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largely against this later deposit, instead of the til] itself, and would

find comparatively little material fron which to ('(mstru/ct a gravel

beach. For this reason we find more gravel in the Belmore, 12)5\ in
the Arkona, and still less in the Warren beaches, /

From the distribution of the sand over the regj 68
of the Forest and Grassmere beaches it is I'OLb;( Tnlgilnt(zl ttlll}it“tig
prevailing and heaviest winds during this stage were fro;n the east
northeast, or southeast. Ag the beach ridge of sand was formed b‘j
th.e action of the waves, its loose particles after drying would bue
seized by these windg and gradually moved Iandwardj unti] the belt
of sand was from three to seven miles broad. It ig jﬁst this action
that now occurs along the eastern shore of Lake Michigan owing
to the prevailing northwest winds, while the western shore is
comparatively free from such sand accumulation. The sand from
the Warren beaches was thus spread over thousands of acres of
land, impoverishing the soil and those unfortunates who are com-
pelled to get their living from it. Low cabins, puny barns, bonv
stock, poorly c¢lad and half starved children; all are becau,se th)e
prevailing direction of the wind, a few thousand years ago, was
easterly. At present the prevailing direction of the wind is,fr-om
the opposite point of the compass and the Lake Erie sands are not
encroaching upon the fertile soils adjoining. To summarize then
the sand and gravel of the county were derived originally from the,
crystalline rocks to the north and east, washed ofit of jche till by
wave action around the margins of the lakes and still further di;—
tributed by the wind.

(b). Clay. While the action just described was in progress in the
littoral region of the lakes, the finer particles of sand and alumina
were taken in suspension and carried lakeward by the waves and
currents. This material would settle very slowly into the deeper
and quieter portions of the water and form the clay deposit pre-
viously referred to as covering the bottom of the lake. This would
fill up all irregularities of the till surface and slope very gradually
and evenly toward the southeast. The particles were go nearly
homogeneous in size and distribution that no distinet stratiﬁcatio;l
is visible. The vegetable growth upon the lake bottom became
embedded in the clay and gave it a dark color. This deposit would
necessarily be thinner in the western and thicker in the eastern
part of the county, where it covers the surface boulders. That
which was originally deposited over the central portions of the
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county was veryv largely removed, as the waters receded, and was
carried further eastward. This clay is very sticky when wet, con-
sists of alumina and silica in finely divided particles, contains
enough iren fo burn red and was derived from the till. Small
streams entering the Jake from Lenawee and Washtenaw counties
would confribute some sand and clay to the Monroe deposits, but
they were derived from the surface till of these regions. ,
(¢). Loam. This ferm is applied to a mixture of sand and clay,
which either owing to the proportions of the ingredient, or to tle
size of the constituent particles. is looser and less compact than clay
itself. When wet it is not so sticky, and upon drying does not bake
and crack. As the proportions of clay and sand differ, varieties are
distingunished which graduate into one ancther, and into other types
of soil. When the plant food products are present it forms an ideal
soil, because of the ease with which it ean be worked and of its
ability to conserve just the proper amount of moisture for plant
growth. Owing to the presence of organic matter it is Very com-
monly of a dark color. Narrow strips of this soil occur along the
margins of the clay and sand belts where the two have become
mechanically mixed through the action of wind and water.

(d). 8ilt. Along the margins of all the streams, constituting their
flood plains, is a deposit very similar in its physical properties to
loam. It usually differs from it, however, in having a much greater
variety of material present, since it represents the surface wash
from all the regions drained by each particular stream. It is dis-
tinctly stratified and contains the shells of both water and land
snails and other molluscs. Owing to its great fertility it supports
an abundant vegetation which gives it a dark color. The larger
streams furnish the broader areas of this type of soil. and in some
regions dikes have been constructed around the fields to shut out the
streams completely at times of flood. In composition the typical
river silt consists of 50 to 704 of sand, about 104 each of alumina
and organic matter, with varying quantities of iron, calcium, mag-
nesium, potash, soda and phosphorus. Their general nature is
shown by the two analyses® given below from the bottom lands of
the Raisin just over the western boundary of the county, at Deerfield.
The first analysis is of silt which had been under cultivation for 40
years, without manuring, the second represents the “virgin soil.”
The timber in both cases is ash, basswood, hickory, walnut and

oak.
A1

*“Michigan Soils.” Bulietin 99 of the Michigan Agricultural College, page 6.
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| Uneutti
Cultivated, | Gaeult:
| .
|
Sand and silicates.............oo.. o 58.17 i 62.42
Alumina....... 6.48 ‘ 10.64
Oxide of iron. 7.62 3.42
Lime........ ree | 210
Magnesia . 1.43 | 1.59
Potush. .. 1.84 | 2 05
Soda........ 1.20 1.19
Sulphurie aeid . .32 .24
Phosphoric acid.................. . .40 .41
Organic matter.......... ... oiiieioiii i e . *#10.97 J 49.39
6.08
|

WaET.. oo e N 9.45
[

*Nitrogen =.12

tNitrogen =.37.

(e). Muck. One characteristic of a glaciated region is the presence
of innumerable basin like depressions, in which spring and surface
water may accumulate, but from which it cannot readily escape,
except by evaporation. Many such spots are found in the sand
belts, where the sand is thin and underlain by clay. Small lakes
are here formed in which plants, drawing their sustenance from the
water and air, get a foothold and eventually add their remains to
the soil of the bottom and margin. Coarse varicties of moss pres-
ently start, which dying beneath and growing above prepare a bed
for the rushes, the water lilies. and the water-loving shrubs.
Through thé agency of water fowl animal life might be introduced.
the decay of which would furnish other ingredients to the scil ac-
cumulation upon the bottom. Rome clay and sand wounld be washed
in from the surrounding region. so that through all these agencies
the lake would be slowly filled and converted into a marsh. New
types of plant life would now find suitable conditions, the filling
process would continue and a meadow finally result, capable of
cultivation. The black, spongy, carbonaceous mass, resulting from
the alteration and partial preservation of the organic matter, is
called peat when practically pure. Usually it is mixed with clay
and sand and is then known as muck. Tt is rich in nitrogen and
phosphorus, but does not contain sufficient hody to serve as a soil
for most plants. The total amount of such soil in the county is
not great although small areas are numerous in certain regions., A
cranberry marsh covering 112 acres is located in the S. E. 4. Sec 24
of Summerfield township, belonging to Clavton Everett. of Toledo.
This is flooded in the spring as shown in Fig. 6 but is drained and
later irrigated by numerous wells, from which the water is pumped
by windmills. An extensive peat bed occurs in Sec. 9 of London

r

of Monroe,
the production of peat, is harvested from it each season and used

moisture well, is light and does not “heat.”

] v a1l 9 Q Vel
ported a soil of fibrous peat one to two feet thick as covering 18 sec
tions in Ida, 9 in Summerfield and 5 in Whiteford.
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township, 60 acres of which belong te the Ilgenfritz Nursery Co.,

A crop of Sphagnum. the moss concerned mainly in

in packing about the roots of nursery stock for shipment. It holds

In 1838 Hubbard re-

extensive cranberry marsh when flooded in the spring.
See, 24, Summerfield Township.

Fig. 6. View of
B. Relution of Soils to Vegetation.

§ 4. Fertility.

The bulk of all tissue found in the higher plants consists of
carbon and water in chemical combination. The carbon is de-
rived from the carbon dioxide of the atmosphere, being separated
from its oxygen by the green coloring matter, known as chlorophyll,
The water is derived from the soil
By combining chemically this
From this

with the energy of sunlight.
mainly through the agency of roots.
carbon and water in certain proportion starch is made.

|
|
!
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starch, without the addition of any other kind of material, the plant
produces sugar. gum. cellulose. lignin, oil, ete. The production
of these substances, which so largely enter into the composition
of all plants, constitutes no drain upon the soil. There are further
needed, however, relatively small but important quantities of
mineral substances, which can be derived only from the soil. These
consist chiefly of potassium, sodium, calcium, magnesium, iron,
phosphorus, silica and chlorine; all of which must enterythe plant
in chemical combination rather than as free elements. When the
plant is burned this mineral matter constitutes the ash, while the
carbon is united with oxyvgen again to form carbon dioxide and this
with the water is restored to the atmosphere, to be used again in the
same manner. When complete decay takes place the same changes
oceur but extend over a much longer period. It is self evident that
a soil must be ready to supply, in available form, all mineral sub
stances demanded for the complete development of those crops
assigned to it. Table IX from the appendix of Johnson’s “How
Plantg Grow.” gives in convenient form analyses which were pub-
lished some years ago by Prof. Emil Wolff, of the Royal Academy
of Agriculture, Wiirtemburg. The various substances analyzed were
in the condition in which they are handled by the farmer, that is,
air-dried. The calculation of the amount of any mineral ingredient
required for a given weight of each substance is very simple, since
the figures represent the percentage composition. To ilustrate, a
ton of wheat would withdraw from the soil .55¢ of 2,000 1bs. or 11
Ibs. of potash. A ton of red clover requires 1.95% of 2.000 lbs., or
39 Ibs, of the same substance. :

The failure of a goil to produce certain crops is not due necessarily
to the absence of essential constituents in available form, but may
be due to some physical disability. Some harmful ingredient may
be present in disastrous amount, as an acid in the case of muck.
Scarcely better advice can be offered the farmer now than was given
sixty vears ago by Bela Hubbard in the Second Report of the State
Geologist (page 110); that he carry on experiments upon a small
scale to determine the agricultural value of his various soils and
induetively discover methods for improving them. It is now known
that a mere chemical analysis cannot be implicitly relied upon to
determine the character of the crop which the soil is capable of
producing. Tts fertility is in great measure dependent upon its
texture, the mere size of its component particles. The finer the
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TABLE IX.—P

Substance.

QUZAT-DEELS. . cvvnrvneer nrrercintiees
Sugar-heet toOPS. ... ov et
Red clover DAy .....cooooiererveens
White clover hay.......ocoeeoaenener

Potatoes, tubers. ... .eeeeieanenns
TUEDIDS e e e eneeeeeronmemneveene oo

Wheat, Srail. ... oer oo eomeeneeaes
Wheat, Straw

(o e 5 R
OBLS, SEPAW .. ervee re e eneess s es
Barley, graill ..o eeree o cmineeaees
Barley, SITaAW ..o ceemraooeemennes
RY€, BTUIL covenrns srrs e oot
RYE, SELAW. .o eeeaanrnacms sz
COTR, EIAIN . oov o venr e wnmms e oo
COTn, SEALKS L oovheenaens e e
Buckwheat, Grains. ... coeieeees
Peas, SEEAS. ... oen e
Peas, VINES . .oooverrvrer e inenees
Beans, SEEAS. . ..o i e
Beans, PIANES. . vee oo e e e
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degree of comminution the greater is the total surface available for
retaining moisture by what is known as capillary attraction. This
moisture is spread out as a delicate film over the soil particles, so
that the finer these particles are the greater is their combined sur-
face, the more water are they capable of holding, and the more
tenaciously is it retained for plant use. A cubic foot of compact
limestone has 6 square feet of surface, or S64 square inches, but
if sawed into 8 equal cubes, 6 inches upon a side, it possesses 1,728
square inches of surface. If cut into one inch cubes the total sur-
face would be 10,368 square inches, or twelve times as great as the

original surface of the cube. Similar treatment of each one inch

cube would enormously increase the total surface, and the principle
would be the same if the particleg were of irregular shape, as is true
in the case of soil. Tt has been estimated that a gram of soil con-
tains from 2,000,000 to 15.000,000 individual granules, depending
upon whether we consider a sandy or a clayey soil and the combined
surface must be astonishingly great. An estimate made by Whit-
ney gives a cubic foot of soil a surface of 50,000 square feet., If
the soil is too loose and open, as in the case of sand, moisture is not
properly conserved. Upon the other hand if the soil particles are
too fine, as in a very compact clay, too much water is retained for
the proper aeration of the roots and the perfect development of
the plant. It must now be apparent why the loams and silts are
the best soils, for it comes both from the standpoint of texture and
the greater variety of material which they contain.

§ 5. Fruit culture.

The clay soils of Monroe county are rich in calcium carbonate
owing to the prevalence of limestone in the county and to the north.
With the favorable climatic conditions the grape grows luxuriantly
in such soil and attains a high degree of richness. So abundant
was this fruit along the river from Monroe to Dundee that the
Namet Cybi of the Indians became La Riviere aur Raisins of the
early French settlers. In a paper read before the Pioneer‘Society
in June, 1883, Judge I. P. Christiancy thus describes the remark-
able growth of the wild grape. The river, he says, was so called

“from the immense quantities of wild grapes along its banks, which as late as
1843 and 1844 I saw growing on the M

acon Reserve along this river and the Saline
and Macon' where the forest was still untouched, over the tops of the tallest forest
frees; some of the vines being from six to eight inches through; which, after
climbing to the tops of the trees, dropped branches to the ground, which again
took root and made an inextricable mat of vines, such as I have never seen else-
where except in the tropies.”*

*Michigan Pioneer Collections, Vol. 6, 1883, pages 362-3.
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With sach a variety of soil and a favoring climate, conditions
are found suitable for the growth of other fruit, besides the gripfe,
: i -ank high in this regard, when it is
but Monroe canunot be said to ran oy " B

i i f the state. The following ta
compared with other counties o : . low »
%hox?s the number of bushels of fruit produced in the Vauo'u:. tov;zzlr
;hips during the season of 1898, as given in the. F'arm Statis tms
i898-9 YWhere no numbers are given the statistics are wanting.

TABLE X.—BUSHELS OF FRUIT PRODUCED IN 1898,

- —

a 1 1 . ‘
\ ‘ i “Ch . 31 Straw- | Black- bRa,si%-s
| . | Plums. ,Cherries. W | Derpies. | berries.
Townships. \1 Apples. \Pea.ches Pears | berrie:
i | !
| I N ; k
A l | ‘ | 8
| 1 141 116 | 4 16 15|
I 1,089 | ‘ .
| 00 | e 3,728 456
" 816 432 1 \ ........ g
‘ 66 e Lo
L1264 30 150 l
| ‘ l 5 180 1,489 181 811
Po408 1 3,065 1,682 | |
| 0 30 j e P P P B
EZELET. v cennss 100 | 4 l . !‘ - - -
5 7 251 B0 |eeiinens
Frenchtown. .... 225 170 | , . . -
1,417 Lo 33 | |- PO
05 T P, , \ | :. 1 ...............
' 5 100 e L
B85 feverniinns ‘
LaSalle.......... l | -
1 345 402 | 349 | 52 | 67 311 1 1
Tondof......«v.- i 1,345 | ! | o . .
| 450 75 | 50 | C R VT
Milan. ..o veve e 5 ‘ | o o
! 12 289
i 947 1,460 (I 27
MONTOE «.vvvraees s | N ' -
i 1,208 521 321 | 53 | 27
Raisinville....... | s | o ‘ ..........
5 L6 O ) FETRETIES
Summerfield..... ~ 405 480 : N ‘ o o . "
w ; 1,156 2
hiteford...... . 2,026 ‘ 427 “ .‘
— | e — \ —_— ———’187
' 6,892 1,142 2,
5,011 | 437 | 591 \
TOtalS. . cenvne ~ 16,000 \‘ 9,243 | |

| :

An inspection of the table suggests that the best f.rullt (Ii)'rodu]ic;ileg
townships are in the southern part of the cour.lty, 1nlc u 1}i1g ever,
Bedford and Whiteford. This does n?t neces'saml.y fol ow,t ow Ove;
although these townships have a slight climatic adv:tr;hag; e
those farther north. It is probabl;—a ﬂi{t ﬂ(lle gle;m]lz:toof tie (())ther

g i es the raising of fruit an . :
giﬁii;??&ﬁx make an equally good 'showing with an intelligent
handling of the soils which nature has given them.

g roducts.

inﬁ'theF ;igzlfction of the staple farm crops Monroe ciﬁntyviizk:
well both as to the number of bushels produced andf etie Cmi
vield per acre, the heavier soils being well adapted for

plete development of the cereals. Some localities are capable of
21

[ )
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== PRV =k = . . . . X . R g i .
=S omoew of i s . vielding 30 to 40 bushels of wheat to the acre. but the average

vield is but little over half this amount. For 1898 the average
for the entire county was 21.04 bushels, Erie township leading with

: : s - an average of 24.09 bushels to the acre.  For 1807 the county average
i | Do Y ) was 20.80 bushels which gave Monvoe the rank of ¢ when com-
RNEKE— pared with the other 83 counties of the state. The county produces
annually nearly a million bushels of wheat, over a million of oats
- JJ = and a million and a half of shelled corn. For the season of 1898 !
Table XI gives a summary of the yvield by townships with the final
total taken also from Farm Statistics of Michigan for 1898-9. The fi

17
k

261

222

1.743

Pota
toes,
bushels,

2
2, 151 . 89
21 5
15, 15
, 626 2, Ry
. 461 2, 026
50 . 446
7
3 Xit;

L 826

|
|
| ’ R P N S
] 5 2 T 2 8 2 18 oz ow e [ . . o ) . .
o | =z ' &=z EEEEEE F 8 1 sand belts furnish desirable conditions for growing potatoes, beans
& 21 T F ¥ TFF TS I X oy oo = 3 = _ i
2 @ ‘ g TEEsRSsE@EREE g d g g and buckwheat. It would seem as though the sweet potatoes might
)< o |- - . . .
g ° ' — ! » also be grown with profit here, but the experimnent has been tried
o | 4128 2 2 8 @ 2 = o o o0 - - ———— i 2
g g A B ‘ ! ~ . " : 3
Z | 5|5 885 3 fcE8g¢gzZ¢gg L E ; only by a very few who report encouraging results. In Sec. 8 of
O | < | I T R TR TS SRS SRR —_ e 5 = R ) . . = .
2 \J*‘K T= Bedford township 4 of an acre of heavy sand rvielded 12 tons of
| ;i 12 28 2 232828 58 32 2 2 1 o e | o . . .
’ g | 2SS ESS85REEBEAEE Y8 ; 4 Hubbard squash. The patches of muck, abundant in certain locali-
Sl [a» . g 8 28 5 EEESCSIZIETFE TS L : . . .
. = ‘ £ 2 =T I e8¢ =rFgE¢E [ B ties, are genervally capable of producing good crops of cranberries.
; ~ S I= ‘ . . ) . .
] 5 ! © i sz eca 55 i s s - celery and peppermint. The analysis of three typical celery soils
: { 3] Y-S = A R CO S~ A I e 3 . .. .
b ) ’ ;5 | o o © 2 & f’: :’f i =2 & 588§ | = will show the composition required for such crops. There must not
£ | - € e e o <oaf e o o | oo . '
g ‘ T e s e %] be over one per cent of iron sulphate present and the muck must
$6| - R R L8 FT TSIz g | . . T e " .
S | 395) S5 %% wae CmoEEEERE 3 not be “sour.” (“Michigan Soils,” Bulletin 99, Agricultural College.)
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= 2 ,
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j o=t s 1 & = 5 83 83 ¢ R I B s g g i |
i g ( & 2 ; o e z e % > = 2 :i = E’ = % = f = N Kalamazoo. Grand Haven,| Newberry.
| J Pz TREE e e &8 g8 8§& 8 g, ¢ ‘f
T a ; ‘ =
vl PR ! 19.16 i 24.09 24.56
o b S T T 140 | 1.71 2.2
=] I e | 3.94 ! 3.52 1.30
= [ I s 609 | 5.02 4.18
'ﬁ ! ) f Co T 2~ B | .g1 | gg ;3
= ;o L D .34 . 42
& @ |5 EET T RS - .38 l 33 “40
| g g ¢ g 9 2 P8 8 3 SuIphUTie aciA. . mvnrnoemeeoars rar | 1.0 6
| 2 T 5 8 2 on owod a2 E 2 | Phosphoric aeid.... ... . ... I 8 69 ‘46
’ 2 E 2 S F T EFELEE R B BT B J‘ garbonic ACIAL ..o ‘ 6;).92 ‘ 6},0;3) 6;,19
& 3 58 &E 2R EE G2 ; PEANIC IBLEET. ottt it e 7 ‘ T )
‘ PCCP°bBuBasB ®w T o Water e ; 651 10.85 781
| i i
|
}I The rapid development of the beet-sugar industry in Michigan has
created a demand for a new crop for which Monree county soil and

climate will be found well adapted. The ideal belt for growing the

Township.

by the summer isotherm of 70° F. This isotherm cuts diagonally
across the county, from Toledo northwestward, and the entire
county lies between the summer isotherms of 69° and 71°. The
‘ season opens early and the rainfall during the period of growth is
all that is required. There is but one unfaverable feature relating

]

|

|

1 : : . . . . . . ! : N : : B .
Ia‘A:::SE;'EEEEI;ir: ,
)‘ : : : o sugar-beet, so far as temperature alone is concerned, is determined
|

|

I

!

|

Totals
* Shelled.

Raisinville..... . ..
Summerfield.. ... . ..
Whiteford.... . .. .

La Saite.... ... ...
London........ ...
Milan.............. ..
Monroe....... ...

Frenchnown..,.,..
Ida............... .

Bedford...... . ...
Berlin..... ... ..
Dundee....... . .
Erie............. ...
Exeter........ . . .
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to the climate and this is the amount of precipitation in Re tember
and October, which at Toledo is 2.38 and 2.32 inches res<p§ctivelil
The result of this precipitation at this time is to produce a secon‘d'
growth in the beet, which occasions a certain loss in percentage of
slugar. Trial only will demonstrate whether the difficulty is suf-
ficiently serious to involve considerable loss. There are thousands
of acres in Monroe county which are well adapted to beet raising
s0 falt as soil is concerned. This should be g light loam with a clawg'
subsoil, level but well drained, either naturally or artificially Thi;l
soils with hard clay subsoils do not allow th‘e tap roots pljo.per de-
j'elopment. Wiley, the American authority upon the subject, sa '@l
“In general any soil which will give good crops of the cerea,ls a}n);
other farm products will produce good sugar-beets.” Accordin(
to the Land Commissioner French, during the season o't‘ 18;)8 Monrof
county produced 215% acres of beets. Previous experimen’gs haV(;
demonstrated that the beets are of good quality. Estimates for
the. state place the amount received for each acre at $53, half of
which represents profit. The following paragraph from “’Progress

f th Be wl 'Sugar IDdUS Iy fOF 1 5/
Qb » b C. F. K 3 i
(0] . eq e : 1 \4 8 y Sailor, 18 qu ()1

“Thirty-four samples were r i

avenl A S eceived from the State Michig: i

a thgeeyfégiﬁénaiasiatlsfaﬁtqry content of sugar, andog vgilggliﬂ}’it;hov'l‘vilneg e ﬁﬁe

nature as to Hoent tﬁvor in Michigan last year were of such arf enco raging

Tactorsen arg Just g 'Ide' estabhshrpent of a beet-sugar factory at Bay Cit urgg}llng

to Ol forne 1o beel%l ing, and Michigan gives promise of becoming a stry' o)

abls of pragui,l hi-s};xgar production. Evidently all parts of the State re onpl

tr(_eme]y favorable. T%e_ggétlgeofb?}igsla%l(lidplt“g\e'iodimaﬁc il conditionsagiecigz

Michigan is one of the hest states of the Union %grysgésars_%ggft lég:i'gur;% gue(sptéon til}la)t
. ge 151.

§ 7. Forest growth.

'The character and distribution of the timber ig determi
directly by the nature and distribution of the goils allilemgd
d‘escribed. Upon the heavy clay are found oak ash, elm bej hy
hickory, black-walnut, bass, maple, whitewood, an’d alojng th,e Wa‘ferj
courses, sycamore. A singular belt of hickory, about one mile wide
by two to three in length, extended originally in a northeast d
southwest direction through Secs. 5, 6, 7 and 8 of Milan tdwnsi?
This region furnishes also most of the beech found in the countp.
The ‘regions of heaviest sand have but a scanty growth of timbei.
consisting mostly of yellow, white and burr oak which form the’
so called “oak openings.” In the Swampy regions “popple” and
tamarack are abundant. North of the Raisin the chestnut is com
mon on the sand belts and extends northward into Wayne county~
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The farmers uniformly report this free as absent south of the river
upon the same sand areas, over which it is abundant to the north.
It appears that the Raisin has thus far constituted a barrier to the
southern progress of this tree. In a preliminary survey of the
flora of southeastern Michigan, Prof. C. F. Wheeler of the Agricul-
tural College, in 1890, noted the following 55 trees:

Acer daSyCarPUMi ... v vureeaiaancnen anes et Silver maple.
A, rubrum........... ...Red maple.

