather Snake; Queen Snake.
The leather-snake is abundant in the locality of the lake,
being perhaps third in point of number. On August 12th, 1899,
a gravid female was found having 10 well developed embryos.
Its haunts are along creeks.

5. NaTrix siPEDON (L) Water Snake.

This form is pl.éntiful. On July 28,1900, a female containing
26 embryos was killed. The water-snake is a swamp-loving
form, and is of a sullen, vicious disposition.




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. 213

6. BascaNIoN cONsTRICTOR (Li ). Blue-racer; Black Snake.

‘This is-the largest snake in the vicinity of the lake, and is
comparatively abunddnt. 'When captured and put in a pen,
it soon tames and seems to take delight in being handled. Its
movements and shape are peculiarly graceful. Its food consists
of frogs, garter-snakes, ete. A specimen 42 inches long swal-
lowed a garter-snake 28 inches long. I have known it to lay its
eggs about the middle of June and have found the young hatch-
ing about the middle of September. Its egg-laying habit is
worthy of note. One specimen selected the soft ground between
two rows of potatoes and pushed her way under the ground. As
she crawled along in this underground passage, the eggs, 22 in
pumber, were lain in the channel which her body had made.
Another laid her eggs in the hollow root of a half decayed
stump. ‘

The eggs are white in color, are about an 1nch in length and
have a uniform diameter of about one-half inch. The soft shell
is so-tough that it will sustain a weight of more than 100 pounds
without breaking. The young, when first hatched, are seven or
eight inches in length. The first action when the little head is
thrust through the leathery shell is to stick out its tongue The

_blue racer frequents the woods or high grass and weeds.

7. LAMPROPELTIS DOLIATUS TRIANGULUS (Boie.). Milk Snake;
" House Snske.

This species is found rarely.

8. SisTRURUS CATENATUS (Raf.). Prairie Raitlesnake.

The prairie rattlesnake is second in point of numbers, the
- garter-snake being more plentiful. During the summer of 1899,
eleven specimens were caught, and nine were taken during the
following summer. They are usually found in low land and run
but little during the day unless disturbed. Nothing was learned
" concerning their food, since they persistently refused to eat
when kept in confinement. A female kept in a pen gave birth
‘to seven young on August 13th. Several of the little ones were
kept in a glass aquarium for a time. On August 17th they
drank some water and were given small bits of fresh meat.
Three days later they began their first moult. They were about
eight and a half inches long at birth. A case was reported to me
in which 13 young were born. The adults are inoffensive, and
move slowly. They are easily captured by means of a noose
glipped over their head or by an insect net.
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TURTLES.

The land and water forms together number eight species. Of
these, the soft-shelled turtle, the speckled tortoise, Blanding’s tor-
toise and the box tortoise are rare. Even the commoner species are
not very abundant. - No more than two dozen eggs were found. They
were those of the stink-pot, Aromochelys odoratus (Latreille), and
were laid in heaps of debris which had been washed up along the
shore. The species are as follows:

Aspidanectes spinifer (Le 8.). Common Soft- sbelled Turt’le
Chelydra serpentina (L.) ~Common Snapping Turtle.
Aromochelys odoratus (Latreille). . Musk Turtle.

Grdptemys geographicus (Le 8.). Map Turtle.

Chrysemys margmata (Agassiz). Lady Turtle.

Clemmys guttate (Schueider). Speckled Tortoise.
Emydoidea blandingii (Holb ). Blanding’s Tortoige.
Terrapene caroling (L.). Common Box Turtle.

PN N

Marr.—The largest body of marl appears to he a,long the north
shore and in the embayment in the northeast corner. -Except near
the ice house on the mortheast shore the marl, at prdctically every
point tested in the area mentioned, extended below depth of drill.
There would seem to be 50 acres of marl in that area in less than 15
feet of water. South of the embayment mentioned is gn area of low
ground underlain with marl. Rounding the point and Junning south
the marl occurs along the shore with a good width' and depth until
the Indiana University Biological Station is-redched where, for a dis-
tance past the mouth of an inlet from the east, the bodtom is sandy.
Along most of the south end of the lake the belt of $hallow water
marl is broad and the marl below reach of pole. At the-edge of the
water the marl appears to be replaced with muck. In phe southwest
corner of the lake the bottom is sandy. South of the [center of the
lake is a shoal of 10 or 15 acres: of shallow water over which the
bottom of marl was below reach of drill. ~Along the north half of
the west shore the marl sets in, but over a very narrow pélt. Pasging
through the “Narrows” one enters.a small bay or arm}in'which the
marl occurs-all around the shore in a belt of medium [width and at
most points tested was over 16 feet.in thickness. Apparently some
of the low land adjacent to this bay is underldin with marl but it
was not tested. All told, there appears to be 75 101100 acres of
shallow water marl, most of whlch extends over '16 fdet below the
water level. .. -

The quahty of the mar], while’ Va,nable generally a pea.red good,
that toward the northeast being the best. = B
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HUFFMAN LAKE,
Laree Deposrr, MosTLy UNDER DEEP WATER.

This lake occupies parts of sections 30 and 31 (33 north, 5 east),
Prairie Township. It lies half a mile northwest of the village of At-
wood and a quarter of a mile or less from the Pittsburg, Ft, Wayne
& Chicago Railway. The lake was lowered four feet in the summer
of 1899. The former water area, according to the county atlas, was
about 250 acres. The present area is probably 75 or 100 acres less.
Due to the lowering of the lake the present water area is everywhere
surrounded by a broad bench running from 200 to 300 feet wide or
over. The waves are already at work leveling this off so that at most
points the bench ends abvuptly at the water’s edge ina perpendlcular

h

Fxg 54 Map of Hnﬁ'man La’ke, Kolelusko Oounty, Ind

or partly undermined bank a foot or two hlgh and extend.mg to ]ust
below the water level. - Back of thls bench, at ‘the north, oceurs a
broad and extensive marsh; at the south, low ground, while at the
east and west the banks rise gradually into upland of moderate
height. In the lake the water at every point becomes-deep only a
yard or two from the bluff described above. Three small islands rise
six to eight feet ahove the water in the south part of the lake.
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MarL.—The lowering of the lake has brought the surface of all -
of the former shallow water marl above the present water level.
This forms the bench described above, at all points except at the ex-
treme north end of the lake. Toward the shore this bench tends to
become mucky Sometimes the surface of clean marl forms the
larger part of the bench, as at the southeast corner, while again, as
along the northwest shore, the marl is exposed over only a part of
the bench. Thus near the southeast corner the old shore line was
300 feet back of the present line and there the muck starts in a few
inches deep. Going out the muck runs out and the marl increases
in depth until half way between the old and new shore lines the marl
is 16 feet deep. Further north in places the depth increases more
rapidly so that 16 feet of marl is found only 75 feet from the old -
shore line, and 225 feet from the new. At the north end of the lake
no marl is exposed and as far as drilled only a marly muck occurs.
Along the west side the band of marl seems much narrower and the
muck increases rapidly in depth from ‘the edge of the exposed marl.
Thus at one point, 15 feet from the inner ®dge of the exposed marl,
the muck was found to be almost 10-feet deep, while below that was
marl to beyond depth of auger.. The three islands appear to be
wholly composed of marl.

The quality of the marl did not appear of the best, it being a dark
gray. The cutting of the water exposes well the shells in the marl,
and the penetration of the Chara roots, in many cases the roots run-
ning into or through the shells. The amount of marl with surface
exposed or in shallow water is not sufficient for manufacturing pur-
poses. If the entire lake were drained, or if facilities are obtained
for securing the deep water marl, a workable deposit will doubtless
be found. :

SILVER LA.KE.

Nor A WORK \BLE DEPOSIT

Silver Lake lies in section 6 (30 north, 6 east), a llttle west of
Silver Lake station on the Michigan Division of the Big Four Rail-
way. It has an area of about 125 acres. - The surrounding hills are
about 15 to 20 feet high with much flat land but little above the lake
level, especially on the southwest.  The lake has been lowered a little,
8o that deep water sets in close to the present shore line. K

MarrL.—Along the side of the water’s edge the marl runs from
nothing to a maximum of 13 feet, being 13 feet deep at (A), nothing
at (B), then thickening up to 12 feet at the boat houses at (C). It
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evidently: extends back deveral rods but with increasing cover. At
the south énd of the southeast lobe only muck was found.' From (D)
to (E) the deep water sets in about 20 feet from ghore. Here the
mart runs from 10 to ‘over 16 feet deep South and west of thlS is
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Fhig 55, Map of Silver Ls,k;a, Kosoiusko County, Ind.

a flat area, probably exceeding in size , the area of the lake, which con-
sists of marl overlain by muck. At the shore the muck is about
six inches deep; 300 feet back from shore the muck has increased to
four feet with 10 feet of marl below.. Marl is reported to have been
struck down the outlet under from two to four feet of muck. North
and west of (F) and south of (@) the marl is over 16 feet deep, though
available over only a very narrow strip. - Just east of (G) the marl
runs a foot thick in water from one to six feet deep At (H) the marl.
is again deep. . ‘
Thls can not be. consulered a Workable depoent

FULTON COUN TY
REFERENCES —

1859. —Richard’ Owen, ‘Geol. Reconn of Ind., p 217,

1875.—~G."M. Levette;, 7th’ Ann, Rep. Geol. S‘u:rv “Ind., p. 474 »

1899 —Frank Leverett, Water Sup‘ply a.nd Irngs,tmn Papers, T. 8.
Geol. Surv No 21, p 46 "
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Indmna It is in the tthd tier of counties south of the Mmhlgan-
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Indiana line and is bounded on the north by Marshall, on the easi
by Kosciusko, Wabash and Miami, on the south by Miami and Cass
and on the west by Pulaski County. In outline it is very irregular,
the south and east sides being dove-tailed in with some of the town-
ships of the adjoining counties, in a very peculiar manner. The total
area of the county is 380 gquare miles. 7

The surface is everywhere covered with drift and is very diversi-
fied. The Maxinkuckee moraine covers the northern third of the
county, while the eastern and southeastern portions are covered by
the western slope of a buiky moraine formed by the Erie lobe. These
two moraines connect in the northeastern part of the county to form
the great Erie-Saginaw interlobate moraine which passes northeast-
ward into Michigan through the northeastern part of Indiana. The
thickness of the drift is known only at Rochester, where it ranges
between 155 and 245 feet, and at Kewanna, where it is between 167
and 208 feet.

The county lies on the southeastern extremity of the prairies
which cover a great part of the northwestern counties of the State.
These prairies lose themselves in the oak openings, and disappear
almost entirely after the center of Fulton is reached. Nearly fifteen
per cent. of the surface is prairie; the remainder is pretty equally
divided between, oak openings, or barrens, and heavy timbered lands.
The surface is level, as a rule, but broken into considerable hills in
Henry Township in the eastern and in Rlchland in the northern
part : :
“ The pr1nc1pal stream is the Tlppecanoe River, which enters from
Marshall County in the northeast, and, curving south some five miles,
it leaves mear the northwest corner, flowing into Pulaski County.
Mill and Mud creeks, the former the outlet of Lake Manitou, and the
latter of the Mud Lakes, are the principal tributaries of the Tippe-
canoe in the county. Chippewa-Nuck, rising in Henry Township,
and another stream, also known as Mill Creek, in Wayne Township,
are creeks of some size, and flow, also, into the Tippecance. West of
Rochester there is much marsh land with sandy ridges, which is im-
perfectly drained by Mud Creek and other streams and ditches, into
the Tippecanoe.

