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PORTLAND CEMENT INDUSTRY.

R. A, SMITH.




PORTLAND CEMENT INDUSTRY.
CLASSIFICATION OF CEMENTS.
The chief cementing materials® used in modern structural work
may be classified as follows:

Plaster of Paris, cement plaster,
J Keene’s cement, etc.
Common lime

Nonhydraulic cements

Natural cements
Portland cement
L Puzzolan cement

( Hydraulic lime
|
Hydraulic cements ﬁ

For a discussion of the non-hydraulic cements the reader is re-
ferred to publications 8, 19, and 21, respectively the Mineral Re-
sources of Michigan for 1911, 1914, and 1915.

HYDRAULIC CEMENTS.

Hydraulic cements have the property of setting under water. This
property is due to the formation, during the process of burning, of
compounds of lime, silica, alumina, and iron oxide, and varies
greatly in the different cements. The last three given above are
of chief commercial importance.

Hydraulic limes.t Limes burned at a comparatively low tempera-
ture from limestone containing 5 to 10 per cent of sand and clayey
material are termed hydraulic limes. Hydraulic limes contain con-
siderable free lime in addition to the silicates, aluminates and fer-
rites formed in burning, thus they will slake, though slowly, in the
condition that they come from the kiln, and possess hydraulic prop-
erties. If the sandy and clayey material is much in excess of 10
percent, the resulting lime fails to slake without first being finely
ground aud is a true hydraulic cement.

No hydraulic limes are produced in Michigan although some
strata in the Traverse formation in the northern part of the South-
ern Peninsula and in the Trenton limestone in the Northern Penin-
sula apparently have the proper composition.

Natural Cements. Natural cements are made by burning at a

*Bull, 522, U. 8. Geol. Surv.,, 1912, XTckel, Portland Cement Materials and Industry
of the United States.
¥S. V. Peppel. The Uses of Limestone in Ohio, Bull. 4, p. 252, Ohio Geol. Surv. 1906.
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comparatively low tewmperature (slightly above that for lime bhuin-
ing) an impure limestone containing over 10 per cent of siliceous
and argillaceous matter and then grinding the product 1o a powder.
Natuaral cements will not slake in the condition in which they come
from the kiln but. after grinding finely, and adding water, they will
set rapidly, either in air or under water. Most of the limestone
from which natural cements are made in the United States contains
from 13 to 35 per cent of clayey material of which 10 to 22 per cent
is silica. Natural cements ave usually yellow or brown in color.
They are lower in specific gravity and set more rapidly than Port-
land cement but develop less tensile strength.

Natural cement is not made in Michigan, but certain limestones in
the Traverse formation in the northern part of the Southern Penin-
sula appear to have the necessary composition for, and possibly some
of the less magnesian portions of the Trenton limestone in the
Northern Peninsula may be found satisfactory for the manufacture
of natural cement.

Portland Cement. Portland cement is made by burning to in-
cipient fusion an intimate mixture of finely pulverized and prop-
erly proportioned argillaceous and caleareous materials with the
addition of such other substances, not exceeding 3 per cent, as may
be necessary to control certain properties, and then grinding the
resulting semi-fused mass or “clinker” to a fine powder. The mix-
ture is usually made by mixing marl or limestone and clay or shale
in such porportions that it will contain about three parts of lime
to one of clayey materials. Unlike natural cement, Portland ce-
ment is made from carefully proportioned mixtures and is burned
at a high temperature, approaching 3,000° F., in kilns of special
design and lining. The composition* of actual mixtures ready for
burning is given in the analyses below:

r 1 i 2 3 4

|
i .
Per cent. | Per cent. ! Per cent. | Per cent.

Silica (109 ... . . ... 1255 | 12,921 13.52 14.94
Alumina (AbLO). ... oo 4.92 | 4.83 | 6.56 2.66
Iron Oxide (FexOs) . ........... .. ... ... ... 1.21 177 (oo oL 1.10
alcium Carbonate. . ... .................... 76.36 75.53 | 75.13 75.59

Magnesium Carbonate. ... ................. 2.13 ‘ 4.34 ! 4.32 4.64

! |
T wm mml
TOtal. e | 97.47 1 99.30 99 .53 98.93

! i

In burning, the lime combines with the silica, alumina, and iron
oxide, forming a semi-fused mass (“clinker”) of silicates, alumi-
nates and ferrites, in fairly definite proportions. The clinker is

*Min. Res. 1907, Pt. IT, p. 483, U. 8. Geol. Surv.
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ground to a powder which is Portland cement. This is of a gray
color, will set under water, is heavier than natural cements. and
will develop a higher tensile strength.

Formerly 4 per cent of magnesia was considered the maximum
permissible in the finished product but recent investigations by the
", & Burean of Standards* indicate that cements containing mag-
nesia up to 7.5 per cent, when properly made, are satisfactory.

Puzzolan Cement. Tuzzolan cement is a finely ground mechan-
ical mixture of silliceous and aluminous materials, such as blast fur-
nace slag or voleanic ash, and slaked lime. The mixture is not
burned at any stage. When finely ground, the powder will set un-
der water. I'uzzolan cements are generally of light bluish color

and of less specific gravity and tensile strength than Portland

cement.
They are more adapted for use under water than in air. No Puz-

zolan cements are made in Michigan, though some of the blast fur-
naces can easily obtain abundant supplies of suitable limestone.

IIISTORY'{“ OF CEMENTS.

Ancient Cements. There seems to be no evidence that the Egypt-
ian, Greek, or Roman builders used cements of the Portland type.
The earliest known cementing materials were common limes and
plasters, similar to those used today. The Romans discovered that
puzzuolana, a volcanie ash found abundantly near Naples, when
powdered and mixed with black lime, has hydraulic properties sim-
ilar to modern hydraulic cements. Indeed, the name Puzzolan ce-
ment has been derived from this ancient cement material. The
modern Puzzolan cement, however, is made chiefly from blast fur-
nace slag. The Romans used PPuzzolan cements in many of the early
structures. In the Middle Ages, the use of these primitive cements
seems to have been forgotten and common lime mortar was the
only binding material used even in the largest buildings and
structures.

Natural Cements. Ilime mortar was practically the only cement-
ing material used wuntil near the end of the eighteenth century
when Smeaton, an English engineer, discovered that the hydraulic
properties of limes were due not to their purity but to their clayey
impurities. In 1796, Parker, another Iinglishman, invented a new
cement much like our modern natural cements, which he named
“Roman” cement, though it was entirely different from any cement
known to the Romans. Parker discovered that, when certain con-
cretions of clay and limy matter, which were abundant in some of

*Min, Res, U. 8, 1914, Part II, pp. 245-246.
TE. C. Eckel, Bull, 522, p. 18, U. 8. Geol. Surv, 1913.
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the coastal formations in England, were burned at a temperature
slightly higher than that used in burning ordinary lime, the prod-
uct would not slake in water but when powdered and mixed into a
paste with water would harden not only in air but also under
water. A similar cement was invented in France almost at the
same time. These fore-runners of the modern natural cements soon
came into general use in England and France and other parts of
Europe.

During the construction of the middle division of the Irie Canal
in New York, it was found that lime burned from a certain lime-
stone in the town of Sullivan, Madison County, refused to slake.
Canvass White, an associate engineer under Benjamin Wright, en-
gineer in charge, examined and tested both the stone and the lime
and decided that the stone was natural cement rock.  Further
tests proved the correctness of his conclusion and the first Ameri-
can natural cement was used extensively in the construction of the
locks and walls of the middle division of the canal.

According to an analysis made in 1822 by Seybert, of a sample
of the stone used, the total impurities was about 15.5 per cent and
indicates that the caleined product was more a hydraulic lime than
a natural cement.

The extensive use of the cement on the canal led to further
search for other deposits of cement rock. Wright in a letter dated
in 1820, stated that this “is found in great abundance in the coun-
ties of Madison, Onondaga, and Cayuga,” thus outlining what later
became the natural cement district of central New York. In the
same letter he also makes the statement: “T do not know that it is
found in the counties west of Cayuga, but I presume from the geo-
logical character of that country it may be found in all the coun-

Ctry west to Niagara and propably farther west.” His conclusion
proved correct for within a few years cement rock was found in
Erie county, the most western part of the state.

Within a few years of White’s discovery, the natural cement in-
dustry had begun at a number of places in New York. The indus-
try grew rapidly in the United States and furnished the cementing
material for most of the engineering works up to the close of the
nineteenth century. The industry was developed in sixteen differ-
ent states, but, it never obtained a foothold in Michigan, though the
state has an abundance of rock apparently suitable for the manu-
facture of natural cement.

Portland Cement. In 1824, Joseph Aspdin of Leeds, England,

- patented a process for making a cement which he called Portland
cement, from a fancied resemblance to a well known English build-
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ing stone—the Oolitic limestone of Portland. The spgciﬁcations
for his patent, though vague as to the precise proportions of the
raw materials and the temperature at which the mixture was to be
burned, gives clearly the general method of manufacturing Port-
land cement by a wet mixing and grinding process. The proper pro-
portions of the mixture and the temperature of burning were evi-
dently known to Aspdin but were carelessly or purposely withheld
frombthe specifications. His method tacitly specified that a pure
limestone was to be burned to lime and the lime mixed with a
definite quantity of clay. The mixture was to be pulveri.zed in a
wet state, dried, crushed, and then calcined in a vertical kiln. The
final step was to pulverize the product to a powder which was the
material Aspdin termed “Portland” cement. .

Aspdin’s was the chief process in use until 1875 when it was
superseded by cheaper and simpler processes.

Tor some years the industry grew slowly in England and also
on the Continent, due chiefly to the strong adherence to the use of
natural cements and the necessarily higher price of Portland ce-
ment. Soon after 1850 the growth of the industry was much more
rapid and Portland cement began to displace the older najtural ce-
ments and gradually it became an important import into the
United States.

The Portland cement industry in America, however, did not
really begin until about the early seventies of the last century,
when experimental manufacturing was independently begun al-
most simultaneously in New York, eastern and western Pennsyl-
vania, Michigan and Maine. Apparently the first attempt in the
United States to manufacture Portland cement was made at Kala-
mazoo, Michigan in 1872. The raw materials were marl and clay
which were burned in a vertical kiln and the clinker ground by
millstones. The venture was a financial failure on account of the
high cost of production and the plant was abandoned in 18?32.

In 1874, true Portland cement was being manufactured in west-
ern Pennsylvania from limestone and clay. There were o‘ther ex-
perimental attempts about the same time in the Hudson river dis-
trict but none of these led to any development of the industry.

The foundations of the industry, however, began in the early
seventies in the Lehigh region of Pennsylvania as a by-product of
the natural cement industry. The experiment of selecting stone
from the natural cement rock quarries, which had the proper com-
position for making Portland cement was begun by D. O. Saylor
and his associates and resulted in the production of a small though
variable tonnage of good Portland cement. Within 10 or 15.years
small plants were erected in several other localities, but the indus-
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try failed to grow in the face of competition from Portland cement
hmported from Ingland.

As would be expected, the American manufacturers followed
closely the English methods of grinding the raw materials wet,
mixing them to a paste with water, and after partially drying.
forming the mixture into bricks or balls. and charging them, offen
by hand, into « vertieal kiln for barning.  After burning, the kilns
were unloaded by hand and the clinker ground by millstones, a
most laborious and expensive process. In England, labor was very
cheap and fuel expensive: in America. labor expensive and fuel
cheap.  To adjust the industry to the conditions in this country,
the American cement manufacturers overcame the excessive labor
costs by introducing the rotary kiln and nmodern grinding machin-
ery. These changes, especially the first, revolutionized the industry
and gave to it an impetus which has made possible its present
great development,

The Rotary Kiln. The Ransome patents taken out in 1885 in
Great Britain and in 1886 in the United States are the bases from
which the modern rotary kilns have been directly developed. The
modern rotary kiln consists essentially of a slightly inclined steel
cylinder lined with fire brick and arranged to rotate. As the kiln
rotates the raw mixture is fed into the upper end and travels slowly
by gravity to the lower end where it falls out as burned eclinker.
The fuel—gas, petroleum, or powdered coal,—is blown in at the
lower end, the flame traversing the length of the kiln.

At South Rondout, New York, it was discovered that mixed and
ground materials conld be charged into the kilns without wetting,
thus eliminating a step from the older process. The discovery that
naturally wet materials,—marl and clay. could be successfully
charged into the kilns without preliminary drying was made -in
1891 at Montezuma, New York. Thus originated the two principal
methods now in use, the dry process used with limestone or cement
rock, and the wet process, with marl. The dry process is the most
economical and is almost universally used except in Michigan
where most of the early plants and more than half of the present
plants are using marl and so the wet process.

The Ransome kiln was designed to use producer gas but petrol-
eum was the fuel used in the first kiln successfully operated in the
United States and was the principal fuel used for a number of
vears. In 1895, powdered coal was substituted for petroleum and
was a very important step in the development of manufacturing
practice. This is now the standard fuel used in this country, ex-
cept in the regions where natural gas and petroleum abound. Pow-
dered coal is used in all of the Michigan plants.
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The next most important development in the rotary kiln was 1ts
ilicr'ease in size, particularly in length. By 1903, the rotary kiln
had been standardized to a length of 60 fect and, with dry mater-
jals, had a rated capacity of 200 barrels of cement per day. About
this time the Edison plant demonstrated that a nominz}l lengthen-
ing of the kiln greatly increased its capacity u‘nd‘ a rapid lengthen-
ing began about 1905 until most of the kilnyg installed now are pe-
tween 100 and 150 feet in length and there are in use a considerable
number over 150 feet, and a few from 225 to 250 feet in length. At
present no standardization of the kiln is in sight. Some of the
larger kilns now in use have a capacity of over 800 barrels per
day. '

ril‘he success of the rotary kiln is attested by the fact that foreign
PPortland cement makers with cheap labor and high fuel costs have
not been able to compete in American markets with the American
manufacturers with cheap fuel and high labor costs.