A, saccharinumi...........coeiiineiieneinas Sugar maple.
A. saccharinum, var. nigrum............... Black maple.
Aesculus glabra. . ... ool tiiiii i Ohio buckeye.
Asimina triloba.... ... Papaw.
Amelanchier Canadensis ..

Betula papyracea...
Carpinus American
Carya alba..........
C. amara

. Pignut.

C. porcin

C. sulcata.. . . ....Big shell bark hickory.
Castanea sativa, var. Americana .......... Chestnut.

Celtis occidentalis..................... .o Hackberry.

Cercis Canadensis..................ooo oLt Red bud.
Cornusflorida..... ..ol Dogwood.

Cratoegus coceinesd ... oot iuu. Fled haw.

C. coccinea, var. mollis. ... ..... <edhaw.

C. erusgalli.....coveiiiiiiii i, Cockspur thorn.

C. 1OMENLOSA .« et vrirn e iannaeans #..Black thorn.
Fagus ferruginea........... ..ol Beech.
Fraxinus Americana................... ..., White ash.

F. sambuecifolia........... .. ...l Black ash.
Gleditschia triacanthos...................... Honey iocust.
Hamamelis Virginiana....................... ‘Witch hazel.
Juglans cinerea............. e e, Butternut.
J.omigra...o.ooi e ‘Walnut.
Liriodendron tulipifera....................... Whitewood.
MOTuSTubra ..o veei i e Red mulberry.
Negundo aceroides.......................... Box elder.
Nysamulsifiora..........oooooeii il Sour gum.
Ostrya Virginica......... ... oo ‘Water beech.

...Sycamore.

. Balsam poplar.
.Large toothed aspen.
.Cottonwood.

. Aspen.

. Wilé plum.

. Wild black cherry.
..Choke cherry.

Platanus occidentalis
Populus balsamifera
P. grandidentata
P. monilifera ..
P. tremuloides.
Prunus America
P. serotina.........
P. Virginiana......

QUEercus alba....ooover i e White oak.

Q. bieolor.... oo e e Swamyp white oak.
Q. coccinea var. tinetoria.................. Black oak.

Q. TOACTOCAIPB vvnv ternvarecnneeranne vonnarns Burr oak.

Q. palustris.... ...l Pin oak.

Q. rubra............... [ Red oak
Rhusglabra.........coviiiiiiiiiiiiicnicanne. Smoothsumach.
Salix amygdaloides............o.o vl ‘Western black willow.
S, Nigra .cv. i e Black willow.
Sassafras officinale.............coooii Sassafras.

Tilia Americana.............oooviii i Lol Basswood.

Ulmus Americana..............ooooeiiiian, ‘White elm.

L 4 0 T Slippery elm.

U. FACEINOSG .. ev it ittt i naiart it itanne e Corky white elm.

C. Amelioration of Soils.

§ 8. Importance of subject.

Until the unwelcome truth is forced upon their attention prob-
ably most farmers look upon their land as an inexhaustible source
of wealth, requiring only so much sunshine and moisture and so
many hours of physical labor. Their farms to them are like the
mythical hen which laid golden eggs without having to be fed upon

%
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that the average amount of these two nitrogen compounds per
acre is 10,23 Ihs, a vear, with o rabge from 1.86 1bso to 20091 Tbs.
This is estimated by King as sufficient to supply the nitrogen re-
quired for two bushels of wheat*  Rimilar observations show that
sulphuric acid is also preseut in rain water, but in smaller quanti-
For a rainfall about equal to that of Monvoe county the es-

ties.
Springs may

timated amount is 2} Ibs. to the acre for each year.
add desirable ingredients to the soil, although too great

locally
In

quantities are generally deposited while the spring is active.
case the spring dries up the excess may be removed through the
agency of rainwater and the character of the oviginal soil more or
less improved.

If one examines a pile of field stone many will be found, which al-
though firm and solid within, are covered with a soft mealy crust,
soft enough to be easily removed with the finger-nail. This is par-
ticularly true of rocks rich in plagioclase feldspar, hornblende and
mica, less so for those containing much orthoclase feldspar and not
at all so for the quartzites. This phenomenon is known as a “weath-
ering” and results from the absorption of moisture by the minerals

and their chemical disintegration. Both soluble and insoluble com-

pounds result from this action, the former being taken into solu-

tion by the rainwater and carried to the streams, while the latter

material is added to the soil. DBoulders of considerable size may

sometimes be found in which this destructive change extends to the

center, so that they readily crumble at the toneh or may easily be

pulled to pieces with the fingers. This decay of the crystalline

rocks adds to the soil silica, alumina, calcium carbonate and valu-

able quantities of soda and potash. When iron is present, even in

small quantity, its oxidation and hydration takes place, staining the
weathered material brown to yellow. The lasting qualities of
glacial soils are due, in part, to this continuous enrichment which
they receive from the rock fragments contained. Shaler has at-
tributed the ranker growth of vegetation about surface boulders to
this action.t Since this phenomenon may be seen about objects in-
capable of yielding nutriment fo the soil it may be questioned
whether the effect is not due mainly to the conservation of moisture
and heat by the object. The disintegration of rock masses is greatly
facilitated in temperate regions by alternate freezing and thawing

*The Soil, pp. 119-120.
+Origin and Nature of Soils, Twelfth Annual Rep., U. 8. Geol. Sur,, part I,

pages 237 and 288.
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of the water which collects in its pores and crevices. It has been
determined that even solid granite will absorb .4 of a pound of
water for 100 pounds of the rock. Upon freezing this water exerts
an enormous disruptive force, producing crevices where none ex-
istedmand enlarging others already formed. The great Ida boulder
showtg‘ﬁn Fig. 1 furnishes an illustration at its smaller extremity,
wher: large fragment has been flaked off in the way describe;i.
These c1 “x;fi(:(%s allow the destructive atmospheric agencies to oper-
ate over a\‘.s}ar-ger and larger surface, thus greatly facilitating com-
plete disinvegration. Cleopatra’s Needle, which' safely witﬁstood
centuries of Kgyptian climate, has suffered severely fI‘O;h a quarter-
century of New York’s changes and, in order to be preserved, must
be housed as are other exotics, / |

(b). Organic agencies. Plant and animal agencies have a very im-
portant share in the natural improvement of soilg alreadvy forumod
or forming, operating in a variety of ways. In the case (;f the Ida
boulder above referred to, the crevice which has been formed by the
frost is now filled with soil in which smaller plants grow (;verv
season. In the course of time the wind. or a bird, will leave ther:e
the seed of some tree or shrub, which in its growth may completely
rend the rock asunder. The accumulation of leaves in ;uch a p]ac;}
combined with growth in place of lichens and mosses, will furnisﬁ
carbon dioxide gas and organic acids after their decay. These
compounds added to the rainwater will greatly increase uits power
to dissolve substances from the rocks. Even the refractory quartz
yields readily to its power. Hayes has recently cited insfancLeS of the
S?Iution of pure quartz through the agency of humic acids.* and
gives Thenard as authority for the statement that simple humic
acid will dissolve .84 of gilica. After absorbing nitrogen from the
air, however, and becoming azohumic acid it ig capable of combining
with 7 to 247 of silica, depending upon the fuantity of nitrogen
used. Compounds are formed which are readily soluble in alka-
line carbonate solutions. Where conditions are favorable for the
growth of bacteria, compounds may be formed which have a similap
effect upon rock masses, thus rendering available to plants a larger
quantity of mineral matter. The rootlets of the coarser plants ané
particularly those of shrubs and trees penetrate the subsoil to con-
siderable depths, forming channels through which surface water

and atmospheric gases may enter, thus extending downward the
SR el

*Bull. Geol. Soc. of Amer., Vol. 8§ 1897, pp. 215.21s,
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action of these agencies. The overturning of frees by tornadoces
frequently results in a mixing of soil and subsoil on account of the
quantities of earth adhering to the roots. The effect, however, is
just as liable to be disastrous as beneficial. Not only indirectly.
as just pointed out, but directly through its partial decay, is the
soil enriched through various forms of vegetation. The mineral sub-
stances required for plant growth are derived from the goil and re-
turned again after the decay or combustion of the material. The
carbon, however, which is the basis of nearly all plant products and
some nitrogen, in certain cases, are drawn directly from the air,
as explained in § 4 of this chapter. The incorporation of vegetation
into the soil thus adds to it materials which it did not originally
possess and to this extent it is enriched. Not only plant food is
thus introduced but the undecaved carbonaceous matter renders
the compact soils more porous, less wet and heavy, while the lighter
soils are better enabled to retain their moisture. The dark color
imparted to the soil gives it the power to absorb more of the sun’s
heat.

In this work of soil amelioration the plants are assisted to a great
extent by animals. Charles Darwin in his book entitled “The Forma-
tion of Vegetable Mould,” first called attention to the important
effect of earthworms in working over and loosening up the soil.
They, however, work mostly in soil that is already rich and hence
needs their help least. Here they are frequently present in sur-
prising numbers but almost or quite absent from heavy clay and
light sand. They have the habit of passing through their long ali-
mentary tracts, as they burrow, quantities of earth upon which their
digestive juices act. The soil particles are triturated, softened.
partially dissclved and finally ejected upon the surface in relatively
large quantities. Penetrating to a depth of six to eight feet they
bring to the surface the subsoil, thus mixing and deepening the layer
of true soil. Darwin estimated from his observations in England
that every five years the equivalent of one inch of soil is thus worked
over by these lowly creatures (page 171). Their burrows allow
atmospheric gases and surface water to reach the lower strata.
Further, the earthworm draws into its burrow at night, to a depth of
two to three inches, quantities of leaves. Enlargements in its bur-
row are lined with small seeds and pebbles. The vegetable matter
thus introduced in part decays and enriches the soil. When this
action is continued for one or more centuries its importance can

22
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carcely be over-estimated.  Next in mmportance to the earthworm
may be mentioned in this connection the ant. The former prefers
a aa 501! swhile » Iatter wolaeta s 3 ]

a ds mp;pﬂ_ wvhile the latter selects one somewhat drier. In excava-

mmenelr galleries they bring fine particles to the surface, sometimes
from a considerable depth, thus securing the desirab]cj mixing of
soil and subsoil.  Shaler has found the s0ils of certain fields in \blas-
sachusetts entirely altered through the agency of ants, and estim‘ate)s
that one-fifth of an inch of material is annually brought to the sur-
face (page 278). Both animal and vegetable 1f13tter is introduced into
the soil through their agency and their burrows secure more or less
aeration for it. In tropical regions the work of ants is far more ex
tensive, immense quantities of earth being brought to the surface.
Branner has very recently described a region in Brazil the surface of
which is nearly covered with their mounds, varying in height froﬁl 3
to 14 feet and in diameter from 10 to 30 feet.* Their channels were
observed to extend to a depth of 13 feet below the surface and
through them surface waters are introduced, hastening the dec,av of
the underlying rock. The larvie of many forms of insects bur;ow
into the soil and bring abont some of the above results, but to a
less extent. 7 o
. In the sonthern part of Summerfield township Mr. Ezra Lockwood
informed the writer that his sandy soil had been very materially im-
proved through the agency of crayfish. These creab‘rures cons%ruct
?ong‘ subterranean passages, about an inch in diameter and many feet
in length, finally terminating at the surface. Over this entrancg they
frequently build up a chimney of clay for which it ié difﬁct‘llt tz
assign any particular use. Standing several inches above the low
flats they look as though they might be intended to exclude surface
water from the burrow, but the crayfish would scarcely object to
such water. If it left the mouth of its burrow, in case of surprige
the crayfish would have difficalty in 1‘eh‘eatin§:; and quite probably
the clay which it is desirable to remove in enlarging the entrance ius
thus heaped up in order to avoid leaving the burrow. The beneficial
result noted comes from the mixing of thig clay subsoil with the
surface sand. In certain places these burrows z{ssist in draining a
marshy area and rendering it more tillable. A large numberbr;f
burrowing animals exercise a similar effect, slight in ;nv prarticul“{r
case but important in the aggregate. There may be men%ioned micie
gophers, wood-chucks, rabbits, muskrats, moles, birds, ete., which

*Jour. of Geol, Vol. VIII, No. 2, 1900, pp. 151 to 133.
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excavate burrows, mix the soil and subsoil, and introduce beneath
the surface more or less organic matter. In all these cases cited the
animal forms themselves eventually die and their remains are added
to the soil.  Valuable mineral and organic compounds are thus intro-
duced which are worked over into plant tissue and finally again into
animal. If the bodies still remained of all animal life that has died
upon a given area since the close of the Glacial Epoch it is quite
probable that the ground would be seriously encumbered with their
CArcasses.

§ 10. Artificial amelioration.

Nature offers many suggestions to the farmer whereby he may im-
prove the character of his soil which is gradually and surely being
impoverished. He may simply imitate the least expensive and most
effective of her processes. One of these is the simple mechanical
mixing of clay, sand and muck in sufficient proportions to form a
loose, dark loam. In many regions this may be done by deep plow-
ing, these different soils frequently overlying one another in close
proximity near the surtace. Many fields on the outskirts of the
Forest and Grassmere beaches contain surface patches of sand and
muck surrounded by clay. By means of a cart and scoop in the
course of a few seasons these could be mixed and a valuable soil
produced. Waiting for nature to accomplish this will seriously
postpone the resultant harvest, as she is too dilatory in her methods.
What would be supplied to the soil in the course of years through
the disintegration of rock masses must be furnished more lavishly
when the soil is under cultivation. An inspection of Table IX| § 4,
of this chapter, shows that plants draw from the soil potash,
soda, magnesia, lime, phosphorns, sulphur, chlorine and silica.
Nitrogen in general must also be so obtained, although exceptionally
it may be secured from the atmosphere in the way described below.
Iron is also a necessary soil ingredient for the complete development

of crops, but this along with the chlorine and silica is sufficiently
abundant in all soils. Marl, ground limestone and “plaster” wili
cheaply supply lime, magnesia and sulphur. The earlier geological
surveys strongly called attention to the value and availability of
marl as a fertilizer. The loss which the soil sustains in potash, soda,
phosphorus and nitrogen is more difficult to make good, involving
the use of manures and commercial fertilizers. Tpon application the
State Agricultural College will gladly supply to all their analyses of
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the fertilizers now upon the market, from which there may be ob-
tained an idea of their relative value for certain soils and crops.
Patches of muck land, which might support crops of cranberries.
celery und peppermint are frequently found barren because of an
excecs— yree acid. Such muck smells sour and will turn blue

s paper to a red color. This condition may be remedied by
drainage, loosening of the muck so as to well expose it to the
weather, and by neutralizing the acid with marl or wood ashes. In
his Report of 1261 (page 194), Dr. Winchell discusses this subject in
language well worth reprinting in this connection.

tho form of ma bl x dmme g D aLSaL for overcoming peat Whioh needs e Amer

Indeed the farmer can in many cases load his cart with the mixed deposits with-
out even moving his team from their tracks. 1 hardly know a more striking

A practical method of increasing the fertility of soil, through the
addition of nitrogen, has long been known to the farmer although
few can explain the steps in the process. The procedure is purely
an empirical one. If a plant of clover be pulled up and the soil
washed from its roots there will be found upon them small irregular
lumps, “tubercles.” If one of the tubercles be picked to pieces upon
a strip of glass and examined with a high power microscope there
will be found minute stick like bodies in enormous numbers. These
are one-celled plant organisms known as “bacteria” and in some
way, as yet unknown, they enable the clover plant to appropriate the
free nitrogen of the air. Beans, peas, lupine, and leguminous plants
in general are similarly aided by various species of these nitrifying
bacteria. Other plants not so assisted are surrounded by a great
atmosphere of this nitrogen of which they are unable to appropriate
an atom. They may be compared to the wrecked mariner upon
a desert island, who famishes for lack of water although surrounded
by the great ocean. In addition to the mineral matter taken from
the soil and the carbon from the atmosphere, the crop of clover
stores up nitrogen derived from the air. The plowing under of
such a crop then adds to the soil valuable plant food which it did not
possess. If a soil is too poor to produce clover suitable fertilizor
may be applied first and then the field sown with clover, preferably
one of the coarser varieties. The nitrogen of the soil is in part free
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and in part in the compounds ammonia, nitrous and nitrie acid.

nitrates of sodium, caleium, etc. The ammonia which is a valuabl

i er int itr acid
ingredient of barn yard nmanures, 18 cony erted into nitrous
=} v

through the agency of bacteria and this is changed into nitric acid,

in which form it may be utilized by plants. If the soil is too wet

some of these compounds are broken up, the nitrogen returned to
the air and the soil to this extent impoverished.




CHAPTER VIIT.

ECONOMIC PRODTUCTS,

§ 1. Building materials.
A detailed description of the ge
quarries of the county and ]

ological featnres of the various
avers exposed has been given in’ Chapter
IV. At nearly all these localities stone for curbing and r

ough
masonry may be obtained in unlimited qunantities.

Along the anti-
clinal ridge in the eastern part of the county the rock is shattered
in places and its value much diminished for construction work. The
lower layers in the Navarre quarries on Plum Creek are, however,
heavily bedded and masses two and a half feet in thickness are being
temoved. In all the quarries in southeastern Michigan it is found
that the surface layers are shattered and thin bedded, probably from
the enormous pressure of the ice sheet and subsequent action of the
frost. The Monroe beds which lie between the Sylv
and the Dundee limestone furnish the best building stone in the
county. About Ottawsg Lake, however, the layers are too thin
bedded and their color ig not uniform, so that they are desirable only
for rough work. Northeastward these beds improve in quality., Ay
the Little Sink, Lulu and Ida quarries good building stone, but no
massive blocks are obtained. The blue streaked dolomite previously
described as occurring at the Lulu quarry has

inches, is of a fine texture and wo

ania sandstone

a thickness of 20
uld probably take g good polish.
Upon exposure to weather the blue color would rust
shows a tendency to check, but for
value,

and the rock
indoor work it might prove of

The most massive blocks for building,
obtained at YWoolmith quarry (Chapter IV,
bed of silicious dolomite of a light br
a “sandstone.” Plate IT gives a view
bed that may be obtained by
of almost any desired size m
Thin dark seams detract somewhat from its v

curbing and flagging are
§4), from a very thick
own color, sold in the market as
of some of the blocks of this
the use of steam channelers. Masses
ay be secured and sawed into shape.
alue for fronts. Accord-
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ing to the Company its crushing strength as detervmi;le;lz L::ngr:lli
Q. A. Gilmore and Col. Herman Kallman, Qf ‘fhe U. 8 4}11,31f th{\(
(Office in Detroit, is 13,800 pounds per cxvlbm m(,‘h',. )Il?( l.,O o :
stone has been used in Detroit during the past five wn& 'J.lj
Macon and Dundee quarries furnish some heavy blo.cks of ‘f%lv} pTuli
limestone two to three feet thick, suitable for bm(.ige xTorlf. bl()
rock is impregnated with oil which would render it ,()bJe-CUOlmﬂ )('
for many uses. The oil near the surface is lost upoln slfindlng,‘a‘ ul
which t.ile rock gl'm\*s lighter in color and the oil still cont(_ln'l;:l(‘
within would contribute to the preservation of the stone.. The si c;
and cappings of the old court house at Monroe wer'e‘ of this st;one. in
well stood the test of years. About 200 cords of this stone are ta xen
out vearly from each of the two quarries.
§ 2. Quick lime. - o
Since the early occupation of this region by white se‘ttlers lime to
supply the local demand hasg been burned wherever the 110('1& W :.15
available. Small openings were made into the upper layexzs and 1111)
the vicinity of outcrops, loose fragments were co]le\cfec.l h-_om T 1:
surface. The kilns were constructed, whenever convenient, a.'l’ong,
hillsides so that the rock could be dumped in from above. Th(ﬁll‘ re:
mains are frequently met with along the line of the “Stony gdgej
from Ottawa Lake to Stony Point. As early as 1838, accorfhng (1)8
Hubbard, three kilns were in operation on Plum Creek, bufnmg{;) 200
to 1,000 bushels annually, five at Ottawa I'Jake., producing :,300
bushels, and eight kilng upon the Macon, yielding 0,090 toﬂ;, 1
bushels annually. At the time of the Winchell Survey in 1859 anc
1860 the Macon kilns were turning out about 10,000 bushels an-
nualiy, and those upon Plum Creek a much .g‘reajcer amount. Th(i
chief business, however, was carried on at Rmslnvlllve (Grape) Whelf
13 kilns were in operation, each with a capacity of 8,540 .bushels. Dr.
Winchell estimated that about 295,000 bushels were being proq'll‘c-eq
annually in the county with a value of $36,875. At plf-esevnt writing
lime is };eing burned at but three points in the (.aounty. Upon Plum
Creek a small kiln of a capacity of 500 bushels is operated by Hug]vl
(:}affnv but only enough lime is produced to supply the Gas Compan;,
]t,O()O ;oushels in 1899 and 3,000 bushels in 1898, Ti?e rock ‘used is the
local dolomite, giving a slow slacking lime. The 1{1.§reas1ng cost (Tf
fuel has seriously interfered with the business. With .WOOd asﬁ fufl
the time required for burning was 72 hours, but by usymg al‘Ferna(e
layers of fine coal and dolomite this time is reduced to 50 hours. At
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Grape 8. AL Kring has be i ‘
v Lo IR BAS been operating the quarry up to a pece
<1mlned by Robinson and Taylor, of Detroit I:he Ir)'ocl"bllfl?zn; qate
- o ) ) . < ‘ned 1§ ¢
(4?((:]1111110 “1%1(]1 showed upon analysis of magnesium Cal"bonz’trel
3. % calcium  carbonate 51.69¢ and of siliea 3.454.*  Small
quantities of jron, aluming and gyy This
. . a e gypsum occur also. This vields
mamiises of iron, g 1s yields a
I}J(];;cﬁ:\(l]n(,il i];l\fls slowly, does not develop much heat increases
—atvely but little in volame and wil not t s l
‘ ‘ g ake as much d i
type of lime sets slowly i Mo A
A s Y and is preferred by manv by;
R o ’ -4 by many builders. Mr.
1\nng opinates a continuous, double kiln from which every eight
1ours 75 bushels of lime may be withdr ctry
‘ a3 idrawn.  The industry j
tinued for eight months j S and O
in the year with eight he
o el 3 ght hands and thre
tfz}nls, by which the product is drawn to Maybee, Ida and Monroe f(ti
X - S d £ :
3;{1}7{1}3{1}e}1)1t.l II<01 fthe past two seasons there have been burned here
, ushels of lime annually, which h i
0 . ¥, as retailed at the kiln a
to ;O cent§ a bushel and in car load lots sold for 14 or 15 ce;lts o
“‘ ‘n entirely different type of lime is that manufactured a‘t the
h alcon quarry from the pure limestone, This is of a purer white
C? o; s'lakes very rapidly, developing much heat and increasing
ig:Cez y in vollume. It is capable of binding together much sand and
nsequently said to be “strong.” QOwi i 1
s cons . wing to its “lively” ch er
it is difficult to confine it in b e s ore Do
arrels. There are four kiln
: cn o : E: s here, but
iv(»)goof' “Tgcélgme in repair. These yielded 6,000 bushels in 1898, and
, in )9, Ordinarily only the two
o ‘ 3 ¥yt upper beds are used, of
El:ilch tlhe upper yields the whiter lime, (Chapter IV, § 1). The ﬂ;i[‘d
ed yields a “livelier” lime than th , .
; E: e upper two. The conversi
such limestone {CaCO,) into lime ( i i
. aCo, 0 lime (Ca0) is accompli i
1 | '05) £ plished by driv-
;l;g off t’hve carbon dioxide {CO,) at a temperature of about 824° F
. ed rynall-'lxets' for the Macon lime are mainly local, but it is reg:
alf} supplied to the Southern Chemical Company, manufactur
ers of wood alcohol at Yuma. Michi i : .
' b , A gan. Considerable lime :
one time shipped to Ann Arbo i e
r r and Detroit but lack of shipni
2y e - . - o l In
]f)amht.les prey e.nted competition with more favored localities ppThi
etr-mt and Lima Northern now passes within a few rods .of the
quarry and these facilities are in consequence much improved ‘
Lﬁle has been burned at Woolmith and at Ottawa Lake bd’; the
;];13 ity atfeach place was found unsatisfactory. Excellent facilities
r P 2 . " . . ’
: dm'lnu. z}ctl}rlng and shipping a promising variety of magnesian
of1 thOIOmm? lime, are found at the 1da quarry. A large double ki]n,
0 e continuous type stands upon the edge of the quarry and but

*Some i i
of these dolomites might be suitable; for basic furnace linings. L

i

P
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a few feet from the Adrian-Monroe branch of the Lake Shore rail-
road. Lime was burned here up to the time of the last financial de-
pression and has not been since resumed. The best grade is made
from the upper six feet of the second bed (Chapter IV § 6). It slakes
slowly but is said to be strong for this variety of lime. It hardens
into a substance more nearly resembling cement than mortar, be-
comes fully as hard as limestone itself and well resists the weather.
In a private letter from Homer Wilcox, a Jackson dealer in lime,
cements, ete., the following estimate is given of this lime.
i e e fde. However St furpishes % Stronger
bond and though slowly setting becomes ultimately harder than the gquicklime from

Ohio, around KFremont and Genoa, or the darker quicklime from the Marblehead
* Burned moderately it makes a white, slow-slaking, hard setting

territory, * * *
lime and though it works cool and sets slowly, when it does set is very strong
and resists action of water almost equal to hydraulic cement.” (Jan. 28th, 1897.)