The county is well supplied with railways, three passing entirely
through it. These are: The Michigan City Division of the Lake
Brie & Western, which passes north and south through the central
portion; the Chicago & Erie, which enters the county near DeLong
in the northwest corner, passes through Rochester, where it crosses

: the L E & W and leaves ‘the county at the extreme southeastern
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~ corner, thus passing diagonally across its bounds; and the Michigan
Division of the Vandalia, which runs north and south a few miles
cast of the western boundary, passing through Kewanna and cross-
ing the C. & E. at DeLong. The following is the altitude in feet
2 -above tide of the principal stations along these railways: Akron,
‘858; Bruce Lake, 776; DeLong, 748; Germany, 750; Kewanna 786; N
Leiters, 745; Rochester, 779; Tiosa, 826.

The lakes ‘of Fulton County are few in number and are as far
south as any in the ‘State.. There are several. of small size about
Akron which we did not find time to visit and which may contain
marl in-sufficient quantity for commercial use.® Of the lakes visited
and describéd on the pages which follow, only Mamtou contams a
mar] depos1t of Workable s1ze

MANITOU LAKE
WORKA.'BLE DEPOSIT.

This large and beautiful lake lies southeast of the city of Roch-
ester, its northwestern shore.being about one mile from the cor-
porate limits. . It occupies parts of sections 10, 11, 15 and 16 (30
north, 3 east), Rochester Township. . The extreme length, from the
outlet at the northwest corner o the inlet at the end of the south-
eastern lobe, is about two and one-fourth miles and the greatest
width a little more than one and one-fourth miles. The present
water area, according to careful computation by. Mr. Hugh B. Hol-
man, who prepared the accompanying map, is 8864 acres.

Three or four separate bodies of water are now comprised in Man-
itou Lake. These were united and.their total water area greatly
increased by a dam which was first constructed across the outlet in
1830.+ This dam raised the water level about seven feet, and so cov-
ered the intervening areas of low ground between the several smaller
lakes. The greater portion of Manitou Lake is therefore covered

*For detailed information concerning the marl deposits about Akron anyono ,interested
oan write Mr.J.J. King, who hae given the matter some attention.

+This data was fornished by Dr. Vernon Gould, who wrote under the date of December
24, 1900, as follows : * The original dam at the foot of the Iake must have been built about
1820. It was built by the U. 8. Government and & mill erected there for the use of the Pot-
tawottomi Indians, who had, at that time, & village and cornfields west of the lake. After
the removal of the Indians west of the Mississippi, about 1836, the dam was diseontirued
and a dam built lower down the stream at the town site of Rochester, then just 1aid out and
plotted.

* Later, about 1850, the dam was rebuilt at the lake and the water raized as a reservoir,
the water being taken from the lake by an artificial race to the mill in Rochester. This mill
was burned three years since and has not been rebuilt. No use is made at the present time
of this water power below the Inke.””
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with shallow water, much of which is not over five feet in depth.
The deepest water occurs south of Long Island, where one sounding
in August, 1900, showed 49 feet. The main inlet, Mill Creek, is:a
small sluggish stream, which enters the lake near its extreme south-
ern. end. White’s Creek, still smaller, enters the east side opposite
Long Island. The outlet flows about four miles northwestward and
empties into the Tippecanoe River.

According to Dr..G. M. Levette: “At the time white men first
visited this section of country it was inhabited by the Pottawottomi
Indians, and from that tribe came the name of the lake and the
legend which gave rise to it. They believed this body of water to be
the home of “Manitou,” or “Bad Spirit;” that during heavy storms
and certain nights in the dark of the moon, he might be seen dis-
turbing and tossing the water, and, in defiance of repeated warnings,
a number of dauntless “braves” of the tribe, who ventured to the
shore of the lake after nightfall, were never heard of afterward. So
firm was their belief in this musty and absurd tradition, they would
not venture upon the lake in canoes, or eat fish taken from it.”’*

The word “Manitou” among certain of the American Indians
signified spirit or other object of religious awe or reverence. Two
manitous or spirits are spoken of in Indian traditions—one the
spirit of good, the other the spirit of evil. The latter must have been
the one from which Lake Manitou was named, as Dr. Gould states
that “it was also known as ‘Devil’s Lake’ to the Indians and to all
the early settlers. Most of the latter believed ‘Manitou’ means
‘Devil” The Devil was even reputed to have been seen by some
of these early settlers, especially when they had snakes in their
boots.”

The shores of the lake have lost much of their primitive beauty on
account of the destruction of timber formerly covering the border-
ing territory. They are much diversified in character, being, for the
most part, low and marshy. In places, however, they rise 15 to 40
feet above the water level and are prettily wooded with oak and other
timber. This is especially true of a stretch on the east shore above
and below the Fast Side Hotel. Here the bank rises abruptly and
the wooded grove on its crest offers fine sites for cottages—a number
of which have been erected. The bottom of the lake bordering this
stretch is of gravel and affords fine facilities for bathing; the water
increasing gradually to 10 feet'in depth 50 feet from shore.

"‘Loo cit ,» p. 475,
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Three wooded islands, Coney, Long and Round, rise 10 to 15 feet
above the water level. Coney Island has one or two buildings upon
it and is quite a resort for a certain element of Rochester’s popula-
tion. The other two are often occupied as fishing camps. West and
south of Long Island are-the remains of many oak stumps and logs

_in water three to five feet deep, showing that the area of the island
was formerly much larger than at present. Southwest of Round
Island is an extensive marsh known as the Goose Pond.- ‘Its bottom
is of muck, and the water only from one to five feet in depth. The
spatterdock or yellow pond lily, Nymphea advena Soland, and im-
mense numbers of cat-tails, T'ypha latifolia L., flourish there, and so
clog the waters that they are impassible for a boat. By their decay
they are slowly adding to the thickness of the muck so that but a few
"years will elapse until this portion of the lake will become a muck
meadow. Now it is the abiding place of myriads of muskrats and, in
spring and autumn, the temporary home of thousands of water fowl.

A lake possessing so large a shallow water area as does Manitou, is
always productive of an extensive aquatic flora. A number of species
of pondweed, Potamogeton, flourish everywhere in water under 10
feet, and their flowering and fruiting tips rise above the surface and

_are swayed by every passing breeze. The water weed or ditch-moss,
Philotria canadensis (Michx.), abounds beneath the surface of all the
bays and at the mouth of the inlets. The eel .grass, Vallisneria
spiralis L., famous food for ducks, grows around ‘the-edges of the
deeper water of the original lakes, its curiously coiled, fruiting stem
showing prettily through:the clearer depths. Two or tb{ree species
of rushes, Scirpus, form wide belts of vegetation in many parts of
the lake, being especially common along the shelving margins of the
original lakes. The peltate leaves of the water shield, Brasenia
purpurea (Michx.), float placidly and reflect the sunshine from their
dark green surface in many places, while great patches of the bottom
here and there are carpeted with the waving ‘plumes of Chara.
Scores of other plants abound within or about the margins of this
lake, those: mentioned being only the ones which caught our notice
during a hurried reconnaisance of the marl resources of its bottom.
One could with profit spend an entire season, if not several of them,
in studying and making a permanent record of its flora, paying
especial attention to the zone of depth in which each species grows,
and grouping those of each zone in its proper class.

The fish fauna of the lake is well worthy of mention as it attracts
‘hundreds of anglers each season. . The first 19 species of the follow-
ing list were taken from it in one day a few years ago by Messrs.
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Eigenmann and Norman. The remaining five species are said to
occur therein by Dr.. Vernon:Gould, who for years has given special
attentlon to the geology, flora and fauna of Fulton County

" Lisr oF FISHES Known T0 OCoUr IN LAaxe MANITOU.

1. Polydon spathula ( Walbaum) Spoon-bill Oat; Duck-bill-Cat, . One
weighing 114} pounds was taken from the lake some years ago.

2. Lepisostous platystomus Raf, . Short-nosed Ga.r~p1ke

8. Améiurus natalis (Le 8.). Yellow Cat.

4. Erimyeon sucetta oblongus (Mitch.). Chub Sucker; Sweet Sucker

5. . Pimephales notatus (Raf.). - Blunt-nosed Minnow.

6. Notropis whipplei Girard. Silver-fin, .

7. Hybopsis kentuckiensis (Raf.). Horny Head ; Rlver Chub J erker.

8. Zygonectes dispar Agassiz. Top Minnow.

9. Umbra limi (Kirtland). Mud Mionow. .

10.  Lueius vermiculatus (Le 8.). Little-Pickerel.

11. Labidesthes sicoulus Cope. Brook Silverside. o

12.  Pomozis sparoides (Lacépéde). Calico Bass; Grass Bass; Croppie.

13. Lepomis pallidus (Mitch.). Blue Sunfish; Blue-gill; Dollardee

14.  Lepomis heros (B. and G.). Chain-sided Sunfish.

15. Lepomis gibbosiis (L.). Common Sunfish; Bream; Pondﬁsh;
Pumpkinseed. '

16. Micropterus ealmoides (Lacépéde) Large-moutbed Black Bass;

’ Green Bass. '

17.  Etheostoma blennioides Raf. - Green-snded Da,rter ,

18. Perca flaveseens (Mitch.). Yellow Pereh ; Ringed Perch.

19. Cottus bairdi (Girard). Miller’s Thumb; Blob Mauffle-jaw.

20. Amia calva L. - Dogfish; Mudfish.

21. Ictiobus eyprinella (Cuv. and Val.). Buffalo Fxsh Said to reach

: a weight of 66 pounds..

22. Coregonus artedi Le -8B, Cisco; Lake Hernng Inhablt only the
deeper waters, except in late autumn, when they visit the
shoals.

23. Esor lucius L. Pike. ,Formerly common, but now rarely taken.

24. Chenobryttus gulosus (Cuv. and Val.).. War-mouth; Indian Fish.

Eight species of turtles occur in and about Manitou Lake. Rep-
resentatives of all were seen by the writer, either in the lake or in the
collection of turtle shells made by Dr. Gould. - This number is ex-
ceeded only at one other lake in the State, viz., Bass Lake, Starke
County, where one additional species is known to occur. Those
found at Mamtou Lake are as follows: ‘
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Aspidonectes spinifer (Le 8.). Common Boft-shelled Turtle.

Chelydra serpentina (I ). Common Snapping Turtle.

Aromochelys odoratus (Latreille). Musk Turtle; Stink-pot.

Malaclemmys ge graphicus (Le 8 ). Map Turtle.

Pseudemys elegans (Weid.). Elegant Terrapin.

. Chrysemys marginate (Agassiz). Painted Turtle; Mud Turtle.

Clemmys guttatus (Bchneider). - SBpeckled. Tortoise.

Emys meleagris (8haw). Blanding’s Box Tortoise. This and the
last named species are more often found in the ditches leading
. into’ tha lake than w1th1n 1ts actual water ares.