Development in Michigan. As stated in a previous paragrz}ph,
the first attempt to manufacture Portland cement in the United
States was made in 1872 at Kalamazoo, marl and surface clay be-
ing the raw materials used. The attempt was given up a numper of
vears later on account of the excessively high cost of production. ‘
) No further attempt® was made to manufacture cement in Mi‘Chl-
gan until the Peerless Portland Cement Company was organl‘zed
at Union City, Branch county, August 23, 1896. The first k111:1s
were vertical but these were replaced by modern rotary kilns in
1902, This company is still in operation but a new plant with 84-
foot rotary kilns was built in 1911 to replace the old one destroyed
by fire. In 1897, the Bronson Portland Cement Company built a
p'laut at Bronson, Branch county, and a year later, the Coldwater
Portland Cement Company now the Wolverine Portland Cement
Company was organized, plants being built first at Coldwater and
later at Quincy. All of these plants used marl and clay or shale.

The “boom” years of the Portland cement industry in Michigz}n
were between 1899 and 1901, twenty companies being organized in
this period for the manufacture of cement from marl. Some com-
panies made very claborate plans but never reached beyond that
stage. Only ten reached the productive stage and but five of these
are now in operation. Since 1896, thirty-five different Portland
cement plants have been projected or built in Michigan. Twelve
are now in operation and one building.

The following is an annotatedy list of all the Portland cement
plants built or projected in Michigan:

- T o ‘ N : O ¢ Michig: + 1911, p. 338.
=, W, ¢, Pub. 8, Geol. Ser. 6, Mineral Resources of Michigan {or 19”;‘ .
'8 ?V. %(())%If{’, C‘(lx)nen,t, pp. §47-3;’;(), Pub. 8, Geol. Ser. 6, Mincral Resources of Mich

igan for 1911, Mich. Geol. & Biol. Surv.
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— 1
|

Name. !

i
I
1

Aetna Portland Cement Co. .

Alpena Portland Cement Co..
Bellaire Portland Cement Co.|
Burt Portland .Cement Co. . A
Bronson Portland Cement Co f
Chamite Cement and Clay |

Product Co.. . 0 . H

Coldwater Portiand C. Co. . .
Detroit Portland Cement Co.
Eagle Portland Cement Co.. . i

Egyptian Portland C. Co. .. .!
EIk Portland Cement Co. . . .

Elk Cement and Lime Co.

El Cajon Portland C. Co. N
TFarwell Portland Cement Co .|

‘German Portland Cement Co
Gt. Lake Portland C. Co. .. .|
Gt. Northern Portland C. Co.|
Hecla Cement and Coal Co. . i
Hecla, Portland Cement Co. . -]

I

Hecla (The) Co............. |

Huron Portland Cement Co. N
Logan Portland Cement Co. .

Lupton Portland Cement Co .|
Millen Portland Cement Co. N

Michigan Portland C. Co. ...

Michigan Portland C. Co. . ..
Michigan Alkali Co......... i

New Aetna Portland C, Co.. A
New Bronson Portland C., Co. |

New Egyptian Portland C. Co.
Newaygo Portland C. Co. .. .|
Omega Portland Cement Co..

Peerless Portland Cement Co.!
Peninsular Portland C. C. . !
Petoskey Portland C. Co. . | |

Pyramid Portland C. Co. ... |
Standard Portland C. Co. . . .

Standiford Portland C. Co. . .| A

Three Rivers Portland C. Co.|
Toledo Portiand Cement Co..
Twentieth Century P. C. Co . !
Wayne Portland Cement Co.!
Watervale Portland C. Co
West German Portland C. Co.'
White Portland Cement Co. !

Wolverine Portland . Co. ..
Wolverine Portland C. Co. . .
Wyandotte Portland C. Co.. N

Zenith Pertland Cervent Co.

TABLE 1.

) Canpital
Location. stock and
bonds.
|
—_—
Fenton.. ... . . . .
Alpena..... ..
Bellaire. . . ...
Bellevue ... ..
Bronsm‘l. R—
Rronson. .. ... 1 ...........
Grant to Glarq
Co......... 1 1,000,000
Coldwater. . . ( 300,000
Fenton.. . ... . 1,000,000
Kalamazoo. . .’ ...........
Fenton... . ... 1,650,000
Elk Rapids. .. 500,000
Elk Rapids. . . 750,000
Alpena....... |
Farwell. ... | 525,000
White Pigeon. ] 300,000
Charlevoix, ...
Marlborough. . J 5,000,000
Bay City.. ... I 5,000,000
Bay City.....[.. . 1.
Bay City.....| ... ... . ...
Alpena,...... J 2,000,000
Fenton...... .| 1 7777
Lupton..... . . i 1,250,000
Chelsea......| .. 1 7 .
Gray Village. .| 500,000

Wyandotte. . .

J
Coldwater. . . I 2,500,000
|

Fenton.......| ... . . . ..
Bronson... ... 110,000
Fenton.......|.. ... ... . .
Newaygo.. ... [ 500,000
Mosherville...| 320,000
Union City.. .| 1 ,200,000

Cement City..| 1 ,293,000
Petoskey. .. .. 1,500,000

i T

I

[

Process. | Raw materials.
_ ———
I

Wet. .../ Marland clay.......

i Limestone and clay. .
..} Limestone and shale.
-1 Marl and shale. .. ...

Wet.. ... f Marl and Shale. .. . ..
I Wet. ... ‘r Marl and shale. ... ..
Wet, ... | Marl and shale.... ..
Wet. .. .. | Marland clay.... ...
Vertical [
kilns.. .| Marl and clay.......
et. ... . Marl and clay.. ... ..
Originally | Originally mar] and
wet shale; later limestone.
Dry......| Limestone and shale.
Wet, || [1| Marl and ciay."’
"""""" Wet. ||| Marl and elay. ..
Wet. . ... Marl and clay.......
Dry. .. .. Limestone and clay . .
Dry...... Limestone and clay . .
Dry..... Limestone and shale.
Wet. .. .. Marl and clay. ... ...
et ... Marl and clay.......
Vertical Marl and clay.......
kilns
Wet. . ... Marl and clay.......
U Cauistic soda and
refuse and shale. . .
Wet. . ... Marl and clay.......
Wet. . ... J Marl and shale. .. ...
Wet. .. .. Marl and clay.......
Wet. . ... ’ Limestone and shale.
Wet. . ... r Marl and clay.......
Wet. ..., Marl and shale.

Wet. ...’ ’ Marl and clay.... ...

Dry..... Limestone and shale.
Wet. .. .. ! Marl and clay.. ... ..
Wet. . ... \J Marl and clay.......
Wet. .. .. I ' Marl and clay. . ... ..
Wet .| Marl and clay.......
Wet. . ... ! Marl and clay.......
Wet. .. .. | Marl and clay.......
Wet. . ... [ Marl and clay.. .

Wet . Marl and clay
Vertical

|

kilns.. .| Mar} and clay. ... ..
{Marl and shale.. . ..
Marl and shale. . . ..

1

Spring Artbor. . 525,000
Lakeland.....| 1 ,000,000
Athens..... . [/ 7777
Three Rivers. .

Manchester., {.. .. Lo
Fenton... . ... i

Brighton. 800,000
S 1,000,000
Lima.. . 1,000,000
Chelsea. ... ..[ " /777
G e 11 1,000,000
Wyandotte. .. 1,000

Wet and
I Limestone and clay. .

; l dry. ..
Grass Take. . 11,000,000 1 Wet™ 1 Jar! o ~lay .
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TABLE 1.—Continued.

|
No. Rated - 4. . .
Fuel.| of Size. capa- P“E‘&IOD Remarks.
kilns. ‘ city. o
|
JIoY: ’x 607 1,000 ........ Successor to Detrait P, C. Co. SRec new Aetna
Coal 8 67 x 60 0 Portland Cem?m Co.
Joal | 6 ..., 1,000 Has not operated in two years.
Coal iy 12000 Plant neveir bl.nlt.q temb 1905
Coal | . '8 373 ! 2,000 Began producing September, 1¢ 3.
833%. 18 .. 6 . Y 60 R 1,000 See Chamite and Clay Products Co.
........ Successor to the Bronson Portland Cement Co.
Coal. O 1,000 See New Bronson P. C. Co.
............................ Plant never built. .
Coal |4 N O S See Michigan Portland Cemegt Co,
Coal.| &...liln 1,000 -........ See Aetna Portland Cement Co.
............ 100 ........| Suspended operations about 1882. .
83?16 g ............ 1,200 ..., Plants ordered sold by the courts. No opera-
tions for two years.
...................... See Flk Cement and Lime Co. .
Coal | 5L b 1,000 L. Suczessor to Elk Rapids Portland Cement Co.
A ’ Receivers appointed Jan. 4, 1911.
............................. Plant never completed.
......................... I........| Plant never completed.
........... |- ......| Never progressed beyond the newspaper stage.
P I | age
Coal|. ..o [FU UL Plant dismantlea,
ggg% RN DD E See Hecla Portland Cement Co,
Coal | ... . | ol Successor t(; I)Je(c]a Cement and Coal Co. See
AAAAAA Hecla (The) Co.
Coal 6 1 e Successor to Hecla P. C. Co. In hands of
o receivers. Future operations doubtful.
4 ’ =4 e
88:]1 ! s X .1 1.0 L 000 e Successor to Twentieth Century Portland
"""""""""" Cement Co. Plant never built.
.............. Plant never built. .
ggﬁle O R NSO IR Successor to the White P. C. Co. See Mich-
R AR A igan Portland Cemenlt) CE)I., %ra,}f‘ Vl]la,%e.c
> 7 x 1257 1,200 ........ Successor to Miilen Portland Cemen 0.
Coal 8 87 x 125 00 Began operations July 13, 1911.
................ Successor to_the Coldwater Portland Cement
""""""""""""""""" Co. See Wolverine Portland Cement Co.
See Wyandotte Portland Cement Co.
Coal Successor to the Aetna Portland Cement Co.
(foal Successor to the Chamite Cement & Clay Prod.
Co. New company has never operated.
Coal Successor to Egyptian P. C. Co. in 1914.
New company incorporated June 16, 1911.
Coal Old capital Stock and bonds, $3,000,000.
82:% Originally a vertical kiln plant.
Coal .
2 Plant projected.
gg;ﬂ Plant Ill)ever built. Marl lands now owned and
operated by Peerless Portland Cement Co.
voal [l Plant never built.
Coal [.... .| .. . o Plant never huilt.
Coal [..... | .. o oo E%ant never bmlt.l ted
0al ...l ant never completed. .
8%} RO ISR SRR N Plant never built. See Logan Portland C. Co.
Coal |. ... ..ol Plant never built.
Coal |......0..... ... ] .. Plant never built,
AU MRS IR ORS MR N Piant never built.
Coke|.....leeaeee e oo See Millen Portland Cement Co. y
Coal | 37| -8} X 2257 1,500 |....... Successor to Michigan Portland Cement Co.,
Coal 7 6’ x 120/ 1,600 1....... Celdwater.
’ 00’ 1,000 |....... Successor to Michigan Alkali Co.
882{ o 3 .. 7 X 1 ................... i’lam never huilt.
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Figure 4. Geological map showing location of Portland cement plants and princ iple
areas in which occur deposits of lunvatone and shale suitable for use in making Port-
land cement.
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Improvements in Grinding. In the early days of the industry,
the cracker and milistones formed the chief grinding machinery
but these have been replaced by larger and more efficient reducers
—the gyratory crusher, which is used almost exclusively for the
first stages in reduction, and the bail and tube mills for the fine
stages of grinding, though there appears to be a tendency to return
to some of the modified earlier types, such as the Griffin and the
Huntington mills.

RAW MATERIALS.

According to Eckel*, Portland cement is an artificial product
of relatively definite composition, containing approximately 60 to
65 per cent of lime, 20 to 25 per cent of silica, and 5 to 12 per cent

of iron oxide and alumina.

Three general stages in manufacture are necessary in forming
this product, viz., (1) intimate mixing of raw materials of proper
physical and chemical composition and in the proper proportion;
(2) burning of the raw mixture at a high temperature (about
3,000° I".) until it forms a semi-fused mass or clinker; and (3)
grinding of the clinker to a fine powder, which is the Portland ce-
ment of commerce.

There are three general classes of raw materials required in
making Portland cement, viz., (1) cement materials proper—lime-
stone, cement rock, marl, shells, clay, shale, etc., used in making the
raw cement mixture; (2) fuels—coal, oil, or gas, used for burning
the mixture and furnishing power; and (3) fluxes and retarders—
gypsum, lime chloride, alkalies, fluorite, etc., added at different
stages of manufacture to secure certain properties in the finished
cement.

The ordinary raw cement mixture, when normal natural raw ma-
terials are used, usually contains about 75 per cent of calcium car-
bonate, (CaCO;) 20 per cent of silieca (8i0,), alumina (Al,0,) and
iron oxide (Fe,O,}, and 5 per cent of magnesium carbonate, alka-
lies, sulphur, and other unnecessary substances.

Formerly 4 per cent was considered the limit of magnesia in the
finished cement but recent investigations by the U. 8. Bureau of
Standards}, show that the magnesia may be 7.5 per cent or even
more, if the cement is properly made.

*Bull. 522, 1913, Portland Cement Materials of the United States, p. 40.
TMin. Res., U. S., 1914, Part II, Cement, pp. 245-246.
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Raw Materials Used.

Theoretically almost any combination of calcareous and siliceous
argillaceous materials, which will give a composition within cer-
tain prescribed limits can be used in making Portland cement but
in actual practice only those materials which naturally, or with a
minimum amount of labor give the proper mixture and are abund-
ant and easily accessible, are used.  In most plants, limestone,
chalk, and marl furnish the calcium carbonate; and clay and shale
or slate, the silica and alumina. At some plants the lime material
is the chemically precipitated caleium carbonate waste from alkali
works, and at others the silica and alumina are in the form of blast
furnace slag. The chief combinations of materials now used in
the United States arve (1) argillaceous limestone (cement rock)
and high calcium limestone, (2) hard high caleium limestone and
clay or shale, (3) marl and clay or shale, and (4) slag and high
calcium limestone. The first two are much the more important, al-
though the last is rapidly increasing in importance.

Since the limestone resources of Michigan are largely in the
northern part of the state, and marl deposits are abundant in
many localities, nearly all of the early cement companies in Michi-
gan planned to use marl and clay or shale and, at the present time,
eight of the twelve operating plants are using these materials and
produce most of the marl and clay or shale cement made in the
United States. The fuel costs are higher and the kiln capacity is
lower when marl is used and this has caused one of the companies
to use limestone. Were suitable limestone deposits available in the
southern part of the state, doubtless other marl using companies
would use limestone.

Marl.