From figures furnished to the U. 8. Geological Survey at Wash-
ington the total value of the lime for this county was $4,520 in 1897,
$5,163 in 1896 and $6,675 in 1899. These figures appear to be some-
what below the actual amount produced. It is certain that the
amount of this product could be indefinitely increased and of each
of the three vavieties described.

§ 3. Soda ash limestone.

For the manufacture of sodium bi-carbonate (Na H CO,) known
ordinarily as “soda ash” now being produced in great quantity along
the Detroit River, a high grade limestone is required. This should
contain from 95 to 994 of calcium carbonate with only small per-
centages of silica and iron. The carbon dioxide of the stone is driven
off by heat as in the ordinary manufacture of lime and is made to
combine with the sodium of the salt made use of in the manufacture
of the ash. At present most of the rock is supplied by the extensive
Sibley quarry near Trenton from their remarkable “9-foot bed.” The

only formation in Monroe county capable of yielding stone of re-
quisite purity is the Dundee (See Plate 1) and the only accessible lo-
cality is on the Macon, northeast of Dundee. It is probable that here
are found the identical beds of the Sibley quarry, reduced in thick-

ness and somewhat altered in character, but still exceptionally pure,
The limestone here

(See descriptions and analyses Chapter IV, § 1).

is impregnated with oil which would render.it objectionable for the

manufacture of soda, but it would seem as though this might be

¢ither burned from the stone at a lower temperature than that at

which the gas would escape or else washed from the gas in case the
23
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oil and gas wer
o diq)g xs were driven off together. In the Christianey quarry
ne,;mc:l OS;UOH of the water is g serious matter on accom'lt of th;
AI'TI eSS N : ibi v J’
e ‘s of the Macon. In describing the quarry it was pointed out
that i "W ) ‘
: this difficulty would become relatively Jess as the quarry was
eepened ¢ : i l . t ‘V
Wogld ed f;n(}iﬂbl oadened. Another site for a quarry in which water
probably cause stiil Tess tro ' rods
) se S8 uble may be fo
o pably | \ und about 80 rods
' e nmlﬂm est upon land formerly belonging to James Brown
0w owned by B. E. Bullocl caid ’
v B. E. g, of Toledo. The rock ; i
Lo onned . _ . . CK 1s said to come
within five to six feet of the surface which would not mean an ey

cessive an ippi ideri
o amount of stripping considering the thickness of the strat
at could be worked for one purpose or another | )

§ 4. Beet sugar limestone,
\ The.wonderful development of the beet sugar industry in Michig
as still further stimulated the search for hig y mestono.
T S - '- . N . '
hedQPei;ﬁcai.lons required are essentially the same as for the stone
used in the manufacture of soda ash If ] ! l
' : 1 a ash, found at all within Mo
v n . s B n
ci)u]nt} it must be at the localities mentioned above, which fortr(;f
ari y Hale surrounded by favorable agricultural regions for fhe
kg;r V&(fi-] O.f the beets.. The stone is burned in kilns and both the car;
; on dioxide gas which éscapes and the lime left behing
in the manufacture of the sugar.
jﬁg hz.u*d z:nd not in fine pieces, otherwise it will “bridge” in the kiln
¢ give Trouble. For this reason marl t '
' giv as cannot be mad g
this purpose. The per ili it meode o
- Lhe percentage of silica, silicates d i
be low, since these will L) 8 and alumina needs to
se cause fusion in the kilns, t]
hering to the sideg and “bridgi l 1 g oo o
» sideg ¢ bridging.”  Magnesia and g
e : ' 2ing Magnesia ¢ ypsum ar
objectionable in the kilns but they interfere with tﬁe filterin ean(g
v( " | . N . . . . n
evaperation of the juice. It ig said that magnesia may be toleg ted
u.p to three per cent. One per cent of moistur - e
.s;d'elfdfdesu‘able but as much as five per cent is objectionable sinee
1T 1nterferes with the burning. A go i : |
| . good quality of coke ig recom-
gmn?ed as fuel rather than coal which may introduce impuritieg inrtn
e lime and gas. The table of anal ‘ i O
: g YS€es opposite is taken f
Special Report on the Beet i ‘ni s
S t-Sugar Industry in the United States for
Numbers 1, 2 and 3 were found to be satisfactory
6 are excel.lent. The analyses of the Macon Iimesto,n
good showing when compared with these, but it is not
tha.t al'l the beds will prove equally suitable.
objectionable ingredient unless it can be dis

her grade limestone.

are utilized

e in the stone ig con-

while 4, 5 angd
¢ make a very
to be expected
The oil will prove an
posed of in the way

The limestone shoulgd be compact
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TABLE XIL—COMPOSITION OF LIMESTONE FOUND SUITABLE FOR BEET-SUGAR
MANUFACTURE.
* ;
Ingredients. 1 2 3 4. 1 5 6
- 1
Moisture. .....ccove o 4.17 6.25 5.16 B2 1.21 1
\ 2 ingoluble - -
S aitor . and imsotubie. 3.07 3.17 2.25 2.85 .55 27
Organic'matter. ... ..., .97 1.12 .86 .30 .41 .15
Soluble silica. e .98 .64 .56 .08 .20 .03
OxIes of Iron B A, 19 15 20 32 2B |
Caleium carbonate....... 88.65 87.93 90.03 93.80 96.58 99.10
Magnesium carbonate.. .. .95 .50 .45 1.81 B0 e
Sodium and potassium i
(Nag0, EyO) v vvvviennns K1 S O O B R R
TUndetermined............ 1.00 24 39 .34 32 34

suggested, or in some better manner. In the manufacture of the
sugar the juice of the beet is treated with the lime either in powdered
torm or as “milk of lime.” This lime unites mechanically and chem-
ically with the impurities of the juice after which the carbon dioxide
gas, driven from the limestone by heat, is allowed to bubble through
the limed juice. A recombination takes place forming the calcium
carbonate anew as a flaky precipitate which carries the impurities to
the bottom. This calcium carbonate is separated from the juice con-
taining the sugar by passing the latter through a cloth filter. This
precipitate has value as a fertilizer and the farmer may bring his
beets to the factory and take back a load of this material for enrich-
ing his soil. Lime is sometimes further used in recovering from the
waste substance known as the “molasses” its final content of sugar.
This sugar may equal 15 to 207 of that contained in the beet and is
made to unite with lime forming tricalcium saccharate, which may
be filtered out. In some of the European factories this sugar is
recovered by the use of strontia, derived from the mineral strontian-
ite, a mineral which occurs at several localities in Monroe county,
but so far as we yet know only in limited quantities. The strontium
is again carefully recovered in the form of the hydrate and after the
process is started, simply the loss has to be made good. This loss as
calculated by Prof. Wiley, in terms of strontianite would equal 6.25¢
of the weight of the molasses treated, rather more than the county
could supply unless richer deposits are uncovered. For a factory
using 300 tons of beets daily it is estimated that from 35 to 40 tons
of limestone would be required daily, the exact amount depending

upon the purity of the stone.
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§ 3. Cement materials,
A widespread and deep seaved impression has prevailed for a long
time in and about the county that the dolomites of the Monroe bed?
possess hydraulice properties; that they are capable of producing ?
cement capable of hardening under water. This has resulted x21u
pro.bably because of their equivalency with the noted "‘X\"aterlilne?’
serl.es of New York. In his report for 1840 Hubbard says that ex-
periments upon the rock about Monroe had already demm;strate(i i;;s
value for such purpose. Winchell in 1861 suggest; that further test;
pe made u})on the rock with a view to determining just what h\'dm‘ul-
ic pl.'-opernes it does possess.  Some little experimentation ha;s been
carried on by private parties but no complete or conclusive testg
have been yet applied. Edward Vorster, formerly of Monr V)*
of New York City, conducted some exy J"' | "o Aomeoe
, ‘ 3 : S periments upon the Monroe
stone which proved unsatisfactory, he thought because of the ab-
sen.ce of sufficient soluble silica and the presence of too much mae-
neSJ.a. Magnesia, however, ig perfectly hydraulic and when proper;3
calmno'd will set under water and form a stony mass. Homer W*il'5-7
COX, of Jackson, in a letter quoted above in §2~ makes the following
statement concerning his tests upon the Ida doiomit(;: i
“Fro i i
?gggi%n;ﬁix??(?{ icli)élrll?(i Eilgﬁil%tﬁll,witléiéog%tf?i%rg gh}garl‘olgiie%ngnrgﬂge'roz?lsdt ro(fclzda
llji%cskinl tho;tngoilnntl\go?goe .cou{x%’,s?, allgdplossseecsliﬁgd ggﬂgg{éée?rggege{lﬁ f}x{“om i othe%
Setting lime when us%dlIranselc(l)g%ilki)llilgleedbrﬁgd‘fgately hard, mate @ SII%“} Sl Lo
e By A B 4nd WO Rl S b

{Akron or Louisville), and bee i
Louis , @ ame ultimatel
I was, however, unable to caleine the rock hard enough in

this result.”
Hydraulic properties of perhaps a high order of excellence are
gested by these experiments. With specially constructed ki(l ; S‘ug'
skilled labor in charge the rock might be n;ad@ to produc . "md
quality of hydraulic cement. et good
"1‘11«3 %'equirements for an hydraulic cement rock, according to Lord
are a limestone, magnesian or not, having intimately miX::d ith (',
15 to 35 ¢ of clay and a little potash or soda. Sand should Zi}tlb]t
p%‘ezsent in the form of grit and the rock should dissolve in hot ao'g
giving much muddy residue. Mr., Edward D. Boyer the Su eri;
tendent of the Hercules Cement Co. of Catasauqua, Pa has 1§nd1
i@upplied the following average analysis of their 1"0(3Lj Wh"ich he\ sa j
1s practically the same for the entire now famous Lel’ligh reéion o
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Calcium carbonate .......... ... ... . . ... 69.375
SIHCa o 14.280
Alumina ... o o 9.000
Trom ... 2.810
Magnesium carbonate ..................... 2.353
Potash salts, moisture ........ ... ... ..., 2.182

100.000

A table of American cement rocks was published in Vol. VI of the
Ohio Geological Survey which may be of value in this connection for
reference. The proportions of the various constituents are seen {o
vary greatly. These rocks are burned with a bright red heat in
suitable furnaces and then ground in mills to an impalpable powder.

TABLE XIL—COMPOSITION OF AMERICAN CEMENT ROCKS.

Locality. e:%lolgril‘;&. ci;é%:;l Silica. | Alumina. oI;('iodne. Alkali.
Ulster Co., New York.... 30 72 ! 35.10 19.64 7.52 2.38 4.10
Cumberland, Maryland. .. 41.80 8.60 24.74 16.74 6.30 6.18
New Lisbon, Ohjo ........ 69.00 3.40 15.65 6.80 280 f.... i
La Salle, Hlinois.......... 42.25 3L.98 |l 2218 |.vev e
Bellaire, Ohio............. 5}46.52 26.40 16.41 5.44 3.38

The composition of the rock has to be carvefully watched in order to
determine the amount of burning required and the grinding needs

the same careful supervision. 8o far as analyses have been made of

the Monroe rocks there are none of them which show a composition
which would promise much in this direction. There is too much
silica of the insoluble variety in many of the beds and in none of
them does there seem to be sufficient alumina.

In the manufacture of Portland cement the proper proportions of
clay and calcium carbonate are artifically united and burned at a
temperature of 2,900° F. During this burning calcium silicate, and
calcium aluminate are formed (the former below 1300° the latter
above), which upon being ground and then wet, become hydrated,
harden even out of contact with air and form insoluble masses. These
cements do not slake as does lime and do not require any carbon
dioxide gas from the air in order to harden. The celebrated Eng-
lish cements are made from the chalk beds and clay dug from the
ancient bed of the Thames and Medway rivers. Analvses of these
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cements show the fellowing range in composition, according to
Heath.*

Lime ... ..o .. 38 to 664
Siliea ..o.o.oooo o 20 to 269
Alumina ..o 2.5 to 104
Potash ........... .. . ... ... . 1to 3%
Soda ... 0 to 2¢

A mixture that ordinarily suffices to secure the proper composition
is 72 to T7¢ of calcium carbonate and 23 to 284 of clay. The car-
bonate may be in the form of limestone or of marl and should be
quite free from magnesia and sand. The clay should be of an even
grade and free from grit. WWhen rubbed between the fingers it
should have a smooth greasy feel and should not stain the fingers.
Silica in combination with potash and soda is spoken of as soluble
and must be present in the clay. Too much iron and gypsum are
objectionable; of the latter from one to two pber cent may be tol-
erated. Caustic magnesia (MgO) forms a hydrate and sets with
great hardness. When it and caustic lime (Ca0) are present in
uncombined form in the cement, however, the lime sets first and
the magnesia later thus causing injury if the percentage reaches 4 to
5 per cent. Magnesia may be made to combine with silica and
alumina as in the case of the lime but the hydration of its compounds
is also slower than those of caleium. In order to show the com-
position of some of the mixtures from which English Portlands are
made the fellowing table is reproduced from Redgrave.t

TABLE XIV.—COMPOSITION OF ENGLISH PORTLAND CEMENTS.

Folkestone, l Forest of Dean, | Barrow Lias,

]
Ingredients. | chalk and limestone quarry mix-

i clay. and clay. ture.
J‘ 2.50 5.57 2.58
i 11.83 9.61 11.41
1.97 2.42 2.34
5.23 3.45 4.80
Trace. |................ .43
.. 74.18 75.89 74.09

n o 1.29 1.50 2.61
Calcium sulphate 18 .16 21
Potash ~ 90 .88 93
Soda ... 31 .39 46
Water ‘ 182 81 3
100.21 100.48 100.29

*A Manual of Lime and Cement, 1893, p. 42.
iCalcareous Cements, their Nature and Uses, p. 43.
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Mr. Homer Wilcox in his tests of Monroe rock added alumina to
the Ida dolomite thus preparing a Portland tvpe of cement. In his
lIetter he gives the following statement of his results.

* ie mixtures of this Ida quarry rock in varying proportions with clay fronr
varliotgs(see?tions of Michigan and some from other states, but found no practical
results, except in case of one particular kind of clay obtained from thg coal mines
of Jackson county, Michigan. I ground Ida quarry rock into flour without burg—
ing and mixed it with clay from the coal strata at Jackson, about 4 clay and 3%
rock. Let it dry into soft bricks after mixing—then bur_ned. It became very hard
and slightly vitrified. This product I ground aft.er burning and it was a pure hy-
draulic cement and the specimens from it superior in ﬁrmngss, heft and hardness
to any Portland cement I ever used, whether made in the United States, England
or Germany. It cost too much, however, to manufacture for market_and I aban-
doned the intention to place it on the market for that reason. I tried the same
clay with limerock from other sections of Monroe county, but did not obtain the
same results.”

It is to be expected that the high percentage of magnesia in the
dolomites of the Monroe series would prevent their use for such
cements. In the quarries upon the Macon, however, as pointed out
in preceding sections, limestone of sufficiently high grade occurs.
The bed of marl south of Monroe (§}1 of this chapter), is suitable
also for this purpose but not enough of it is in sight. The clay de-
posits which constitute the till are too stony and sandy for use with
the carbonate. The most promising deposits are in the southeastern
parts of the county, Erie, La Salle and Monroe townships, where
clay sediments from the glacial lakes occur most abundantly. These
deposits are freest from pebbles and have a relativély small per-
centage of sand.

§ 6. Road metal.

The nature of the soils and the flat slopes conspire to give Monroe
county exceptionally poor roads. In certain sections the roads are
practically impassable for any kind of conveyance for several weeks
of the year. Aside from the mere convenience and pleasure of the
residentts good roads are sadly needed in order that crops and farm
supplies may be more economically transported. The economy arises
from the saving in time, horseflesh, wagons and harness and the
fact that crops may be marketed when the price is most advantage-
ous, rather than simply when the highway permits. With a system
of hard roads much of the necessary farm tfeaming may be done
when the clay soils adjoining are not fit for cultivation and thus
the time of the farmer, his hired help and team disposed to better
advantage. Three tons may be drawn upon a good road with greater
case and less expense than one ton upon a poor road. Some 10,600
representative farmers from all parts of our country were called
upon for estimates as to the cost per mile of hauling one ton of pro-
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duce to market. The average cost for the entire countrv was 25
cents while in certain sections of New Jersey where the r(;udS have
been improved by a system of state aid the estimates averaged from
seven to ten cents, making a saving of from 15 to 18 cents to the
mile for each ton of produce.* In consequence of this saving there
is at once an increased valuation in all property that secures the full
benefit of improved roads. In the neighhoring state of Indiana some
40 to 50 representative farmers who have lived under a gystem of
poor and later of good roads have estimated that the increnuse in the
market value of their land is $6.48 per acre, which is believed to be a
very conservative estimate. But even this low estimate would mean
an increase of $4,147.20 for each section of land. The total esti-
mated annunal loss from poor roads for a hundred acre farm is given
by the TU. S. Bureau of Agrienlturet as $76.28, or a little less Vthan
$500 annually for each section. This loss alone in six yvears would
construct and maintain an excellent stone road pastteverv farm
%0115@ in the county. In the Circular No. 28 above L’efer}ed to,
irector Roy Stone of the Office of Road Inquiry )
daigua farmer, whom he had questioned con(iler]liulti;;]]l;?steei;i'at(j(lzlil)z(lens
as saying, “In this one week, by the advantage of having these stone
roads and getting to market with my hay when it sells at a good
price,-my teams have earned $5.00 every day. while my neighgors'
teams on the other roads are eating their heads off, W;e could not
afford not to have these roads; we do not care anything about the
taxation.” L
There are no available deposits of gravel in the county such as
occur in Lenawee and Washtenaw counties, but Nature ilas given
M.onroe inexhaustible supplies of still bettér road metal anc’f dis-
tributed it so that it is fairly accessible from all parts of the county.
When the dolomites and limestones are crushed and spread over ba
road bed, which is properly drained, the surfaces of the stone become
firmly welded and a very solid foundation results. It is not neces-
sary to treat the entire road with crushed stone but simply one-half
of it leaving a dirt road alongside, which at certain times i's as satis-
factory for driving as the compacted stone. This reduces the ex-
pense of construction and maintenance very considerably and is now
being tried about Canandaigua, New York, with gratif"ving results.
The stone used there are common field boulders Whidul are drawn

*Circular N .
fCireuiar No, 5y, - S Dept. of Agriculture, Office of Road Inguiry.
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from the land by the farmers at a good price per load, thus ridding
the land of a serious incumbrance. Those of a single region are
heaped together at a convenient spot and finally broken up by a

- portable crusher owned and operated by the township. The crushed

stone are then distributed by local teams.

An e, ~avation from 10 to 12 inches deep and 8 feet wide is made
to receive the stone. Experiments, however, have shown that a six
inch layer is satisfactory for ordinary roads, although 9 to 10 inches
would probably be found more economical in the end. This thicker
bed would require about 1300 cubic yards of crushed stone to the
mile, which at the Monroe crusher would cost, at present prices,
$780. The cost of transportation, preparation of the bed and spread-
ing of the stone would have to be added. In some sections of the
county the railroads are willing to carry road materials at the cost of
transportation for the sake of encouraging improvements. In one
sense every such road constructed is but an extension of the railroad
to the farmers’ residence. As the roads are ordinarily laid out it
would be necessary for each section to become responsible only for
two miles of road in order to completely cover the county. At first,
however, only a few roads radiating from the main centers would
suffice and these could be located with reference to the individual
assistance that residents along the routes would be willing to render.
Undoubtedly the expense of road construction could be very ma-
terially reduced by having each township, or adjoining townships,
own and operate portable crushers. In 1896 such a crusher was
worked by private parties in the eastern part of Whiteford township.
A temporary tramway was laid and the stone were used in construct-
ing one of the excellent roads leading out of Toledo. 1In only a few
localities in the county are field stone abundant enough for such use.
If the amount of time and labor that is ordinarily expended in im-
proving (?) the roads could be more wisely directed great good would
result.

Four permanent crushers have been constructed and operated in
the county but two have ceased working. One of these was located
alongside the Michigan Central just south of Newport Center and
the other on Plum Creek at the quarry of the Detroit Stone and
Supply Co. Those still in operation are at Woolmith and at the
quarry of the Monroe Stone Co. north of Monroe. At Woolmith
there are some beds capable of yvielding a good quality of rock for

macadamizing purposes, but the bulk of the rock possesses so much

24
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sand that it more readily crumbles and probably does not bind j
fragments together so firmly. A more even type (;f dolomite is I11)ei1t§
crus.l.md north of Monroe, the quarry haviné been opefated alm n%
co.ntmuously since Sept, 1, 1895, (See Plate IV.)) The marketo§
principally Detroit, but shipments are made to Saginaw, Bay (‘ihl's
-If'1§1§5011, Adrian, Toledo, ete., the quarry being fé\'OJ’zll;] 'll'oc.;lt d’
with reference to the Lake Shore, Michig:an Cer?tral and lzere Mae‘
(_]uetﬁe roads. - During the season of 1899 this company shippedA 5"1:
tQG tons at an average price of 60 cents per ton. Thuree grades ?)’f
itqoc'};i:{"ewsipplied ranging from 4 to 2} inches in diameter. The
oo ,pl(l)il,,{znjfue used for cement sidewalks and are sold at twenty

As reported to the United States Geological Survey the total value
ol;f the limestones and dolomites marketed in Monr'(;e county during;'

a1 )’ ¢ 3 9. 3

;r.vaes 5%22131,1182)7 was $29,812; for 1898 it equaled $23,7797and in 1899

§ 7. Glass sand rock,

The bed of Sylvania sandstone has been described in considerable
detail in Chapter II1, § 6. It is so friable that it has no vah;e fori
building purposes, although blocks firm enough for foundations have
been taken from the Raisin bed. The chief nse of this femarkabl
pure bed is the manufacture of glass, for which its fine even grah}l’
an.d purity well adapt it. It had been tested for this purpose before
Michigan became a state and attention was especially called tov the
bed by Hubbard, Winchell and Rominger in their stat; reports. The
outcrop was originally preémpted from the government by Col
Thomas Caldwell, a British officer, and held by him and hisv heirs‘
for many years. Charles Toll of Monroe has owned 60 acres of this
land for over 40 years and for some time back has held sand anéi
mineral rights on 150 acres adjoining. From 1860 until abouf 1873
or 4 the pits were operated by Toll, the sand being washed and éifte;i
and shipped to Bridgeport, Bellaire and Benwdod, Ohio; to Pitf;-
burg, Wheeling, Rochester, Syracuse and Hamilton, Ontgu’io 'Thé
sand was said to have been removed to a depth of twenty to t;iventy-
five feet. The sand had to be teamed seven miles over a sand road
and this so greatly increased the expense that it was finally unable to
compete with beds more favorably located. The sand has i)een found
to mix intimately with the fusible bases so that it melts rapidly and
yields a glass free from color. Recently this land of Toll and his min-
eral rights have'been leased by the Michigan White Sand Company,

o

e
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‘

with headquarters at Maybee, Michigan. (W, H. Cowles, 'resident
and F. G. Strong, Secretary.) This company has put up a small ex-
perimental plant, in which the sand is heated to 400° I'. without
washing and then sifted, thus securing several grades of purity and
fineness. A larger plant is contemplated which will have a capacity
of 150 to 200 tons daily. The sand when washed gives no iron, traces
only of calcium and magnesium carbonate and 99.59% of silica, thus
showing very saperior qualities for higher grades of glass. The
whitest sand is said to be reached at a depth of two feet in the bed.
By following the bed in the direction of the dip, as well as laterally
the quantity is practically unlimited. Proceeding northwestward
a capping of dolomite would soon be reached which would form a
good roof in case it was desirable to mine the sand. The bed will be
found to drop at about the rate of 25 feet to the mile.