QO NPT 0

) The mollusca of the lake appeared to be few,m number of species.
’ But little attention was, however, given to them, the following bi-
valves alone being noted: = Unio iris Lea; -U. subrostratus Say; U.
luteolus Lam.; Anodonta footuma, Lea and A gmndzs Say, all of which
were common. -

. Magr.—The testing of Mamtou La,ke for marl was more thorough
than in most other lakes, Mr. Blatchley having put down 60 bores in
May, 1900, and Mr. Hugh Holman 137 at a later date. The results
- show, that-the area covered by the original lakes is all underlain
with marl, the thickness of the deposits ranging between one and
19+ feet, the length of the auger used being 22 feet. In but a few
places was marl found in water less than four feet deep, the bottom
being of muck and sand, and no marl occurs in one and two-foot
water. Marl was almost everywhere present beneath four-foot water,
47 out of 66 bores put down at that depth finding it ranging in thick-
ness up to 18+ feet. Fourteen of the 47 did not reach the bottom of
the deposit, while the average thickness of the -deposit pierced by
the 33 bores reaching bottorn was 7.8 feet. In all water over four
feet, within the bounds of marl territory shown on the map, marl was
found, and by far the greater number of bores did not reach bottom,
thus showihg that it oceurs only within the limits of the original
lakes. The best deposit, but not the most av'ailable,'probably occurs
in what wag formerly Clear Lake, in the southwestern corner of the
main body of the present water area. This lake had an area of 80 or
more acres, and everywhere in four to six feet of water about its
former margin the marl was beyond the depth of the auger and of
a fine quality. About twenty-five acres of this deposit is at present
available, the remainder being beneath water 10 to 39 feet in depth.
There is not much shallow water in the long southern lobe of the
lake below .Long Island. The four-foot water-line along the west
shore is about 100 feet from the margin of the lake and the bottom
usually shelves off rapldly into deep ‘water.” "About the margins of
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Round Island several bores showed marl to be 16+ feet in six-foot
water, while in four-foot water it was reduced to 10 feét with gravel
beneath. “Half way déwn the south lobé and about 200 yards east
of the west margin “a blind island” or shoal several acres in extent
comes within a few feet of the surface. Here the marl is everywhere
below reach of auger in four to 17 feet of water. Fora long distance.
north of the inlet the southern lobe is choked with vegetation under-
lain with deep muck. Along the east shore opposite the hotel and
cottages, the 10-foot water line is only 40 to 50 feet from the margin
of the lake. Marl sets in in six to eight feet of water and in water
over 12 feet the bottom of the depos1t was beyond reach of the
auger.

Fast and north of Long Island the shallow water area is Wlde, in
places extending: out 700 feet from.shore. In all places tested the
marl is over 10 feet thick in five-foot water and, within the limit line-
shown on the map, but few bores were put down in which the bottom
of the deposit was reached, and they were close to the shore of the
lake or island in three and four-foot water. The quality of the marl
in this region is not so good as in Clear Lake and the area west of
Long Island, it being darker in color and coarser grained. In some
places the marl is overlain by one to three feet of muck. -

West of Long Island and north of the east-west section line is
a large area of water from four to 20 feet in depth which is almosl
everywhere underlain with marl. No bore in water over five fect
reached the bottom of the deposit, while most of those in four and
five feet of water found the deposit to be 10 to 14 feet in thickness.
Along the north shore, for 100 to 850 feet out the bottom is for the
most part of gravel and the water less than four feet in depth. Mr.
Holman has computed the total area’of marl in the lake to be 519}
acres. Of this fully one-half is beneath water less than 10 feet in
depth. The average thickness of the deposit, as shown by the 137
bores put down by him, was 10.34 feet, but it must be remembered
that most of his tests were made in shallow water, so that the avera,ge
depth of the entire deposit is much greater:

An analysis of an average sample of the marl from Manitou Lake
showed its composmon to be as follows

" Caleium carbonate (CaCo,). ... .. T R R (s I
' Magnesium carbonate (MgCo,)........... P ST 2.60
Aluming (ALOg)...uvivrvuvivenennnnnnninns e ... .19
Ferric oxide (Fe,0,) . viviviniineiveeiinniaaiinnnnn .o .30
Insoluble inorganic matter (silica, ete).........c.vovvunt. 1 6.39
_Organic matter ........ frreeaneas Aaviederaeaiaans feee 288
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This shows tlie quality of the marl to ‘be in every way suitable
for the manufacture of Portland cement. The percentage of in-
soluable silica is rather high, but as silica is one of the ingredients of
the clay used as a factor of the cement it is not harmful. It must be
remembered that the samples were obtained and brought up by the -
auger, and in passing through the surface of the marl deposit were
liable to be mixed with diatoms and other silicéous impurities. Sam-
ples taken in another manner, from the midst of the deposit and

_ carefully kept from all impurities would without doubt show a higher
percentage of carbonate of lime.

Finally, it may be said that the marl deposit of Maintou Lake is
well worthy the attention of capitalists. Its area, thickness, and
availability are all excellent. It lies within one-quarter of a mile of
the Lake Erie & Western and within three-fourths of a mile of the
Chicago & Erie railways, which furnish excellent transportation
facilities in all directions.

' “. NORTH AND SOUTH MUD LAKES.
Derosit oF DourTruL WORKABLE Size, PARTLY UNDER DEEP WATER.

These two lakes lie in sections 15, 16, 21 and 22 (29 north, 3 east),
Liberty Township, eight miles south of Rochester and three miles
west of the L. E. & W. Railway. By the encroachment of decaying
vegetation and by draining, their water area has been reduced more
than one-half within the past 20 years.

NORTH MUD LAKS.

This lake has at present a water area of only 60 acres. It is about
160 rods long by 40 to 60 rods wide and is divided into two lobes,
which are connected by a channel 75 feet wide by 300 feet in length.
The upper and larger lobe has low marshy shores on its east and
north sides. About the inlet which enters near the middle of the
east shore the marsh extends back for a long distance, forming an
area of 60 or more acres. This was formerly covered with water and
comprised a portion of the lake shown on the older maps. The banks
of the west shore rise 20 to 30 feet, back 10 or more rods from the
water’s edge, a marsh intervening, except on the south half, where
the bluff rises close to the water. The margins of the water contain
‘many rushes, spatterdock and other aquatic plants. The south lobe
comprises about 25 acres of water with high cultivated banks on the
north and west and low marshy ones on the south and east. The
marsh on the east is, however not more than 20 rods wide and then

16—Geol.
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rises into sloping wooded hillsides. The maximum depth of water in
the lake is 50 feet and the shallow water area is everywhere very
narrow.

Along those portions of the water margin of this lake on the east
and north shores, which bordered the tracts of bare marsh marl were
myriads of the dead shells of small univalve mollusks. They had
been thrown up by the waves into ridges, several inches thick and
a foot or two wide. This was the only lake where such an accumula-
tion of univalve shells was noted, and it is possible that in the past ,
their remains have contributed largely to the formation of the sur-
rounding and underlying marl. A pint or so of the shells were:
scraped up, and their determination discloses the following species.
The approximate relative abundance of each as represented in the
mass collected, is also given:

Limnophysa desidioss S8y ............cvvviiieereianns 4 per cent.
Limnophysa humilis 8ay ..........c.coviiiiveeenvannns 2 per cent.
Physa heterostropha 88Y. ....c.vvvvriiiieiiiieriiiinns 12 per cent.
Helisoma trivolvis Bay......ovvveiviineivinenreininans 5 per cent.
Helisoma bicarinate 8ay .............covvvivinene connn 3 per cent.
Menetus exacutus S8Y ...o.covvviniiii i, 1 per cent.
Gyraulus parvus 88Y . ... oo oiiivi i, 12 per cent.
Amnicola limosa BaY .......oocit veiiiiiiiiaiiiaan. 20 per cent.
Amnicola cincinnatiensis Anthony..................... 20 per cent.
Amnicola lustrica 8ay ......ccoovviiiiiiiiiiiiiiiin... 10 per cent.

Remains of broken shells, in part species of Sph@rium, undeter-
minable, made up the remaining 11 per cent. It will be noted that
the three species of Amnicola make up 50 per cent. of the mass col-
lected. Of these A. lustrica has not heretofore been collected in the
State.

MaRL~-At Minter’s boat landing on the east side, near the north
end of the south lobe, the bottom is of muck 20+ feet thick, and
shelves rapidly, 20-foot water being found 50 feet from shore.
One hundred yards northwest, on the south shore of the point of land
separating the two lobes, the marl forms the bottom, being 20+ feet
thick in two-foot water, and seven feet thick at shore. On the east
side of the north lobe south of the inlet, the marl at the shore is 15
feet thick, and 75 feet back is three feet thick, there being probably
five acres of marsh underlain with shallow depths of marl. North of
the inlet for 30 or more rods deep muck only occurs in all the shallow
water area. Marl then sets in again, being seven feet thick in four-
foot water and beyond reach of auger in 10-foot water. A short dis-
tance farther on it forms the surface of several acres of marsh,
being 10 feet thick at the shore line and 12 feet thick 200 feet back,
after which muck begins to cover it and rapidly thickens. The
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northeastern corner of this lobe of the lake is also bordered by a
strip of marsh marl, 200 yards long by 150 feet wide which runs from
20+ feet in thickness at shore to 0 at the eastern side. Along all of
the north and west shores muck 12+ feet thick forms the bottom of
all water less than 15 feet in depth, except in a few places, where
shallow deposits of marl occur. Along the west side of the south
lobe the shallow water area is only 15 to 25 feet in width and is
underlain with marl five to eight feet thick, with sand beneath. The
‘bottom along the.south shore is wholly of deep muck. The south
half of the east shore is bordered with marl which at shore line is
-15 feet thick. Marl also forms the surface of the marsh between the
water and the wooded slope, for 150 feet back, where it is six feet
thick. Muck then sets in and forms the surface to the base of the
hills.

There is probably 25 acres of available marl 10 to 12 feet in aver-
age thickness on this lake and probably as much or more beneath its
deep water. The large marsh east of the mouth of the inlet was
not tested, except along its margins, where it was wholly of muck.

S80UTH MUD LAKE.

The north line of the water area of this lake is within a quarter
of a mile of the southern end of North Mud Lake, a low divide inter-
vening which formerly could be crossed with a boat during high
water. The lake now contains about 50 acres of water, with a marsh
of equal or greater area bordering the northeast shore. The present
water area is elliptical in shape, its shores everywhere low, and bor-
dered with marsh. A small island covered with underbrush is located
near the center of the northern half, and just north of this the
maximum depth of water, 26 feet, occurs. The water is much more
turbid than in the North Lake, containing myriads of the lower
forms of vegetable life.

MARL.—At the boat landing on the east side, one-third of the
distance from the south shore, marl forms the surface of the marsh
for 50 to 75 feet back from the water’s edge, and averages 10 feet in
thickness. The bottom of the shallow water ares all around the
south half of the lake is, however, mostly of muck. Fifty feet out
from shore the water is usually 16 to 20 feet in depth. "The north
half has a wider shallow water area about its margins which is usually
underlain with marl. Near the northwest corner there is a marsh
area of two or three acres on the west shore which is composed wholly
of marl 12 to 16 feet in thickness. The island at the center of the
. north half is surrounded by marl 10+ feet thick in eight feet of
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water, and seven to 10 feet thick at the water’s-edge. East of the
island along the eastern shore of the lake the marl runs from 10 feet
in thickness in one foot of water to beyond 15 feet in three feet of
water. As far as could be ascertained the large marsh to the north-
east of the lake is covered with deep muck. Along the north shore
of the lake the marl forms the surface over a strip 150 feet wide
and 300 yards long, being 10 to 15 feet in thickness at the edge of
the shore and gradually thinning out to the northward.