The term marl is sometimes used in a loose sense to mean an in-
definite mixture of clay and caleium carbonate, but from the stand-
point of the cement manufacturer it refers to the nearly pure de-
posits of finely divided calcium carbonate found in the bottom of
lakes, or bencath marshes, formerly the sites of fresh water lakes.
Marl deposits are due largely to the work of organie agencies, both
vegetable and animal, but the former is by far the most important.
Certain algae, notably chara fragilis, common in many of the lakes
of Michigan, are active agents in precipitating calcium carbonate
from the water. Mollusca, generally of very small size thrive in
the carbonated waters.of marl lakes and shells of these organisms
locally form from 5 to 10 per cent or more of marl deposits. All
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of the marl deposits in Michigan are of recent origin and in many
of the lakes the process of marl formation is still going on.

There are two chief varieties of marl in the state, the white and
the gray, but no sharp line can be drawn between them. The gray
color is due in some places to an admixture of organic matter not
found in the white variety. When wet, marl resembles a white or
gray mud, but when dry, due_to more or less cementation, it be-
comes a loosely aggregated friable mass. Marl generally contains
considerable organic matter, sand, and clay. Magnesian carbonate
is another impurity and this, though present generally in small
amounts, usually from % to 3 per cent, may exceed 5 per cent or
more. The various impurities in many marl deposits makes them
unsuitable for use in making cement.

More than one hundred marl deposits (see I'ig. 5), each above 50
acres in extent, and with an average depth of at least 10 feet, have
been discovered in the Southern Peninsula of Michigan and prob-
ably this is less than one-fourth of the total number in the Penin-
sula. Some of the deposits are very large, the areas varying from
500 to over 1,000 acres the marl having an average depth of 20 feet
or more. Numerous marl deposits are also known to exist in the
Northern Peninsula. Twenty-two counties in the state contain de-
posits of marl with as estimated total area of 27,000 acres.

Owing to injurious impurities, unfavorable operating conditions,
lack of transportation facilities, and distance from markets, suit-
able clays and shales, and cheap fuel supplies, many of the deposits
cannot be developed for the manufacture of cement under present
conditions. It will be many years, however, before the easily ac-
cessible high grade marl reserves are exhausted.

The composition of various marls now or formerly utilized for
cement is given in the following tables:

17
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*ANALYSES OF MICHIGAN MARLS, NOW OR

Locality.

Analyst.

Fe:03 | CaCO

Fenton, Genesee Co..........

%Iud I“?lfe,l(}lenesee Co.......
our Mile Lake, Washtenaw Co.| E. D.

Cobbs Lake, Hillsdale Co.. ... Gampbelt

Union City Branch Co.......

Goose Lake, Lenawee Co. . ...
Spring Arbor, Jackson Co. . ...

Great Marl Lake, Newaygo Co..! Not given

..| W. H. Simmons. . ...
..| E. D. Campbell.....

.| ¥#C.W. Cook.... .. ;
..i E.D. Campbell. .... i

.. E.D. Campbell.. ...
..| A. Lundteigen.......

.. J.G. Dean....... ..
.. Delos Fall..........

|
|

1.24 |, R I

ANALYSES OF MARL DEPOSITS,

T
Locality. Analyst., | Si0: | ALOs | Pe,O; CaCo
. |
|
Grayling Lake Crawford Co...| R. C. Kedzie.......... ‘ 1. 45.16
; .
Lupton, Ogemaw Co......... Lathbury & Spackman.| 0
Mills’ Lake, qumaw Co...... Lathbury & Sgackman.‘ 0.7 %gg
Pleasant Lake, $t. Joseph Co..! Lathbury & Spackman.| 0. g] 128
Runyan Lake Livingston Co..| E. D. Campbell....... i 0 '52' 6
Wetzel Lake, Antrim Co...... E. D. Campbell. EE 51 g
‘White Pigeon, St. Joseph Co. .| H. A. Huston. . o, })1 83
Zukey Lake......... ... ... E.D. Campbell. ... .. ¢, 32 60
‘ .

*I. C. Russell, Portland Cement Industry in Michigan, 22d Ann. RetpL Pt. III, p. 650-651

U.8.G.8

#¥Min. Res. Mich. for 1911, p. 341.
Figures in italics computed from analyses as reported.
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FORMERLY UTILIZED FOR CEMENT MANUFACTURE.

[

CaCO;| Mg0O | MgCOs3

SO Loss on | Organic
® | ignition.| matter.

Remarks.

87.92 | 0.44 0.92 1 0.15 ..., ... 7.50 | New Bronson Portland C. Co., Bronson.

92.25 | 1.37 2.87 | 0.89 1. ... . ‘Wolverine Portland C. Co., Coldwater.

91.29 |...... 4 58 |Trace i........ 1.90 | Egyptian Portland Cement Co., Fenton.

98.25 | 1.85 3.88 | 0.55 45.72 ... New Aetna Portland Cement Co., Fenton.

84.09 1.77 3.72 1 1.26 .. Michigan Portland C. Co., Gray Village.

89.50 | 0.83 1.74 | 0.58 45.86 .. ... ... Omega Portland Cément Co., Mosherville.

93.32 ... 42 .40 {.... ... Peerless Portland Cement Co., Union Cy.
Marl formerly used, but now exhausted.

92.07 | 1.26 2.63 {...... 46.20 |........ Peninsular Portland C. Co., Cement City.

94.75 | 0.99 |........ 0.63 ... Average analysis of 25 borings at Spring
Arbor. Jackson Co., Marl now utilized
by Peerless Portland Cement Co. at
Tnion City.

90.90 |...... 2.97 1o ee o 4.07 | Marl formerly used by Newaygo P. C. Co.,

’ Newaygo. Company now uses limestone

and shale, the first shipped in from
Petoskey and the second from Sec. 26,
T.32 N. R. 8 W.

PROSPECTED, BUT NOT UTILIZED.

Loss on Organic

CaCO;| MgO | MgCOs | SO 1gnj:(t)1;m. matter. Remarks.

79.86 | 0.32 0.67 | 0.56 43.10 5.69 | Also K:0=—0.37; Na,0=2.65; P:0;—0.01
Mich. Agr. Expt. Sta. Bull. 99, 1893. -

94.58 1.13 2.37 | 0.08 A45.49 | ..., ... Prospectus of Lupton Portland C. Co.

90.07 | 1.26 2.65 |...... 47.08 (... .. ... Hecla Portland Cement and Coal Co.

891.57 | L.77 | 45.60 |........ Three Rivers Portland Cement Co.

94.00 | 1.75 3.67 | 0.38 42.44 | ... .. Near Fenton.

92.75 | 1.15 2.41 1 0.034] 44.25 ... ..... .

81.09 | 1.02 2,14 (... 40.68 4.01 | Prospectus German Portland Cement Co.

98.92 | 1.79 2.76 1 0.58 | ... ...l Standard Portland Cement Co.
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Michigan. The
Aéla%ted from Plate

Limestone.*

Michigan has enormous limestone resources, but much of the
limestone is high in magnesium carbonate and is therefore not suit-
able for the manufacture of Portland cement. Moreover, most of
tl “. - o 3 L3 o N . 0 ; o
the easily accessible deposits of high calcium limestone are located
in the northern part of the Southern Peninsula or in the e

‘ astern
half of the Northern Peninsula far from large markets

and cheap

For a more complete discussion of the limestone resources of Michigan see Pub. 21

Geol. Ser. 17, Miners ssources of Michig: { 5
Igiol. der. 7, Mineral Resources of Michigan for 1913, pp. 101-312, Mich. Geol. and
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fuel supplies. The only important deposits of high calcium stone
in the southern part of the state are at Sibley, Wayne county, Belle-
vune. Eaton County, and possibly near Dundee, Monroe county.

The principal formations containing limestone sufficiently pure
to be used for Portland cement are the Bayport limestone of the
Upper Mississippian, the Traverse formation and the Dundee lime-
stone of the Devonian, and the lower portion of the “Niagara” of
the Silurian.

Bayport Limestone. The principal exposures of the Bayport
limestone occur near Bayport, Huron county; at several places in
Avenac county; at Bellevue, Eaton county, and at many places in
Jackson county. Many of the beds in the Bayport are very cherty
or sandy and cannot be used for the manufacture of cement. At
Bellevue, the main bed is very pure and is extensively quarried by
the Burt Portland Cement Co. for making cement. Near Omer,
Arenac county, it is utilized for burning chemical lime and it is
suitable for the manufacture of Portland cement, but the known
beds of high grade limestone in Arenac county are thin and of
limited extent, or are associated with sandy and cherty limestones
and sandstone. With more careful exploration probably other de-
posits of pure limestone will be discovered in this county. At Bay-
port an upper bed, averaging about 90 per cent in calcium carbon-
ate was formerly burned for hot lime but this bed is now exhausted.
Most of the other beds are very cherty, sandy, or high in magnesium
carbonate and not suitable for making cement.

In Jackson county, the Bayport limestone occurs as large scat-
tered masses buried in the drift and forms the capping on many
of the rock hills. The deposits thus far discovered are either too
sandy or magnesian or appear to be too small to warrant develop-
ment for cement manufacture. It is possible that with more care-
ful exploration deposits of sufficient size and purity will be found.
The Bayport is underlain by calcareous shale and argillaceous
limestone of the Michigan series but between the two there is a
conglomerate composed of pebbles of limestone, dolomite and sand-
stone with a shaly matrix. The shale, where the conglomeratiec
zone is thin, could be utilized with the overlying limestone.

The following analyses are fairly representative of the purer
phases of the Bayport limestone:
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ANALYSES OF BAYPORT (MAXVILLE) LIMESTONE.

Remarks.

CaO

E MgO

s,

niv. Mich.

»
J

U

|

E.4mi.| R. C. Bank

LR.5
, Arenac Co.

of Omer

3. 8ec. 1, T. 19N

o
P N

S E.
N
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C. Banks
Univ. Mich.

R.

Bellevue, Katon Co........ ... ..

.. | Michigan

Parma, 1 mi. N. E. of Jackson Co.

Cem.
‘Co., 1915.

Ptid.

! Michigan

|
i
|
|
i

, Pp. 274-277, 288-289, 204-205, Micli Geel. and Biol. Surv,

5

|

96 ‘
I

|

2.5

21, Geol. Ser. 17, Min. Res. Mich. for 1917

Co., 1915,

Ptld. Cem.
stone see Pub.

*For other analyses of Bayport lime;

Jackson, 6 mi. N., Jackson Co. . . ...
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The “Niagara” limestone underlies a broad belt in the Northern
Peninsula estending from Garden Peninsula in southeastern Delta
county eastward along the lake shore to Drummond Island, Chip-
pewa county. It is widely exposed in many localities. The upper
part of the formation. the Ingadine dolomite and the Manistique
series, is composed almost entirely of dolomite and heavy magnesian
limestone. The lower part of the formation, the Hendricks series,
including the TFiborn limestone, is largely high caleium and low
magnesian limestone.

The Fiborn limestone is by far of most economic importance, be-
cause of its large exposures and high average purity. It is ex-
posed or near the surface in several areas from a point five miles
north of Whitedale, Schoolcraft county eastward to a point about
nine miles east of Trout Lake Junction, Chippewa county, a dis-
tance of about sixty miles. The principal areas of exposures are five |
miles north. of Whitedale and in the vicinity of Blaney quarry,
Schooleraft county; about two miles north of Huntspur, about one
mile west of Gould City, four miles north of Engadine, in the vicin-
ity of Hendricks and Fiborn quarries, and three miles west of Trout
Lake, Mackinace county; and in the vicinity of Scotts’ quarry about
nine miles east of Trout Lake, Chippewa county. Other exposures
probably occur elsewhere especially on the eastern part of Drum-
mond TIsland. The deposits are very large, quarrying conditions
exceptionally favorable, and the stone of excellent quality for
cement manufacture, but the deposits are situated far from large
markets, and cheap coal fuel supplies and most of the deposits are
remote from beds of suitable clay or shale.

Known exposures of the lower beds of the Hendricks series are
few and apparently of limited extent excepting perhaps the eastern
part of Drummond Island. It is probable that further search will
reveal the presence of other more important exposures.

The following analyses are typical of the composition of the Fi-

born limestone:
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Dundee Limestone. The Dundee limestone forms a belt in the
northern part of the Southern Peninsula, skirting the shore of Lake
Michigan and Lake Huron from MecGulping Point, Emmet county,
southeast to Presque Isle, Presque Isle county, and also underlies
the surface in a narrow belt from two to nine miles wide from the
eastern part of Wayne county southeast through Monroe and ILena-
wee counties into Ohio. It is essentially a true limestone formation,
containing no dolomite and only & relatively small amount of mag-
nesian stone except near the base of the formation. Generally it is
composed of gray to buff or brown bituminous granular limestone,
locally with cherty horizons. Some of the beds are remarkably pure,
containing from 97 to nearly 99 per cent of calcium carbonate but
some of the beds, especially near the base contain from three to over
20 per cent of magnesium carbonate.

Unfortunately the formation is extensively exposed or near the
surface only in the northern and northeastern part of the Southern
Peninsula far from manufacturing centers. Several relatively un-
important exposures occur in the northern part of Emmet and Che-
boygan counties in the vicinity of Mackinaw City, at McGulpins
Point west of the city, and along the lower course of Mill Creek
four miles southeast. Very large exposures occur in the vicinity of
Rogers, Adams Point, and Trout Lake, Presque Isle county. Other
exposures occur elsewhere in the eastern part of the county. Near
Rogers, the Dundee limestone forms a high ridge for two or three
miles along the lake shore and a plateau on Adams point peninsula.
The Michigan Limestone and Chemical Company of Rogers City has
opened the largest quarry in the world in the eastern end of the
ridge at Calcite about two miles east of Rogers. The average* of
cargo analyses as shipped by the company for the season of 1914 gave
97.38 per cent calcium carbonate and only 1.81 per cent of magnes-
ium carbonate. The Dundee in the northern part of the state is
practically free from chert or siliceous impurities. The general high
average purity of the stone makes it very suitable for use in cement
manufacture.

In the southeastern part of the state, the Dundee limestone is ex-
posed only at Sibley, Wayne county, at Dundee, and at the mouth
of the Macon river two miles northeast of Dundee, Monroe county.
Elsewhere it is deeply buried by drift. The exposures are of the
lower and apparently more magnesian portion of the formation.
Much of the stone is too magnesian for use in cement manufacture.
Chert is also abundant at some horizons in these deposits.