The organic stain found in the upper part of the bed at the out-
crop weuld be expected to disappear beneath the clay and dolomite.
The course of the sandstone across the county is shown upon Plate 1
from which it is readily seen just where it is erossed by the various
lines of railroads. A further examination of Plate XV will show
the approximate thickness of the drift at each locality in case it
might be desired to get to the sandstone by sinking a shaft through
the drift. It should be noted that the full thickness of the bed would -
be obtained only by striking it on the western or northern edge of the
belt. In case a test shaft happened to first strike the dolomite, the
sand would be found just beneath and the dolomite would serve as

As a rule the bed yields water in abundance and in mining

a roof.
It is not im-

the sand this water would have to be bargained with.
probable that this water which it would be necessary to pump from
any opening made into the bed would be quite sufficient for washing
the sand. This sand has had several minor uses for which it is well
adapted on account of its whiteness and sharp cutting edges. 1t
makes a beautiful painters’ sand, is very popular with the Diamond
Match Company for use upon their match boxes and is unexcelled for
scouring purposes, for which it is used locally. Soap charged with
this sand would probably rival “Sapolio” for rough cleaning.

§ 8. DBrick and tile.

The manufacture of brick upon a small scale was begun at a very
carly day to supply local demands. At the time of the Houghton
Survey, Frenchtown had produced a total of 1,600,000. One kiln had
been burned at Brest and about 100,000 at Newport. A trial had
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been made at Dundee and abandoned on account of the calcareous
nature of the clay. Good brick were said to have been made in
London township from clay obtained from the Saline valley. No
statistics relating to the gradual development of the clay industry
in the county are available. In 1896 the total value of the clay pro-
ducts was $15.720 and for 1897, $12.410. During the season of 1898
there were manufactured in the county, 2,112,100 brick, valued at
$10.535 and tile valued at $12,470, making a total of $23,005. Tor
1899 there were burned 1,625,000 brick and 1,165,000 tile, having an
approximate total value of $23,000. The position of the eight fac-
tories now in operation is shown on Plate XV. In 1896, at the time
of the first inspection of the county for this report. two others were
operating, one at Dundee and the other at Erie,
Notwithstanding the inexhaustible supplies of clay within the
county, owing to its method of formation and accumulation, it is
80 charged with pebbles; many of them calcareous, as to be worth-
less for brick and tile. Upon burning, the fragments of carbonate
are converted into lime, which will eventually slake and ruin the
article containing them. Mechanically also they injure the soft
brick and tile as they are forced through the die. This difficulty is
in part obviated by running the clay first through a “crusher,”
which reduces the pebbles to coarse sand. From the till clays of
rarious texture and purity could be obtained by a process of wash-
ing, but the time is not at hand when this would be profitable for
ordinary use. Nature has, however, done considerable of this and
deposited a washed product along the river valleys from which a
good grade of brick and tile may be manufactured. Such clays
usually contain sufficient sand to prevent warping and shrinkage in
the process of burning. The sites of former lakes frequently con-
tain clay of a very homogeneous character, which was washed in
from the surrounding region. Such beds are generally only from
one to three feet thick and in many cases underlie layers of muck
and marl. This action took place upon a much larger scale in the
case of the great glacial lakes described in Chapter VI, so that in
the eastern, and particularly the southeastern corner of the county
the superficial clays are to a greater or less extent utilizable. What-
ever the color of the clay it burns in all cases to a cherry red, owing
to the conversion of the iron compounds into the red oxide (Fe,0,).
The old method of moulding brick by hand has been discarded, but
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a near approach to it is still found in the “soft mud pr(.)c:ess," }1sed
at Monroe. The clay is brought into a soft, pasty COlldl'T,lOIl by the}
use of water and kneading machinery, and then forced into sets of
moulds, similar to those formerly used in the han(.i proce‘ss. These
moulds are emptied and resanded by hand, the bricks being sprea(}
in the vard to dry, where they are liable to be injured by the weather.
Such 1')1"ick are open grained and porous, but do not show th‘e c-ra’(.tk%
about the edges and corners which so frequently o.(-('nr: in brick
forced through a die. In the “stiff mud process,” wll'flcjh is the ogle
very generally emploved, the clay is moistened s.ufhuentl) *frol e
come plastic but is at all times stiff enougI% to hold its shape. : llelﬁ
being less water to be gotten rid of the drying takes place Lllrldel ong
sheds. The stiff clay is forced by means of an auger o‘r plunge}r
intermittently from the machine through the openlngs. in va steel
plate. These openings are of suitable size and shape to give th(? cla?f
its desired form and it is then cut into proper 1engt%1s, durm‘g vd
period of halt, by a frame carrying tightly stretched wires. Bry'lcks
made by this process are more compact, have a smoother surfa‘ce
and are stronger, but quite generally show cracks al.ong the ed‘ges
and other imperfections, due to the action of the die a'nd the nn;
prisoned air. Most of the kilns used in burning the brick and ﬂl’(;
tile are of the “up-draft” pattern but there are a fe:w.“dowq?-draﬁ ,
kilns in operation. TIn this type of kiln the heated air .1s admitted at
the top and is compelled to pass downward bef?re it Cal'l esc?rlt;e,
thus giving a much more even burning to the brick a‘nd tile. | e
following data relating to the factories were collected in September,
1899:
Milan Brick and Tile Manufactory, Owi‘fdd ;gljtéxscﬁid}e?aggnfgz %ggbla\fs%c};%?lircsaia&%
C}:lf. 1\/1[/23%. HWS é?nlsge}g’ %Y[af’\l{lai;fae; t%gvcﬁsﬁip: WithmtOnglno?gi(ﬁedmfi}ﬂ%m’afthteh%v.[ﬁgg
Arbor ‘roadv. Thel das{ fo]ﬁ tgll?leles ooff\%agglgsyie‘;?irsl? ’%"om G.‘to 10 inches ofr m%gk
}géggkt;nbel\r"enmve%. Séfx fe.e‘g of ¢lay may be worked before 1; I(J)e.cweieségggd’ ang
brick clay is obtained from the Saline, Sec. 1, l\gll?%rg?gf r?lachine, with a chpacs
e N IR A o e St'llﬁi mg;}epg%%eglz. up-draft kiln. The engine used
;;YQE)O%O%’SOQ%BQ%? :rrxlg ;I’Jorggttgoe }?5335 are employed. During the season of 1898 the

i ile; in 1899 about 280,000 brick and
; 100,000 brick and 120,000 tile; in 1 d
ggﬁnol%))(?lt]iylema’}[‘nh%f%ﬁtagieegs are mostly local, but shipments are made along the ral
"o far as d Detroit. . )
10%(15 :rss f%l;"ozs Txég?i%_argnn Arbor railroad. Clay is obtallPed fgovr;grizg O%rg;s
‘\Tl ti }iranch of the Macon and is a mixture of biue and yel o?iz/cf Jorked: o
% ur to six inches of muck are first removed, below Whlcl’i is t?‘ucek poige olay
‘o%r still lower 3 to 6 feet of yellow before a bed of grave ISAS tuck, The factory
ﬁn been in operation 6 vears, and employs about 14 hands. A Brewer machine 18
aSd ed iven with a 35 horse-power engine, capacity 12,000 of 1n70 jile and 24,000
E?lec}% lékywn-draft kiin. Markets aYII“e] local angesf};pléarrnne(g/tstgos Xlgéi Dlll)ring 150
C % Counties. ile are ma m 2% . ;
ltwllagll}gosvgr%dx;}td%%tteg%ﬁ)oo brick and 220,600 tile; during 1899 from 250,000 to 275,000

brick and about 250,000 tile.
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Charles Jacobs, S, W, 408 W14 Sec. H. Summerfield. The clay is a local de-
Dosit found just north of the factory. There are 6§ to 7 inches of muck and loam,
beneath which lles 21 feet of streaked Dblue and vellow clay, before clay carrying
pebbles is reached. This plant was operated for several vears by Wadsworth and
Harwick, The machine used is a Brewer with a capacity daily of 15,000 3 inch tile
and 15,000 brick. Markets are cntirely jocal as there are no shipping facilities.
During the season of 1399 there were manufactured here about 45,000° brick and
300,000 tile. Down draft kiin.

Mrs. Katharine Stout, Ottawa Lake Charles Jewell, foreman. A streaked vel-
low clay is used obtained near a+ hand, carryving some pebbles. Stiff mud pro-
cess: Adrian machine, No. 2; steam power. One down draft kiln in repair, Only
tile are made here and mostly 3, 4 and § inch; but ranging from 21 to 16 inches,
Capacity of machine is 6,500 of 2 inch. During 1898 there were burned 200,000 tile
and about 160,000 in 1599, The factory is near the Adrian-Toledo branch of the
Lake Shore and shipments are made as far as Toledo.

August G. Matthes, Strashurg. Adrian-Monroe branch of the Lake Shore R. R.
Clay used is a blue and vellow streaked bhed three feet thick, beneath which is §
to 8 feet of blue clay (till). Clay is somewhat stony but not sufficiently so to
cause serious trouble. Machine is an Adrian, No. 2, stiff mud process. Capacity
daily 14,000 brick and 13,000 3 inch tile. Employs 7 to 8 hands. One up draft kiln.
Last season Mr. Matihes made 250000 tile and 150.000 brick and in 1898 200,000 tile
and 125000 brick. Markets are entirely local. Brick sell for $4.50 to $6.00 per
thousand in the vard. The following prices per thousand are secured for tile: 3
inch $9, 3% inch $12, 4 inch $14, 5 inch $17, 6 inch $25, 7 inch $35, and § inch $40.

Robert C. Herkimer. N. E. %, S, K 1, Sec. 18, Hxeter. Operated by Frederick
Linenfelser. Clay used is of the wvellow variety and obtained from the Saline
flats. Brewer “¢ A’ machine; capacity 25.000 brick and 12,000 3 inch tile. Engine
25 horse-power; six hands; one up draft kiln. Tn 1898 there were burned here 150,-
000 brick and 140,000 tile: in 1838 about 250,000 brick ana 60,000 tile. The markets are
purely local. Tile of the 2 to 4 inch size are mostly made, but range from 2% to
§ irtmh‘ The prices are about the same as those above given for the Strasburg
actory.

John Strong and Sons, South Rockwood, Michigan Central railroad. Clay obtained
from surface near plant, bluish-yellow. The sod only is stripped off from the
bed, five feet of which are usable. The pehbles present are first crushed. Adrian
machine; stiff mud process for tile, soft mud process for brick. Engine 50 horse-
bower; daily capacity 39000 brick and 10.0600 to 12,000 3 inch tile. Two stacks for
brick and two down draft kilns, 43 to 14 hands employed. During season of 1898
400,000 brick and 250.000 tile were made. but owing to overstocking none were burned
in 1899. Markets are Tocal, to points in Monroe and Wayne counties and north of
Detroit. Tile from 2% inch to 8 inch are made, but the demand Is chiefly for 3
and 4 inch. The prices are for 2% inch $S. 8 inch $9, 4 inch $12 ang $6 for brick.

Charles G. FEaton, Monroe. Pere Marquette R. R. and Adrian-Toledo branch
of the Lake Shore railroad. A vellow stony clay is used from a local deposit.
A crusher removes the coarser pebbles and crushes the smaller. Soft mud process
for brick. The hed of clay used is 3% feet thick, from which only the surface has
to be stripped. Sand has to be added to the clay. Brewer machine is used. with
a_ 25 horse-power engine, capacity 30,000 brick daily. About 20 hands are employed.
Up draft kiln for tile. Sizes range from 214 to § inch, with most of 3 to 4 inch.
In 1898 about 610,000 brick were burned and about 80.000 tile; in 1899 about the same
amount of brick and about 65,000 tile. Markets loecal at about the same bprices as
above guoted.

§ 9. Natural gas and oil

Covering the northwestern part of Monroe county as shown upon
Plate X'V there is an area over which there are strong surface indica-
tions of oil and natural combustible gas. This area covers Milan,
London, Dundee, western Raisinville, nearly all of Summerfield and
the northwestern corner of Ida townships. The oil impregnates the
rocks and forms a scum over the water of ponds, streams and wells,
giving it sometimes a very offensive odor. The gas bubbles up
through the water, sometimes as a continnous stream, usunally only
as occasional bubbles. Still more of it escapes into the air without
being noticed. Where especially abundant in wells it burns upon
being ignited, giving a hot but only slightly luminous flame. It has
comparatively little odor, by which it may easily be distinguished
from the offensive, hydrogen sulphide gas (H, 8) which is found in
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wells, imparting to the water the odor of “rotten eggs.” From Zax
, i “CUr in w i it is dis-
bon dioxide gas which may also occur in .“ ells and springs 1t1 s o
tinguished by its combustibility, since this former gas not only wil
° - . I3 - N
not burn but will not support combustion. Ag pointed out in Cha?
ter IT this gas and oil are more directly associated with the St. C%an‘.
Traverse and Dundee formations and are most abundant in Milan
This is known as surface or shale gas, can

and London townships. o o

have no great volume and rarely ever any great ?ress?re. 7
not occur at definite horizons, is not associated with oil, salt .water
or any definite rock structure. 'The gas obiained fr'o.m the (?1’1ft1 de-
posits, in all probability, is derived from the underlying 1"ock founa:
The only practical use for this gas is for domestic purposes

. Piped into

for which it has been but little utilized in the region. _
the housge and used economically it would last for a number of years,
when a new well could be sunk at but little expense and a new
supply obtained. This should be looked upon as one of the reso.urces
of the farm and should be as carefully husbanded. The gas is not

. . i . s
as valuable for illuminating as for heating purposes owing to it

lack of lJuminosity. An Ohio man has discovered that if the fire

brick of the grate are occasionally sprinkled with salt a more lumin-

ous flame may be secured.* .
There is no necessary connection between this surface gas and oil
and the deeper seated deposits so eagerly sought for by means of
deep borings, since both may have been separa’Fely produced. At
Findlay, Ohio, however, before the wonderful discovery was made
such surface indications had been known for many yraars. At ten
different places in the county deep wells have been drllled.at heavy
expense with the hope that some such deposits would be filscovered
as those which have made northwestern Ohio famous. S'IX of t1‘1ese
wells have penetrated the Trenton limestone, the productive horizon
in Ohio, but without adequat_e returns. (For records see Chapter I11
§ 8). From data thus obtained it is apparent now why these V'VQHS
have failed and there can be no justification for further expenditure
to secure oil and gas from the Trenton within the limits of M'0nroe
county. The gas and oil fields of Ohio and Weste.rn Ontam? a%"e
located along the crest of the great Cincinnati anticline, a‘n ul‘)hft‘ in
the Trenton and overlying strata. This upheaval began in .Sﬂgman
times, but was arrested, and the final folding as determined by

ift” g d to be of com-
d istri io_this ‘“low pressure drift” gas has prove ) )
szr%ii?rgglg}eStr}l?}t)z %fseot};%OWeI;bach burners might remedy the lack of luminosity.

-
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Foerste* took place in the late Devonian or early Carboniferous. As
mapped by Ortouy this anticline passes northward from Findlay to
the east of Toledo, passing under Lake Erie and reappearing in
Ontario. In a paper read in 1887 before the Royal Society of Can-
ada.i  Robert Bell says:

“There seems to be no doubt that the cccurrence of petroleum in Enniskillen is
connected with the Cincinnati anticlinal, but the writer, after having done a con-
siderable amount of geological work in Western Canada at various times since
1859, and having carefullv studied the question, has come to the conclusion that
this anticlinal, coming up from Ohio. does not run eastward, as Logan supposed,
into Lake Ontario, but that it maintains its northward course, and runs into the
southern extremity of TLake Huron.” * “ “Northward of Lake Erie, an im-
partial study of what is actually known of the geographical structure, as well as
of the distribution of the formations, indicates that its axis, after crossing the
lake, continues on, as we would naturally expect it would, in the same general
north-northeastward direction bearing through the counties of Essex, Bothwell and
Lambton, from about Littles’ Point on Lake Erie. to about Kettle Point on- Lake
Huron,”

From this quotation and the figures given in Chapter I1I, § 9 con-
cerning the drop in the Trenton towards the north and west it will be
apparent that Monroe county ig unfortunately placed upon the west-
ern slope of this productive anticlinal. The higher portions are to
the east and south and towards these directions the oil and gas have
been drained. The most promising part of the county for a test well
was theoretically in the southeastern corner since this is nearest the
crest of the anticline. Of all the ten deep wells the one nearest this
region has proven most productive. This well was begun in No-
vember, 1898, and completed December 10th. It is owned by F. C.
Potter in the N. W. 1, N. W, 1, Sec. 22, Erie township. The Trenton
was struck at a depth of 1,555 teet, (see Chapter III, § 8), and en-
tered 112 feet. The original 2as pressure was 25 pounds to the
square inch. It has been piped to the house and is used for lighting
and cooking. The well contains oil and has been several times bailed
out, some ten barrels having been thus secured in August, 1899.
Most of the other wells have given some temporary showing, enough
to raise the hopes of the stockholders, but none of them have done as
well even as the Potter well.  The three Monroe and the two Dundee
wells have furnished decisive tests so far as the penetration of the
Trenton is concerned. According to Orton, who followed very care-
fully the development in Ohio, the productive part of the Trenton is
usually confined to the first 15 feet. In his report of 1888, § he says

*American Geologist, Vol. VIT, 1891, pp. 97 to 109.
"Ohio Geological Survey, Vol. VI, pp. 46 to 55.
rans. Roy. Soc. of Can., 1887, p. 105,
§Geological Survey of Ohio, Vol. VI, p. 118
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“Thus far, unless some gas o oil is found in the uppermost sheets of the Tren-
ton limestone, none is found pelow, and in but one case have valuable accessions
to the supply been made more ihan fifty-five feet below the top of the rock. There
are scores of instances now on record, all agreeing as to this point, and yet most
of the wells that fail to find gas in the proper horizen are carried down 200, 300,
400 feet into the solid limestone hefore being finally abandoned. Such expenditures
are a dead loss to the investors, and are generally of but little value to the dril-
lers. The same perversity shows itself in multiplyving wells after one or even
after repeated failures in territory which must be counted on highly prohable

grounds as unproductive.”

Gas and oil have had a common origin which is now generally
believed to have been from the decomposition of organic matter,
animal or vegetable, or both, which was originally deposited in the
sedimentary rocks. There is a divergence of opinion as to whether
the gas and oil were produced from the original partial decay of the
organic matter at the time of its deposition, or later as a product of
slow spontaneous distillation.* TProbably the view that now re-
ceives widest acceptance is that these products have resulted from
the decomposition of organic matter, at normal temperatures, either
at the time the rocks were formed or later. The oil and gas may
still be associated with the original beds in which it was formed or
it may have escaped upward antil its progress was arrested by im-
pervious beds of suitable shape to confine it. In case no such beds
existed it would escape to the surface and be lost. As might be
expected from their method of formation limestones and shales
would be the only beds with which any considerable amount of
organic matter would be associated and in such beds oil and gas are
believed to have originated. The organic matter of limestones was in
the main of animal origin and gave rise to a dark heavy offensive oil
containing a relatively large quantity of sulphur and nitrogen. Itis
oil of this nature that is found in Ohio and western Ontario. Oil de-
rived from shale is in the main of vegetable origin and is lighter in
color, contains less sulphur and nitrogen and has not the offensive
odor of the limestone oils. Most of the oils of the Pennsylvania
region are of this nature. Tissured limestones, sandstones and
conglomerates serve as reservoirs for oil and gas, usually with an
arched capping of shale. Where salt water, oil and gas all occur
they are arranged in the order of their specific gravities; the gas
would first be reached in the boring, would escape, give place to oil
eventually and lastly to salt water. It is thus apparent why the
¢rests of anticlines and of domes are so0 productive of oil and gas
and why the slopes may prove barren, or yield a small quantity of

oil or salt water only.

R
*Qee Geol. Sur. of Mich., Vol. V, PL II, pp. xix to xxiv.

25
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§ 10.  Artesian water and mineral springs.
Three belts of artesian water strike across the county in a north-
east and southwest direction,—an eastern, a central and a western
belt.  Within these areas, when the rock is penetrated a short dis-
tance, the water generally rises to the surface and flows, thus saving
the expense of windmills and the trouble of pumping for stock and
for irrigation. This water is very generally charged with com-
pounds of calcium, magnesium, iron and sulphur, derived from the
limestone, dolomite and shale through which it has passed. The iron
and sulphur are derived largely from the decomposition of the pyrite
and marcasite, which are very commonly present in these rocks.
Hydrogen sulphide gas is produced whieh is readily absorbed by the
water, to which it imparts the odor of “rotten eggs.”  Upon exposure
to the air this gas is decomposed and the sulphur is precipitated as
a white mealy precipitate over troughs, stones and vegetation. When
in quantity and after standing it begins to assume a slight sulphur
yellow color. The iron is present in the water mostly as a carbonate
and upon standing it is oxidized and deposited as a yellowish brown
coating over objects, this being the hydrated oxide. This is insoluble
in water and is readily distinguished by its color from the sulphur.
When both iron and sulphur are present in the water in the form
described a chemical combination takes place and iron sulphide re-
sults, giving the water an inky black color. A number of wells of
this character were met with in the county, although the water of a
region usually contains one or the other of these substances alone.
In some instances artesian water is derived directly from sand and
gravel layers in the drift and is reported as soft.

Continued drought makes no perceptible impression upon many
of these wells, while with others the flow may be reduced and almost
or quite stopped. The opening of new wells has been found to affect
the flow of others in the neighborhood and the areas over which
artesian water may be secured are becoming more contracted. Wells
which formerly flowed in the southern part of Erie township, back
three miles from the lake, have now ceased although the water rises
to near the surface. The opening of the Woolmith quarry in Exeter
township had a noticeable cffect upon the water in the wells to the
northeast. The deep well in the eastern part of the city of Monroe
so seriously interfered with the action of the wells of that region
that it had to be plugged. At the place of Nelson Richards, S. E. 1

+
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8. E. 4, Sec. 1, Exeter, a flowing well ceased to a?ct when énotlleir was
started at Welsey Richards’ place, one-half mile west, but by coni~
pelling the latter to rise four feet above the surface both \.vells I}O,“i
Meteorological conditions are found to affect the Tvells in severa
very noticeable respects, more or less puzzling to their owners. These
eﬁ(;cts may be thus summarized:

William Young, N. W. %4, S. W. 14, Sec. 6, Milan. Gives a muddy deposit before

aJSt%mi7eS(‘elius S. K. 4%, N. W. 4, Sec. 6, Milan, Becomes roily before a storm.