The area of available marl in the south lake is less than in:the
north one. If the two lakes were drained so that their depth would
‘be everywhere below 10 feet, there is little doubt but that a workable
deposit would be disclosed and the greater thickness of the marl bed
would counterbalance its small acreage. '

MARSH DEPOSITS NORTH AND NORTHWEST OF ROCHESTER.
No'r or WORKABLE SizE.

- Several beds of marl occur in marshes north and northwest of
Rochester. Of these two were visited.

SMITH DEPOSIT.

On the land of Jerry D. Smith, southeast quarter of the northwest
quarter of section 31 (31 north, 3 east), one-third of a mile south of
the Tippecanoe River and two miles northwest of Rochester, marl
occurs beneath the marsh of a valley which was formerly occupied
by a small lake. The marl averages 16+ feet in thickness over an
area of 10 to 12 acres. Over the larger part of this area muck one to
four feet thick overlies the marl. The latter is of excellent quality
snd was, in the early settlement of the county, burned into lime.

SISSON & MILLER DEPOSIT.

Seven miles northwest of Rochester, on the land of Chas. Sisson
and Peter Miller, in the northwest quarter of the northeast quarter
of section 21 (81 north, 2 east), there is a small lake, surrounded by
a wide marsh; both of which are partly underlain by a thick deposit
of a good quality of marl. Fifteen bores were put down about 10
rods apart in the marsh or at the edge of the water, no boat being
available. All of these found marl which varied in thickness from
two to 18+ feet, the latter being at the water’s edge. The marl in the
marsh is generally overlain with muck from six inches to two feet
thick. From indications about the shores, the present water area
of 15 acres is all underlain with a thick bed of marl, there bemg 35
10 40 acres in the entire deposit. - :
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BRUCE'S LAKE.
Nor A WORKABLE DEPOSIT.

This lake, formérly noted for its beauty and its fine fishing facili-
ties, is now a desolate stretch of water bordered by bare, gravelly
shores, and in many places choked by aquatic vegetation. These
changes have mainly been brought about in the past three years by
a dredged ditch on the west side of the lake which has drained off
its water into the Tippecanoe River. The lake, as outlined on the
‘maps of 10 years ago, occupied .
parts of sections 6 and 7 (30
north, 1 east), Union Township,
Fulton County, and section 1
(80 north, 1 west), Harrison
Township, Pulaski County. That
portion in Pulaski County and
at least one-third of that in Ful-
ton County, is now a marsh.

The immediate shores of the
lake are, for the most part, low,

and the shallow water area is
“now wide. Only on the north 4
half of the east side do the "
gravelly banks rise any distance :::
above the water level. Here Py
they are 30 feet high with a g
gravelly plain 10 to 15 rods wide S

intervening between them and ?
the lake. On the northeast Fig. 566 Map of Bruce’s Lake.

shore the gravel banks slope gradually up 15 to 20 feet above the
water and a small timbered area, the only one about the lake, lies
back of them. The giant bulrush, Scirpus lacustris L., extends out
250 or more feet from the shore, the six-foot water line being that
distance out. The west half of the north shore, for 40 rods out in
places, is a vast muck bed, over which flourishes a thick growth of
cat-tail flags, Typha latifolia 1. The north half of the west shore is
similarly belted with a growth of cat-tails, about three rods wide.
Back of this belt the bare hills of gravel and clay rise 10 to 15 feet.
Opposite the point of land extending out from (A) the lake is almost
filled with muck and aquatic plants and it will be but a few years be-
fore the smaller southern lobe is wholly separated from the larger
one to the north. This southern lobe is now not over 40 rods wide
and the deepest water found in it was 18 feet at several points near
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its center. The extreme southeastern bay is about 30 rods in aver-
age width, and the water ranges up to 15 feet in depth. The eastern
shore of this portion, as well as of the main body of water, is every-
where bordered with rushes which, on an average, extend out 10 rods
from the water’s edge, though in one place north of (A) they extend
out 40 rods. The maximum width of the main body of the lake is
about one-half a mile, and its greatest depth, in October, 1900, was 26
feet.

Bruce’s Lake has long been noted as an excellent fishing resort.
Black bass, blue-gills, cat-fish, war-mouth, goggle-eye, sunfish, perch
and occasionally a pickerel, were caught before the lake was lowered.
Since then all kinds of fish have been growing gradually fewer in
number, and many of the fishermen who formerly sought its bounds
with an assurance of a good catch now cast their lines in more distant
lakes. Water fowl, too, were then abundant. Being distant from any
other lake, most of the migratory ducks, geese, snipe and rails, pass-
ing anywhere near its surface, stopped to feed or to float on its quiet
waters, and many hunters were attracted thither in autumn and
spring. At the present annual rate of decrease of its water area,
but a few years can elapse before this Mecca of fishermen and hunters
will be wholly a marsh of cat-tails and rushes. A score of years will
see it changed into a vast acreage of corn-producing land—which
change is doubtless what the gold-seeking land owners, who have
begun the drainage of its waters, most fervently desire.

Marr.—The marl in Bruce T.ake, where it occurs at all, is a long
distance from the present shore line and is mostly overlain with
muck. Numerous tests along the north half of the east shore, 150 to
250 feet out, at the six-foot water line, showed muck eight feet,
marl 4+ feet. Along the east half of the north shore sand only oc-
curs beneath three-foot water 200 feet from shore; but in six-foot
water 300 feet out, the marl was 12+ feet thick and dark in color.
The west half of the north shore is a muck bed, as above stated.
Along the west shore marl four to 8+ feet thick is found in a few
places beneath muck of varying thickmess, hut for the most part
muck only occurs beneath all water less than 10 feet in depth. The
same conditions prevail in the shallow water around the southern
lobe, the muck being almost everywhere beyond reach of 18-foot
auger. Beneath shallow water in the middle of the lake opposite (A)
marl was found beneath six to eight feet of muck, but it was of a yel-
lowish cast, due to the seepage through the overlying muck. While
the deeper waters of the lake may in places overlie isolated beds of
marl, the total deposit is too small to ever hecome available for ce-
ment manufacture,
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MARSHALL COUNTY.
REFERENCES. —

1859.—Richard Owen, Geol. Reconn. of Ind., p. 209.

1885.—W. H. Thompson, Fifteenth Ann. Rep. Dep. Geol. & Nat.
Hist. of Ind., p. 177.

1899.—Frank Leverett, Water Supply and Irrigation Papers, U.
8. Geol. Surv., No. 21, p. 37.

Marshall County lies south of St. Joseph in the second tier south
of the Michigan-Indiana line. It is bounded on the east by Elkhart
and Kosciusko; on the south by Fulton and on the west by Starke
and St. Joseph counties. In outline it is almost square and contains
an area of 440 square miles.. The Tippecanoe River forms a loop in
the extreme southeast corner, entering three miles north and leaving
three and a half miles west of the corner. Yellow River is formed by
the junction of its three main branches in the northeastern part of
the county and, flowing in a southwesterly direction, leaves the west-
ern edge on the line between West and Union townships. Yellow
Bank and Pine Creek, tributaries of the Kankakee, drain the north-
western fourth of the county. .

Railway facilities are ample, three great trunk lines, viz., the Balti-
more & Ohio, Pittsburgh, I't. Wayne & Chicago and “Nickel Plate,”
crossing the county from east to west, while the Logansport Division
of the Vandalia crosses from north to south, and the Lake Erie &
Western from southeast to northwest. Three of these lines converge
at Plymouth, the county seat, and furnish an excellent outlet in all
directions. The following is the altitude in feet above sea level of
the principal stations along these railways: Argos, 824; Bourbon,
836; Bremen, 813; Burr Oak, 782; Culver, 751; Donelson, 783;
Harris, 838; Hibbard, 783; Inwood, 839; La Paz Junection, 851;
Plymouth, 790; Tee Garden, 768; Tippecanoe, 783; Twin Lakes, 807;
Tyner, 790. :

The entire county is covered with glacial debris the bottom of
which has been reached only at Plymouth, where stratified rock was
found at a depth of 242 feet. The prominent Maxinkuckee moraine
passes through the western range of townships from south to north.
In the southwestern part of the county it forms a series of morainie
knolls and ridges about Lake Maxinkuckee which add much to the
attractiveness of the scenery about the lake. Outside of the area
covered by this moraine the surface of the county is, for the most
part, a gently undulating plain, broken only by shallow ravines and
valleys formed by the erosion of the streams above mentioned.
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The lakes of the county are few in number, but two—Maxinkuckee
and Lake of the Woods—being large enough to attract tourists and
sportsmen to their bounds. Of these Lake Maxinkuckee is fully de-
scribed below. It ranks among the larger and is onme of the most
picturesque and best known of all the morainic lakes of northern
Indiana. But two workable deposits of marl occur in the county,
both being in Union Township in the southwestern corner.

LAKE OF THE WOODS.

Nor A WorkAsLE DEPosIT.

This lake lies two miles south of the Baltimore & Ohio Railway,
on the line between the civil townships of German and North. It is
about four miles southwest of Bremen and the same distance south-
east of La Paz, and occupies parts of sections 1 and 12 (84 north, 2
east) and sections 6 and 7 (84 north, 3 east).
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Fig.57. Map of Lake of the Woods, Marshall County, Ind.

The length of the lake from north to south is one and one-half
miles and its extreme breadth about one and one-fourth miles. In
shape it is oval with a fairly regular outline except on the west, where
a broad bay increases the width half a mile. In most places the area
of shallow water is rather broad, the shores in general sloping back

~ gently from the water’s edge.
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Marn.—Marl is found at most points around the lake, but is gen-
crally quite shallow. Starting with a sandy bottom at (A) fests out
to 10 feet of water showed only muck which, at (B), was from three
to seven feet thick. Around the point at (C) the bottom is hard.
Between (D) and (H) some marl is struck at all points, running in
thickness from one to seven feet. At (F) and (H) from three to
five feet of muck overlies the marl.

From (I) to (K) the bottom is sandy, becoming toward (K) a
marly sand. At (L) eight feet of muck was found. Toward (M) this
becomes marly, while near (N) a foot of marl is found beneath éight
feet of muck. At (O) the thickest marl was found, there being nine
feet beneath seven feet of water. From (P) to (R) the marl is from
one to two feet thick overlain by a few inches of sand. Over a con-
siderable area near (8) the marl is only a few inches deep. At (T) the
bottom is sandy, while at (U) a few feet of marl are found.

While there may be a large deposit of marl under the deeper water
of the lake, that beneath shallow water is not sufficient to justify
further consideration.

LAKE MAXINKUCKEE.
By Dr. J. T. ScovVELL.

LArGE WORKABLE DEprosIT, PARTLY UNDER DEEP WATER.