The following analyses may be taken as fairly representative of
the composition of the Dundee limestone in various portions of the
state:

#C. D. Bradley, General Manager of the Michigan Limestone and Chemical Company.
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Traverse Formation. The Traverse formation is a seriesx of lime-
stones and blue shales, generally calcareous, with a heavy shale, the
Bell, at the base. Some of the beds of limestone are very pure but
many contain considerable percentages of alumina, silica, or mag-
nesia. The interbedded shales and also the Bell shale are generally
very calcareous. Tocally there are coral reefs, which are of great
purity. A large number of exposures occur in Alpena, Presque Isle,
Cheboygan, Charleveix, and Emmet counties and quarries are
operated at Charlevoix, Bay Shore. Petoskey, Afton, Alpena, and
Rockport. Only at Alpena and near Petoskey, however, is limestone
quarried for the manufacture of cement. In the quarry of the Mich-
igan Alkali Co., at Alpena, some of the beds are very shaly and the
Huron Portland Cement Co. utilizes the refuse stone, i. e., stone too
small or too shaly for other purposes, for the manufacture of Port-
land cement.

In the vicinity of Petoskey and Bay Shore, much of the limestone
is too high in magnesia to be used for making cement but some of the
purer beds west of Petoskey are quarried and the stone sold to Port-
land cement companies for this purpose.

The Petoskey Portland Cement Company was organized in the
spring of 1917 and plans are under way for the erection of a modern
plant on the largest developed arca of high calcium stone in the Pe-
toskey region. .

The quarry of the Great Lakes Stone and Lime Company at Rock-
port, Alpena county, has been opened in some high calcium beds di-
rectly above the Bell shale at the base of the Traverse formation.
The association of shale and low magnesian limestone coupled with
a means of cheap water transportation make very favorable condi-
tions for the establishment of a cement plant. In the quarry of the
Charlevoix Rock Products Co., near Charlevoix such geologic condi-
tions exist, a 10 foot bed of soft blue shale forming the floor of the
quarry.

In general it may be stated that the Traverse formation contains
an enormous amount of high calcium limestone suitable for making
Portland cement.

The following table of analyses shows the variable composition of
the Traverse limestones :
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Shales and Clays.

Suitable shales for use in cement manufacture occur in the “Utiea”
shale, the Cincinnati series, the Traverse, Antrim, and Coldwater
formations, the Michigan series, and the Coal*Measures, but, at
present, shales from only the Antrim, Coldwater, and Michigan
series are utilized in making cement. The surface clays are gen-
erally too sandy for this purpose.

“Utica” shale and Cincinnati Series. The go-called Utica shale
and the Cincinnati series form a belt extending northeast from
Green Bay, then curving eastward to St. Mary’s river. The Utica
is exposed only along the bed of the Whitefish river in Delta
county and apparently there are but few places where quarryable
conditions are favorable. The shale is black and very bituminous.
Though no analyses are available, it is probable that the shale is
suitable for cement manufacture.

The Cincinnati series is extensively exposed on the west side of
the peninsula between Little and Big Bays de Noc. 'Where exposed
it is very calcareous, and contains beds of limestone. Twenty-six
samples of stone from a bluff near Stonington, Delta county, were
analyzed by Prof. Koenig of the Michigan College of Mines and the
content of calcinm carbonate varied from 32 to over 66 per cent.
It is possible that the beds of calcareous shale and argillaceous
limestone in the vicinity of Stonington may be adapted for the man-
ufacture of cement with a minimum admixture of pure limestone.

Traverse Shales. The Bell shale generally 50 to 80 feet thick
forms the base of the Traverse formation. It underlies the surface
in a narrow belt along the outer margin of the Traverse formation.
It is soft, generally very calcareous, and in the northern part of the
state contains thin beds of limestone. "On account of its soft char-

acter it generally underlies valleys and has few exposures. It is -

exposed near Bell, Presque Isle county and forms the floor of Grand
Lake. Probably it underlies the surface at shallow depth north-
west of Grand Lake and in other places in Presque Isle county.
The Bell forms the lower part of the bluff in which the Great Lakes
Stone and Lime Company have opened their quarry at Rockport,
Alpena county. The occurrence of shale and high calcium lime-
stone together and near water transportation makes very favorable
conditions for the manufacture of cement. A bed of shale similarly
forms the floor of the Charlevoix Rock Products Co., Charlevoix,
Charlevoix county.

At the Huron Portland Cement Co., Alpena, Alpena county, in-
terbedded shale furnishes a part of the necessary siliceo-argillace-
ous material.
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No analyses of the Bell shale or of the interbedded shales of the
Traverse are available.

Antrim Shale. The Antrim shale underlies a broad arcuate belt
stretching northeast from Manistee county to Cheboygan county
and then southeast to Thunder Bay and into Alcona county. It is
.exposed at numerous points in Charlevoix, Emmet, Cheboygan, and
Alpena counties. In southeastern Michigan the Antrim is deeply
buried under drift. The more important deposits are near Nor-
wood, Ellsworth, East Jordan, Boyne Falls and Walloon Lake
Junection, Charlevoix county, and at Paxton, Alpena county. Num-
-erous exposures of Antrim shale are reported to occur in the south-
ern part of Chegoygan county. Ixcept at the top and where weath-
ered, the Antrim shale is generally black and very bituminous and
locally contains numerous concretions of iron carbonate and no-
dules of pyrite. The Newaygo Portland Cement Co. at Newaygo,
Newaygo county, obtains its shale from a deposit near Ellsworth
in section 26, town 382 north, range 8 west, Antrim county. Other
-exposures of tlris shale which belongs to the upper blue portion of
the Antrim, occur in the vicinity of Ellsworth. At Norwood the
shale is black and very pyritic and forms strong bluffs along the
lake shore for a half mile or more. Exposures of high calcium
limestone, occur about one and one-half miles north of the village.
“The occurrence of suitable shale and limestone in close proximity
and on water transportation routes makes a very favorable con-
dition for the location of a Portland cement plant at this place.

The Huron Portland Cement Co., of Alpena, obtains its shale
from a quarry at Paxton, 10 miles west of Alpena, Alpena county.
The shale is brownish black with some blue streaks and contains so
much bituminous matter that great care must be exercised in dry-
ing to prevent its taking fire. According to Mr. W. M. Smith,
-Chemist for the company, the average content of volatile matter is
over 13 per cent and some strata contain over 18 per cent. Other-
wise the shale is said to be very satisfactory for making cement.
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| Lol sy Coldwaier Shale. The Coldwater shale underlies several thou-
= 3 sand square miles of the surface in the Southern Peninsula but it

Z } e is exposed or is at shallow depth only in a few places in Branch,

} =5 | Huron and Sanilie counties. It is generally from 800 to 1,000 feet

‘ 28 ! thick and is largely blue shale, but it contains sandy horizons and

=) } " true sandstone. Locally there are many concretions of iron car-

i bonate.

3 Large deposits of Coldwater shale occur near Union City, Cold-
8¢ water, and Bronson, Branch county. The Wolverine Portland Ce-
BS” ment Co., obtains its shale from a deposit near Coldwater, and the

! . Peerless Portland Cement Co., from a quarry near Union City. The
Lz < el - .
= = Bronson Portland Cement Company at first obtained its shale from
= a shallow mine near Bronson in the same county, but later used
5 ‘°“o;° surface clays obtainmed from mnorthern Ohio. Excellent but unde-
W=~
% ~eidde veloped exposures of the Coldwater shale occur along the shore of
5 Lake Huron from Forestville, Sanilac county to White Rock, Huron
& S ITLE county. Where the overburden is not excessive, it is probable that
| B ange the Coldwater shale could be readily mined.
5 The range in composition of the shale at Union City and Cold-
@ et = - -
= Q RN water is shawn by the following analyses:
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L Micligan Series. The Michigan Series is composed of greenish
 Eus shales, some very calcareous, argillaceous limestones, and beds of
Eo'@ o b o >
22, gypsum. Nome of the shales have the proper composition for use
@ .
S in cement but others are too high in soluble salts. At Bellevue,
- s = the Burt Portland Cement Co. utilizes greenish blue shale, and a
if§ 28 85 very argillaceous limestone beneath the Bayport limestone. The
éﬁg e I composition of the shale is shown below:
S P ANALYSIS OF SHALE FROM BOTTOM OF CEMENT QUARRY
53§33z % | | ‘ |
7 o S S Analyst, ’ 8i0, | ALOs | FeO; | Ca0 MgO
g & 1
: p C.H. Denman. ................. 1 59.40 . 11.05 i 3.45 | 13.45 2.00
S0 | ac a- csg & ST o : . T
g F = Similar shale underlies the exposures of Bayport limestone north
P, g G of Jackson near the mouth of the Portage River, Jackson county.
oE 58 ;;] 2o | & © Coal Measures. The Saginaw formation or Upper Coal Measures
: =3 S wA S S .
82| Ug e = : contains an abundance of shale, though locally very sandy, but
=y * N . . .
= £ 2 many of the beds apparently would be suitable for use in making
o0 © . . "
> yog cemment. According to Ries* there are three general tyvpes of shales
& g © 5 Y
=) S e < & g in the Coal Measures: first, a light gray, sandy, shaly cla opu-
= R s & . ’ ) a4y, ’ ’
; <§ g8 28 2% | § £ larly called “fire clay”; second, a black, fine grained, brittle shale
a <1 g SR 23 K3 ; < with ‘dull luster, sometimes called “cannel coal”; and third, a dark
g £ =R grayish black, fine grained, hard, yet brittle shale. The first is low
2 i £ in alumina (see Anal. No. 1) and iron and of doubtful use for ce-
— g =
@ = s g gE ment manufacture under present metheds. The second, on ac-
= wS N = = - . . .
“ |- g3 88 88 =3IR | E < count of the high content of bituminous and carbonaceous matter,
SRR, B8 8 888 | ¢ & would probably require more or less careful manipulation. The
- I+ Q =
Z N - B last type is associated with coal seams in Saginaw and Bay coun-
b o g B 3 . o
: : P Y ties and is quarried at Corunna, Shiawassee county, and Flushing
. . P = 2 2 v ) t=34
o é p Genesee county for the manufacture of paving brick. Some of the
- : : il E: e shale at Corunna is used by the Portland Cement Co, near Fenton,
% A = N = ,
= § . il |pEZ Genesee county for the manufacture of cement. Similar shales are
= 80 o k7194 . . . . . .
< T ; S és’ = mined near Bay City for making paving brick. The following
A OZE2 |56 g analyses show that most of the shales in the Coal Measures are
m . g | 88 & lower in silica than is considered desirable for use in making Port-
< m E:(-H =)
E- land cement under present practice but further investigations may
SR - develop methods for the satisfactory use of such shales in the man-
S - A
S - ufacture of cement.
. A I L = -
B . . Co VIS S *Geol, Surv. Mich. Vol. VIII, Pt, I, 1900, pp. 25-38.
e SRR - gt
g B o o4 | BEEZ
A 5 & g% | &DER
s £ EE% | Uzwo
S o R EQ .o,
E £ ESE | R
5 o =0 A
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*ANALYSES OF SHALES OF THE COAI. MEASURES.

Cornstituent. I - - 5 ' 6 7
Silica, 8iOg. . . ... .. ... 55.30 54 .50 52.45 57.10 61.13 54, 9:
Alumina, AlfQg.. ... ... ... 1420 | 3075 | 2327 | 20002 ||, 195 | 4138
Ferric oxide, Fey(....... .| '3.62 | 3.50 | 7.93| ‘8.1 {[26.90| 31.43 ) 27.02
Calcium oxide, CaO ., ... ....|[........ 1.05 f..o... oo 1.12 22 52
Calcium carbonate, CaCOs. . . 30 ..., 1.82 ie4 BN DU P . »
Magnesium oxide, MgO.....|...... .. 1.69 ... b .96 1,581 90
Magnesium carbonate,

. S x e 2.61 ... 1 AT L
Sodium oxide, NagO. .. .....1..... .. .80 [ o ! .7 .
Potassium oxide, KoO.......[...... .. 220 1) * 37 2.76 @ & ®
Alkalies, KO, NagO. .. ... .. 2,15 | e e
Water and organic matter. . .| 21.82 5.51 9.10 9.76 6.47 7.44'| 2311

Total................. 100.00 | 100.00 | 100.00 | 100.00 96.58 95.60 | 92.93
Fluxes. . .................. 868 |...... oo
FeQ. . .. .o e 1.57 1.47 | e e s

i

;. %grcalleq éi%el cllayi’ {rofm St%ndard Mine, Saginaw.

. ine-graine ack shale from Flushing, Genesee ¢ ty; Ge i 7 of Michigs

Vol. VIII, Pt. 1, 1900, p. 30. Analyst, }%’ Riels. ounty; Geological Survey of Michigan,
3 and 4. '_Shales associated with coal at Bay City, ibid., pp. 85-36. Analyst, A. N. Clark.
5, 6, and 7. Coal mines at Bay City. Analyses furnishéd by the Hecla Portland Cement

and Coal Company. Analysts, Lathbury and Spackman.

Surface Clays.

The surface clays according to Riest are of three general classes,
—drift clays, lake clays, and river silts. The first are always cal-
careous except where leached at the top and generally contain sand,
pebbles and boulders, and are very variable in composition. Locally
lime concretions are scattered through the clays. On account of

the sand, pebbles, and concretions, drift clays generally are unsuit-

able for cement making.

Lake clays occur in great abundance along the eastern margin
of the state from Alcona county south to Ohio and in a number of
localities near Lake Michigan. In the Northern Peninsula, large
areas in Ontonagon, Chippewa, and southern Houghton counties
are covered with heavy deposits of pinkish lake clay. The lake
clays are characteristically fine-grained, generally calcareous and
almost entirely free from coarse grit. The content of alumina and
iron, however, is generally low in proportion to the silica and this
makes them not well adapted for cement making according to pres-
ent practice.

*I. C. Russell, The Portland cement i try in Michi P
U 5 &, Bussell, nt industry in Michigan, 22d Ann. Rept., pt. 11T, p. 670,
TGeol. Surv, Mich. Vol. VIII, Pt. I, pp. 42-68.
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ANALYSES OF LACUSTRAL* CLAYS.

Constituent. 1 2

Alumina, AlLO;. ..
Ferric oxide, FeyO3.