Charles Campbell, S. . 14, S. E. %, Sec. 27, Milan. Water becomes roily when

Wﬁlldl"ilst‘k;ﬁl t};gozouéh%es}z} S. E. 14, Sec. 3, Exeter. Three to four hours before a
<l < - . y W 74

Stg’\l;?l’lliggeiaau?i}eaeg S\%ghlzenlzf. W. %, Sec. 6, Ash. Water gives a black deposit 12

tosl‘éﬁ}é?grsEPé%g;‘e aiesxtgfngf waler in well said to be raised three feet by an east
[& , 3 .

W}ll‘ld;v[ Taft, 8. W. 14, N. E. 4, Sec. 7, Summerfield. Water stands higher with an

eaét v&zn%;{)lgggywisthﬁ ‘;ZGS%I. W. Y4, Sec. 7, Berlin. Water flows faster before a

St%ﬁxlgflggtdegOtSr%i}%y% N. E. %, Sec. 7, Berlin. Flowing well had nearly ceased

i i torm it broke out
y logging with sand but once just befo_rg a st ¢
;(%rfelglvlv a?l?dag‘%%l]i.gé vafi(t:hogs%d? noise as to be heard some little distance, throwing

out much sand.

These phenomena may all be simply explained by the meteorologi-
cal conditions that prevail before and during times of storm. The
density of the air at such a time is reduced over the surface .of the
earth,vso that its pressure on the column of water in the well is le'ss.
Air enclosed in the subterranean passages of the rocks is temporarily
more condensed than that over the surface and its press1‘1re upon the
underground water, added to the regular hydrostatm' pressure,
causes the water to rise to a higher level, or to flow with gl"eater
force than usual. If sediment of any kind has been deposite‘d in the
anderground channels the increased velocity of the flow will Cajlse
this to be again taken into suspension and the water be.comes roily.
The only supposable connection between the east'wmd. and the
height of the water in the wells is that the wind in this quarter
frequently presages a storm. |

The most western artesian area covers nearly the northwest.ern
half of Milan township to the west of the Arkona Beach. It is a
portion of a belt which extends from Lenawee county northeastward
into Washtenaw. The artesian water is derived from the rock and
from layers of the drift, which varies in thickuness from 100 to 159
feet. rl:hroughou’t this entire area the water does not %lways flow,
lacking nine feet of reaching the surface in Milan village. The
water rises from a few inches above the surface to 14 feet'at Thomas
Welsh’s. Here one well at the barn rises higher and yields softer
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and warmer water than another at the house, near at hand. At the
place of John Dennison, S. E. 1 N. E. 1, Sec. 20, a flowing well can
be readily obtained anywhere by penetrating a hed of coarse gravel
at a depth of 30 feet. The amount of water supplied by these wells
is never large, the best of them simply filling a one inch pipe. The
heaviest flow of the region is obtained from the crest of the Belmore
Beach, one mile over in Lenawee county at the residence of James
Harmon. A strong flow was secured from a depth of 48 feet, rising
9 feet above the surface. A 15 inch pipe is filled and the water is
used in the dairy. .\t the barn a similar well was struck and plug-
ged because of the difficulty in disposing of the water. This water
is impregnated with iron.

The middle belt veferred to consists of three detached patches ex-
tending in a northeast direction across the county. The most
southerly is a narrow area about three miles long by one-half mile
wide in Bedford township, just east of Lambertville. Some fairly
strong flows are obtained in this region but they rise but little above
the surface. 1In the central part of the county there is a large ir-
regalar area over which flowing wells may be ordinarily secured
(see Plate XV). The water contains sulphur commonly when it
comes from the rock but sometimes iron. The highest rise noted is
5 to 6 feet upon claim 472, South River Raisin.

The most northern area of this belt occurs in northwestern Exeter
and northwestern Ash and continues as a narrow belt northeast-
ward into Wayne county for a considerable distance, This region
contains considerable sulphur at times in combination with iron.
Some of the wells proved so offensive and so injurious to the soil that
they were plugged. A rise of three feet above the surface is above
the average.

The eastern artesian belt lies near the lake shore and consists of
four detached areas, one small one in eastern Erie, a second about
the mouth of the Raisin and extending southwestward into Erie, a
third in eastern Berlin and a fourth irregular one in northwestern
Berlin and eastern Ash. In Brownstown of Wayne county the two
latter areas unite and continue towards Detroit along the Detroit
River. As might be expected the flow of water is stronger in these

‘regions and the rise above the surface is higher. At the Greening
Brothers’ nurseries south of Monroe the water reaches the surtace
with force enough to run sprinklers and when compelled to do so
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will rise 12 fect. Eastward at Lake Erie at the Lotus House there
are two flowing wells which will rige 20 feet above the surface or 25
feet above the lake. The water of the wells in this lake region is
generally charged either with sulphur or iron, seldom containing
both in such quantity as to become dark. The heaviest flow of

g Sharnty, 214 ralios southeass of Labale, oo oenee of
artesian water known in this part of the state was struck in Septem-
ber, 1899, upon the south bank of Otter Creek, about 2§ miles south-
east of La Salle, at the residence of Edward Sharkey. The well is
51 feet deep and 6 to 8 feet in the rock, having been drilled with a
three inch drill. September 4th water was struck and began to
flow, slowly at first and then with greater strength. A wooden
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pump-stock was driven into the hole and projected four feet above
ground. Through this the water was thrown with force and to a
considerable distance, latterly through 10 one and onehalf inch
holes bored in the side. Thus prevented from escaping freely the
water began to rise through the clay around the mouth of the well
and at a distance of 25 to 30 feet from it, forming a shallow lake
about 100 feet across. By this time Mr. Sharkey became alarmed
for the safety of his house and the pump-stock was withdrawn, an
eight inch pipe being inserted in its place. At the time of the
writer’s visit a very rapid stream two feet broad and four inches
deep was flowing from the well to Otter Creek. Iig. 7 shows the
well as it appeared September 16, 1899, as taken by an amateur.
Within these artesian areas not infrequently natural openings
have been made to the surface through which the water escapes
and flows as a mineral spring. These are more common in the cen-
tral and eastern part of the county, back from the river to a distance
of two to three miles. Some of them sometimes occur outside of
the artesian areas, for instance the sulphur springs near the foot of
Ottawa Lake upon the farms of Harmon Branch and William Bell.
A strong natural flow of sulphur water, with some iron, occurs at
Christopher Nichols’ claim 685, South River Raisin. This would fill
a five inch pipe and is but slightly affected by drought, never drying
up. Upon land belonging to Catherine Sorter, ¢laim 673, South
River Raisin, there is a strong sulphur spring which féeds Sulphur
Creek. This has been known to stop flowing but twice, in 1875 and
1895. South of Monroe 1% miles is located the somewhat celebrated
“Shawnee Spring,” upon claim 160, South River Raisin, just east of
the Michigan Central tracks. From 1860 to 1879 or 80 the place
secured some note as a resort. The water is said to retain practically
the same temperature throughout the year and to be unaffected
by drought. An examination of the water was made in 1864 by Prof.
S. H. Douglass, then of the University of Michigan, who reported
that the water contained free carbenic acid, magnesia, and abun-
dance of lime, chlorides and sulphates and that hydrogen sulphide
would probably be found in the water at the spring. The spring has
formed a large mound of sphagnum moss and calcareous tufa over
500 feet across and 8 to 10 feet high, through which the water es-
capes by numerous mouths. (See Plate XVI.) Quite large masses of
this tufa are loose in the field and ledges of it occur in position. The
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water tastes and smells of hydrogen sulphide and is depositing
sulphur. Similar springs with mounds of tufa are found to the
south, upon lands of Mrs. Adeline Q. Navarre and Joseph Asam.
A large sulphur spring occurs upon the place of Peter Cushino,
Otter Creek, near the Sharkey well just deseribed. This has an
elliptical basin 45 by 90 feet, with a 10 foot margin richly covered
with Chare. The stream from the spring is not rapid, is 2§ feet
broad and 10 inches deep. A similar but much larger spring occurs
in the Brie marsh near Vienna, N. E. 4, Sec. 22. It is reached by
boat by punting one-half mile through an artificial channel. At a

> Fig. 8. Great sulphur spring i&éhiiulglggtgam;;};rrgg? (_:F%x.ﬁi%ig.’l‘sl?e figure gives also a view of
distance the site of the spring is marked by a spot of the most livid
green contrasting strangely with the dark waters of the marsh. The
general form of the spring is circular as shown in Fig. 8 and its
diameter is about 160 fect. The bottom is funnel-shaped, a marginal
strip of 25 to 40 feet shelving off slowly and then making a sudden
drop. The bottom where visible through the clear water is covered
with a mat of Chara, encrusted with a deposit of sulphur. The
sounding line struck bottom at 30 to 33 feet, although it is quite
probable that fissures occur leading to greater depths. The outlet
from the spring is a small sized river having considerable velocity, a
breadth of 33 feet and a depth of one to two feet. The current is
g0 swift that there is some difficully experienced in entering the




200 MONROE COUNTY.

spring with a boat. The channel soon becomes broader and pro-
portionately more shallow, and over the bottom of it much sulphur

has been deposited. TFragments of tufa are found about the margin
of the spring showing that the water is probably rich in calcium
carbonate. It is very probable that these springs and flowing wells
are fed by the water which enters the rocks in the western part of
the county.

§ 11. Marl

No extensive beds of this substance, for which the Portland
cement industry has created a demand, are known to occur in the
county. The largest deposit known occurs upon the property of
Joseph Asam, claim 422, north of Plaisance Creek. Over an area of
6 to 8 acres there is a layer of black spongy muck containing many
dead shells of Heliz. Beneath this is found a bed of marl varying in
thickness from one to three feet. The marl is so free from grit that,
after washing, it has been found to produce a good polishing powder
for gold, silver, nickel, brass etc. It was boxed d and sold for this
purpose some twelve years ago under the name Paragon Polishing
Powder, being prepared by the La Plaisance Manufacturing Co.
The marl contains some shells but appears to have been in the main
precipitated from the water of a small lake charged with lime car-
bonate. Such a deposit may now be seen in process of formation
over the bottoms of the series of lakes through which the Huron
River flows in Washtenaw county. Upon claim 161, about one mile

west of the Asam deposit at the place of Eli D. Duval, there is said .

to be a black deposit with white clay. The latter is undoubtedly
marl and a similar reference to a 10 inch layer of “whitish dirt” was
obtained at W. J. Kelley’s, claim 520, South Otter Creek, where it is
overlain by 24 feet of yellow sand and one foot of black sand. Be-
neath the sand layer is one foot of yellowish-white clay, 11 inches
of gravel and then common clay to the rock. Judging from these
deposits we have here a former lake site. At the cranberry marsh
belonging to Clayton Everett, of Toledo (8. E. 1, Sec. 24, Summer-
field, see p. 157), more or less marl oceurs, but the maximum thick.
ness is said to be but 6 to 8 inches. It is quite probable that thicker
deposits occur towards the center of the mar sh, possibly of considera-
ble extent. In his early report Hubbard reported marl as occurring
on Sec. 7 of Exeter and Sec. 9 of Ash townships.* A very extensive
marsh occurs in See. 9 of London and probably contains marl be-

*Second Annual Report of State Geologist, 1839, M. R. No. 23, p. 110,
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neath the surface. It might be possible to dredge out here both
marl and a suitable variety of clay for Portland cement. The clay
would be found beneath the marl if both oceur. Such use is the
main one for this loose variety of lime carbonate. Its value as a
fertilizer and for neutralizing the acidity of muck has been referred
to in the previous chapter, p. 172. In the early days it was sometimes
converted into lime by heaping it up into a pile and keeping a wood
fire going around and over it until the carbon dioxide gas was driven
off sufficiently.

§ 12, Salt.

Springs along the Saline River furnished a weak brine for the use
of the Indians and pioneers, but the main one was in Washtenaw
county (T. 4 8., R. 5 E., Sec. 12). In 1823 this spring was described
as being 16 feet deep, set about with a picket of logs from which
the surface water was excluded by means of an embankment. Salt
was manufactured here on a small scale, an analysis showing 113.8
grains of salt in 100 cubic inches of the water.* Dr. A. Winchell,
in his report of 1860 (p. 59) refers to a salt spring in Ida township,
44 miles south of the Raisinville quarries. No such surface springs
could be located by the present survey, probably owing to the di-
minished flow from wells and springs. In Berlin township, 8. E.
1, N. W. 4, Sec. 15, at the place of A. Bondie, the well water ig re-
ported as being occasionally salty to the taste. In Lenawee county,
north of Deerfield, this phenomenon is more common. Such indica-
tions are of interest now only as they suggest the presence of more
extensive saline deposits beneath the surface. Undoubtedly the
waters obtained from the deep wells of the county are highly charged
with salf but no study has been made of them. In but one of these
deep wells was there recognized a stratum of solid rock salt (halite)
and in this case the report lacks verification. According to a news-
paper item, at a depth of about 1,200 feet, a 12 foot stratum of salt
was penetrated in the Frey well, near South Rockwood (N. E. 1, N. E.
i Sec. 33, 1.5 8., R. 10 E). This occurrence was not to be expected
since the records of the six wells at the Church and Company’s plant
north of Trenton seem to indicate that the St. Clair and Detroit
River beds of salt give out between the most northern and most
southerly located wells of their group. Well No. 6 gives a stratum
of 33 feet while Nos. 4 and 1 and 3 lying in this order to the east

*First Annual Report of the State Geologist, 1838, H. R. No. 14, p. 28.
26
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give 30 feet, 26 feet and 25 feet respectively. Well No. 2 lies about
300 feet south of the above and shows but 2 feet of salt while in No.
5. some 800 feet south of the northern row, only a brine was secured
with no solid salt. If the rumor in regard to the Rockwood well
be founded in fact it will be necessary to assume that minor salt
beds were deposited south of the main series after the inland sea had
begun to break up into separate bodies of water {Chapter 111, § 5).

CHAPTER 1X.

MINERALS OF MONROE COUNTY.

§ 1. Introduction.

In this chapter it is desired to describe in simple language the
native minerals so that they may be readily identified by those in-
terested, even if they possess no previous scientific knowledge or
training. After a mineral has been recognized the question of its
formation and source becomes of more or less interest and import-
ance, so that the history of the various mineral deposits will be
briefly presented. There are excluded from the list all those
minerals which were formed to the north and east and which were
transported to the region under study by ice or other agency. This
chapter will then be of little service in identifying the constituents
of the drift boulders strewn over the surface or embedded in the
soil.  Almost any mineral known may occur in them. It will treat
only of those mineral substances which were formed within the
limits of the county, some of which are at the surface but most of
which are contained in the rock strata and are now met with in the
quarries and well drillings. A mineral has been defined as a
natural, homogeneous, inorganic substance; but this definition,
simple as it is, requires some explanation. It must have been formed
entirely through the operation of natural agencies without the inter-
vention of man. The substance itself must have practically the same
chemical composition throughout, although it may have mixed with
it more or lesy impurity. It must be of inorganic origin entirely, or
if derived from plant or animal originally, its organic structure must
have been practically destroyed.

A. Carbonates.

§ 2. Calcite.

This is the most common and widely distributed mineral of the
quarries. It is found filling seams*and crevices in the limestones
and dolomites and forming beautiful sparry lining to fissures and
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cavities. The calcite may occur as a compact granular mass or in
separate, well formed crystals. The crystals are commonly sharply
pointed, each point being formed by three pairs of triangular faces,
making what is known technically as a scalenohedron.*  Such
crystallization is known popularly as “dog-tooth spar,” because of
the resemblance of the crystals to caunine teeth. Hubbard, in his
early report, refers twice to the “hog-tooth spar” and it is not now
certain whether this is simply a misprint or whether he intended to
characterize a coarser variety of erystal. Another common form of
crystal is the rhombohedron, looking like an oblique prism. What-
ever the original crystal, upon being broken the calcite breaks with
remarkably perfect cleavage planes parallel to the faces of the
rhombohedron. The luster is more or less glassy and the color
is various from impurities. The usual color is snow-white to a cream-
vellow, but it is sometimes tinged with a variety of color. Clear
fransparent varieties are known as “Iceland spar,” but in general,
the mineral is simply translucent. It cannot be scratched with
the finger-nail, but is readily scratched with a pin or knife, giv-
ing a white powder, the “streak.” Ifs specific gravity is the
average for rocks, 2.7. Its composition is caleium carbonate
(Ca €O,), and it contains by weight, 44¢ of carbon dioxide (C0,), and
56¢% of lime (Ca0). This gas may be readily driven off by the ap-
plication of cold dilute hydrochloric acid to the solid crystal, causing
brisk effervescence, so called. The acid of standard strength is pre-
pared by taking four parts of pure water to one part of the acid,
giving a 20¢ mixture. The Monroe calcite erystals have been de-
posited from percolating water holding calcium bicarbonate CaH,
(CO,), in solution. This form of the carbonate is easily (‘onv()rte(i
into the common variety (CaCO,) which crystallizes where condi-
tions are favorable. Such conditions are commonly found in rock
fissures and cavities where there is little agitation of the water
which is charged with the carbonate. The finest crystals of calcite
in the county are found at the Woolmith quarry, although some
good specimens can be procured in the dolomites about Monroe.
§ 3. Aragonite.
This mineral was not identified by the writer amongst his collec-
tions bu't 1s said to have been found about Monree.f It has the same
composition as calcite, but has less perfect cleavage and is per-

*See Vol. VI, Part I, appendix, for report o Lalli i i
iDana’s system of Mineralogy, f892, D. 10r‘)86‘. 7 erystallization of caleite.
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ceptibly heavier and harder. It does not show the familiar forms
of the calcite crystals, the scalenohedron and rhombohedron. Its
crystals may be either simple or compound, or may occur in radia-
ting groups of acicular crystals. The latter is the common crystal-
lization of strontianite (§6 of this chapter), and it is quite possible
that this mineral may have been taken for aragonite. With the
dilute acid caleite and aragonite behave similarly, so that they are
liable to be confused with one another, unless crystallization and
cleavage can be well made out. Upon being heated as with the blow-
pipe, they each whiten and glow, but the aragonite crumbles to
powder while the calcite does not. The aragonite is liable to con-
tain some strontia, which imparts an intense red color to the flame,
making its separation from strontianite more difficult. The lime
carbonate of many shells is in the form of aragonite as those of:
mussels and snails. Some corals and polyzoa form this same sub-
stance for their hard structures.

§ 4. Tufa.

This is a cryptocrystalline form of lime carbonate deposited over
moss, twigs, leaves, etc., by spring water. The underground water
carries the calcinm bicarbonate in solution as explained in § 2. Upon
having its pressure relieved and being exposed to the air some of
the carbon dioxide escapes from the unstable bicarbonate, the mono-
carbonate results and this is so slightly soluble that it must be
precipitated.  Deposited thus quite rapidly over the surface of
meadows there results an imperfectly crystalline, lumpy mass, more
or less porous and open, showing the imprints and moulds of the
organisms covered by the water. This is known as calcareous tufa,
but where the structure is compact, one layer superimposed directly
upon another, it is termed travertine. Iron is generally present in
the water, the oxidation of which gives the tuta a yellow to brown
stain. The structure of this material, its lightness and occurrence
about existing or former springs are sufficient for its identification.
A drop of cold dilute acid causes at once a vigorous effervescence, as
in the case of calcite. The most extensive deposits of this substance
are found to the south of Monroe, near the lake shore (Chapter VIII,
§10). Where abundant it is sometimes burned into lime and oc-
casionally used for building purposes. The writer has seen a very
pretty country church near Rochester, N. Y., constructed of this

tufa.
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§ 5. Dolomite.

Just as calcite results from the solution and crystallization of pure
limestone, so the mineral dolomite represents the re-crystallized mag-
nesian limestone. Through the agency of percolating water, charged
with carbon dioxide gas, this limestone is taken into solution. Little
is known definitely in regard to just how it ig held, but is probable
that the calcium and magnesium carbonates, of which the dolomite
is composed, are separate and each in the form of the bicarbonate,
CaH, (CO,) , and MgH, (CCy) 5. Under certain conditions these
bicarbonates are converted into the monocarbonates, the normal
forms, and crystallize together so as to form crystalline dolomite in
seams, fissures and cavities. Such ocenrrences of this mineral, how-
ever, are rare although microscopic rhombohedrons make up the
granules of oblite and cover the grains of the Sylvania sandstone.
The spring waters from beds of dolomite deposit calcium carbonate
in the form of tufa but no corresponding deposits of magnesium
carbonate (magnesite) were observed. The crystals of dolomite very
commonly show curved faces, instead of planes, have a pearly luster
and give pertect cleavage. The color is white or pink generally, but
may vary from the presence of impurities. The mineral is brittle
and has a white streak. It is slightly harder and stightly heavier
than calcite, but is distinguished from it most certainly by use of the
dilute acid. When a drop of such cold acid is applied to the solid
crystal there is almost no action, but if the acid is heated or the dolo-
mite is powdered the effervescence is brisk. This mineral is a double
carbonate of calcium and magnesium, having the chemical formula
(Ca Mg) CO,. It contains carbon dioxide (CO,) 47.8¢, of lime {Ca0)
30.4% and of magnesia (MgO) 21.74. Expressed differently it has of
calcium carbonate 54.35% and of magnesium carbonate 45.657.

§ 6. Strontianite.

This is the last of the four minerals from which effervescence may
be obtained by the use of dilufe acid. A drop of cold acid upon the
solid substance causes vigorous effervescence as in the case of calcite
and tufa. As found in this county it is of a snow white color form.
ing irregular masses in the cavities and fissures of the dolomitic
limestone. Usually it has a loose open structure, composed of globu-
lar masses, which show a radially fibrous structure upon being
broken. Over their surface and dipping down into the cavities is a
layer of fine pyramidal points, producing a fuzzy, frosted appearance.
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When the crystals are broken they show both perfect cleavage and
uneven fracture faces. The mineral is brittle, gives a white streak,
has a glassy to resinous luster and is sub-translucent. ’I._‘he color
although usually a pure white may be altered by impurities. The
hardness is about that of dolomite (3.5 to 4), so that it may be easily
scratched with a knife. Aside from the structure above described,
which is quite characteristic, strontianite is easily distinguish'ed
from the preceding carbonates by its relatively high speciﬁc‘ grav.lty
(3.7), surprising one at once with its weight. If a fragment is moist-
ened with hydrochloric acid and held in the flame of a lamp, candle
or gas, or even a burning match, an intense red color is imparted to
the flame. This is the familiar “red fire” of the Fourth of July, or
campaign celebration and is due to the element strontium, from
which the mineral derives its name. The mineral occurs at Stony
Point, Point Aux Peaux and Brest, and in the Plum Creek quarries
near Monroe, also in the Ida and Little Sink quarries. At the last
locality the finest specimens may be obtained in lumps of snowy
whiteness the size of the fist and upwards, having been formed in t1}(3
cavities of the dolomite. At the Ida quarry small masses occur in
cavities but some of the upper dolomitic layers are partially con-
verted into strontianite, over the surface of which is spread a layer
of slender orthorhombic erystals. This occurrence gives a clue to the
origin of the mineral, suggesting that it has resulted from the ac’Eion
of strontium salts in solution acting upon the carbonates of calcium
and magnesinm. The composition is represented by the formula
Sr CO,, of which 29.99 by weight is carbon dioxide (CO,) and 70.1%
strontia (Sr0). The “tremolite” reported by Houghton in his first re-
port as occuring at Brest was probably this strontianite. Larger
quantities than are now in sight would give this mineral a high com-
mercial value since if may be used in recovering beet-sugar from
the waste “molasses” (Chapter VIII §4). After the process is once
started the strontium is recovered and the only loss is that occasion-
ed by the actual sugar loss. According to Prof. Wiley this loss of
the mineral strontianite would amount to about 614 of the weight ?f
the molasses treated. In the market this strontian carbonate is
worth five to six cents a pound.
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B.  Sulphates.