Lake Maxinkuckee occupies parts of sections 15, 16, 21, 22, 27, 28
and 34 (32 north, 1 east). The lake is a little more than two and one-
half miles long from north to south and about one and a half miles
wide, having an area of nearly 1,900 acres. The surface of the lake
is about 734 feet above tide. It is 150 feet above Lake Michigan,
but 130 feet below the summit of the divide between Lake Michigan
and the Wabash River. The lake is 15 feet above the Tippecanoe
River five miles south, and about 75 feet above English Lake, 20
miles west. These elevations show that it is on a slope that descends
gently toward the south and west. The Jake is near the south-
western angle of the Saginaw moraine and the country surrounding
it is quite varied. There are hills and valleys, broad undulating pla-
teaus, wet marshes and boggy swamps. The soils are sand, gravel,
boulder clay and swamp muck. There are more hills and clay and
boulders on the east, more-sand and gravel, more marshes and
swamps on the west. On the east the surface rises somewhat ab-

_ruptly to a general level of 75 or 80 feet above the lake, some hills
reaching an elevation of about 140 feet. On-the west there is a
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narrow divide 25 to 30 feet above the lake, then low land and swamp.
The confused mingling of sand, gravel, clay and boulders, the ir-
regular hills and the numerous kettle holes, show plainly that the
surface features about the lake are of glacial origin.

Wells drilled from 75 to 150 feet through sand, gravel and clay
without reaching bed rock indicate that the lake bed is wholly corm-
posed of morainic materials. In fact, it seems to occupy a cluster of
kettle holes, one long and deep surrounded by several of lesser size
and depth. In outline the lake is regular, Long Point on the west
forming the only acute angle in its shore line.

The region drained into the lake is quite limited, being scarcely

-more than three times its area. On the north, west and south the di-
vide is not, on the average, more than 40 rods from the lake. On
the east and northeast, in some places, the divide is a mile and a half
distant. On the east the drainage area has been much extended by
ditches which reach into undrained areas. The largest inlet flows
into the northeastern part of the lake, sometimes called Culver Bay.
The main stream rises about a mile and a half east and flows north-
westerly, westerly and southwesterly into the lake. A large branch
of this stream rises about the same distance north of the lake and
flowing southerly through a broad shallow valley joins the niain
stream near the lake. The middle course of the main stream is
through a deep narrow valley and is largely made up by springs.
The current in the main stream is quite strong, while the branch is
a sluggish stream. Along the lower course of this inlet there are
perhaps 100 acres of low ground, sometimes boggy, sometimes
marshy, but generally the hard sand is at or near the surface.
Through this fract the stream flows in an artificial channel. This
low area seems to be rich in small springs. A second inlet, sometimes
called the Norris Inlet, flows into the southeastern angle of the
lake. It rises about a mile and a half east and flows westerly through
a broad valley into the lake. Much of its upper course is through an
artificial channel. The lower course is through a marsh about 80
rods wide and half a mile long. In this the current is very sluggish
and so obstructed by vegetation that in summer it is difficult to fol-
low the stream. This stream is fed by springs, but they are not as
.abundant as along the one flowing into Culver Bay. The southeast
inlet is generally considered the main inlet, but the one from the
northeast carries the most water. A third inlet, Aubeenaubee Creek,
comes into the lake from the east. It rises about one mile east of the
lake and flowing westerly and northwesterly, breaks through the low .
bluff, entering the lake about midway between the other two streams.
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It is a small, sluggish stream, and much of its course is through low,
marshy or swampy ground. The greater part of its upper course is
through an artificial channel. Like the others, this stream is largely
fed by springs. The low ground, some 200 acres in area, through which
it flows, is separated from the lake by a narrow ridge. It seems possible
that it might formerly have been a shallow lake or pond, whose outlet
gradually cut down its bed till the pond was drained nearly to the
level of the main lake. The marsh and swamp vegetation advancing
as the water was drained away at length took possession of the whole
area. Besidés these larger streams there are three other small
streams from the east and two from the south, but none rise more
than half a mile from the lake. Those from the east are largely fed
by springs and flow during the year, but those from the south are
generally dry during much of the summer. On the extreme north-
west of the lake there are 30 or 40 acres of marsh land. Around this
area are many springs that contribute to the waters of the lake.
The outlet is a sluggish stream which flows from the west side of
the lake southerly into the Tippecanoe River. The valley of the out-
let is about 80 rods wide and consists mainly of marsh land. As it
leaves the lake the outlet is about 16 feet wide and 20 inches deep.
About 80 rods from its exit the outlet expands into a shallow pond
or lake having an area of about 60 acres and a depth of from three to
12 feet. This is commonly known as Lost Lake, but is sometimes
called Little Maxinkuckee or Little Lake. Below Lost Lake there is
perhaps 80 rods of definite stream, and then a half mile or so of
marshy pond and then a definite stream again with low marshy
banks. During the summer the stream in many places is clogged by
vegetation so that the current is almost imperceptible. The marshes
along the east and southeast inlets, the one along the outlet and the

.one on the northwest of the lake all seem to be underlain by a bed of

hard sand, the muck or black mud varying from one to 20 feet in
depth. The lake shore even along these marshes is generally hard
sand. There is a little black mud near the outlet and some near the
southeast inlet, but fully 99/100 of the beach is hard sand or gravel.

SprINGS AND FrowiNeg WELLS.-.—*“The springs which feed Maxin-
kuckee are very abundant, not only from the shores, but they may be
seen in the clear water at a depth of 10 feet gushing up from the
bottom, and from the deepest parts of the lake rise columns of cold
water, chilling the bather like an ice bath. - These springs suggested
the probability of obtaining successful flowing wells, and along the
eastern and northern borders of the lake a number of such wells

*This section is taken verbatim from the reports of W. H. Thompson and Frank
Leverett, loes, ¢it.—W, S. B.
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have been obtained which rise to a height of 12 to 30 feet above the
lake surface. The water from these wells is very clear and cold, and
" more or less ferruginous, a few of the wells being 8o highly impreg-
nated with iron as to render the water slightly unpleasant to the
taste until one gets used to it. Most of the water, however, is ex-
cellent at the first taste, and all of it is perfectly wholesome in use.
The first well driven was only 13 feet in depth. Several have a depth
of but 20 or 25 feet. Others are put down to a depth of 50 to 75
feet. One well has a depth of 160 feet, and one reached a depth of
203 feet. There appear to be several water horizons, but the head
is no greater from the deep wells than from the shallow ones, and the
upper horizon is as strong as any.

“The deepest of these flowing wells it at the residence of D. W.
Morman. At the time of the writer’s visit the water scarcely reached
the surface, 20 feet above the level of the lake. Of the 203 feef
penetrated, fully 90 per cent. is thought to have been till, the sand
beds being but a few feet in thickness.

" “Two wells on the northeast shore have a head 31 feet above the
surface of the lake. These wells are each 72 feet in depth and have
the following section:

Soil and yellow clay........coiiiiiiiiienriinnnnnns 8 feet.
[ 0 U 14 feet.
Blueclay ....oviiin it ittt ittt e 38 feet.
Sandand gravel........c.iiiiiiiiiiiiii it 12 feet.

Totai ............ e 72 feet.

“A short distance east of these wells the head in a well 50 feet
in depth is but 19 feet above the lake. The well at the Peru Club-
house, on the east side of the lake, was bored to a depth of 160 feet
and obtained only a weak flow. At the Indianapolis Clubhouse a
good flow was obtained at only 27 feet. At the Highland House a
well 33 feet in depth entered water-bearing sand at a depth of 13
feet. Near the Highland House D. W. Morman, of Indianapolis, has
several wells. Four of them, averaging about 22 feet in depth, are
estimated to have a combined discharge of 15 barrels per minute.
These wells feed a ram which supplies the grounds with water. Mr.
Morman also has a deeper well, with the following section, in which
the flow was obtained from the sand above the blue clay:

~ Yellow clay ......... et meiereaataieeaiiieeaiaaaaa 11 feet.
1S 8 1T G 25 feet.
Blue Clay ....coviiiiiiin it iineeetiiioranrsasiossas 62 feet.

7 ) S 98 feet.”
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SurracE LevELs oF THE LAKE.—The level of the lake varies but
little, probably not more than two or three feet. Records made by
the Vandalia Railway people show the elevation of the ground at
Culver Station to be 751 feet above tide. The surface of the lake
is about 734 feet. Between October 18, 1895, and December 7,
1898, the variations were from 733.30 feet up to 735.17 feet, a total
of only 1.87 feet. I could get no account of very high water, but the
lake is said to. have been very low in the autumn of 1871, when for
nearly two months there was no water flowing in the outlet. When
the level of the water in the lake is 734 feet there is about 20 inches
of water in the outlet. During the low water of 1871 the level of the
lake must have been down to or below 732 feet. This would indicate
an extreme variation of only a little more than three feet in the
level of the lake. During the greater part of the year the outflow -
about equals the inflow, so there is but little change of level, but
during a dry summer the inflow is greatly lessened and the rapid
evaporation quickly lowersthe water in the lake. The flow of water
in the outlet is so sluggish that the level of the lake is much affected
by rains. Two days of heavy rain-in August, 1895, raised the level
of the lake about six inehes.- A rain beginning during the night of
February 24, 1899, and continuing through the next day raised the
level about five inches* During the high water the flow in the outlet
is, of course, more vigorous, but it takes weeks and sometimes months
to carry- off the surplus water from a rain of two or three days.

The physical conditions about Lake Maxinkuckee seem quite per-
manent. The lake can not be drained much below 732 feet nor can it
be raised much above 735 feet.” These changes could only affect the
character of some 200 acres of marsh land. When the level is about
735 feet much of the marsh along the southeast inlet and along the
outlet is flooded so that perhaps from 75 to 100 acres of marsh: grass
can not be cut with a mower. When the level is Y33 or less this
marsh land is comparatively dry and teams can work over most of
it without difficulty. :

TOPOGRAPHY OF THE LAKE BED ~—In studymw the bed of the lake-
over 1,200 soundings were made. They were taken along 23 different
lings, which'* were " located with reférence to fixed lines and
points in the U. 8."survey: They were inade at intervals of 10 ot 15
oar strokes. The length of an oar’stioke of course varied, but for a
given line they would be practically thie same. Knowing the length
of the line and'the mumber of soundinigs the average distance be-
tween gourdirnigs was easily worked ott, axd the Iocations may be re-.
garded as fairly accurate. While tracing out the outlines of bars
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and deep holes several hundred soundings were made between the
lines mentioned. The soundings were made during the summers of
1897-1898 and 1899, at intérvals as the wind and other circumstances
were favorable. In sounding along the established lines we used
piano wire and a wheel of known circumference. In work on the
bars a sounding pole 138 feet in length was used. Much of the lake
bed is covered with a very fine mud which made it difficult to tell
just where the water stopped and the bed began. But in spite of
this and other difficulties, the accompanying map gives a fairly cor-
rect idea of the topography of the lake bed. On the east and west
line, through the center of sections 21 and 22, just east of the center
of the lake we found water 85 to 89 feet deep. We heard about
much deeper water but could not find it. There is only a small area
of this deepest water, about 18 or 20 acres, but it is just north of the
center of some 300 acres of deep water, water from 40 to 80 feet in
depth. This body of deep water is near the geographical center of
the lake and includes nearly all the water that is over 40 feet in
depth. In this central mass toward the southwest there is a detached
body of water over 60 feet deep, and there are two similar bodies of
water over 50 feet deep, one north and the other south. In the
southern part of the lake there is a small area of 40-foot water and
there are two small areas of 40-foot water in thé northwestern part
of the lake. Fully one-half the area of the lake is shallow water, 10
feet or less in depth. These areas of shallow and deep water are very
irregular in outline, and the connecting slopes are sometimes gradual,
but often very abrupt, so that the surface of the lake bed is quite as
varied and irregular as the surface of the surrounding country.