Calcium oxide, CaO .. ... £ 2 i
Calcium carbonate, CaCOs. ... vl ee]eeinufoninans 2.60 25.36 1......
Magnesium oxide, MgO. . ........... 4.28 4.77 1.22 ..., EFRE R e 2.82
Magnesium carbonate, MgCOz. ... .. lovevivin] e v il 70 4.30 ...,
Sulphuric anhydride, SOz. ... ... .. f ot .13 B2 e 46
Sodium oxide, Nag0 . . .. ? ? ? 9 91 |

Potagsium oxide, KoO

Water, O .. .o oreoiiiis S| 1507
Total..... ..o v E 99.13 99.25 ¢ 98.66 | 100.00 99 .46 | 99.00
i o
tLoss on ignition, .
1. From near Chelsea, Washtenaw County. Analysis by E. D. Campbell.

2. Trom near Fenton, Genesee County. Analysis by E. D.‘ Camgbell.
3" From near Farmington, Oakland County, Analysis by E. D. Campbel!. .
4. Yrom near Saginaw. Analysis by H. Reis: Geol. Survey Michigan, Vol. VIII, Pt. I,

1900, p. 55. . L s
5. ]Fl'ol;l near Wyandotte: used in cement making by the Michigan Alkali Company. Analy-

Y Ot 806 Marie, Analysis by B. D. Campbell

The river silts found along the margins of streams are generally
too sandy for use in cement manufacture. Generally the deposits
of silt are too small and thus far they have not been used for mak-
ing cement. : .

GYPSUM.

Grenerally from 1 to 2 per cent of gypsum is added to Portland
cement clinker before grinding to regulate the time of setting of
the cement when mixed with water. The effect of gypsum is to
lengthen the time before the cement begins to harden, or “to ac-
quire its initial set.” The gypsum (See Gypsum) is purchased from
the various gypsum companies located near Grand Rapids and
Grandville, Kent county, and at Alabaster, Tosco county.

FUEL.

All of the cement plants are now equipped with rotary kilns and
crushed coal is used for burning the elinker. Most of the coal is
obtained from Ohio, and West Virginia. = Saginaw Valley coals
have been used to a limited extent only as they are generally of
lower average grade than the coals from the above mentioned
states.

The coal or coke is ground to a fine dust, 98 per cent of which
will pass through a 100-mesh sieve. The dust is blown into the
Tower end of the kilns by an air blast and upon ignition it pro-

*I. C. Russel, T;e—Por
1. 8. Geol. Surv.
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duces a flame reaching the length of the kiln. The cement mixture
is introduced at the opposite end and by the time it has reached the
lower end of the rotating kiln it is burned to ¢linker.
stored in large bins and later ground in pebble mills,

This is

GROWTH OF INDUSTRY.

Less than 1,000,000 barrels of Portland cement were made in the
United States in 1895, a little more than a fifth of the present pro-
duction of Michigan. With the successful introduction of the
rotary kiln in 1890, the present era of concrete construction was
inaugurated. Growth from 1895 to 1907 was phenomenal, the pro-
duction in the latter year nearly reaching 48,000,000 barrels. The
financial depression of 1907 caused a temporary check, but growth
was resumed the following year and continued almost uninter-
ruptedly up to 1916 when the maximum of 91,521,198 barrels were
produced. '

In 1898 the production in Michigan was only 77,000 barrels but
the next year it leaped to 343,566 barrels, and in 1901 it passed the
million mark. Though hampered by low prices and keen competi-
tion the industry has maintained a relatively steady growth to
the present time. The maximum production of 4,919,023 barrels
was attained in 1916. This was a gain of 10.03 per cent over 1915.
Both shipments and total value also were greater than in any pre-
vious year, the shipments being 5,151,818 barrels valued . at $6,-
017,911 as compared with 4,727,768 barrels in 1915, valued at $4.-
454,608. The average price per barrel was $1.168 or $.224 more
than in 1915. This is the highest price obtained since 1907.

All of the companies reported very prosperous conditions in 1916
and it is almost certain that 1917 will be the greatest year in the
history of the industry.

PRODUCTION, VALUE, ETC., OF PORTLAND.CEMENT IN MICHIGAN AND UNITED STATES, 1896-1916.
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ISLE ROYALE

LEGEND

© Brick and tile ‘plant,

2 Celestite.
4 Cement piant.

* @ Chemical plant,using brines.

® Copper mine,

@ Feldspar deposit.
< Gas well,

A Glass sand QUAITY.
© Graphite quarry,

A Grindstone and scythestone quarry.
$ Gypsum quarry or mine.

¢ Iron furnace,

‘¢ Iron mine,

@ Limestone guarry.
4 Merble quarry.
u Mineral paint mill

© Mineral spring or well.

< Oil and gas well®
© Pottery factory.
4 Quartz or quartzite
O Salt plant.

@ Salt-bromine-calcium chloride plant, 4

quarry or wine.

& Sand-lime brick plant.

& Sandstone quarry.
@ Shale quarry.

Silver(associated with copper)

W Slate quarry.
Q Slip clay pit.

¢ Stamp mill or smeiter,

< Soda-ash plant.
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SALT.
Both the quauntity and the value of salt produced in Michigan
in 1916 were greater than in any previous year. The total produe-
tion in 1916 was 14,918,278 barrels valued at $4,612,567 as compared
with 12,588,788 barrels in 1915 valued at $4,304,731. This repre-
sents a gain of 2,329,492 barrels or 185 per cent in quantity and
$307,836 or only 7.3 per cent in value. The relatively small gain in
value was due to the lower average price of $3.09 per barrel or
$.033 less than in 1915.
From 1880 to 1892, Michigan held first rank in production in the
United States. In 1893, New York gained first rank and held it
continuously, with the exception of the year 1901 until 1905 when
Michigan again took the lead and continued first excepting in the
two years 1910 and 1911 when New York led by a narrow margin.
With the exception of 1910, Michigan has also held first rank in
P value since 1908.
; Thirty years ago the center of the salt industry was in Saginaw
| Valley, chiefly along Saginaw River from Saginaw to Bay City.
The industry was carried on in connection with the lumber mills
and waste steam and fuel from the mills were utilized by more than
a hundred lumber concerns in evaporating natural brines which
were obtained from the Upper Marshall sandstone at depths vary-
ing from about 600 feet in Saginaw to nearly 1,000 feet in Bay
City. With the decline of the lumber industry in Saginaw Valley
the salt industry became relatively unimportant. In 1915 and 1916
only 3.6 per cent of the total output of the state was produced in
this district.

The war has revived the industry through the great demand for
bromine from abroad. Uuder present conditions salt is manufac-
tured rather as a by-product of the bromine industry. The
total output for 1916 in this district was 561,164 barrels valued at
$259,539.

The chief salt producing districts are in eastern Michigan along
the Detroit-8t. Clair rivers and in western Michigan at Ludington
and Manistee. In these districts, artificial brines are used for the
manufacture of salt. The brine is obtained by forcing water
through casings down to rock salt beds and then back to the sur-
face. Rock salt is mined by the Detroit Rock Salt Co. at Oakwood,
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a suburb on the west side of Detroit. The salt is obtained from a
20 foot bed at a depth of about 1,040 feet. The salt is shipped to
large cities for curing fish, meats, and hides, for the manufacture
of ice cream and for general refrigeration purposes. Over 96 per
cent of the state output of salt for the last three years came from
these two distriets.

The salt industry in \Wayne county has made a most remarkable
growth. Salt was first produced in this county in 1895, the output
for that year being 13.077 barrels. In 1906 the production ex-
ceeded 1,000,000 barrels and in 1916 it was 9,041,650 barrels valued
at 1,210,125 or 13.34 cents per barrel. Much of the salt produced
in Wayne county is in the form of brine which is used in the man-
ufacture of soda ash, bleach, caustic, ete.,, and this accounts for
the low average value per barrel. 'The Solvay TProcess Co., at
Delray, the Michigan Alkali Co., at Ford City and Wyandotte, and
the Pennsylvania Salt Co., at Wyandotte, use great quantities of
brine in the manufacture of these products.

In St. Clair county, the chief salt producing centers are Port
Huron, St. Clair, and Marine City. The output of St. Clair county
in 1916 was only 2,469,443 barrels or 16.6 per cent of the state out-
put, yet the value was $1,950,098 or 41.6 per cent of the total value
for the state. The execeptionally high value for this county is due
to the fact that much of the salt produced is of the better grades,
44.4 per cent being table and dairy salt.

In the Manistee-Ludington district, salt is made at Manistee and
Filer City, on Manistee Lake, Manistee county, and at Ludington,
Mason county. In this district, the salt industry is still largely
carried on in connection with the lumber industry, waste steam
and waste tuel being utilized for evaporating artificial brines. This
district produced 2,861,736 barrels of salt valued at $1,188,805.
This is equivalent to 19.2 per cent of the total quantity and 25.8
per cent of the value for the state. Most of the product is packer’s
salt, 1. e, common fine and common coarse.

The Marshall brines especially near the center of the state con-
tain appreciable amounts of bromine and relatively large percent-
ages of calcium chloride. In the early days of the salt industry,
the bitterns or “mother liquors” left after the precipitation of the
salt- by evaporation, were thrown away. The bitterns were dis-
covered to be rich in bromine and calcium chloride and many salt
and chemical plants began the recovery of bromine, chiefly in the
form of bromide, and also of calcium chloride. Competition with
Grerman bromine and bromine products drove the price so low that
the recovery of bromine was abandoned by all of the salt manufac-
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turing concerns, though it was still extensively produced by the
Dow Chemical Co. at Midland, Midland county. The great de-
mand and high prices for bromine and bromine chemicals, caused
by the war has revived the industry, bromine being recovered at
Midland, Midland county, Saginaw, and at St. Charles, Saginaw
county. Michigan produces more than half of the bromine made
in the United States.

Caleium chloride is recovered as a by-product of the salt industry
at Mt. Pleasant, Isabella county, and at Saginaw and St. Charles,
Saginaw county. Tt is also produced on a large scale as a waste pro-
duct by the soda ash plants in Wayne county, but, as it is not an
original constituent of the brine, its value is not included in the
statistics of the salt industry.

The rock salt occurs in the Salina formation of Silurian age.
There are three known rock salt areas, one in southeastern Michi-
gan, a second in Alpena and Presque Isle counties, and a third in
Mason and Manistee counties. South of the line from Muskegon
through Kalamazoo to Trenton, Wayne county, no rock salt has
been found, though wells have penetrated completely through the
rock salt bearing formation at many places. The area of rock salt
in southeastern Michigan so far known extends from Trenton,
Wayne county, northeast along Detroit and St. Clair rivers into
western Ontario. The total area known to Le underlain by rock
salt in southeastern Michigan and western Ontario is several thou-
sand square miles. The rock salt area extends northwest from De-
troit River to and beyond Romulus and Dearborn in Wayne county,
and Royal Oak in Oakland county but how far the salt area con-
tinues in this direction is unknown, since there are no wells north-
west of these places deep enough to reach the salt bearing horizons.
The aggregate thickness of the salt beds at Royal Oak and Dear-
born is greater than to the southeast along Detroit River, thus in-
dicating a considerable extension to the northwest of these places.
In southeastern Michigan, the salt beds are very numerous and
some of them very thick. There is an upper, thick, and apparently
persistent bed from 60 to 125 feet in thickness and a lower very
thick and continuous bed having a maximum thickness of over 350
feet, though it probably contains partings of dolomite or shale. The
average aggregate thickness of the sait beds along Detroit and St.
(lair rivers is about 400 feet, but at Royal Oak and Dearborn 609
and 556 feet of salt respectively were penetrated and at the former
place the bottom of the Salina apparently was not reached.