§ 7. Celestite.

This is another compound of strontium, of much interest and
beauty which is more abundant than the above. Tt is found in the
fissures and cavities of the dolomites at Point aux Peaux and Stony
Point, about Monroe and in the Raisinville and Woolmith quarries.
The finest crystallizations arve found at the last mentioned locality,
where the mineral is intimately associated with calcite and native
sulphur. These erystals are of the flat, tabular variety, with bev-
eled ends and edges and attain a size of 5 to 6 inches in length, by
3 to 4 in breadth and have a thickness of one inch. Typically the
color is a beautiful celestial blue from which the mineral derives its
name. Some of the masses, however, are perfectly transparent
and free from color while others are g pure white, or a deep choco-
late brown. The crystals are brittle and break with distinet to per-
fect cleavage faces, the luster is glassy and the streak is white.
The mineral is easily scratched with a knife-point (Hardness — 3 to
3.5), being, generally, a little harder than calcite. A very charac-
teristic property is the high specific gravity (4), it being even heavier
than strontianite. From the preceding five carbonates deseribed
celestite may be readily distinguished by the action of hydrochloric
acid, with which it cannot be made to give an effervescence. Chem-
ically the mineral is strontium sulphate with the formula Srso,,
containing of strontia 56.4¢ (Sr0) and of sulphur trioxide (80,
43.6¢.  Under the blow-pipe is readily fuses giving the intense red
color to the flame. The occurrence of celestite in closed cavities in
the dolomite, and its practical insolubility in water and acids,
shows that its ingredients must have been introduced through the
agency of percolating water and the mineral formed in place. A
saturated solution of calcinm sulphate (gypsum) would react upon
the soluble salts of strontium so as to produce the celestite. The
carbonate of strontium was not observed at the Woolmith quarry
in association with the sulphate, there appearing to have been suffi-
cient gypsum present to convert all of the original strontium salt
into the more stable sulphate. At the Ida and Little Sink quarries
only the carbonate was formed, while on the Lake Erie shore both
the carbonate and sulphate are associated, indicating that the sup-
ply of dissolved gypsum was insufficient.
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In the Plum Creek quarries, near Monroe, celestite may be ob-
served undergoing alteration into strontianite, a rather unexpict{)eld
change, the sulphate being regarded usually as thg morelsba Ej
form. However, a similar change may be prod?ced in the la o.ra
tory by boiling the powdered sulphate with solutions of the alkahr;e
carubogates; sodium, potassium or ammonium. It seems ver'y prob-
able that cold water, charged with one or more of the alkah%le car;
bonates might, in the course of time, convert the outer portions o
the crystallized sulphate into the carbonate.

S pSu. .

Euit rfe}f}eif';Jd to as pfobably having been active in the produec-
tion of celestite is this caleium sulphaté, which, altho'ugh re.lated
to it in composition, is still readily distinguished from it by' ‘s1m1()~)1)e
physical properties. Either in the form of gyps‘um (C'aSOﬂZH2 é,
or as the anhydrous variety (anhydrite, CaS0,) this calcium sulph-z;e
is widely distributed through the Monroe beds of' the ?ountyv.fi 8
given in Chapter III, § 5, this sulphate was dep.os1ted directly 1.0111
the waters of an inland sea, along with the calciom and magnesium
carbonates which constitute the beds of dolomite. It would be forn%-
ed anew wherever free sulphuric acid, derived fr(}m the f1ec01np10s1-
tion of pyrite or marcasite, came into contact -with calc?um ca}lbo-
nate in solution. Calcium sulphate dissolves in 400 Parts of v'va'ter

so that surface water, percolating through the dolm?nt‘es contlzuil‘mg
gypsum or anhydrite, would take mor.e or less of it mt? so*uI }O:f.
Upon standing quietly in rock cavities and fissures, crysiais >
gypsum known as selenite, might form. Such crystals oclcur i;;re
ingly at the Woolmith quarry, but were not Obs.erved e sleW d
These are perfectly transparent flat crystals, ?mt%mut c‘o 01‘1 in
having a glassy to pearly luster. They split readily mt(? thmbptatelzlspj
which may be easily bent without completel;}i geparating, bu
thin plates are not elastic, as in the case of mica. | e is

The cleavage in this one direction is very perfect. .Th‘e S 1ea1£ .
white and the specific gravity below the averag(?, belng‘Z.S‘. f i;:
distinguished from all the minerals thus far'descmbed by its 1'11 er
hardness, since it is readily scratched with the ﬁ.nger-r?aﬂ. No
effervescence can be secured from it by the use of acid. Fln.e gran-
ular to compact masses of gypsum, variously colored frf)fn'lmpurl-
ties, are known as “plaster” and are valuable for fertﬂl.zmg pur-
When heated to a temperature of about 392°F. the water

27

poses.
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in chemical combination is driven off, the mineral crumbles to u
white powder and is known as “plaster of Paris.”” By weight this
water (H,0) comprises 20.9¢ of the mineral, combined with 32.5% of
lime (Ca0) and 46.6¢ of sulphur trioxide {R0,).

§ 9. Anhydrite.

In the preparation of the plaster of Paris if the gypsum is brought
to a temperature of 400° to 650°F. not only is the water of crystal-
lization driven off, but the calcium sulphate practically loses its
power to again unite with it and “set.” It has closely approached
the condition.of the anhydrous variety (Ca80,)), which is of com-
mon occurrence in nature and is known as anhydrite. As generally
seen this is a compact or very fine granular translucent mass, of a
pure white color and breaking with an uneven fracture. It is
brittle and heavier and harder than gypsum. It cannot be scratch-
ed with the finger-nail, but is readil ¥ scratehed with a knife point,
g,lvnw a white powder. In well drillings it is frequently called

“marble,” but is easily distinguished from it by the action of the
dilute acid. Anhydrite will slowly dissolve in hydrochloric acid,
but gives no effervescence, while a small fragment of marble effer-
vesces vigorously as it dissolves. This form of ealeium sulphate
contains 41.2¢ of lime and 58.8¢ of sulphur trioxide. Tt is less solu-
ble in water than is the gypsum. The presence of anhyvdrite, or
gypsum, in drillings, or dolomites, may be detected by boiling the
powder for a short time in hydrochloric acid contained in a test-
tube and then allowing the acid to cool. If calcium sulphate was
present a mass of very slender needle like crystals will make their
appearance. It is not definitely known why the sulphate should
have been deposited from the evaporating inland sea in the anhy-

rous form. Ochsenius has explained it as due to the fact that when
the hydrous sulphate (gypsum) is in solution in concentrated sea
water with certain salts of potassium it exchanges part of its water
for sulphate of potassium, forming polyhalite (KCl) and other
salts which remain in solution in the bittern while anhydrite is de-
posited.*®

§ 10. Epsomite.

When the free sulphuric acid of waters percolating through a
bed of dolomite acts upon the dissolved calcium carbonate there is
formed calcium sulphate as described in §8 of this chapter. As
might be expected this same acid would react similarly upon
the magnesium carbonate of the dolomite and give rise to mag-

*Quoted from Mich. Geol. Sur., Vol. V, Pt. 1I, p. xvii.
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nesinm sulphate (MgSo, =7 H,0). or epsomite. This is so very
coluble that ordinarily we shouid not expect it to be deposited,
but it is a common ingredient of mineral waters. Sometimes it
occurs as a delicate efflorescence over the surface of rocks in dry
fissures, the galleries of mines and caves. In the Ida well (see
Chapter 111, § 8) a 100 foot layer of this substance was I‘GPOI.'"[Gfl and
a sample saved. The sample proved to be epsomite, but it is be-
lieved to have come from a cavity or fissure and not to represent
the entire bed which was probably a dolomite rich in anhydrite.
Epsomite is now on the market at 2§ cts. per pound by the barrel.
It contains by weight 16.37 of magnesia (MgO), 32.5¢ of sulphur
trioxide (80,) and 51.2% of water (H,0). It occurs usually in elong-
ated slender orthorhombic crystals, white in color, with a glassy
to earthy luster, breaking with perfect to imperfect cleavage. It
can be seratched with the finger-nail, (Hardness = 24), giving a
white powder. Its specific gravity is but 1.75 so that it appears
very light. Omn account of its easy solubility it has a pronounced
taste, which is salty to bitter. Upon being heated it gives off much
acid water in which it liquefies.

C. Chlorides.

§ 11. Halite. .
Owing to the possibility of the ~ _currence of rock salt (NaCl) ‘111
the norﬂmeastern part of the county (see Ch. VIII, §12), a descrip-
tion of this mineral is here inserted. The common form of crysj[al
is the cube, parallel to the faces of which it breaks readily with

very perfect cleavage. When pure it is colorless and transparent

but it is frequently rendered translucent and of a variety of col?rs
from impurities. It can be scratched with the finger-nail, Vv.lth
some difficulty, giving a white powder. When pure its S}f)e'CIfilC
gravity is 2.1, so that it appears light. The most chz.u*acterlst.lc
property is its familiar saline taste, being readily dlssolved.m
water. It gives no effervescence with the acid. In the blow-pipe
flame it fuses and imparts an intense yellow color, owing ’Eo.its
sodium, which makes up 60.6% of the mineral, while the remaining
39.4¢ is chlorine. Tt ocecurs in solid beds in the earth only where
the subterranean waters have not had free access to it. It is be-
lieved to have been formed through the concentration of the waters

of an inland sea.*

#*See Chapter IIT, 5; also Geol. Sur. of Mich.,, Vol. V, Part 11, pp. ix to xix.
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D.  Sulphur and Sulphides.

§ 12. Sulphur.

Closely associated with the celestite and calcite crystals at the
Woolmith quarry are beautiful crystalline masses of brilliant yel-
low sulphur, contrasting gorgeously with the blue of the celestite
and the creamy white calcite. Attention was first called to this
occurence of native sulphur by the writer in 1895.*

The sulphur is confined mainly to the ellipsoidal cavities in a
soft, open bed of dark brown dolomite from one to three feet thick.
These cavities vary in size from a fraction of an inch to three feet
in their greatest horizontal diameter. Some of these cavities are
completely filled with the sulphur, which at times shows crystal
faces, but generally the gulphur shows only the rough conchoidal
fracture characteristic of such crystalline masses. More frequently
the cavity has a lining of celestite and calcite and only the central
portion contains the sulphur, showing that its deposition began
later than that of these two minerals. It was estimated by the
foreman at the time of the survey, four years ago, that between
400 and 500 barrels had been removed, most of which was carried
away by visitors. The present market value of such sulphur is 2%
cents per pound. This mineral is very easily distinguished from
all others by its brilliant yellow, its resinous luster and conchoidal
fracture. Tt is quite brittle, can be scratched with the finger-nail,
hag a specific gravity of but 2 and is translucent. It melts readily
and burns with a blue flame emitting irritating odors of sulphuric
dioxide (80,). It is insoluble in water and is not affected by acids.
When the deposits were first examined by the writer in 1895 there
entered the quarry from the “sulphur bed” a stream of water
charged with hydrogen sulphide gas (H,S). As the water trickled
down the face of the quarry wall and flowed over the bottom there
was deposifed a mealy white precipitate of sulphur, resulting from
the decomposition of this gas. Where this deposit was longest ex-
posed it showed a slight vellow color. From the cavities of the
dolomite specimens of whitish yellow sulphur were collected, hav-
ing the same mealy appearance, but containing throughout small
irregular masses in the crystalline condition. There is no room for
doubt then that the sulphur has resulted from the decomposition

*American Journal of Science, Vol. L, Third Series, pp. 246-248; also in a paper
presented to the Michigan Academy of Science, Lansing, December, 1895.
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of hydrogen sulphide gas, introduced through the agency of per-
colating water, and that it has gradually passed from the mealy to
the crystalline condition. The gas has been formed in the rocks
through the decomposition of the next two minerals to be de-
scribed.

§ 13. Pyrite and marcasite.

These are two minerals which have the same chemical composi-
tion (FeS,), being compounds of iron and sulphur. They contain
by weight 53.4% of sulphur and 46.6¢ of iron. They are not often
seen at the surface, but are abundant enough in the rock strata to
give character to the spring and well water and to be indirectly
responsible for the formation of a number of the minerals described
in this chapter. They each have a brassy luster and color, a specific
gravity approaching 5 and are hard enough to make a scratch upon
glass. They are brittle, break with an uneven fracture, are opaque
and have a black streak., When heated sufficiently they are de-
composed, the sulphur burns with its charicteristic blue flame and
leaves behind a dark mass which is now .aagnetic, owing to the
free iron. The pyrite is generally found in beautifully perfect
cubes of various sizes, having a golden color and luster, which
causes it frequently to be mistaken for gold. In the dolomite of
the Plum Creek quarries seams and incrustations of crystallized
pyrite occur, in tarnished condition. The crystals are very small,
giving the mineral a fine granular appearance, and are mainly
octahedrons. This is the only locality at which pyrite was found.
The marcasite is of a whiter yellow, does not occur in cubes, but
usually in flattened concretions showing radially fibrous structure,
and is more subject to decomposition than the pyrite. The forma-
tion of these two minerals through the agency of organic matter
and oxide of iron was explained in Chapter II, § 11. When either
of these minerals is in contact with water for a sufficient length of
time, double decomposition takes place. The sulphur unites with
hydrogen of the water to form hydrogen sulphide gas (H,S), which
is readily held in sclution by the underground water and gives rise
to “sulpbhur” springs and wells. The iron of the pyrite, or marca-
site, is readily oxidized and if carbon dioxide be present will be
converted into iron carbonate (FeCQ,), taken into solution and will
impregnate the water with iron, forming “chalybeate springs or
wells” (chapter VIII, § 10). The hydrogen sulphide itself may unite
with oxygen to form sulphuric acid (I,80,), which may unite With
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iron, calcium or magnesium to form the series of sulphates found
%n the natural waters. Pyrite and marcasite are very undesirable
mmgredients of building stone because of their tendenbcv to decom:
pose, whereby the stone itself is disintegrated andu discolored
through the oxidation of the iron left hehind.

F. Ogxides.

§ 14. Bog iron ore (limonite).

Before the rich deposits of iron ore were located in the Lake
Superior region and Missouri this impure form of iron oxide was
eagerly sought. Hubbard in his original survey of the county
located deposits in Secs. 19 and 25, of Summerfield township ana
called attention to indications in Seec. 3 (T. 9 8., R. 7 E) of Bedford
and also in London.* | | .

During the present survey other records were obtained of similar
deposits. In section 23 of Milan (N. W. }, 8. E. 1) N. D. Baird
struck bog ore at a depth of five feet while ditching. It is said to
occur also one mile south of Petersburg upon ther place of Enos
Plomodore (S, W. 1, N. W. 1, Sec. 10). In the N. W. 1 N. W. 1
Sec. 26 of Bedford, bog ore occurs along a ditch for a &istanee jf’
ten 1'9ds. This mineral occurs in marshes, where it is now forming,
a'nd in the beds of former swamps now drained and under cultiva-
tion, i.n beds of varying thickness. Irregular rusty Inmps are
f'ound i the soil, having a dull earthy luster and Wi{hout crvstal:
lfne structure. Their high specific gravity (3.6 to 4) at 011(‘; dis-
tinguisheg them from irregular JTumps of tufa or clay. The m/i;leral
b‘reaks with an irregular fracture, is opaque, can bo scratched with
(.hfﬁ(-ulfy. with a knife-point and gives a yellowish brown powder. 1t
Is an oxide of iron in combination with water, its formula bein
2Fe,0,4+3H,0. When pure it contains 59.8¢ of iron, 25.74 of oxvrfef
and 14.57 of water. When mixed with considerable clay it is ]';gw ‘
as “yellow ochre” and has been used as a paint. Uponu the ka;; HC;—
tion of sufficient heat the water of crystallization is driven oﬁ’p and
the. oxide is converted into the red oxide known as hematite (Fe (O )
This also exists in a soft earthy form known as “red ocllfe ” a’zbegd‘
of which three rods square, and one to two feet thick Was’located

in Seec. 21 of Bedford township, by Hubbard.+ }

*
_i_%ehcgngr;%nl\lrgla‘}mlze%%rttfgaEf Geologist, 183¢, H. R. No. 23 page 112
. : . > American Journal of Science i : a)

]elt)tlsgo&«zlg 3Jf IAn(}j%z;gzqatréCgmnfagar z}nd Native Lead.(’z’lmzp; 1411)33—]51)9 2n1;)gl;gg;d oghae
: J. 1. stock, o artford, Connecticut X is} i
which contained an extract from a letter WrittenlcbuV’Bwali pSutll)éI};})lee;i kﬁ;dtzlzlti ihgtorft'

\ .k # e
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When clay of a brown or yellow color from the presence of the
hydrous oxide is burned, as in the manufacture of brick and tile,
the conversion to the red oxide takes place in the furnace and a
total change in color results. The iron for the formation of beds
of bog ore is derived from the soil of the area which is drained into
the marsh. It is introduced into the soil from the iron bearing
minerals which have contributed to its formation, as hornblende,
pyroxene, black mica, pyrite, siderite, etc., of the erystalline rocks.
Tpon the decomposition of these and other minerals iron is liber-
ated which soon unites with the oxygen of the air forming gener-
ally the yellow hydrous oxide. In this form it is abundant in the
soil and is insoluble, but must be transported before any beds can be
formed. This is accomplished through the agency of decaying or-
ganic matter in the soil. The carbon of this organic matter has a
stronger affinity for oxygen than has the iron, and some of the oxy-
gen is torn from the iron oxide forming ferrous oxide (FeO). The
carbon dioxide (CO,) formed in consequence may unite with the fer-
rous oxide and form ferrous carbonate (FeCO,). This carbonate is
somewhat soluble in water containing carbon dioxide and is leached
from the soils and transported by the streams to the swamps. Upon
standing the carbon dioxide of the carbonate is exchanged for oxy-
gen of the air with the fermation of the oxide and the liberation. of
the CO,. The oxide being insoluble must be precipitated and usually
goes down as the hydrous form, that is, the bog ore variety. Beds
rarely exceed one to two feet in thickness. From this method of

formation it is apparent that the ore will be mixed with sand,

clay and other impurities. For this reason and the manner of
occurrence this ore has no commercial value at present. Shaler
has suggested that as top dressing this ore adds binding qualities
to limestone used in the construection of stone roads.

§ 15. Crystallized quartz.

The Sylvania sandstone has been described as consisting of count-
less millions of quartz crystals, cach a hexagonal prism terminated

at Fort Wayne. 'The latter says, “I have found a black and garnet colored sand,
in great abundance on the shore of Lakes Erie and Michigan, this is sulphuret of
mercury, and yields about sixty per cent. It is so easy to be obtained, and is s0
convenient a form for distillation, that it must become an important artxd‘e of
commerce.”’ In the second volume of the same journal (p. 170) the editor publishes
a letter direct from Mr. Stickney, dated “Port Lawrence, Michigan Territory,
Mouth of the Miami of the Lakes, June 17th, 1813,”” in which he says, “From the
mouth of the Vermillion, round the whole shore of the western end of Lake Erie, on
the shores of the Detroit river, Lakes St. Clair, Huron, and Michigan, the banks are
streaked with small reefs of this black and red sand of cinnabar. The whole body
of the soil is interspersed with this sand through the whole of this extensive dis-
trict of country.” The editor announced that a sample of the sand, enclosed in a
jetter had been lost. In his Catalogue of American Minerals, pulRished in Boston,
1825, by Dr. Samuel Robinson this occurrence of cinnabar is noted (page 239). The

red and black sand referred to must have consisted of oxides of iromn.
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by one or two hexagonal pyramids. The formation of these crys-
tals through the secondary enlargement of rounded sand grains has
been presented in Chapter II1, § 6.

Water saturated with silica (8i0,) and standing quietly in fis-
sures and cavities sometimes forms an inerustation of quartz crys-
tals. If no impurities are present the crystals are transparent
and without color being known as “rock crystal”  Limited quanti-
ties of this occur at the Navarre quarries on Plum Creck. WWhen
colored purple the quartz is called “amethyst” and this variety was
observed at Brest by Dr. Winchell and is reported by Dana as
occurring here and at Point aux Peaux and Stony Point. Quartz
is readily distinguished from all the other minerals described by
its simple physical properties. The form of the crystal is entirely
characteristic when this can be made out, the hexagonal prism
terminated with the hexagonal pyramid. It has a glassy luster
and has no plane cleavage faces, but a conchoidal fracture. Its
specific gravity is 2 2.3, It cannot be scratched with g knife or
file and scratches glass very easily. Tt is insoluble in pure water,
is unaffected by the ordinary acids and is infusible before the blow-
pipe. Heated with soda, however, it readily melts and forms glass.
It consists, when pure, of 46.7% of silicon and 53.3% of oxygen.

§ 16. Chert.

This is a variety of uncrystallized or rather cryptocrystalline
quartz (8i0,) commonly known as “flint.” Tt is, however, too im-
pure for flint, since it contains a considerable percéntage of calciur
carbonate. From its resemblance to horn it has been called “horn-
stone,” and owing to its abundance in our Dundee formation gave
to it the name of Corniferous (cornu, a horn). As found in Monroe
county its color is drab to brown, with a dull to subresinous luster.
It is opaque to sub-translucent and is very brittle, breaking with
a coarse conchoidal fracture and giving sharp edges. It readily
strikes fire with steel and scratches glass with about the same ease
as crystallized quartz. Tts specific gravity is not. perceptibly dif-
ferent. It occurs in the Monroe beds and the Dundee formation
in seams and crevices, in irregular nodules, and as thin beds be-
tween the strata of the dolomite and limestone as previously de-
scribed. In the quarries most of it is seen on the Macon and at
Dundee, where it forms thin beds. It frequently encloses fossils in
silicified condition, in the cavities of which the silica has some-
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times crystallized, giving a thin layer of minute crystals suggestive
of frout and known as *‘drusy quartz.” The formation of this chert
and the origin of its silica have been discussed in Chapter II, §22.
It “~ too impure for the manufacture of glass, for which flint is
used, and its brittleness and lack of binding qualities unfit it for
macadamizing purposes. Its hardness, manner of breaking and
inertness to the weather made of it a most useful mineral for prim-
itive man. From it he made his spear and arrow-points with
which to capture game, the implement with which to prepare, and
the spark of fire with which to cook such game. Quarries of a
good grade of chert were of more value to him than the richest
gold mines of the Klondike or the diamond fields of Kimberly.

F. Phosphales.

§ 17. Apatite.

This is a mineral reported by Winchell and Dana as occurring
at Brest, Point aux Peaux and Stony Point, but a careful search
failed to reveal any of it at the present time. It is a phosphate of
calcium, with the formula (CaF) Ca, P, O,,, occurring sometimes in
limestones, but more commonly in the crystalline rocks. It con-
tains of P,0, 42.3%, of lime (Ca0) 55.5%, and of fluorine 3.8 4. When
properly prepared it is valuable for fertilizing purposes since it
supplies the soil with both lime and phosphorus. Its common
mode of occurrence is in the form of elongated hexagonal prisms,
of a brown or green color. Its luster varies from glassy to resin-
ous, the mineral looking as though it were slightly oily. It is sub-
translucent to opaque, is quite brittle and shows only imperfect
cleavage across the prisms. Its specific gravity is a little above
the average of rocks (3.2), while its hardness permits of its being
scratched, with some difficulty, with a knife-point. It gives no
effervescence with the acids. This assemblage of characters readily
distinguishes apatite from any other mineral encountered in the

county.

G. Hydrocarbons.

§ 18. Asphaltum.