The body of deep water, nearly three times longer than wide, sug-
gests the idea that an old preglacial drainage channel was possibly
the origin of the lake bed. Kettle holes are numerous on both sides
of the lake, forming prominent features of the moraine, and they
seem to be the rational explanation of the lake bed. The original
bed may have been a number of kettle holes, and the surface was
doubtless sand and clay and gravel. But changes have occurred.
The shallow parts have been modified by waves and currents and
floating ice. The remains of the plants and animals living in the
lake have contributed materials to the lake bed and so have the for-
ests and other vegetation around the lake.

The distribution of soils and vegetation in Lake Maxmkuckee is
very interesting. Along the shore near the marshes, bogs and inlets
there is some 80il and considerable vegetation. Where the banks are
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abrupt and gravelly or clayey, soil and vegetation are both scanty.
Almost everywhere from a depth of one or two feet out to a depth of
six or eight feet the same conditions prevail. On the east large
areas in this zone are almost devoid of vegetation, but on the north,
west and south the bed of the lake in this zone is well covered with
a stunted growth of lime-encrusted chara, with occasional plants of
Potamogeton natans, P. lucens, and Scirpus lacustris. From six to
eight feet to 20 or 25 feet the white mud or marl forms a soil, and
12 to 15 different species of plants abound, generally forming a rank
growth. The zone of shallaw water is swept clean of all fine material,
whether mud or marl. This seems to have heen done by undertow
currents caused principally by the winds. Westerly winds are more
common and are generally stronger than other winds, and on the
east, where such winds would make the stronger current, we find
the hard gravel bed reaching out into much deeper water than on
the other sides of the lake.

During the summer of 1899, from June 27th to September 6th,
inclusive, I noted the direction of the wind 223 times, morning, noon
and night, as follows: Tasterly 90, westerly 31, northerly 34,
southerly 47, calm 21. During the summer months the easterly
winds prevail, but during the year the westerly winds prevail and
are in general stronger than the winds from the other quarters. The
westerly winds probably account for the broader, barren zone on the
cast, while the winds from other quarters cause currents over lesser
areas on the other sides of the lake. "It seems possible that differ-
ences of temperature between the shallow and deep water, while
seldom more than two or three degrees, might also cause currents
toward the deeper water strong enough to move fine materials. On
July 29th, 1899, when the lake was quiet, I found a bottom tempera-
ture of 77° F. in shallow water and 79° in water seven feet deep.
On the 30th it was 76° in the shallow water and 79° in the deeper
water. On September 1st, 1899, it'was 77° in ghallow water and
79%° in the deeper water. This difference of temperature would not
cause a very vigorous current, but it might do something. The dif-
ference in temperature between the surface and bottom of the deeper
portions of the lake is much greater, the bottom temperature in
summer being 47° to 50° F., while the surface gets as warm as
T7° to 80°.
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A few of the temperature observations taken in different months
on the air and water are as follows:

6 A. M. 2 P. M. 8 P, M.
Ox Wrsr 8108 LAKE. | (16 Fann.,) | (Dre. Fakr.) | (Dre. Fanz.)

July 28,1899............ Air 74 83 81
July 28,1899..... .. 78 84 82
July 29,1899..... . i 81 72
July 29, 1899..... ki 87 80
July 30,1899..... .| Alr 62 75 73
July 30 1899..... o 74 82 78
July 31,1899..... ..| Air 69 ke 75
July 31, 1899. .. . 75 84 80
August 1 1899 . 68 83 77
August 1 1899 . 76 82 79
August 5, . 70 76 74
August 5, 1899 . 79 82

August 6, 1899 . 71 80 76
August 6, 1899 3 80 78

WATER.
IcE. AIR,
(Inches.) (Deg. Fahr.) Surface. Bottom.
- ‘) (Deg. Fahr.) | (Deg.Fahr.)

November 24,1898 20 40

November 26 1898 5 35

November 27, 1898 20 M

December 7, ]898 16 32

December 8, 189 5 32

December 9, 18 ...... 10 32

December 14,1898 .......... . 5 32

January 4, 1899, .. 8 0 - 32 34
January 8, 1899. . e . 6 30 33 34
January 20,1809...0 0000000 o 10 13 32 3434
Jannary 30,1899 .. .. 10%4 0 33 33
January 31, 1899.. 11 -9 32 34
February 1, 1899 1% 8 32 35
Fobruary 2,1899. 12 10 32 34
February 1() 1899 16 21 33 36
February 13 1899 18 8 32 35
February 15 1899 FIN 18 19 32 34
February 27,1899 ... 010000 15 16 36 39
Marech 11, 1899 ... 0 10 50 » 33 38

On March 11th and 12th the ice melted rapidly, and on the 13th
was broken up by a strong west wind and gradually piled up on the
east side of the lake. There was some snow and cold weather, but
the ice"was' all out on the 25th. The thickest ice of which I could
hear was about 28 inches in 1884.-

" As has been noted, the winter ice forms to a thickness of from
15 to' 25 inchés. "As the ice expands it crushes against the banks
with great force. Where the shores are low the ice often pushes
great quantities of sand and other materials up into ridges, some-
times two or three feet high. These ridges or ice beaches are gen-
erally washed away by the high water common in spring, but some-
times they remain, making a distinct and somewhat peculiar plant




LAKES AND MARL DEPOSITS OF NORTHERN INDIANA. 241

region. Along the steep banks, the boulders that have fallen to the

> beach during the summer are crowded against the bank by the ice,
.making in some places quite extensive stone walls.

Frora or THE LAKE—With such a variety of soils as occur in and
about Lake Maxinkuckee, a varied flora may be expected. In the
waters of the lake there are great quantities of microscopic life
which, in its totality, is called plankfon. Of the microscopic plants
Profococcus, Rivularia, Oscillaria, diatoms, desmids and others are
common everywhere in the open lake, but were most abundant among
the *higher vegetation along the shores. Occasionally Rivularia
would occur in such quantities as to be conspicuous to the naked eye.
Spirogyra, Vaucheria, @logonium, Hydrodiction, Stigeoclonium,
Nostoc, Cladophera, Zygnema, Chetophora and others, often occurred
in masses in the shallow waters. Besides these lower forms, the fol-
lowing strictly aquatic members of the higher plants occur in the
waters of either Lake Maxinkuckee or Lost Lake, or both. The
nomenclature of the Phanerogams is that of Britton & Brown’s
“Illustrated Flora of the Northern United States.”

NrireLpLa sp. ?
A tall slender plant; was abundant between 18 and 22 feet,
ranging from 12 to 25 feet. In water from 20 to 25 feet deep
we seldom found anything besides this Nitella.

NriTELLA 8P. ?
A small delicate plant found in shallow water, common in the
marshes and in the lake out to a depth of two feet.

CHARA 8P. ?

A slender, rank growing plant, quite free from lime; was
abundant between 10 and- 14 feet, ranging from eight to 24
feet. In some localities this chara was the only plant found be-
tween 10 and 14 feet.

CuARA sP.?

. A stout plant, seldom more than eight inches high, was thickly
coated with lime. It was most abundant at a depth of from six
to eight feet, often forming a thlck mat of vegetation to the
exclusmn of other plants.

CHARA sp.?

Much smaller than the above mentioned, quite abundant in
shallow water, of‘ten the only vegetation. It was usually thickly
coated with lime.-

.'There are-doubtless othe,r spemes of Chara and Nitella about the
lake, but the ones mentioned are the most abundant.
16—Geol.
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PoraMoeeTON NATANS L. Common Floating Pondweed.
This plant was more common in the southwestern portion
of the lake, growing in water from four to six feet deep.

PoramogeroN AMPLIFOLIUS Tuckerm. Large-leaved Pondweed.
This plant was abundant in water from five to eight feet deep
but ranged from two to 24 feet. On the Sugar Loaf Bar it was
abundant and rank in depths from nine to 24 feet.

PoramogETON LONCHITES Tuckerm. Long-leaved Pondweed.
This pondweed was common everywhere in shallow water.
A cluster of rank potamogetons growing in eight to ten-foot
water on Weed Patch Bar I called lonchifes, but I do not feel
quite sure that I was correct. -

POTAMOGETON HETEROPHYLLUS Schreb. Various-leaved Pondweed.
This plant was quite common out to a depth of four feet.

PoramogeEroN Lucens L. Shining Pondweed.
This plant, sometimes called Perchweed, was widely distrib-
uted growing most commonly in water from six to eight feet
deep.

POTAMOGETON PRELONGUS Wulf. White-stemmed Pondweed.
Not very common; growing in water from eight to 10 feet
deep.

PoraMoGETON PERFOLIATUS L. Claspingleaved Pondweed.
Not common but quite abundant in a few localities in the
south part of the lake. More common in water from eight to
12 feet deep.

PoTAMOGETON zOSTEREFOLIUS Schurm. Eel-grass.
Quite common. More abundant between 10 and 16 feet, but
ranging from two to 26 feet.

PoramoeETON FRIESII Ruprecht. Fries’ Pondweed.
‘ Widely distributed. More abundant between 12 and 16 feet
but ranging from eight to 25 feet."

PoramoGETON pusiLLus L. Small Pondweed.
More common in the southeastern portion of the lake in deep
water, ranging from 10 to 24 feet.

PoramoaeToN PECTINATUE L. Fennelleaved Pondweed.
Forming thick masses, excluding other vegetation, in water
10 t0.16 feet deep; also in shallow water. It often stands at the
head of a steep slope. -
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Poramogeron mroBBINsi Oakes Robbins’ Pondweed.
Very common in the shallow waters of the Little Lake, but
in the large lake more common in water from 10 to 18 feet deep,
ranging from two to 24 feet. ‘

Naras FLexis (Willd.) Rost and Schmidt. Slender Naias.
Very abundant, ranging from one to 24 feet. Most common -
in the northeastern part of the lake.

Nar1as FLEXILIS ROBUSTA Morong.
This plant, while not common, was found in several loecalities.

SAGITTARIA GRAMINEA Michx. Grassleaved Arrow-head.
In the shallow water of the Little Lake.
PaiLorria CANADENsIS (Michx.) Britton. Water-weed.
Very abundant in a few localities in shallow water, as near
the head of the outlet. It is widely distributed in deep water,
ranging from one to 22 feet.

VALLISNERIA SPIRALIS L. Eel-grass; Tape-grass.

Said to be the wild-celery of Chesapeake Bay. The plants
bearing pistillate flowers grow in shallow water. I saw none
deeper than two or three feet. The male plant was most abund-
ant in water from eight to 18 feet. We found it as deep as 24
feet. The pistillate flower is carried to the surface of the water
by a long threadlike scape. After fertilization the scape forms
a spiral of several coils drawing the ovary several inches under
water, where the seeds ripen. The staminate flower has a short
peduncle. When the pollen is mature, the flower separates from
the plant and rises to the surface. The pollen, escaping from
the anther, floats away to the pistillate flowers. The buds or
stolons formed in the fall, on the male plant, are highly prized
by mud hens and ducks as food. They will dive 10 or 15 feet
for them. The shores are often thickly covered with the leaves
they break off while getting these dainty bits of food.

ELEOCHARIS INTERSTINCTA (Vahl) R. and 8. Knotted Spike-rush.

In shallow water in both lakes, often forming large patches.

ELrocHARIS MUTATA (L.) R and 8. Quadrangular Spike-rush.