In Alpena and Presque Isle counties, the salt area while undoubt-
edly very large is of unknown extent. Rock salt was struck at
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Onaway, Grand Lake, and Alpena in great quantities, and the great- PRODUCTION AND VALUE OF SALT IN MICHIGAN AND UNITED STATES,
s Ternce L . ) . C oy 860-1916.
est aggregate thickness of rock salt yvet peunetrated in Michigan or I 180019 .
Ontario, Canada. is at Onaway, Presque Isle county. A test hole s ‘ Michigan production. fppr cent | Michigan.
drilled for oil at this place penetrated over &00 feet of rock salt in Year, | Production. g eTe UL s, G, s | oot g| | Value. C
secti £ 1.200 fee e s o= . . | Quantity, | pngpectors.s | Quantity, | Mich- | ;| Michigan. | pang. | Price.
a section of 1.200 feet. The lowest bed is 225 feet in thickness, and bbls. 4 " Quantity, bbls.” | 1gam 1 E = Value. | bbl.
perhaps is to be correlated with the thick bed in the Detroit river —_— i i 1 falAN :
a0t o e PN S . . | 1860 .t | 4,000 | oo
region. At Grand Lake salt beds aggregating over 300 feet in thick- ' 1861 | olllil.. L2000 I
C war . . . ) . 2 |l 2430
ness were penetrated in a deep well without reaching the bottom 1865 | I 466,000
of the rock salt formation. 1864 .o | o |
u ; ; P ) 1865 | .. ..iiiiin Loaz7,200 oo e
In the Manistee-Ludington district, the salt beds are few and . 1866 | 407,097 Lo I 5524'325 ....... $1.§(7)
it . . . . ‘ 1867 |00l azar7er |0 Lo 0,255 |....... I
thin. In the vicinity of Manistee only one bed is known. This has ; 1868 | 555,600 | .o oo Sl 1,0280027 ... 1.85
f ol > : T T 1869 561,288 Lo oo i 786,835 |. .. .. 1.58
a thickness of 20 to 30 feet. At Ludington, however, four beds re- 1809 ‘\ o2
. S . 5 = ~ . . ) 1870 ...l ! 621,852 |0ttt 820,185 |....... 1.32
spectively 20, 12, 7, and 5 feet in thickness have been penetrated 1871 |l Coaslirs L S0l 1,063:135 |l 1.46
Y come wallg 1872 | Lol 7940481 |00l S 1.087i 742 |Lillll 1.46
in some wells. 1873 |l BBII846 |11l L Lgzrest 137
Jar o . « . . 1874 ... ... 1,026,970 | ... ..o ;220,004 ... ... 1.1
The depth to the first salt bed in southeastern Michigan varies i
o LS s . ~ . 1875 | .. ... 1,081,856 |.. ... .. e 1,190,042 |, ...... 1.10
from a minimum of 730 feet at Detroit to 1,500 and 1,600 feet at ' 1876 |0 1,482.729 | .ol S0l 10556865 |l 1.05
- s . 1 i . 1877 | 10660.997 oo STl 1.411.847 .. 0.85
Port Huron and St. Clair. The depth at Alpena, Alpena county is 1878 |l 1,855,884 LTIl SN 1077501 1L 0.85
- . ay . T e 1879 | . ..., 2,058,040 1. 1iiiiiitiiaae U 2,099,206 |l 1.02
about 1,270 feet; at Grand Take, 1,284 feet; and 1,630 feet at Ona-
cav. Pr \ Te - ' ’ ’ 1880 | 5,961,060 | 2,676,588 | 2,485,177 | 41.69 | 1| 2,271,931 |....... 0.75
way, Presque Isle county. 1881 | 6.200.000 2,750,293 ...... i 4%.%2 1 2,412,171 ....... o.§5
. L . gt . L . 1882 | 6,412,373 | 3.037,317 | 3,037,317 | 47. 1] 21260122 |10 0.70
The total area of the rock salt districts in Michigan is nnknown 1883 | 6,192,231 | 2,804,672 | 2,804,672 43.2% 1| 2,304,684 ... 0.81
ipo ] e . 1884 | 6,514,037 | 3,161,806 | 3,161, 48. 1] 2,392,648 ... ... 0.
but it is undoubtedly several thousand square miles and present
.3 I I, 1885 | 7,038,653 | 3,297,403 | 3,297,403 | 46.84 | 1 | 2,967,663 |....... 0.900
evidence, though not conclusive, indicates that the three known rock ’188$ 7,707,081 | 3,667,257 g,ﬁtﬂ,ggg 47.% 1 2,43(15,929 ....... 0'22}
ST et g " 188 8,003,962 | 3,944,309 1044, 49’ 1) 2,200,842 |0 1.1, 0.f
salt districts are but parts of the same great rock salt area. 1888 | 8.055.881 | 3.866.228 | 3,866,228 | 47.99 | 1| 2,261,743 |....... 0.585
1889 | 8.005,565 | 3,846,979 | 3,856,020 | 48.17 | 1| 2,088,909 |....... 0.541
1890 | 8,776,991 | 3,838,637 | 3,838,632 | 43.72 [ 1| 2,302,579 i....... 0.600
1801 | 0.987.945 | 3.927.671 | 3,966,748 | 39.52 | 1| 2,037,289 |....... 0.513
1892 | 11,608,890 | 3,812,504 | 2,829,478 | 32.81 | 1| 2,046,963 |....... 0.523
1893 | 11,897,208 | 3,514,485 | 3,057,898 | 25.70 | 2 837 |11l 0.287
1804 | 12,968,417 | 3'138,941 | 3,341,425 | 26.53 | 2| 1,243,619 |....... 0.375
1895 | 13,669,640 | 3,529,362 | 3,343,305 | 24.46 | 2| 1,048,251 |....... 0.315
1806 | 13,850,726 | 3,336,242 | 3,164,238 | 22.89 | 2 718,408 |, 1111 0.229
1897 | 15,973,202 | 3,622,764 | 3,993,225 | 24.99 | 2 | 1,243,619 |.. ..., 0.313
1808 | 17,612,634 | 4,171,916 | 5.263,564 | 29.88 | 2 | 1,628,081 ... .... 0.311
1899 | 101708 614 | 4,732,669 | 7,117,382 | 36.14 | 2| 2,205,924 |....... 0.309
1900 | 20,860,342 | 4,738,085 | 7,210,621 | 34.55| 2 | 2,033,731 2| 0.282
1901 | 20.566.661 | 5,580,101 | 7.729,641 | 37.58 | 1 | 2,437,677 1] 0.328
1002 | 93,849,231 | 4,994,245 | 8,131,781 | 3410 | 2 | 1,535,823 2| 0.188
1903 | 18,968,080 | 4,387,982 | 4,297,542 | 22.65 | 2 | 1,119,984 2| 0.260
1004 | 22,030,002 | 5,390,812 | 5,425,904 | 24.62 | 2 | 1,579,206 21 0.309
i 1905 | 25,966,122 | 5,671,253 | 9,492,173 | 35.24 | 1| 1,851,332 2| 0.196
1006 | 28,172,380 | 5,644,559 | 9,936,802 | 36.31 | 1 | 2,018,760 2| 0.203
1607 | 29,704,128 | 5,298,463 | 10,786,630 | 35.39 | 1 | 2,231,129 2| 0.208
1908 | 28.822.062 | 6,247,073 | 10,194,279 | 35.34 | 1 | 2,458,303 1] 0.241
1909 | 30.107,6461 6,055,661 | 9,966,744 | 33.10 | 1| 2,732,556 1| 07274
1910 | 30,305,6561 5,597,276 | 9,452,022 | 31.18 | 2 | 2,231,262 21 0.236
| 1911 | 31,183,968%(... ... . ... 10,320,074 | 33.10 | 2| 2,633,155 1] 0:255
i 1912 | 33,324,808%. .. ......... 10,946,739 | 32.84 | 1 | 2,974,429 1] 0277
‘ 1913 | 34,393,227% .. ... ... 11,528,800 | 33.52 | 1| 3,293,032 1] 0285
| 1914 | 34,402.772% ... ...l 11,670,976 | 33.92 | 1| 3,299,005 1| 0.283
1915 | 38.231,496%............ 12,588,788 | 32.93 | 1| 4,304,731 1] 0.342
i 1916 |....... RO IEROROBNRRN 14,918,278 |.... ... 1| 4,612,567 1] 0.309
TOUL. [ eeeeeeeee]eeeenaeannn 236,724,878 |........ ol .1898,815,061 ... ...,

*QOffice of State Salt Inspector abolished in 1911,

1In cooperation with the Michigan Geolozical Survey after 1909.

IInchgies production of Hawaii and Porto Rico, 1909-1913, 1915-1916 and of Porto Rico in
4.,
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PRODUCTION AND VALUE OF SALT IN MICHIGAN BY GRADES, 1906-1916.

Packers.
Table and dairy.
Year. — Common fine. Common coarse.
Quantity. Value.
Quantity. Value. Quantity. Value.
Barrels. Barrels. Barrels.
1906. 509,905 ¢  $362,368 2,027,478 $757,470 2,021,287 $618,727
1907. 657,509 302,641 3,601,270 914,154 1,743,840 471,378
1908. 584,452 620,647 3,454,062 968,617 2,020,956 610,286
1909. 585,370 732,907 3,530,303 1,125,095 2,103,719 647,878
1910. 798,434 565,653 2,216,181 734,828 1,992,465 596,301
1911 817,486 | 742,702 2,362,075 698,203 2,070,745 745,720
1912 905,593 920,782 2,225,337 645,602 2,086,492 835,673
1913 1,028,000 1,037,402 2,704,936 852,135 2,259,164 896,521
1914 1,092,344 1,025,164 2,668,989 911,016 2,380,378 870,715
1915 1,233,117 1,420,382 3,096,644 1,181,337 2,265,352 1,001,167
1916. 1,305,950 1,461,085 3,109,857 1,221,901 2,133,600 1,064,709
Packers. Other, rock, etc. Brine and other. *
Year.
Quantity. Value. Quantity. Value. Quantity. Value.
Barrels. Barrels. Barrels.
1906. 91,098 833,733 | 4,387,043 $246,462
1907. 119,459 8,455 [ . 4,664,552 235,729
1908. 134,726 53,669 |, oo 3,991,083 205,084
1909. 93,357 LO83 L 3,648,395 185,051
1910 92,426 43,942 Lo 4,104,934 211,317
1911. 105,401 45,421 576,595 $181,865 4,387,772 219,244
1912. 223,866 84,638 763,008 250,680 4,737,038 236,852
1913 50,557 25,371 727,364 244,172 4,756,772 237,431
1914. ¥ 712,530 252,024 4,816,735 240,086
1915 T T 919,735 321,354 5,073,940 380,491
1916 T i 1,012,942 368,022 7,365,927 506,850
Total.
Year.
Quantity. Value.
Barrels.
008 . . e 9,936,802 $2,018,760
007 . e 10,786,630 2,062,357
008 . 10,194,270 2,458,303
1000 . o e 9,966,744 2,732,556
L1010, e 9,452,022 2,231,262
LT L . o e 10,320,074 2,633,155
102 e s 10,946,739 2,974,429
B33 S N 11,528,800 3,293,032
TOL4. oo 11,670,976 3,299,005
105 e e 12,588,788 4,304,731
106 . o 14,018,278 4,612,567

*Brine only after 1910.
+See common fine and common coarse after 1913.
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GYPSUM.*

From 1868 to 1890, the annual production of gvpsum in Michi-
gan never reached 70,000 tons; the production in the latter year,
however, attained the maximum of 74,877 tons. The maximum
value of gypsum and gypsum products was attained in 1883, the
value being $377,567. The growth of the industry began in 1890.
The output reached 139,557 tons in 1892 but the financial depres-
sion throughout the country during 1892-3 disorganized. the in-
dustry, the production decreasing in 1895 to only 66,519 tons, or
less than half that in 1892. From 1896 to the present, the growth
has been almost uninterrupted reaching the maximum production
of 457,375 tons in 1916, valued at $1,066,588. This represents a
gain in amount and value over 1915 of (7,384 tons, or 17 per cent
in amount and $380,290 or 57 per cent in value. The large gain in
value is due largely to war conditions.

In the early days of the gypsum industry, four-fifths of the raw
gypsum was ground into land plaster and from 1869 to 1887 more
than half of the gypsum mined was grouhd into this product. With
the more general use of patent fertilizers, the demand for land
plaster has more or less gradually decreased so that the produc-
tion in 1916 was only 9,072 tons as compared with the maximum of
44 972 tons in 1873.

The growth of the gypsum industry is due largely to the inven-
tion and introduction into the building trades of gypsum plasters,
plaster board, fire-proofing, calcimines, and other gypsum prod-
ucts. Since 1887, the grinding of land plaster has become relatively
insignificant in comparison with the manufacture of building prod-
ucts. In 1916, the value of land plaster was only $16,658 as com-
pared with $975,626 for calcined products.

The most important of these products is mixed wall plaster. In
1916 this product was valued at §668,795, or 62.7 per cent of the
total value of raw and calcined products for the state. Stucco is
next in importance with a value of $279,597, or 26.2 per cent of the
total value. The value of these two products is practically 90 per
cent of the total value for the state.

In 1916, five mines, two quarries and eight mills were in opera-
tion. One mill was abandoned at Grand Rapids but another was
erected by the United States Gypsum Co., at Detroit. Five mines,
one quarry and six mills are located at Grand Rapids, Kent county,
one quarry and mill at Alabaster, Iosco county, and one mill at
Detroit. At least three, and probably four, gypsum beds are

*Tor a more complete report on the gypsum industry of Michigan, see Pub. 19,
Geol. Ser. 16, Min. Res. of Mich. for 1914, Mich. Geol. & Biol. Surv.

21
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worked in Kent county. The two upper beds at Grand Rapids, re-
spectively 6 and 12 feet thick, are near the surface. Formerly
these were quarried but, because of the heavy overburden and water
troubles which were increasing with the progress of quarrying the
quarries have given place to mines. In the western part of Grand
Rapids a third bed about 22 feet thick with a parting of shale one-
feet thick near the center occurs about 60 feet below the surface.
At Grandville an upper bed, about 11 feet thick is directly over-
lain by sand and gravel and is separated below from a 14-foot bed
of gypsum by about four feet of hard limestone. These two beds
may be equivalent of the 22-foot “split” in West Grand Rapids. The
upper bed was formerly quarried but, because of Leavy overburden
and water the quarries have been replaced by mines opened in the
lower bed. Numerous explorations show that there are several
other minable gypsum beds in the Grand Rapids-Grandville dis-
trict.

In the Alabaster district the upper gypsum bed, which is exten-
sively quarried at Alabaster is from 18 to 23 feet thick. Test holes
north of Alabaster show the presence of a number of deeper gypsum
beds, 5 to 25 feet thick.

In the vicinity of Turner, Twining, and the deserted village of
Harmon City, Arenac county, a bed of gypsum, called the Turner
bed occurs 50 to 100 feet above the Alabaster bed. Locally, as in
the vicinity of Turner, this bed is of minable thickness.

Gypsum beds occur on St. Ignace Peninsula and on St. Martins
and other adjacent islands. Test holes in the vicinity of St. Ignace
are reported to show beds of gypsum totalling 60 feet in thickness,
three of the beds being 9, 13, and 21 feet thick respectively.

Available data indicates the presence of seven quarryable beds
of gypsum in this district, but locally it is probable that water will
be troublesome. :

Gypsum was quarried near Pt. Aux Chenes as early as 1850. On
account of various troubles, chief of which were water and a
scourge of smallpox, the quarry was operated only intermittently
for a number of years. Finally, when an ice-floe carried away the
dock, the quarry was abandoned.