Black, amorphous carbonaceous matter has been mentioned as
occurring at various quarries, filling seams and crevieces in the
dolomites and limestones. Thin layers, more or less continuous,

28
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frequently occur between the beds, rarely attaining a thickness of
one-quarter inch. Certain beds at the Woolmitlh quarry are im-
pregnated with this substance to such an extent that the stone is
considerably darkened by it and Mr. (. F. Smith has suggested its
use for asphalt pavements, believing that by grinding and heating
there would be found sufficient asphaltum to bind together the
fragments. As seen in the county, both at the quarries and in the
well drillings, the substance is always very impure. If held in a
flame it burns for a short time, giving a bright yellow flame and
oily odor, but does not perceptibly diminish in bulk. There is
usually not sufficient carbonaceons matter present to continue the
combustion after the fragment is withdrawn from the flame. YWhen
pure, asphaltum is very brittle, of a jet black color and pitchy
luster, breaking with a coarse conchoidal fracture. Tt is soft and
very light, its specific gravity ranging from 1 to 1.8. It readily
melts and burns with a bright yvellow, smoky flame. It is-more or
less soluble in turpentine, ether and alcohol, but not in water. Tt
has formed where now found by the accumulation of rock oil, which
has gradually lost its more fluid constituents and hardened. Tt is
thus of organic origin, has no definite composition, consisting main-
ly of carbon, hydrogen and oxygen, and cannot be regarded as a
true mineral.

H. Key to Minerals.

§ 19.

The following simple key will enable those interested to readily
determine the minerals of the county which are encountered in the
quarries and well drillings. Tt will be of no service in identifying
the ingredients of the common field boulders. The acid referred
to is hydrochloric acid and is prepared by taking a small quantity
of commercial strength and adding four times its volume of pure
water. In using this a drop of the cold acid is first applied to the
solid m'neral. If the action s not vigorous the mineral may be
reduced to powder at one place and the acid applied, or a fragment
may be placed in acid in a test-tube and then heated. After the
mineral has been traced, its description, as given in this chapter,
should he carefully reviewed for the purpose of verification.

TABLE XIV.—KEY TO THE MINERALS OF MONROE COUNTY.

Marl.

Action with acid vigorous.
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Action is increased by powdering the mineral.
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CHAPTER X.

FOSSILS OF MONROE COUNTY.

§ 1. General nature of fossils.

Embedded in the rocks which have been described, and imprinted
upon the surfaces of the strata are the remains of former plant and
animal life. From their resemblance to forms still in existence
we know that they lived in the waters of an ocean charged Withv
salt. From a study of the deposits which have been superposed
I{er‘e and elsewhere, upon these strata we are forced to the conclui
sion that this ocean existed in Michigan so long ago that the time
can be estimated only in millions of years. Nowhere in the county
or adjoining regions, have there been found embedded in the rocl?s.
any trace of forms higher than the lowest order of fishes VVh€;1
we consider the advance which has been made biologicailv since
that time we are still better able to grant to these fossilg the ﬂres ect
which is accorded great age. When such objects first be al? 100
attract attention during the 15th and 16th cen'turies they Wire re-
garded as “sports of nature,” as though produced through Nature’s
effort at self amusement. By some writers they were thought to
be due to the “influence of the stars,” and by ‘others to have re-
sulted from the fermentation of certain fatfyumat‘rer in the earth
through the agenecy of heat. Zarly in the 16fh century Fracastoro
and Leonardo da Vinci declaired that they represented the remains
of organisms which had once lived where they are now found
view that was savagely combatted for 200 years. As this qim’ 12
truth finally prevailed over prejudice and superstition the qukestiI())n
arose as to the time of their destruction, it being assunied that
their death was simultaneous and produced by some widespread
natural catastrophe. For a long time and by many the Noachian
deluge was regarded as the cause of this universalb destruction of
life, of marine forms as well as those which lived upon the land
During the 18th century the discussions covered the method of'

extinction and entombment, the formation and displacement of the
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rocks containing them, the succession of forms and their relation to
living species. By the middle of the century it had been shown
by Marsilli, Spada and Schiavo that fossils are not scattered at
random through the rocks, but that there is an orderly succession.
By the close of the century this truth had borne fruit. William
Smith, an English engineer, suggested their use in recognizing
and correlating strata, since beds of the same age should contain
the same assemblage of fossils. During the century just closing
thousands of forms have been described and figured, their group-
ings in the strata investigated, and the solution of the problems of
development undertaken. From such study beds of economic im-
portance may be located in the geological series and the physical
and biological history of the earth deciphered.

By Lyell a fossil was defined as any body, or the traces of the
existence of any body, whether animal or vegetable, which has been
buried in the earth by natural causes. The cast or mould of any
organism whatever, the imprint of a leaf or the foot print of an
animal would thus come within the definition. So also would
the body of a sheep buried by yesterday’s land slide, but probably
would not have been regarded as a fossil by Lyell himself. It is
now generally understood that the form, in order to be considered
a true fossil, must have lived during a previous geological epoch.

§ 2. Conditions of preservation.

With reference to their manner of preservation fossils may be
separated into four classes. First, those in which the organic
matter itself has been preserved as in the case of some of the plant
remains to be described. Here the carbonaceous matter of the tissue
is still in existence and makes up the fossil, although it has been
mineralized. Rock oil represents such preserved organic matter
which has become separated from the organisms of which it at one
time constituted a part. TIn this same class should be placed bones,
shells, corals, etc., which still retain the matter of which they were
originally formed. In a second class of fossilg this original matter
has been replaced, particle by particle, by other mineral matter
giving rise to a “petrifaction.” The replacing mineral is most
commonly calcite or silica, but may be pyrite, sulphur, iron oxide,
ete. Very frequently, as in the case of silicified wood, the minute
details of even the microscopie structure are most perfectly repro-

duced. In still a third class of fossils the organism itself, or some
part of it, has left its impress upon a soft mass capable of retaining
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the form. After hardening there is thus produced a mould of the
original object. Such moulds of shells are quite common in the
dolomites and occasionally a coral, or crustacean, is similarly pre-
served. Imprints of leaves, burrows and channels, footprints, ete.,
belong to this class. Finally, upon the withdrawal of the organism,
or its removal by decay or solution, soft mineral matter may settle

into the mould and form a cast. The most common form of cast is’

that of the entire exterior, but internal casts of shells are also not
uncommon in the county. These are produced by the fine sediment-
ary material working its way into the internal cavity and there
hardening. When the shell is dissolved away by percolating water
a space is left between the mould and the internal cast. This occa-
sionally becomes filled with sediment, sometimes with cryvstalline
material and a cast of the shell itself is formed. which very much
resembles a true petrifaction, but differs from it in not showing
any of the real shell structure.

§ 3. Fossils of the Monroe beds.

The beds of dolomite are in general quite poor in fossils, but at
certain horizons and in certain localities moulds and casts of
brachiopods and gasteropods are abundant, crinoids, corals and
bryozoan remaing are found occasionally and lamellibranchs rarely.
Worms, cephalopods and crustaceans are the only other animal
groups that are known to be represented in this series of beds.
There is nothing here to indicate that fish had yet come into exist-
ence, not a tooth, scale, plate or spine having yet been found. In
nearly all cases the shell substance has been dissolved and nothing
has been deposited in its place, so that the identifications have to
be made upon the moulds, imprints, external and infernal casts.
A large number of such fia.ments were collected which are un-
identifiable, either because of their state of preservation or because
they rercesent species not yet described. The writer feels reason-
ably certain of the list below enumerated. A study was made of
the fossil contents of the Monroe beds by Rominger and reported
upon in 1876.* From these same beds in western Ohio, Whitfield
identified and described a number of forms in a paper read before
the New York Academy of Science in 1890.%

*Michigan Geological Survey, Vol. I1I, Pt. I, »pp. 31 to 34.

iDescription of Fossils from the Palseozoic Rocks of Ohio. Ann. N. Y. Acad. of
Science, 1890; pp. 505 to 622. Also Geol. Surv. of Ohio, Vol. VII. pp. 407 to 493. Plate
V accompanying this paper is reproduced as plate XVII of this report through the
kindness of Prof. Whitfled and the Ohio Survey, although it contains some forms
not yet discovered in the county.
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SPIRIFER VANUXEII, Hall. Paleontology of New York, Vol.
111, 1859; p. 198, plate VIIT, figs. 17 to 23,
Orthi;s plicata, Vanuxem. Geol. Rep. Third District of New
York, 1842; p. 112, fig. 1.

A few gpecimens of this species were found in the beds about
Monroe, but they are not common. Adult forms of the type figured
on plate XVII, figures 4 and 5, occur and also immature specimens
similar to those drawn and described by Hall.

MERISTELLA LAVIS, Vanuxem, sp.

Atrypa levis, Vanuxem. Geol. Rep. Third District of New York,
1842; p. 120, fig. 2.

Merista leevis, Hall. Palwontology of New York, Vol. 111, 1859;
pp. 247-8, plate XXXIX, figs. 1 to 4.

Meristella leevis, Hall. Thirteenth Ann. Rep. of Regents on the
N. Y. State Cabinet, 1860; p. 75.

Ct. Whitfieldella lavis?, Grabau. Bull, Geol. Soc., Am. 1900, Vol.
X1, p. 369.

This is the most common and most widely distributed fossil in
the county, being seen at nearly all the localities where the beds of
dolomite are exposed. Its general form is shown in figures 6 and 7
of plate X'VIL

MERISTELLA BELLA, Hall. Thirteenth Ann. Rep. of the Re-
gents on the N. Y. State Cabinet, 1860; p. 75.
Merista bella, Hall. Palmontology of New York, Vol. ITI, 1859;
p- 248, plate X1, fig. 1, a-p.

This form, which much resembles the preceding and is found in
association with it, is figured on plate X VII, figures 8, 9, and 10. The
general outline is seen to differ from Weristella leewis, and each valve
possesses a sinus the meeting of which give a more emarginate char-
acter to the front.

‘ NUCOLEOSPIRA ROTUNDATA, Whitfield. Ann. N. Y. Academy
of Science, 1882; p. 194.

Se plate XVII, figures 11 to 14. The best preserved specimens

of this species were collected from the beds of the Woolmith quarry

where they are associated with Meristella.




224 MONROE COUNTY.

RETZIA FORMOSA. Hadl, sp.
Waldnheimia formosa, Hall. Tenth Ann. Rep. of the Regents on
the New York State Cabinet. 1857; p. 88.
Trematospira formosa, Hall. Paleontology of New York, Vol.
I1I, 18595 pp. 215-216, plate XXXVI, figs. 2, a-u.
Rhynchospirae formosa, Hall. Palzontology of New York, Vol.
11T, 1859; p. 485, plate XCV A, figs. 7-11. ,

This beautiful little shell is shown on plate XVII, figures 15 and
16. Quite perfect moulds are sparingly found, apparently more
frequently at the Little Sink and Little Lake quarries.. These spec-

imens agree with those described from Ohio in being smaller than
those from New York, figured by Hall,

PENTAMERUS GALEATUS, Dalman, sp.
Atrypa galeatus, Dalman. Vet, Acad. Handl., 1827; p. 130.
Pentamerus galeatus, Hall. Paleontology of New York, Vol. 111,
1859; pp. 2579, plate XLV, figs. 1, a-z; plate XLVII, figs.
1, a-m.
Gypidule galeata.

Fragments of this large brachiopod are found about Monroe, one
quite complete ventral valve having been secured, from’ which the
identification was made.

PENTAMERUS PES-OVIS, Whitfield. Ann. N. Y
1882; p. 195.
This form was named because of the resemblance of its internal

~ casts to sheeps’ feet. See plate XVII, figures 18-22. These casts
are in the dolomite about Monroe.

. Acad. Science,

GONIOPHORA DUBIA, Hall, sp.

Modiolosssis dubius, Hall. Palaxontology of New York, Vol. I1I,
1859; p. 264, plate XLIX, figs. a-e.

Goniophora dubia, Whitfield. Geol. Sur. of Ohio, Vol. VII, 1893;
pp. 415-16, plate I, figs. 24-26.

Specimens of lamellibranchs are very infrequently met with in
the Monroe beds. A number of well preserved forms of this species,
however, were collected from the Plum Creek quarries.

They are
shown on plate XV1I, figures 24-26.
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PTERINEA AVICULOIDEA, Hall. sp. -

MHegambonia aviculoidea, Hall. Paleeontology of New York,
Yol. 111, 1859; pp. 274-5, plate NLIX, figs. 7 and 8; plate
NLIX A, fig. 8. ‘

Pterinea aviculoidea, Whitfield. Geol. Rep. of Wis,, Vol. IV; p.
322, plate XXIV, figs. 6 and 7.

The internal cast of the left valve of a large specimen of this, or a=
closely related species, was found in Danijels’ quarry at the head of
Ottawa Lake. The species is reported from the county by Rominger
and from the Ohio beds by Whitfield. See plate X'VII, fig. 23.

LEPERDITIA ALTA, Conrad, sp.
Cythering alte, Vanuxem. Geol. Report of the Third Dist. N. Y.,
1842; p. 112, fig. 6.
Leperditia alta, Jones. Ann. and Mag. of Nat. Hist., Vol. XVII,
second series, p. 88.

This peculiar crustacean is shown in side view on plate XVII,
figure 27. It is especially characteristic of the Waterlime division
of the Lower Helderberg. It is of rare occurrence in the county but
was found around Little Lake, in Bedford township. There occurs
in the same vicinity a minute Leperditia of the same general form as
the above but with a length of only .05 to .06 of an inch. The
prominence of the eye tubercles indicates that it is distinct from L.
alta and no intermediate forms were observed.

SPIRORBIS LAXUS, Hall. Paleontology of New York, Vol, I1i,
1859; p. 349, plate LIV, figs. 18, a-e.

The coiled tubes of very small marine worms are abundant about
Newport and Monroe and at the Little Sink and Little Lake quarries.
They appear to be identical with Hall’s forms from the Lower
Helderberg of New York. The tubes are circular in cross section,
show from 14 to 3 coils, with a diameter of .02 to .04 of an inch.
Usually nothing but the minute cavity remains, but occasionally a
cast is found which shows 11 to 12 annular ridges in the last half
whorl. Sometimes a considerable part of the last whorl is free from
the remainder of the coil and irregularly extended. The Little Sink
specimens are coarser than those found about Monroe and may

vepresent another variety, Associated with them are tortuous verti-
29
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cal channels, which represent the burrows or tubes of larger worms,
to which the generte name Seolithus has been applied.

In addition to the above identifiable species a large number of
fragments were collected which cannot be satisfactorily specifically
determined. These include Conularia, Tentaculites, Strophodonta,
Orthis, Spirifer, Conocardium, Platveeras and numerous other gas-
teropods, lamellibranchs, trilobites, crinoids, cyathophyloid and
favositoid corals.

Sevéral types of plant fossils occnr within the Iimits of the
county. From what was said concerning the formation of the oolite
granules and the associated structure in Chapter 111, § 7, it is evi-
dent that these must be regard<d as fossils. Under the same head
would come the vertical channels found in one of the silicious dolo-
mites at the Woolmith quarry, Chapter 1V, § 4. These are supposed
to represent the casts of marine plant stems about which the sandy,
dolomitic slime settled and partially hardéned. Upon the upper
surfaces of certain ledges at Newport, Plum Creck and Little Lake
quarries carbonized plant remains occur in abundance. The stems
of one form are straight, nnbranched and flattened and appear to
be longitudinally creased by about eight furrows. The diameter
of the flattened stems change but little in an inch or two and equal
06 to .07 of an inch. There is evidence of irregular jointing., As-
sociated with this form is a more delicate variety which branches
dichotomously and has a breadth of but .01 of an inch. A still
coarser and less flattened type of stem is seen about Newport, hav-
a breadth of .10 to .13 of an inch. These all very probably are re-
mains of marine algwe. Of these remains which Rominger found
at Newport he says the following:*

‘‘The vegetable remains are of various kinds. Some are band-like, compressed
stems, which sometimes bifurcate, and are of a jointed structure. On certain por-
tions of these stems, annular cicatrices are disposed in remote rows, in shape
resembling the pores of the tube of Favosites. Another kind of stem is nar-
rower, more remotely jointed, and each joint is surrounded by a verticil of long,
narrow leaves.”

§ 4. Fossils of the Dundee formation.

The limestones exposed in the Dundee and Macou quarries are
exceedingly rich in fossils. Upon weathered surfaces, under the
magnifier, they are seen to consist of one mass of minute fragments
in which, here and there, entire forms are embedded. The same
species oceur here as in the Trenton quarries where the opportuni-

*Mich, Geol. Sur., Vel, III, part 1, p. 32.
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ties for collecting ave far better. Thercfore detailed description of
this fauna mayv be left to the Wayne county report. Upon the other
hand all the t"ol'ms found at Trenton are liable to be encountered
in the Monroe county exposures. An extensive collection was made
from the Siblev quarry, just north of Trenton, but there has not been
time for its studyv. The following species were collected from this
locality by Dr. Rominger:

Atrypa reticularis, Linnw®us, sp.

Spirifer gregarius, Clapp.

Spirifer acuminatus, Conrad.

Orthis Livia, Billings.

Strophodonta concavea, Hall, sp.

Strophodonta perplana, Conrad, $p.

Paracyclas elliptica, Hall.

Conocardium subtrigonale, D’ Orbiguy.

Plewronotus Decewi, Billings, sp. -

Phacops bufo, Green, sp.

Proetus crassimarginetus, Hall, sp.

Dalmania selenurus, Eaton, sp.

Stromatopora textilis, Rominger.

Stictopora Gilberti, Meek.

Zaphrentis prolifica, Billings.

Zaphrentis gigantea, Lesneur.

Heliophyllum Halli, Edwards and Haime.

Heliophyllum corniculum, Lesueur, sp.

Fawvosites turbinatus, Billings.

Favosites hemisphericus, Troosy, sp.

In addition to the above species the following genera were repre-
sented by unidentified species. TFenestella, Polypora, Orthoceras,
Gompho(:éraS, Gyroceras and Nautilus. Spines, plates, bones and
teeth of sharks are found, most of them belonging to Onychodus
sigmoides (Newberry), of the Upper Helderberg of Ohio.

In regard to the correlation of the fauna of the upper and lower
Helderberg, Dundee and Monroe beds, reference should be made to
Schuchert’s paper already cited.”

2 Grabau in the

Amer. . 241 to 332. See also paper by A. W. €

Saﬁgn.‘,ggg&%, Sp(i)‘?‘ 3%—376., on %ge Siluro-Dev%ni?nthconpac% rgn?mgapce%:n%; Igfa‘:kngﬁ:i
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It seems clear that the Dundee fauna corresponds to that of the
upper Helderberg, the Becraft limestone (Upper Pentamerus) of
Darton and Schuchert, and that the bulk of the Monroe beds, espe-
cially those below the Sylvania sandstone have a Silurian fauna
akin to that of the Manlius limestone or Waterlime. So far as vet
appears there is no reason f-r cutting off any of the Menroe b(;ds
faunally from their litholog cal representatives, and considering
them Devonian,

or Manlius limestone, which was considered origi i

rest = : 2 A s ginally its lowest member. In the
;\t‘fg‘t’ern part of New York, Ohio and Monroe counyty, Michigan, the beds just
al ‘e are wanting, and the unconformity which Grabau has pointed out exists.
Lenyce naturally the Manlius limestone fauna has come to be regarded as typical
S'ovsgr Helderberg in the region of the Great Lakes. This is regarded by all as
ilurian. Whether the balance of the Lower Helderberg should be so regarded we
haw? no occasion to decide. It may be noted, however, that if Hunt is right as to
the intercalation of Corniferous in the Salina (p. 52), we must either include all the
Salina as Devonian, or give up the “Devonian facies” as a criterion.—L.
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Farm products................ 159, 162
Favosites...................... 48, 227
Federman, altitude of............ 108
Fenestella........... ............ 227
Ferguson, Misses J. and N....... 99
Ferretto ......................... 126
Findlay, Ohio............ 133, 134, 191
Fishes................ 40, 117, 222, 227
Flat Roek.. ........... 14, 91, 112, 113
Floodplain. .................... 11
Foerste, A. F.,cited.............. 192
Forchhammar................. 30, 51
Ford, B.R....................... 34

Forest Beach..18,105, 114,139, 140,
141, 143, 154, 171

Fort Wayne, Indiana............. 143
Fossils..34, 92, 93, 97, 99, 137, 220, et seq.
Fracastoro....................... 220
French, W. T., cited.............. 164
French occupancy............ 5, 6, 119
Frenchtown........ 6, 23, 94, 161, 162

quarries.................... 22

Twp. (6 and 7 S., R. 8, 9 and
10 E.) See also CL.AIMS and

Section 8.................. 19
Section 15.................. 153
Section 16.................. 153
Section 18.................. 153
Section 21.................. 153
Section22.................. 153
Section 25, ................ 72
Section 26............... 19, 153
Valley in rock surface...... 122
Duval, Ei P............. ........ 200
E.
Earthworms, effect on soil........ 169
Eaton, Chas. G.................... 190
Elderbush........................ 165
Elevations. See ALTITUDES.
Elm.............................. 165

RAISIN RIVER..... 94, 161, 162
Frey, John.................... ... 70
Frost, dateof.................... 101
Fruit culture........... ..101, 160, 161
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Fucus vesiculosus.. ............. 30| Hamilfon. See TRAVERSE..14, 22
23, 21, 31, 186
G. Harmon, James.................. 196
Gaffney, Hugh.................... 175 Harris, E.E................... ... 70
Gas........ooiinnn 33, 34, 70, 190, 193 Linec..o.. oo 6
Gashing............. ...l 85 Villewo. o oovvin i, 140
Gasteropeds............. 56,79,86 226 Haw. ....... ..., 165
Genesee shale. See ST. CLAIR Hays..:..... ..., 168
shale................... T, 32|Heath............................ 182
Geodes. See also CHERT......... 11| Heek,Charles.................... 98
Geologieal Surveys; for references Helderberg strata. See DUNDEE
to see names of various au- and MONROE beds......14, 37
thors,i.e.,for Ohio, ORTON, Heliophyllum .................... 227
GILBERT, NEWBERRY, Hercules Cement Co.............. 180
WINCHELL, N. H.; for Herkimer, Robert C.............. 190
Michigan, HIGGINS, Hershey.......................... 23
HouGHTON, HUBBARD, Hickory ...................... 164, 165
WINCHELL,A . ROMINGER, Higgins, S. W................... 9, 137
LaANE; for U. S., IRVING, Highlands of the Hudson, a possi-
LevERETT, TIGHT; for In- ble lake barrier.......... 137
diana, DRYER. Hillsdale County................. 22
Gibraltar...................... 54, 91| Historical notes........ 3,112, 147, 160
Gilbert, G. K. cited, 5,140, 141, 146, 147 | Hoffman, John.................... 82
Gilmore, Q. A.cited.............. 175 | Hogtooth spar.................. 9, 204
Glacial Epoch............. 39, 120, 124 | Holland, Ohio.................... 128
Glacial strize. See STRIAZE....... 129 | Houghton, Douglas. .. .. 9, 10, 187, 207
Glass sand. See SYLVANIA sand- Hubbard, Bella..9, 10, 11, 23, 128,
stone...9, 11, 55, 84, 86, 88, 186 130, 137, 138, 157, 158, 180,
SEAMS... .ottt 81 186, 200, 207, 214
Glecapsa and Gleethece.......... 65| Hubbard, L. L.................... 15
Goodells.......................... 140 | Hudson river group......... 11, 72, 74
Grade of county and railroads. Hunter........................... 41
See ALTITUDE............ 106 | Hunt, Tw Se.......... 48, 50, 51, 52, 228
Grafton, altitudeof............... 108 | Huron Lake.................. 135, 137
Grape wild....................... 160 River. ..... 23, 112, 113, 135, 145
Grape P.0....53, 56, 101, 104, 113, 176 Shale.......... ... 13, 14, 25, 28
Gravel................. 19, 20, 110, 153 Township................... 126
Grassmere Beaches. ..141, 143, 154, 171 | Hydrogen sulphide...194, 199, 212, 213
Great Salt Lake............. ... 64, 66
Great Sulphur Springs (near Erie) 199 L
Greening Bros................... 196 | Iee sheet. See GLACIAL EpPocH
Grosselsle .................... 91, 136 and ILLINOIAN, IowaN and
Guelph dolomite.................. 72 WISCONSIN ice sheet.
Gypsum.......... 13, 46, 50, 52, 178, 209 | Ida quarries. .. .14, 87, 88, 174, 177, 207
- Twp. (T.78., R. 7 E.)...18,
. 19, 20, 21, 54, 108, 122, 161, 162
Hadley, Walter K................. 91 well deep (Sec. 3)......... 54, 170
Halfway Creek........... 114, 131, 146 Sec 4.... ..., 55, 85
Halite (salt) .................. 211, 219 Sec. 15............. ... 56
Hall, L. R.cited.................. 36 Sec. 16............... 55, 117
Hall, Edmund.................... 54| Ilgenfritz Nursery Co............ 157
30
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Illinoian ice sheet....23, 126, 127, 130 | LaSalle P, 0. Station and town-

Imlay...... coooove cieniniinn, 143 | ship. (T.7S.,R.8 and 9 E.)
Indian nccupation............... 5 18, 54, 97, 98, 108, 161, 162, 183
Indiana geology referred to. See : Sec. 200 oo 98
TiGHT, LEVERETT, TAy- i Sec. 29....... ... ool 98
LORee e 133 . Sec. 82, i 61, 98
Ingersolly R...................... 153 . Sec. 33 98
Inlet creek into Ottawa lake.. 91, 131 Leipsic Beaech........133, 134, 136, 143
Towan ice sheet............... 126, 130 | Lenawee Co.......... 3, 22, 25, 137, 201
Iren ore and oxide. .10, 30, 39, 197, 215 Junction.... . ...... ... ... 136
Iron pyrite. See PYRITE. i Leonard, 0. W.................... 189
Irving....... ... ..ol 58 | Leperditia alta............ 43, 80, 225
¥ Lepidodendron .................. 29
: Leverett, F.......... 23, 126, 133, 134
Jacobs, Charles.................. 190 | Lime. SeeKilns.......... 9, 175, 179

Jacobson, cited. ... oo 41 Limestone. See also CALCITE,

Jackson County............... 22, 183 BRECCIATED limestone,

Jefferson County................. 147 and DUNDEE limestone

Jasper, conglomerate............. 20 and ANALYSES..9, 11, 12,

Johnson, cited.................... 158 13, 15, 22, 26, 33, 39, 40, 48,
5. 112, 179, 181, 182, 184

Lithology and lithographic char-

Kallman, Herman, cited......... 175 acters and history

Kane, Frank..................... 90 of St. Clair shales ....29, 35, 40
Kelley, Wo Jd...................... 200 of Traverse group........35, 40
Kelley’s Isiand...... ........ 130, 147 of Dundee group «............ 40
Kettle Point (Lake Huron)........ 28 of Monroe group............ 46

Kilns., See also LIME and BRICK
91, 175, 178

Kingstone’s Mills................. 32

Kirschmeier, G. A., cited......... 6

Knaggs, John.................... 83

Kuapp, Christopher.............. 20

Kring, 8. A...... T 82, 176
L.