Abundant in shallow water near the mouth of the southeast
inlet. )

EvrrocHARIS PALUSTRIS (L ) R. and 8. Creeping Spike-rush.

Found along the southern shore of Lake Maxinkuckee.

Scirpus AMERICANUS Pers. Chair-makers’ Rush.
Common in the shallow water of both lakes.
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Scirpus LacusTRIS L.  Great Bulrush. - ‘
Common in the western and southern portions of the lake
out to a depth of seven or eight feet. Specimens from 10 to 13
feet long often occur.

SprropELA POLYRHIZA (L) Sch]eid. Greater Duckweed.
Common in quiet waters about the lake shores.

Lem~a TrisuLcA L. Ivy-leaved Duckweed.
Common in the outlet and in the southeast inlet.

LemyA MINOR L. Lesser Duckweed.
Often found with Spirodela.

WOLFFIA COLUMBIANA Karst.
In the southeast inlet and in the outlet

ERIOCAULON S8EPTANGULARE With. Seven angled Pipewort.
In Lake Maxinkuckee, but not common.

BRASENIA PURPUREA (Michx.) Casp. Water Shield.
Very abundant in the outlet, only occasionally found in the

lake. .
NyMPHZEA ADVENA Soland. Large Yellow Pond Lily.
Common.
CasTALIA ODORATA (Dryand) Wood and Wood. White Water Lily;
Pond Lily.

Abundant in the outlet and in the Little Lake. Only occa-
sionally found in the larger lake. :
CerATOPHYLLUM DEMERSUM L. Hornwort.
Common everywhere to a depth of 24 feet. Abundant in
shallow water and quite plentiful between 14 and 20 feet.
BaTRACHIUM TRICHOPHYLLUM (Chaix.) Bossch. BStiff White Water

Crowfoot.
Abundant in the southeastern part of the Little Lake

-Rorira NASTURTIUM (L.) Rusby. Water Cress.

Abundant in the northeast inlet and in other places.

- MyrroprYLLUM 8PICATUM L. Spiked Water Millfoil.

Abundant in the Little Lake and in the outlet. - In water from
two to eight feet deep.

MyriopEYLLUM VERTICILLATUM L. Whorled Water Millfoil.
Found in both lakes; not deeper than 14 feet.
UrricuLARIA PURPUREA Walt. Purple Bladderwort.
In outlet.
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| UTRICULARIA VOLGARIS L.  Greater Bladderwort.
| In the outlet and Little Lake, and also in the northeast inlet.

UTRICULARIA INTERMEDIA Hayne.  Flat-leaved Bladderwort.
In the outlet and Little Lake. :

UrricuLARIA MINOR L. Lesser Bladderwort. ' i
| In the Little Lake and outlet.

UrricurariA ¢ieBA L. Humped Bladderwort.
In the outlet.

UTRICULARIA BIFLORA Lam. Two-flowered Bladdefwort.
In the Little Lake.

Bmoens BeEckn Torr. Water Marigold. ]
" Found in both lakes. Not very abundant, but ranging from
two to R0 feet in depth.

The two following are found in the mud along shore:

PerraNprA VIRGINICA (L.) Kunth. Green Arrow-arum.
TFound in shallow water of both lakes, often in the mud along
shore.

PoNTEDERIA CORDATA L. Pickerel-weed.

Common in shallow water of both lakes, often above water
line along shore. Both of these plants, after fertilization, bend
over, thrusting the ovary into the water or mud, where the seeds

‘ ripen.
| On the marshes below the level of high water are found the fol-
lowing species and more than 60 others, largely sedges and grasses:

Dryopreris THELYPTERIS (L.) A. Gray. Marsh Shield Fern.
EquiseruM FLUVIATILE L. Swamp Horsetail.
| Found on Long Point, west of the lake.

TypaA LATIFOLIA L. Broad-leaved Cat-tail. -
' Common in the marshes along the outlet and in the southeast
| inlet. ~
ALIBMA PLANTAGO-AQUATICA L. Water Plantain.
Common along the margins of both lakes.

SAGITTARIA LATIFOLIA Willd. Broad-leaved Arrow-head.
Common. :

| DuLICHIUM ARUNDINACEUM (L.) Britton.
ELrocHARIS ACICULARIS (1.) R. and 8. Needle Spike-rush.
More common along the east shore of the Little Lake.
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Bcirpus sMITHII A. Gray.
Acorus canamus L Sweet Flag; Calamus-root.
In the marsh just north of the Little Lake.

AvETRIS FARINOSA L. Btar-grass; Colic Root.
In the marsh along the outlet.

Iris vERsicoLor L. Larger Blue Flag.
In the marshes along the outlet and the southeast inlet.

Xyris FLEXUOSA Muhl. Slender Yellow-eyed Grass.
In the marsh north of the Little Lake and in swampy ground
along the railroad just south of the main lake.

Haprnaria omiaris (L) R. Br.  Yellow Fringed Orchis.
Along the outlet.

HABENARIA LACERA (Michx.) R. Br. Ragged Orchis.
Along the outlet.

GYRrosTACHYS CERNUA (L.) Kuntze. Nodding Ladies’ Tresses.
In marshes west of the lake.

Saururus cErNUUs L. Lizards-tail.
In woods along the northeast inlet.

. Ju~ncus EFFusus L. Common Rush; Bog Rush.
SALix NIgrA Marsh. Black Willow.
Common.

SaLix piscoLor Muhl. Pussy Willow.
PoLvgoNuM sAcItTATUM L. Arrow-leaved Tear-thumb.
Common.
Berura poMiLA L. Low Birch.
In swamps west of the lake.
SARRACENIA PURPUREA L. Pitcher-plant; Side-saddle Flower.
" In swamps west of the lake.
DROSERA ROTUNDIFOLIA L. Round-leaved Sun-dew.
On the east side of Little Lake.
Decopon VERTICILLATUS (L.) Ell. Swamp Loosestrife.
Abundant at the mouth of the southeast inlet and aboul the
Little Lake.

MmuLus RINGENS L. Monkey-flower.
Common along the edge of marshes.

LoBeLIA sypHALITICA L. Great Lobelia.
Common. ‘ '
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Cuscuora cEPEALANTHI Engelm. Butten-bush Dodder.
Common.

CEPHALANTHUS OCCIDENTALIE L. Button-bush; Globe-flower.
Common. :

Nvyssa sYLvaTIOA Marsh. Black or Sour Gum.
CAMPANULA. APARINOIDES Pursh. Marsh Bellflower.

Common in the marshes.

Poryeara cruciaTa 1. Marsh Milkwort.
Along the outlet below the Little Lake.

BprrzA TOMEN108A L. Bteeple-bush.
Common.

Along the beach between low and high water we found:

PanicoM crus-garii L.  Barp-yard Grass.

MurLENBERGIA s8YLVATICA Torr. Wood Muhlenbergia.

CyrErUS DIANDRUS Torr. Low Cyperus.

PoLycoNuM PENNSYLvaNICUM L.

ImpaTIENS BIFLORA Walt. Spotted Touch-me-not.
Common along the shores of both the lakes.

Hrppuris vOLGARIS L. Mares'-tail ; Joint-weed.
At the head of the outlet.

TevucriUM CANADENSE L. Wood Sage.

Lycorus vireiNicUs L. Bugle-weed.

Me~nTHA PIPERITA L. Peppermint.

MenTHA spicaTa L. Spearmint.
Common.

MenTHA 0ANADENSIS L. Wild Mint.
XANTHIUM CANADENSE Mill. © Hedgehog Burweed.
Eourpra aLBa (L)) Hassk. Eclipta.

In low ground south and west of the lake.

BmENS cONNATA Muhl. Bwamp Beggar-ticks.

Besides the above more than fifty others were found along the
beach, making in all over two hundred plants in and about Lake
Mazxinkuckee growing below high water mark.
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A LIST OF THE MOLLUSCA KNOWN TO OCCUR IN LAKE
MAXINKUCKER.

By W. S, BLaTCcHLEY.

The writer has collected shells in and around Lake Maxinkuckee
almost every summer since 1890. From his collection and from vari-
ous notes on the species taken, the present list is prepared.

UNIVALVES.

1. SUCCINEA AVARA Say.
Common on the stems and leaves of water lilies and beneath
rubbish on the south and west shores.

2. Lam~zx sTAGNALIS Linn, :

A fragile and beautiful shell. Rather common among the
reeds and water vegetation, especially in the vicinity of muck
beds. More common in Lost Lake. Not mentioned by Call in
his paper on Indiana Mollusca, but occurs in a number of the
northern Indiana lakes.

3. LIMNOPHYSA REFLEXA Say. o
Common in both Lost and the main lakes, in the same situa-
tions as the last.

4. LiMNopHYSA PALUSTRIS Muller.
Much less common than reflexa, a half dozen specimens only:
having been taken.

5. LiMNOPHYSA DESIDIOSA Bay.
Abundant on the stems of water plants along the shores. One
of the principal foods of snipe, and other shore-frequenting
birds.

6. PEYsA GYRWNA Say.
Frequent on the lily pads and in plles of rubbish along shore.

7. PAYsSA HETEROSIROPHA Say.
Abundant in and about Lost Lake, and in the southeast corner
of the main lake. g

8. PLANORBELLA CAMPANULATA Say
Common in shallow water with sandy bottom, the prettlest of
the discoidal group.

9. HELISOMA TRIVOLVIS Say.
Abundant among the reeds and rushes all about the margin.
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MENETUS EXACUTUS Say.
A minute and handsome species found sparingly on the under
side of lily pads in different: parts of the lake.

VIVIPARA CONTECTOIDES aney

The most abundant univalve in the lake, unless it be Gonio-
basis livescens. After a wind storm in July and August, thou-
sands of the dead shells of this species are washed up in wind-
rows all along the shore The living shells are often seen cling-
ing to weeds in six t0.10.feet of water.

VIVIPARA INTERTEXTA 8ay.’

Much less common than contectoides. Reaches only about half
the size. - The specimens taken were very pretty, being of a uni-
form, rich wine.color and highly polished.

(CAMPELOMA SUBSOLIDUM Anthony.
This is the most common of the three species of the genus

" occurring in the lake: Numerous living specimens were taken

in the seine in water two to five feet in depth, and dead ones are
abundant along the shore after every summer storm.

CAMPELOMA DECISUM Say.

Frequently taken while crawling along on the muddy or sandy
bottom in shallow water.
CamperLoMa RUFUM Haldeman.

A half dozen or more specimens only were ta.ken in company
with the last two. Readily known by the pinkish color of the
apex.

GontoBaAsis LIVESCENS Menke.

Abundant in shallow water areas, especially so where the

bottom is sandy.

'BIVALVES.

. UN10 GiBBOsus Barnes.

Quite frequent in one to five-foot water, especially along the
west shore south of Long Point. This species, as represented in
the lake, is smaller and the shells thinner than in the river
forms of southern Indiana. The nacre of the lake forms is a
deep purple, while in those from the larger streams it is usually
white.

. Uxio paaseorLus Hildreth.

This species is accredited to the fauna of the lake on the
authority of Dr. R. E. Call, Proc. Ind. Acad. Sci, 1895, p. 145.
Tt occurs rather commonly in the Wabash and White rivers, but
in the lakes was noted only in Lake Tippecanoe.