Thick gypsum beds are reported by well drillers in the vicinity
of Ionia, Ionia county, and Cass City, Tuscola county, and beds 6
to 12 feet thick are known at comparatively shallow depths at
Bellevue, and BEaton Rapids, Eaton county. In brief, the gypsum
dleposits of Michigan may be said to be practically inexhaustible.
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PRODUCTION OF GYPSUM IN MICHIGAN, 1868-1916,
. Gypsum Rank
Ground Re¢ N
; lcined |[q Total
Year into land Caigltr(l)u Sold crude. production.| Total value., |———n——
ar. plaster. plaster. Tons. Tons. Quan- .
Tons. Tons. Fity Value
s 1868, 132,043 14,285 ... ...... 146,328 8671,022 | . ...
B‘“‘ég?‘f - 6 . ‘38‘837 6,244 | ... 35.081 165,208 | ...l
1869.. ... .. 29,996 7.355 | 37,351 178,824 .. ..o
1870.. ... .. 31,437 8,246 ... ... 39,683 191, (1:8 ................
1871.. ..., : 41,126 8,604 | 49,820 234,054 ... ..
1872....... 43,538 10,673 | ... ... :§4A209 259,524 ................
1873....... | 44,972 14,724 | ..o 59,606 207,878 ...
1874. ... .. 39,126 14,723 53,8?9 2:%,284 ................
1875....... 27,019 10,914 | ... ... .57,933 195,386 |. ... . .
1876....... 39,131 11,498 |....... ... 50,629 248 504 |
1877....... 40,000 9,819 L. ... .. 40,819 238,550 ||
1878....... 40,000 8,634 ... ... 48,634 229,070 ... oo,
1879....... 43,658 9,070 ... 52,728 247,192 | Lo
1880....... 49,570 18,029 |.......... 68,499 349,710 |........ D
1881....... 33,178 20,145 ... oL 53,323 293,872 |........ L
1882....... 37,821 24,136 {.......... QI 957 344,.‘574 ........ e
I&R3 ... ... 40,082 28,410 {.......... 68,402 ‘37? VHBT Lo
R84 L 27,888 27,959 |, 55,84Z 335,382 |, oo,
I88&F ... 28,184 25,281 | ... ... §3 ,465 286,802 ;... .. ...
1886....... 29,373 27,370 | ... 56,748 308,094 |............ .. ...
1887 .. ... 28,794 30,376 |.......... 59,170 320,392 ...
1888010 227177 | 85125 | .....l10 570302 | 347,531 |00l
I8RO 19,823 36,800 [.......... 56,623 353,869 ... ... .. ...,
1890. .. ..., 12,714 47.163 15,000 74,877 192,009 |..... ...
1891....... 15,100 53,600 11,000 97,700 223,725 | .. ..o ool
1892 14,458 77,599 47,500 139,557 306,527 |... ... oo
]8‘{5 16,263 77,327 31,000 124,590 303,921 ..., .0 L,
1894 . ... ... 11,982 47,976 20,000 79,958 189,620 |........ ... ...
1895.. .. ... 9,003 51,028 6,488 66,519 174,007
1896, ...... 6,582 60,352 700 67,634 146,424
8O7.. ... ... 7,193 71,680 16,001 94,874 193,576 | ... .. ... ...
}SQé ....... 13,345 77,852 1,984 93,181 204,310 |.. ... e
1899....... 17,196 88,315 39,266 144,776 283,537 1.
1960....... 10,354 86,972 33,328 129,654 285,119 2 | 2
1901 ....... 9,808 129,256 46,086 185,150 267,243 1 1
1902....... 13,022 158,320 68,885 240,227 459,621 1 1
1903....... 18,409 198,119 52,565 269,093 700,912 1 1
1904....... 18,294 185,422 34,669 238,385 541,197 1 1
1905....... 20,285 203,313 24,284 247,882 634,434 1 2
1906....... 30,220 208,715 27,517 341,716 753,878 1 2
....... 15,500 197,666 36,543 317,261 681,351 3 3
%ggg ....... 1{1),/;14 192,403 40,324 327,810 491,928 1 3
1909....... 11,890 344,171 45,781 394,907 1,213,347 2 1
1910....... 7,097 240,905 64,566 357,174 667,199 2 2
1911....... 15,548 206,299 79,050 347,296 523,926 3 4
12....... 10,103 243,656 63,819 384,297 621,547 2 3
1813 ....... 9,604 278,368 60,706 423,896 721.325 3 3
1914..... .. 9,322 249,648 61,227 393,006 705,841 3 3
1915....... 9,799 245,484 60,572 389,791 686,309 3 4
1916....... 9,072 292,109 80,298 457,375 1,066,599 |........]........
Totals. .| 1,251,348 14,723,228 1,078,159 [7,741,742 |$19.,99%.,210 |........'... .....
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166 MINERAL RESOURCES OF MICHIGAN.

COAL*

Coal mining began in Michigan as early as 1835 but no records
of production are available before 1860, when Michigan was cred-
ited with an output of 2,320 tons. Most of the coal in the early
days was obtained from veins exposed or at shallow depth in the
vicinity of Grand Ledge, Faton county, Jacksen, Jackson county,
and Corunna, Shiawassee county. Ten vears later the production
reached 28,150 tons, in 1880, 100,200 tons, and for the following
two years it exceeded 100,000 tons annually. In 1883, a sharp de-
cline began and in the following year the production fell to only
36,712 tons. It was not until 1897 that the production again ex-
ceeded the 100,000 ton mark. In that year, the Saginaw and Bay
county fields were opened and the production jumped to 223,
592 tons. The industry grew rapidly and four years later, in 1901,
the production was nearly one and a quarter million tons. The
maximum output of 2,035,858 tons was reached in 1907. Follow-
ing that year a rapid decline set in and continued until the maxi-
mum of production for 1913 was 1,138,699 tons. The production
has remained practically stationary since. According to the State
Coal Mine Inspector, the total coal sales for the year ending No-
vember 30, 1916, were 1,076,215 tons. This does not include coal
used for steam and heat, therefore, it is probable that the total pro-
duction is practically the same as in 1915.

The scarcity of coal and the resulting high prices in the winter
and spring of 1917 has given a new impetus to the industry and
probably the production in 1917 will show a large increase. The out-
put, however, has been curtailed more or less by a shortage of cars
and doubtless this will be the condition for most of 1917.

=For a more complete report on the coal industry in Michigan see Publication 19,
Geol. Ser. 16, Mineral Resources of Michigan for 1914, pp. 247-270, also Vol. VIII,
Pt. 2, Coal, by A. C. Lane.

PRODUCTION OF COAL IN MICHIGAN, 1869-1916, IN SHORT TONS.
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*Report of State Coal Mine Inspector, State Department of Labor.
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PRODUCTION AND VALUE OF COAL BY CO

MINERAL RESOURCES OF MICHIGAN. NON-METALLIC MINERALS 173

3 LIMESTONE.*
‘ The growth of the limestone industry in Michigan was relatively
steady from 1899 to 1904 but very rapid from that date to the pres-
ent. In 1899, the total value of limestone products, including lime

=
| 2 ) was only $281.769, and in 1904, $501,708. Ten years later, in 1914
|2 the value of the products, exclusive of lime, which amounted to
% 4 o e o . L
- F287.648, was $1,457.961 or nearly three times that of both lime
1 | ) i) ! o
{ J = and limestone products in 1904. Large increases were made in 1915
| 2 and 1916, the total value of all products, except lime being respect-
} ( E | ively $1,828,766 and $2,389,763. The percentage of gain in 1916 was
: B o b4 = 3 =) i=]
‘ | £ 30.6 per cent as compared with 25.4 per cent in 1915.
‘] E The chief increases were in stone for blast furnace flux, for the
B .
| ! = manufacture of soda ash and allied produets, for concrete and for
| | ot >
! ‘ ' g railway (?) ballast. The production of flux stone in 1910 was only
Doy e 341,027 tons valued at $186,046 as compared with 2,254,984 tons
s 58 prr e . b = B
! £ | oy valued at $763,029 in 1915 and 3,033,155 tons valued at $1,207,326
| B ! ; ] : i
Ea = in 1916. The large increases for 1915 and 1916 in flux stone were
| v s o
J‘ ‘ — RO G N e | D% due largely to the general industrial prosperity incident to the war
| [ = SAS3E FECRN ILIT 8% 2 i geh e I 1 v
' I S g SMeRE Axwes SRS ~Co- | IR 5 and also to the development on a large scale of extensive deposits
[ S 00O OINIAIG  Cilebe OO E @ & | ! N
| 22 S $2E33 S583Z 2882 2R | £f 1 of very high grade limestone especially adapted for fiuxing pur-
g - ~ Mo : N . . .
[ - B ! poses. This stone is successfully invading the flux stone markets
(S . .
|~ ghgen goxses g mhee | SF formerly dominated by limestone from other states.
% €% g ShONT mTeen R e = Most of the high calcinm limestone is located in Alpena, Presque
£ 22 | E Amsgs gowes - ol -+ 8 ponit
3 2E & ’ g Isle, Cheboygan, Emmet, and Charlevoix -counties in the northern
= = Ag 7 sdl, 3
| Er part of the Southern Peninsula and in Schooleraft, Mackinac, and
2 RES2R RBsde Loy Lacs 22 J Chippewa counties in the Northern Peninsula. Tmportant deposits
= R i SARESE SO8ed BS3H S SE X : o i o §
2 =2 E oo awofia - =i occur at Sibley, Wayne county, and Bellevue, Katon county. An
3 gz it - oo . . . T
= e = Sg undeveloped deposit occurs about two miles northeast of Dundee,
} e Monroe county. Small deposits of uncertain commercial import-
.......... 25 ? !
e85 DIl i ke ono Ko ance occur near the mouth of Portage river about six miles north
b e Eet = =]
538 S lnonmmm mee £8 of Jackson, Jackson county, and about three miles northeast of
.......... =g | . . . .
<= Do =5 Omer, Arenac county. The reserves of high calcium limestone in
D1l i inse wow cil the northern part of the state are practically.inexhaustible,
A 8L . | geE . . . .
N £ R ROERIN I - Enormous deposits of very pure high magnesian limestone or dolo-
2 == S N D Res eeitp . FUC J : 3
& = Diootoririn HRE SRE (I mite occur in the Northern Peninsula near the lake shore from Seul
R e e Cas . . . .
. I L ;g*?g Choix Pt., Schooleraft county, eastward to Point Detour, Chip-
- gas . oo .
E CEINER R ER%E Zepg Toe pewa county. This delomite is adapted for lining open hearth fur-
.;"é £ ggu%y S¥zan agns S gé“ naces and for paper making. IExtensive areas of impure limestone
EE B mmAIAs wevah ®hho wess | E8s suitable for concrete, road material, and ballast occur in the vicin-
S = SE ity of the high grade limestene areas in the Northern Peninsula.
g A E5= Low grade magnesian limestone or dolomite occurs in abundance
- ga0 B35y | PREE i g i
> 5225 5558 | TS in Monroe and Huron counties.
*For a complete report on the limestone resources of Michigan see Pub. 21, Geol.
Ser. 17, Min. Res. of Mich. for 1915, pp. 103-112.
e
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o LIME.
3 ¢ ; Trom 1904 to 1914 the lime industry in Michigan made no
E . X ; growtlh, the production being 63,601 tons in 1904, and only 66.359
- tons in 1914, In 1915 there was an increase to 81,359 tons but this
\ was 1,749 tons less than the maximum in 1909. In 1916 there was
g [ a large decrease to 52,878 tons. This was due largely to the fact
& that the Charlevoix Rock Products Co. went into the hands of the
= i receivers and ceased operations for the year. -
:E . The lack of growth in the lime industry is due to several causes,
é éé x;\;og;gﬂ?o PR chiet of whicp are (1) Fhe growing‘sca.rcity of suitable cheap wood
&2 = 7 T fuel for burning lime, (2) the substitution of concrete for stone and
§ lime-mortar in construction work, (3) the rapidly growing use of
g @ 2 gvpsum wall plasters and plaster substitutes, and (4) the unfavor-
A :‘Eq”é 2 able Jocation of suitable limestone in relation to markets. TForm-
é 5% = erly, because of the abundance of cheap wood fuel and the difficulty
2 P B il of obtaining lime, lime-burning flourished in many localities in the
z . I ot S state, inferior or hard burning limestone often being utilized. The
7z % SEEREREEEE Eg_;m]{:'a: g cheapness of good lime, the ease of obtaining it with the develop-
g | g O ment of means of transportation, and the growing scarcity of cheap
5 j: - fuel combined to drive most of the local burners out of business,
28 . : especially those using inferior or hard burning stone. At present,
Z £ no lime is produced in the central and southern portions of the
2 a : state with the exception of a small amount in Arenac county. Lime
é e - e is burned only at Menominee, Menominee county, Manistique and
& . 4 £ Marblehead, Schoolcraft county, and Rexton, Mackinac county in
E if«:é E 2 the Northern Peninsula and at Alpena, Alpena county, Afton, Che-
= = 7 boygan county, Petoskey and Bay Shore, Emmet county, and near
I Omer, Arenac county, in the Southern Peninsula.
2 5 ¢ Most of the exposures are in the northern part of the state rela-
‘Z 55 E tively distant from ‘ready markets. This makes it difficult for
2 | &% the Michigan burners to compete in the southern more populous
é : , portion of the state with lime producers in northern Ohio, Indiana,
c : ( and Illinois, situated near cheap coal fuel supplies.
S : Concrete mortar is more easily and rapidly handled than stone
g , and lime mortar and has largely displaced these materials in the
& : ‘ building trades. For similar reasons gypsum wall plasters and
- : plaster board have largely displaced sand-lime mortar for plas-
K |3 | tering.
§ Much of the lime produced is of the “hot” variety but consider-
: é ; able mild magnesian lime is burned at Manistique, Marblehead,
g f’g Petoskey and Bay Shore. Hydrated lime is produced at Afton,,
- and Manistique.
23
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The total production in 1916 was 86,477 tons valued at $385,341
as compared with 81,358 tons valued at 8349979 in 1915. This was
a net increase of 6.2 per cent in quantity and 10.1 per cent in value.
The average price in 1916 was %4.45 per ton or .16 per ton more
than in 1915.

PRODUCTION AXND VALUJK OF LIME IN MICHIGAN, 1904-1916.

Total lime burned.
Average | No. of Rank of
Year. - price plants state,

Quantity per ton. |, operating. Production.

Tons. Value. :

ons.

|

63,601 $256,955 $4 04 Lo

48,089 ; 192,844 4 01 oo

68,133 | 281,485 4 13 13§

65,822 276,534 4 20 12 16

68,050 ‘ 282,023 4 14 10 15

83,108 | 354,135 4 26 12 13

72,345 ! 303,377 4 19 10 14

80,709 ! 352,608 4 37 14 i4

74,720 311,448 4 17 11 16

77,088 331,852 4 05 10 14

66,507 287,648 4 33 10 14

81,359 349,979 4 29 10 15

86,447 ‘ 385,341 4 45 A P

BRICK AND TILE PRODUCTS.

Raw Materials. Most of the surface clays (see Clay) in Michi-
gan are of low grade aud of three general classes, (1) morainic
clays or drift clays, (2) lake clays, and (3) river silts. The mo-
rainic clays are usually caleareous, containing from 10 to 15 per
cent or move of lime. They also contain sand, pebbles, and bould-
ers, hence the name boulder clay. Due to their sandy or caleareous
nature, most of the clavs are adapted for making only common
brick and tile or low grade pottery. The high lime content causes
most of the clays to burn white or cream colored. In some places,
leaching has removed the lime to the depth of a few feet and clay
from this surface portion burns red.