Labeau, Richard................. 93

Lake. See other part of names,
e. g., HURON, ERIE, WAR-
REN.
Shore R. R.. .85, 92, 106, 108, 186
Ridge. See BELMORE Beach.

10
See also MARL, MARSH and
SINK.
Lambertville .......... 19, 70, 114, 196
Lamellibranehs......... .. .. ... 56, 226

Lane, A. C....26, 32, 40, 66, 12, 73,
109, 141, 142, 228

Little Traverse group=Traverse
13, 14, 31, 40
Little Lake..14, 61, 63, 65, 98, 224, 225
Little Sink....14, 96, 114, 174, 207,
208, 224, 225
¢ Liver Rock,” mottled DOLOMITE

whichsee ................ 66
Livingstone Co................... 113
Livenia Twp..................... 137
Loam. See SOIL................. 155
Lockwood, Ezra...... 17, 19, 117, 170

London Twp. T.58,R.7TE.. 9,
19, 20, 37, 161, 162, 188

Sec. T 34
Sec. 16, .. i, 87
Sec. 200 i 19
Long,dJohn . ......... ... . ... 20
Loranger,C. B...... ............ 50
Lotus bed and house.......... 148, 197

Lower Helderberg. See MONROE
and HELDERBERG. .13, 14,

15, 44, 48, 225, 221
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Maumee Lake and Beach. .133, 135,
137, 138, 143,
Maumee (= Miami) River and

Lower Pentamerus=Kingston
37, 43
Lueas Coe.oovvveeenin it 128
Lulu P. 0. and quarries....14, 55, :
%8, 87, 88, 108
M.
" McCarthy, Jacob................. 78
MeDermott, Prof., cited.......... 81
Mackinae..................... 28, 137
McMullen, Samuel................ 34
McQuarrie quarries .............. 91
Macon River. .6, 13, 19, 38, 71, 111,
113, 131, 132, 176, 189

Quarries. See CHRISTIANCY
quarries. .39, 77, 175, 226
Magnesia. See ANALYSES.. 178, 180

Magnesium carbonate. See DOLO-
MITE e e iee v iiiaiaeeeennns 42
sulphate. See EPSOMITE... 71

Manlins limestone. See MONROE
beds..........oooii 37, 228
Maps................ 7, 10, 16, 17, 137
Maple tree..... ..oooooe.... 164, 165
Marecasite............. 26, 30, 213, 219
Marcellus shale............... 27, 33
Marl...... 10, 24, 182, 183, 200, 201, 219
Marine vegetation................ 29
Marselli.......................... 221
Marshall sandstone........ 13, 22, 23
Maschke, cited................... 41
Matia.................. . .. ... 49
Matthes, Angust G................ 190

Valley.......... 8, 89, 133, 215
Maybee............oooiiiiiiaiL 108
Medina sandstone. ................ 73
Megambonia...................... 225
Merista and Meristella........ ... 223
Merrill, Geo. P., cited....... .... 150
Metalyroad................... ... 97
Meyers Bros..........c..oovio. 189
Miami—Maumee.

Michigan Central R. R...........

106, 108, 109, 185,

Michigan Stone & Supply (o.....16

Michigan White Sand Co.........
Milan Brick and Tile Manutactur-

186
, 19
186

i Milan Township (T.58., R. 6 E.)

17,19, 20, 24, 25, 26, 108, 122,
136, 139, 142, 161, 162 195

Section 1.......... ... 189
Section 2 ... . ... ..., 122, 189
Section 3............. 20, 34, 122
Section 4................. 19, 122
Section 5. .., 34, 164
Section 6 ...19, 109, 136, 164, 195
Section 7 ............... 122, 164
Section 8 ............... 122, 164
Section 9............. 19, 34, 122
Section 10......... ...t 214
Section 14.................. 34
Section 17...... ... ... ... 34
Section 18................ 34, 122
Section 20................ 19, 196
Section 21.................. 214
Section 22... ... .. ... 34
Seetion 23....... ... .. . 214
Section 26................ 34, 214
Section 27............... ... 195
Milhahn, F.............. ... ... 84
Minerals. (See names of minerals) 203
Mitehell map ..................... 7
Modiolopsis dubius............... 224
Mohawk Valley, outlet for lakes.. 137
Molasses, beet sugar.......... 179, 207
Molluses ......................... 155
Monelova, Ohio .................. 128
Monguagon Township. See
TRENTON.............. 12, 135

Monroe beds. .. .36, 43-T4, 122, 174,
216, 222, 228
Monroe brickyard ............ 142, 190
Monroe, City of. .. 9, 10, 18, 40, 47,
52, 93, 108, 112, 113, 138,
162, 164, 190, 207, 208
Monroe County, general facts...],

14, 25, 39, 107, 127,161-164, 183
Monroemarsh.................... 145
Monroe Stone Co,.....17, 47, 84, 96,

131, 185, Plate IV

| Monroe well......... 15, 44, 46, 74, 192

Monroe Township 6 and 7S., R. 8
and 9 E. (mainly occupied
by French claims, see

CLAIMS)......... 161, 162, 183
Montgomery, E........... ....... 116
Moraines..............23, 127, 133-143
Morrison, J. M. .................. 123
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Morocco, Station, Alt. of ......... 108 | Ohio. .. .8, 22, 31, 38, 45,73, 74, 186, 191
Mouillie Creek, marsh and pond.. 145 Geological Survey. See
Muek............... ......... 155, 156 NEWBERRY, ORTON,
Mud cracks....................... 47 WINCHELL, GILBERT.
Mnuiberry................ L 165, 01il..... ..... e 32, 39, 190, 193
. Ohio Shale. See ST. CLAIR shale.
. 25, 26, 28
Namet Cybi....... ............. 6, 160 | Olentangy shale.................. 31
Nautilus ......................... 227 | Onondaga strata............ 13, 37, 43
Navarre, quarries......... 61, 174, 216 | Ontario.......... 20, 23, 26, 33, 186, 191
Alexander T......... 95, 97 ;0nychodus........................ 227
Adeline A.............. 199 | Qolite. .11, 13, 14, 46, 51, 60, 63, 65,
Dennis...oo.ouerin... 61, 97 66, 79, 83, 84, 86, 93, 97, 99, 206
Mary T...oooeiiian ... 95 | Oriskany sandstone............ 14, 60
Patrick................. 97{0rthis........................ 223, 226
Franecis................. 6| Orthoceras...................... 221
Neumayr, E.,cited....... ........ 49 | Orton, E.....25, 29, 39, 44, 73, 130, 192
Newberry, J. 8., cited. .25, 28, 36, Ottawa Indians................... 6
43, 60| Ottawa Lake....13, 14, 16, 18, 47,
Newport........ 9, 69, 92, 108, 135, 185 60, 90, 108, 117, 120, 131, 174,
quarries................. 92 176, 190, 225
well oo 67| Ottawa Lake Quarries......... 89, 132
New York, comparison with series Otter Creek........ 13, 61, 114, 197 199
of....... 28, 30, 37, 44, 228 | OXbOWS. .. ... ooveeier . 112, 113
Geological Survey. See also
HaALL, CLARKE, SCHUCHERT. P.
Niagara River................... 144 | Palaeolithic man ................ 5
Formation......... 73 Palmer, G Wa.. ...l 123
Nichols, Christopher....... ..... 198 | Papaw ...c.ooovvii i 165
Nicols, John and well.......... 84, 86| Paragon Polishing Powder....... 200
Nims, CoSeevv oo 72| Paraeyeclas elliptiea.............. 227
Nipissing Great Lake......... 144, 147 | Patrick Quarry... .............. 47
Nitrogen in soils ....166, 167, 168, Peat................... 10, 24, 156, 157
172, 173 | Pebbles accumulation of. (See
Noble-Moore well at Monroe. . .47, BOULDERS). . .cvvvn cvvnienn 153
66, 74, plate V. | Pennoek, J. D., cited............. 83
Nogard well......... 71, 72,74, 75, 17| Pentamerus...................... 224
Nolan, Patriek................... 34| Peppermint...................... 172
Northwest Territory.............. 7| Pere Marquette....... 98, 108, 109, 186
Northville........................ 133 | Petersburg. .....19, 37, 38, 78, 108, 112
Nueleospira roundata............. 223 | Peters, Chas. G.o............... 56, 59
o John . .....o..ooiii 78
’ Petrolea.................... 32, 38, 39
OQak..................... ... ... 164 | Petroleum. (See OI1L and GaS... 27
Oakland County.................. 137 | Pewamo channel.............. 141, 143
OQats.......... ... Ll 162 Phaeops ............oooiiiiin. . 227
Ochre ............ ........... 214, 219 Phillipi, E., cited on dolomite.... 50
Ochsenius........................ 210 | Pignut. ...l 165
O’Conner, M. E,.................. 70 { Plants, fossil......... 29, 65, 81, 84, 226
Ogle, Geo. Ao .................... 17 list of trees............... 165
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Plants, of sand ridges. (See also
chapter on soils and sub-

soils)..111, 118, 141, plate XI

Plaster. (See ANHYDRITE and

GYPSUM) .\t evieiiieannnns 209
Platyeeras........................ 226
Pleistocene=Quaternary......... 72
Pleuronotusenos..... ........... 214
Plomodore, Enos ................ 214

Plum Creek....9,13, 14, 47, 61, 62,
63, 69, 95, 97, 110, 112, 114,

131, 151, 174, 175, 185, 207,

213, 216,

Plymouth, Belmore Beach at..136,
Point aux Peaux...23, 61, 93, 128,

130, 131, 144, 207, 208, 216,
Point Mouillée...................
Polypora..................... ...
Poorfarm............... e
Poplar {popple)............... 164,
Population...................... 3,
Pontiae, moraine, near...........
Portage, strata............... 28,
Port Huron moraine,.............
Portland cement. See CEMENT.
Potatoes, production of....... 159,
Postglacial deposits..............
Postglacial disturbance..........
Pottawatomies...................
Potter, F. C., and his well .70, 74,
Precipitation.......... 101 to 105,
Presque Isle County..............
Protems..........................
Pterinea Avieuloides.............
Pulver, Horace, quarry....... 37,
Putnam, R.R....................
Pyrite. See SULPHUR....26, 213,

Q.

Quarries. See names of owners
and chapters thereon.

Quartz .................... 84, 217,
Quartzite ........................
Quaternary formations. See GLA-

CIAL epoch...............
Quicksand........................
Quicklime. See also LIME.......

R.

Rabideu, Daniel............... 89,

224
137

217
145
227
107
165
7
136
33
143

163
24
147
6
192
164
14
227
225
7
16
219

219
58

Railroads. See also names, viz.,
ANN Arbor=Toledo and
Ann Arbor, DETROIT and
Lima Northern, LAKE
Shore & Michigan South-
ern, PERE Marquette=
Flint & Pere Marquette,
WABASH ............. , 2, 108
Raisin River....6, 9,16, 38, 82, 83,
94, 96, 108, 110, 112, 145,
160, 186, 196
Raisinville Townshkip (T. 6 and 7
S, R.7 and 8 E.; thistown-
ship is mainly covered by
French claims. See
CLaIMs. .14, 24, 44, 53, 60,
122, 151, 161, 162, 175, 208

Sec. 8 .. i 72
Sec. 26,0000 6,7, 84
Sec. 8o 72
Sec.26............ i, 84
Raisinville quarries.............. 82
Ramsey...................... ... 48
Rath, Fritz, and quarries.. .66, 83, 86
Rea...........o.ooiiiiiiii, 108
Redgrave, cited on cements....... 182
Retzia formosa................... 224
Rhizocarps....................... 29
Rhynecospira formosa............. 224
Ridges. See Lake, RIDGE and
BEACH.................... 110
Ridgeway......................... 136
Rivers. See namesof....... 108 to 111
Road metal.................... 97, 183
Robinson, Samuel................ 215
Robinson and Taylor............ 82
Rock surface topography......... 120
Rock salt. See HALITE........ 47, 201
Rockwood town and well..145, 190, 202
South.......... 108, 114, 123, 201
Rominger, Carl...... 14, 27, 28, 36,
43, 86, 87, 116, 186, 222, 225
Ross, DeForrest.................. 16
Rothpletz, Ao .................... 65
Royal OQak........................ 32
Russell, I, Coo.. ool 64
S.
Saginaw Lake.................... 140
Saint Clair River................ 5, 32




238 (ENERAL INDEX,

Saint Clair County................ 48 : Soils.......... ... L. 149, 157, 160
Lake..........o.ooial 146 Sorby, cited...................... 57
Shele (Genesee shale). .. .11, Sorter, Catherine............. ... 198

15, 25, 26, 33, 37, 149, 201 | Elisha......... ............ 99

Salina.. ...... ......... 13, 52, 72, 228 South Bass Island................ 128

Saline .......................... 9, 111 | Southern Chemical Co............ 176

Salt................ .. ... 15, 47, 201 | South Rockwood. ... 108, 114, 123, 201

Salt springs..................... 9.20018Spada. ... 221

Saltwater ....................... 193 : Spalding flour mill, Rock near.... 18

Samaria, elevation of............ 108 |Servis............... e 12

Sand....... 20, 24, 38, 59, 77, 81, 92, Sparks & Allen................... 72

105,139, 152, 153, 166 | Spencer J. W................. 139, 140

Sandrock and sandstone. .. .11, 14, Sphagnum.................... 157, 198

34,56, 87,88 |Spink, E.E..................... .34

Sanford, Charles............... .. 34 Spirorbis......................... 80

Sarnia. ............ ... L. 26 Spirifer................. 223, 226, 227

Sassafras......................... 165 | Sperangites...................... 29

Saylor, C. F., cited............... 164 | Squash, Production of............ 163

Sehiavo........................... 221 | Statisties.. 4, 7, 103, 104, 105, 159,

Schoharie grit................... 36| 161, 162

Schuchert, C........... 31, 44, 227, 228 | Steiner, Elevation of............. 108

Scofield..... ................. 108, 195 | Stewart farm..................... 78

Scratches. See STRIZ........... 10| Stietopora........................ 227

Sea water....................... 41, 49 | Stone. See ROAD metal, LiME-
weed. .. ... ol i, 30, 81 STONE, SANDSTONE,

Selenite............. 67, 69, 72, 209, 219 QUARRIES, etc.

Shadbush...... .............. ... 165 | Stoneroads....................... 184

Shale. See GENESEE, ST. CLAIR
& TRAVERSE. .. .12, 27, 33, 48, 70

Shaler, N.S............... 167, 170, 215
Sharkey, Edward............. 197, 199 |
Sharks ........................... 40
Sherzer, W, H,................ 80, 227
Shawnee Spring.................. 197

Sibley Quarry. See TRENTON....
16, 39, 15, 71, 129, 177

Siderite.......................... 26
Silica. See ANALYSES........... 41
Silieious dolomite............... 90, 92
Silt......... S 24, 155
Sink holes..................... 114-116
Sissung, Henry G. and quarry..93, 131
Slaking of various limes.......... 177
Smith, G.F.................... 186, 218

Mrs, Lizzie................. 93

William.................... 221
Smyth, C. H.,cited............... 57
Snails............................ 155
Snowfall.............. ... e 101

‘“ Soapstone ’=calcareous shale.33, 34
¢ Soda ash >’>=sodium bicarbonate
15, 177

Stony Creek....9, 61, 63, 64, 65, 93, 108
Point. . 23, 61, 63, 93, 99, 130,

[ 131, 135, 136, 144, 175, 207,
208, 216, 217
Ridge......... 105, 142, 147, 175
Storms, effect of, on wells........ 195
Stout, Katherine................. 190
Strasburg........................ 108
Strim.............. 10, 23, 130, 131, 132
Strobel........................... 56
Strophodonta................ 228, 227
Stromatopora............. 64, 19, 227
Strong, Frank................ 22, 187
Strong, John................. 16, 190

Strontianite.... 9, 85, 89, 205, 206, 209

Strontium. See also STRONTI-
ANITE and CALCITE.. 85,
179, 307
Stumm, Peter.................... 56
Stylolites......................... 89

Subseoil. See chapters v. and vi.. 152
Sugar beet, Climate and soil for
104, 163, 164, 179, 207
Sullivan, Nora.................... 84
Sulphates .................... 26, 30

i
g
'z
H

L ottt
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Sulphuriec acid and soil...........
Sulphur. .80, 194, 197, 200, 208, 212,
Island........ ..ot
WaterS. . oo cnennns 212,
Sumach...... ...... .. ...

Summerfield Twp. (T. 7 S., R.
6 E.,) 19, 24, 44, 114, 123,

219

26
213
165

139, 161, 162, 170, 214
Sec.do oo, 20, 18
Sec. B 139
S€C. T i 20, 190
Sec. 18... ..o, 139
Sec. 19, oo 214
Sec. 2L .. iiiiiiiiiiiiin, 139
Sec. 24......... 54, 156, 157, 200
Sec. 25, 214
Sec. 2To. i 20
Sec. 31.......oiiiiiii 78
Sec. 34... ..o 190
Sec. 36 (T. 6 S.,, R. 6 E.)..... 107
Sundstrom, K. J.............. 76, 94
Suzore, Peter.................... 94
Swan Creek................... 9, 114
Syecamore ........................ 164
Sylvania............ 13, 24, 55, 87, 140
sandstone (glass sand).. 14,
15, 16, 44, 60, 69, 70, 81, 91,
92, 97, 151, 174, 186, 206,
214, 228
T.
Taft, J. M., well of........ F 195
Tamaraek Creek................. 61
Taylor, F. B., cited..127, 134, 136,

: 161, 146
Temperance............... .... 23, 108
Temperatures................ 105, 163
Tentaculites........... .......... 227
Tertiaryclays.................... 12
Thickness of strata..18, 26, 28, 32, 38
Thomas, B. W................. ... 29
Thornbush........................ 165
Thunder Bay..................... 26
Tile. . oooveeeeieiiie 187, 190
Till. See DRIFT, BOULDER, CLAY.

19, 152

Titanic oxide..................... 68
Titles, Indian .................... 6
Todd, Charles.................... 195
Toledo............ 7, 74, 101 to 105, 161
Moraine ................ 135, 143

Toledo & Ann Arbor R. RR. See
Ann Avbor R. RR.
Townships. See locations under
names of townships, viz.,
AsH, BEDFORD, BERLIN,
DUNDEE, ERIE, EXETER,
FRENCHTOWN, IDA, LA
SALLE, T.ONDON, MILAN,
MONROE, RAISINVILLE,
STUMMERFIELD and WHIT-
TIELD. Tabulations by
townships are on pp. 4, 161,
Transportation of drift..... 22, 23,
Traverse. See HAMILTON and
MARCELLUS. .15, 31, 33, 35,

37, 40, 122, 149,
Trematospira ....................
Tremolite....................... 9,
Trembly, Dr.J.B................
Trenton (Monguagon.) See also
SIBLEY QUARRY....... 12,
23, 74, 130, 135, 177,
Trenton deep wells............ 45,
Trenton limestone...... 70, 71, 72,
73, 191,
Trilobites...................... 56,
Tufa, calcareous........... 24, 198,
200, 205,
| Tully limestone...................
Tymoehtee slate............... 69,
Tyre ...,
U.
Ubly.............. i, 136,

United States lake survey levels
Geological survey. See GE-

239

162
78

191
224
207
105

227
201

192
226

219
122

73
136

138

. 107

OLOGICAL survey..107, 177, 186

Bureau of Agriculture......

Upper Helderberg. See DUNDEE

beds................ 13, 14,

15, 36, 60,

Upper Monroe beds...............

Upper Pentamerus limestone. .43,

Uticashales.................... 72,
V.

Yalleys of present rivers..........

the rock surface............

Yalrance, Howard...............

Van Akin, Simeon............. 70,

184

228
122
228

4

111
121
56
11
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Yan Wormer, John.............. 127 Whitefoerd Township Section 7. 89, 91
Yan Wert stage and iakes.....133, 136 Section & ................ 89, 117
Vr_etation. Scc PLANTS........ 10 Section 10........... 89, 117, 119
Yescelins, JLR............. .. ... 195 Section 11 ...ovvvnennnn.. 117
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DESCRIPTION OF PLATE XVII.

Figs. 1—3 Streptorhynchus hydraulicum. Whitt.
*  4-5.  Spirifera Vanuxemi. Hall.

“ 6—7. Meristella lavis. Van.
o 8—10. ‘e bella. Hall.

¢ 11-14. Nucleospira rotundata. Whitf,
“ 15—16. Retzia formosa. Hall.

LA Rhynchonella hydraulica. Whitf,
o 18—22. Pentamerus pes-ovis. Whitf.

‘23 Pterinea aviculoidea. Hall.
‘2426, Goniophora dubia. Hall.

RT. Leperditia alta. Conrad.
Y 28--30. “ angulifera. Whitf.

‘" 81-2  Eurypterus eriensis. Whitf,
See pp. 223 to 225.

R. P. Whitfeld Del

IAN FOSSILS.
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