250 REPORT OF STATE GEOLOGIST.

3. Uxio 1Rr18 Lea.

One of the most common bivalves of the lake. “The species
is found in all portions of the State, and is characterized by its
beautiful nacre, the short, erect teeth, and the beautiful bands
of green, together with the foldings on the beaks.”—Call.

4. UNio SUBROSTRATUS Say.

Not common in the main lake; more so in the muck and mud
along the margins of Lost Lake, where a well marked variety,
with a larger and broader beak, was taken. A specimen of this
was sent, among others, to Mr. Chas. T. Simpson, of the Smith-
sonian Institute, for verification. In his reply he says: “The
variety of subrostratus which you send is, so far as I know, con-
fined to northern Indiana. It is quite remarkable, and would
seem to be almost a distinet species. I have seen quite a number
of specimens of it, and at first thought it a variety of U. nasutus
(which occurs in northern Ohio, and probably in northern Indi-
ana), but there seem to be intermediate forms connecting it
with U. subrostratus. The variety will be described in a forth-
coming monograph on the group.”

5. Unrio pressus Lea.
Several specimens were secured in low water along the south
shore. It is common in some of the larger streams of the State,
notably White river at Indianapolis.

6. Unro LureEoLUS Lam.
This is also a very common shell in the main lake; but does
not reach as large size there as in some of the lakes in north-
eastern Indiana.

7. Unio VENTRICOSUS Barnes,
Common, but smaller than in the streams farther south.

8. Unro cirouLus Lea.
Scarce; several specimens, of a depauperate form only, having
been secured. :

‘ 9. Un1o coCCINEUS Lea.

‘ Not common. A few fine specimens were gotten along the
south shore in 1894. In the streams of northern Indiana, espe-
cially in the Kankakee and Yellow rivers, it is abundant.

10 Unro ruBiGINOsUS Lea.
Common along the west and south shores on gravelly bottom.
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Unio PARVUS Barnes.

Not so common as the next which it closely resembles. Dr.
Call has, however, given a table which enables one to readily
separate the two, on page 517 of his paper on the Mollusca of
Indiana.

Unio 6LANS Lea.

Quite common in the shallow water along the west and south
shores. The smallest member of the family taken in the lake;
the average size being about 1.2 x.7 inches.

MARGARITANA DELTOIDEA Lea.

This is also a small form, averaging about 1.5 x.8 inches. It is
quite common in -Lost Lake and along the south shore of the
main lake.

MARGARITANA MARGINATA Say. ,
Quite common, especially on muddy or mucky bottom in three
to five-foot water.

ANODONTA IMBECILLIS Say.

This very fragile and brilliantly colored form is {requent in
both lakes; being found in the bays whose bottoms are of muck
or mud; also in the outlet. |

ANODONTA EDENTULA Say.
A common form on the sandy and gravelly bottom along the
west and south shores.

ANODONTA SUBOYLINDRACEA Lea.

This is a handsome species of medium size; cylindrical in form,
greenish in color, and with recurved and neatly folded beaks. It
is quite common in the vicinity of muck beds and in the outlet.
A. ferussaciana Lea is a synonym.

AXODONTA FOOTIANA Lea.

This is the largest and the most common Anodonta found in
the lake. The average measurements are about 4x2 inches.
Mature specimens are usually much eroded and the shells are
reddish in color from the irou oxide in the mud which they

inhabit.
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THE FISHES.OF LAKR MAXINKUCKEE.
) BY W.'8. BLircHLEY.

I‘orty-ﬁve gpecies of ﬁshes are known to the writer to occur in Lake
Maxinkuckee, or in the inlets and outlet of the lake. The following
is a list of these, with brief notes on their comparative abundance,
local habitat, etc. The momenclature is that of Jordan & Ever-
mann’s “Fishes of North and Mlddle Amerlca i

1. LEPISOSTEUS OSSEUS (Lmn.). Long-nosed Gar; Common Gar-
pike. , b
Common in the lake, where it reaches a length of four feet.
It and its congenor, the short-nosed gar, are rapacious pirates,
ever preying upon the young and weaker members of the higher
orders of fishes.

2. LermsosTeus pLaTOosToMus Raf. Bhort-nosed Gar.
Much less common in Lake Maxinkuckee than the preceding,
but in Bass Lake, 12 miles west, it is abundant, and the only one
there known.

3. AMra 0ALvA Linn. Mudfish; Dogfish.

Common; especially so in Lost Lake. Reaches a weight of 10
pounds or more. Its food is also made up largely of other fishes,
and, therefore, it and the gar plkes should be destroyed at every
opportunity.

4. AMEUrUus NATALIS (Le 8.). Yellow Cat.
Not as common as the next, except in Lost Lake. The largest
catfish of these lakes, often reaching a weight of two pounds.

5. Amievrus NeBuLosus (Le 8.)... Common Bulihead.
Taken only in Lost Lake, where it is not common; but prob-
ably occurs also in the large lake.

6. Amievrus MELAS (Raf ). Black Bulihead.
Frequent in Lake Maxinkuckee in the deeper waters off the
mouths of the inlets.

7. ScHILBEODES GYRINUS (Mitch.). Slender Mud Tom.
Scarce in the lake. More frequent in the northeast inlet.
This is one of the small “stone catfishes,” which have a poison
gland near the base of the pectoral fin. When handled they use
the spine of this fin in defense, and a wound from it is more
painful than that of the sting of a bumble-bee.
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Carostomus NrericANs Le 8. Hog Sucker; 8tone Roller.

Scarce in the lake, but occurring in small numbers in the
larger inlets. A curious spindle-form species; usually found
hugging the bottom in clear, rippling water. »Know'n to every
boy who has ever wielded a snare, but seldom caught with a
hook. '

. EriMyzoN sucerTA oBLONGUS (Miteh.). Chub Sucker; Sweet

Sucker. -
Frequent in the mouths of the inlets and in mucky places
along shore.

CAMPOS'[‘OMA‘AWOM'ALUM (Raf.). Stone roller; Stone-lugger.

Common in the inlets, especially in Aubeenanbee Creek. The
members of this genus are readily known from all other min-
nows by their having the air bladder surrounded by many con-
volutions of the long intestine. - In the spring the males have
the head and often the whole body ‘covered with large rounded
tubercles.

PivernALEs NoTATUR (Raf). Blunt-noged Minnow.
Very common in both lakes and inlets. One of the best min-
nows for bass fishing.

SEMOTILUS ATROMACULATUS (Mitch.). Horned Dace ; Creek Chub.
Scarce in the lake; abundant in the inlets. The largest of our
Indiana minnows, and excellent bass bait.

Norropris HETERODON (Cope). Variable-toothed Minnow.

In the lake only; not common.

Norroris wHIPPLI (Girard). Silver fin.

Next to Pimephales notatus, the most common minnow in the
lake. 'The males, in the spring, have the fins and belly covered
with a clear satin-white pigment, whence the common name.
The head is then armed with numerous small tubercles.
NoTROPIS CORNUTUS (Mitch.) Silver side; Shiner; Rot-gut.

The most common minnow in the inlets; much less common in
the lake. The males are more brightly colored and have the
lower jaw and top of the head armed in the breeding season.

Ramnicarays ATRONAsUS (Mitch.). Black-nosed Dace.

Only in the inlets where it is scarce. One of the most hand-
some of our smaller minnows. :
Hysorsts kENTUCKIENSIS (Raf.). Horny-head; River Chub.

Occurs in the lake only near the mouth of the inlets, where
it is scarce. In the deeper pools toward the sources of the inlets
it is more frequent. An excellent bait for the larger game fishes.
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UmsrA L1 (Kirt.). Mud Minnow.

Scarce in the lake, where it is found only near the mouths of
the inlets or at the bottom of water 14 to 25 feet deep, from
which it was occasionally dredged by Dr. Scovell, being found
entangled in the plant Nitella flexilis brought up from those:
depths. More common in the inlets, especially in Aubeenaubee
Oreek. “A locality which, with the water perfectly clear, will
appear destitute of fish will perhaps yield a number of mudfish
on stirring up the mud at the bottom and drawing a seine
through it.”—(Baird.)

Lucrus vErmrcuLaTus (Le S.). Little Pickerel.
Frequent in the lake; more so in Lost Lake. TFound about
the weedy margins in shallow water.

Lyucrus vucros (Linn.). Common Pike; Pickerel.

Formerly quite common in the lake, but now scarce, but one
or two being taken each season. Frequents for the most part the
bayous, mouths of inlets and patches of weeds in eight to 16-
foot water. '

FurpuLus p1apHANUS MENONA (Jor. and Cope). Common Killi-
fish.
Abundant in the shallow water near shore.

FunpuLus DIsPAR (Agassiz). Top Minnow.
Less common than the preceding; smaller and more prettily
colored.

Eucavta 1nconsTans (Kirt.). Brook Stickleback.

This handsome and interesting little fish has been taken in
Indiana only in streams in Wabash and Decatur counties, and in
Lake Maxinkuckee. In the lake it is quite common among the
masses of Nitella flexilis at the bottom of 15 to 24-foot water.
In dredging Dr. Scovell often found four or five entangled in the
masses of Nitella which were brought to the surface.

LasmpestaEs srccuLus (Cope).  Brook Silverside; Skipjack.
Abundant. Frequents for the most part, shoal water, though
it often occurs in schools, swimming close to the surface of the
deep water. Into these schools the bass and other game fish dart
and create sad havoc. The prolonged beak-like jaws and the
slender translucent body render it easily noticeable and dis-
tinguishable from all other fresh water fishes.
Pomoxris ANNuLARIs Raf. Crappie; Bachelor.
This species is inserted on the authority of Dr. Scovell. Tt is
much less common than the next, which it closely resembles.
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26. Pomoxis sparoiDEs (Lacépéde). Calico Bass; Grass Bass.

~ Frequent about the weeds in 10 to 18-foot water, but much
less common than in Bass Lake. Often confounded with the
preceding species, the name “croppie” or “crappie” being given
indiscriminately to both. This species and the blue-gill,
Lepomis pallidus, are, more often than any of the other game
fishes, thrown by the waves in a dying condition on the shore,
especially in July and August. They then appear to be attacked
by some sort of a fungus growth.

27. AvsropLiTES RUPESTRIS (Raf.). Red-eye; Goggle eye.
Common in the lake in water from eight to 30 feet in depth.
Frequents the vicinity of the weed covered slopes on the bottom.
An excellent pan fish, easily hooked but not very gamy. Speci-
mens weighing a pound and a quarter have been taken.

98. CHAENOBRYTTUS GULOSUS (Cuv. and Val.). War-mouth; Indian
Fish. :

-Found sparingly in the lake in water from 10 to 40 feet in
depth; more common in the outlet and in Lost Lake. Reaches a
weight of three-quarters of a pound, and is a fine food fish.

29. AroMoris cYANELLUS (Raf.). Blue-spotted Sunfish; Green Sun-
fish. ‘
Ingerted on the authority of Drs. Evermann and Jenkins, who
note it as “very common” in their “List of the Fishes of Lake
Maxinkuckee.”*

30. Lrpomis mecaLorss (Raf). Long-eared Sunfish.

A Common in water from two to 10 or more feet in depth; nest-
ing, as do several other of the smaller species of sunfish, among
the rushes on the sandy bottom. This is one of the most bril-
liantly colored of our fresh water fishes. They are the lords
and ladies of the respective pools wherein they abide. When
they move other smaller fry clear the way. If a worm or a gnat,
falling upon the surf