Exposures of clay or shale beds suitable for the manufacture of
fire, vitrifiéd, and front brick, vitrified tile, fire-proofing, and other
high grade products are not abundant. Near Rockland, Ontona-
gon county, some of the lake clays belong to the slip varieties and
are used for glazing pottery. At Grand Ledge, Eaton county, Jack-
son, Jackson county, Corunna, Shiawassee county, near Bay City,
Bay county and Flushing, Genesee county, shales belonging to the
coal measures have been utilized for vitrified and front brick, vitri-
.fied tile, sewer pipe, conduits, fireproofing, etc. . For the past two
vears a project for the manufacture of front brick from Coal Meas-
ures shales has been under way at Williamston, Ingham ecounty.
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The Baker Clay Products Co., at Grand Ledge, has a modern
plant equipped with continuous kilns and have begun the manu-
facture of front brick.

Production. In 1916 the value of brick and tile products in Mich-
igan was 82,705,054, exclusive of pottery, as compared with $2,248.-
068 in 1915. This represents an increase of $456,986, or 20.3 per
cent. The quauntity of common brick increased from 277,399,000 in
1915 to 279,175,000 in 1916, a gain of .6 per cent. The value, how-
ever, increased from $1,461,188 in 1915, to $1,856,587 in 1916, an in-
crease of 27 per cent. The average price of common brick in 1916
was &6.65 as compared with $5.23 in 1915, a gain of $1.42. The
value of drain tile increased from $3035,156 in 1915 to $548,795 in
1916, a gain of $243,639 or 79.7 per cent.

The manufacture of common brick has made great development
in the vicinity of Springwells and West Detroit where extensive
beds of suitable lake clays occur. The growth of Detroit in this
direction, however, has made the land so valuable for building
sites that the brick companies are gradually being forced into other
localities.

In 1916, of a total of 279,175 common brick, 226,966 were made
in Wayne county. Drain tile is next to common brick in import-
ance with a reported value of $28,345. Sewer pipe is manufactured
on a large scale at Grand Ledge and Jackson, but there are only
two producers, hence no figures of production and value are given.
Grand Ledge is also the chief center in the state for the production
of vitrified drain tile. The manufacture of front or face brick in
Michigan is in its infancy but with two plants in operation, one at
Saginaw, Saginaw county, a new one at Grand Ledge, and another
projected at Williamston, Ingham county, the production of this
type of brick will become of considerable importance. This will

- meet a great need in the state, for a large amount of face brick is

annually imported from Ohio and bordering states.
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182 MINERAL RESOURCES OF MICHIGAN.

_CLAY.,

The clays® of Michigan are of three general classes, viz.: (1)
morainic or drift clays (2) lake clays and (3} river silts. Deposits
of kaolin or china ¢lays arve not known in Michigan and the chances
for the occurrence of commercial deposits of such clays appear to
be small.  Deposits of kaolin have been reported af \';11‘1011:\‘ places
in the Northern Peninsula, but these so far as investigated, have
proved to be white or calcareous lake clays of the slip V:H‘l'(,’ﬁ'. The
morainic clays, boulder and till clays, are always (3leca1'e()1ls: some
of them being very high in linie, especially in limestone regions. In
such regions the clays locally approach the nature of impufe marls.
The lake clays are generally less calcareous but locally, as in lime-
stone regions, they may contain a large percentage of lime. The
river silts ave the least calcareous but they are usually gritty. On
acconnt of the high content of lime, most of the clayé burntwhite.
In many beds, however, there is an upper portion relatively free
from lime which burns red, and a lower one very high 11; lime
which burns white or cream color. The absence of lime i1‘1 the upper
portion is due to leaching. In such cases, there is usually a zone
of lime balls between the leached and unleached portions. )

The morainic or drift clays contain pebbles, and boulders (hence
the name “boulder clay,”) and locally lime concretions. Screen-
ing and washing have been resorted to at some plants to separate
the clay but the extra expense is generally prohibitive except in
districts where good clays are wanting or where the clavs porssess
special burning qualities. The lake clays are conlparmzivelv free
from pebbles and coarse sand but some contain much very ﬁné grit.
These clays are generally suitable for making common brick and
tile. There are inexhaustible supplies of such clays in the eastern
portion. of the Southern Peninsula from Arenac county south to
the Ohio boundary. Large areas of lake clays also occur in Chip-
pewa and Ontonagon counties. A

The morainic or boulder clays have been developed for the manu-
facture of common brick and tile at many places in the state but
generally on a small scale. The lake clays in the vicinity of Spring-
wells and West Detroit have been developed very extensivély for
niaking common brick. With the growth of the city in this direc-
tion the land has become so valuable for building sites that the
brick industry is being gradually forced into other localities. Im-
portant developments have also been made near Paines and West
Baginaw, Saginaw county, and at numerous places in Lenawee,
Monroe, and Macomb counties.

*II. Reis, Vol. VIII, pt. I, p. 48, Clays and Shales of Michigan, Mich. Geol. Surv.
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In Ontonagon county some of the clays ave of the glip variety
and arve suitable for glazing pottery. A deposit of slip clay is also
reported near Harriette, Wexford county.

Most of the surface clays in Michigan are low grade and gener-
ally the mining of such clays is merely incidental to the manufact-
uring of common brick and tile. Nearly all of the clay sold as clay
in Michigan is slip clay. Tt is mined chiefly near Rockland, Onton-
agon county, and shipped to potteries in Ohio and other states for
glazing. The great distance of the beds from the centers of the pot-
tery industry is a serious obstacle in promoting development. In
some years, a small amount of elay is sold for medicinal purposes.

PRODUCTION OF CLAY IN MICHIGAN, 1910-1616.

[

i Slip clay. : Brick clay. Miscellaneous clay. | Total.

| ; ;
Year. | —— — s

. : . : :

Quantity. | Value. . Quantity. | Value. ! Quantity. | Value. i Quantity. | Value.
I |
Tons. Tons.

1910. . 1,363 1.424 %4 .394
1911 .. 1,744 1,764 5,272
1912, . 2,034 2,043 6,173
1913.. 1,710 1,710 6,504
1014. . 1,463 1,463 4,572
1915. 1,198 ; 3,142 5,605
1916.. 0. : 3,454 11,193
Total. .| ..covn.n. T PO PSR i $43.713

#Included in total.

POTTERY.

The pottery industry in Michigan has made almost uninter-
rupted growth since 1899 and since 1908 the growth has been rapid,
particularly in the last three years. In 1899, the total value of the
pottery output was $29,741; in 1908, $62,409; in 1910, $112,697; in
1915, $521,989; and in 1916, $792,716. The value in 1916 increased
$270,727, or 51.8 per cent. The increase was largely due to the
greatly increased output of porcelain and decorated ware and por-
celain sanitary and electrical supplies.

The products are chiefly porcelain electrical supplies, decorated
and white ware, and flower pots. Of seven firms, three, the Detroit
Flower Pot Company, and Anton Hupprich, of Detroit, and the
Tonia Pottery Company manufacture flower pots exclusively. The
Jeffery-DeWitt Co. of Detroit, manufacture a variety of porcelain
products,—sanitary ware, insulators, spark plugs, tumbling jars,
crucibles, etc. The Mt Clemens Pottery Company, Macomb
county, manufactures decorated ware and the Pontiac Clay” Pipe
Novelty Co., Oakland county, clap pipes and novelty ware.
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in products, pipes, etc., are im-

ed for the manufacture of flower pots are obtained
a

from Michigan but those for porcel
ported from other states and countries, for, no deposits of china or

have been found in Michigan.
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SAND-LIME BRICK.

The first sand-lime brick plant in the United States was started
at Michigan City. Indiana in 1901, The sandJime brick industry
was a “boom™ industry and within two years nine plants were in
operation, in the process of building, or projected. Under the er-
roneous impression that sand-lime brick, satisfactory for most pur-
poses could be made much more cheaply than ordinary clay brick,
many plants were erected all over the country without proper in-
vestigation of marketing conditions, transportation facilities, com-
petition from clay brick or of the character and supply of the raw
waterials, and methods of manufacture. The industry suffered
from the resulting failures and especially from {he generally poor
character of the produect.

The sand-lime brick industry is more adapted to regions where
good brick clays are scarce and sand abundant, but for ordinary
building purposes, sand-lime brick, where properly made, is now
successfully meeting competition from eclay brick, in the face of a
more or less general prejudice on the part of contractors against
sand-lime brick.

Fortunately in Michigan most of the early plants were started in
widely separated regions, and for from large clay working indus-
tries or were located near large cities which afforded a ready mar-
ket for a limited production. The industry therefore did not suffer
from as large a proportion of failures as in some of the other states
and has maintained a relatively steady growth.

Michigan quickly attained first rank as a producer of sand-lime
brick, which rank she has held since 1904, with the exception of one
year.

The growth has been in increased production rather than in num-
ber of plants. In 1904, ten plauts were in operation and produced
only 10,440,000 brick of all grades, valued $69,765. In 1905, twelve
plants were in operation and produced a total of 26,421,000 brick
valued at $169,302. Since 1905, the number of operating plants
has remained about the same, fluctuating between 10 and 13, but
the production and value have greatly increased. The number of
operating plants in 1916 was the same as in 1965 but the produec-
tion was 72,004,000 brick of all grades, valued at $499,711, or about
two and three-fourths times the number and nearly three times the
value in 1905. This is the maximum in the history of the industry
and represents an increase over 1915 of 52.3 per cent in quantity
and 74.1 per cent in value. The average price of common brick in
1916 was $6.92 per thousand as compared with $6.04 per thousand
in 1915,
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General conditions were evidently much improved over 1915, for
out of twelve operators, ten reported much better demand and
higher prices, one, trade conditions about the same, and one. poorer
trade. Lahor scarcity was reported by two operators.

The production of front and faney brick has fluctuated greatly.
The production of front brick increased from 580,000 in 1904, to
about 2,000,000 in 1907, then decreased the following year to about
900,000.' The maximum production of 3,255,000 was reached in
1910. Since 1911 the production of front brick has not exceeded
1.000,000 per vear. It appears that front and fancy sand-lime
brick as manufactured are not as satisfactory for outside work,
or cannot be produced as cheaply as clay front brick.

Since 1904, Michigan has held first rank among the states both
in number of operating plants and value of output, with the ex-
ception of 1906 when New York took first place. TFor a number of
years, Michigan has produced nearly twice or more than twice as
many sand-lime brick as any other state and in 1916 produced one-
thir(i of the total value for the United States. In 1916, twelve
plants were in operation in Michigan, whereas Florida and Min-
nesota, the nearest competitors, each possessed four plants. In
1916 a new plant replacing the plant of the Fairview Brick Com-
pany, of Detroit, which was burned in 1915, was put in operation
by Flood and Hall at Fairview, a suburb of Detroit. Two plants
are located at Detroit and one each at Iflint, Grand Rapids, Kala-
mazoo, Menominee, Ripley (Houghton County), Rives Junction

(Jackson County), Rochester (Oakland County), Saginaw, Sebe-
waing (Huron County), and Sibley (Wayne County).
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{ IN MICHIGAN AND UNITED STATES, 1904-1916.

x
;

ANNUAL PRODUCTION AND VALUE OF SAND-LIME BRIC

MINERAL RESOURCES OF MICHIGAN.

ERITTN

|

Rank.

»
|
| “UOLIINPOL
[
|

'S A Jo uononp
-oud B30} JO 110D 18J

Fotal value
United
States

“URSIYILIA
—1Ue0 Iad adueyy

TN O N
. [ 0l
P | [ [N

@ A2 N © NS O et IS T G v o
EX SONTD N F D6 <00 o
=5 ERSHRNDS S A S S
> o SOHNRHO OO HILDD N
—_ L WP 00 = <t ol O D O O b~
=< e e R P P T ] =]
O <
s &
i e o ER——
£ enreA | SES L
I & .
o
% ......
< | “(spuwsnoysy) o
< ‘Ajpuend oo
. NI DI OISO AL - . 10
. pygwm A=ZERERER 0B
. N B
10d ooud 98vI0AY grormocse | 1w
o QN it O F O I €O i1
R BTN E T NI <

L aupuy | AXSNE~ERS o
g = b 1 OO WO — QI = ~
= =g P = O =
Z |2
:"5 -

15 shesssEsz g
£ | £ | (spuwsnogy R %
& Lymuend e e
= AN
|

g —

] . HOCI- O i =H 00 O U O o0
5 mmﬁmm CRNCNSSHELNFISSSH a
2 . N -
| 1ed e901d 98uisAy ©© I 10D 10A D D If & D ©
= & 73

‘ FNOSOL NI O NN DL 0

RO DAL NN D o

BRXDHSE M= LS D =

e . A O 00 e 00 QIIs A 00 i st ™y

< aner L SRERESEESERS S 0

> 6 v N O 8 00 L AT &

5 4

o

= &
o
&

£ (0 i 1 O be b= OF O D EO D ER © -

5 BIRESG S HD N~ >

C | “(spuesnoy) LXNAFSINCRmOTe x

ok § O DN IG o L NGO T e =)

ALypuend AN 0100 on 23 67 I g

S;ﬂfgu“mml b <rbe s 0 © 0L Q10D :

suiry Junerado 3o CON| XL XD ©re S St

QoI — Surjaodad CNHOC =S O NN - ] :

sully suijeiodo Jo "ON frph R I o b AR .

S R

- R e =

g HIUD LIS 00 T Ol O 00 B O =

} DSOS DSBS et vt o v 4 b

s SEOEERIGT RS S ©

R e R e Rl o R B B} H

FIncluded in total.

*Estimated.

NON-METALLIC MINERALS. 189

SANDSTONE.

For many vears before the close of the last century the quarrying
of sandstone was an important industry in Michigan., There were
numerous quarries, though generally small; in Hillsdale, Jackson,
Calboun, Ionia, Eaton and Huron counties. No records, however,
were kept until near the close of the century. In 1899, the produc-
tion was valued at $178,038, the largest recorded, except in 1902,
when the value of the output was $188,073. A rapid decline, though
intermittent at first, began in 1900, and continued until 1911, when
the industry all but ceased, the value of the output being only $i2,-
985. Tor the past three years there have been only one or two pro-
ducers, lience no figures have been given.

The decline of the sandstone industry in Michigan may be as-
cribed to (1) the poor quality of much of the sandstone, (2) the
substitution of concrete in construction work and (3) the greater
use of brick and artificial stone.

Quarries formerly were operated in the sandstone of the Coal
Measures near Ionia and at other places in Ionia county, and at
Grand Ledge, Baton county; and at many places in the Marshall
sandstone in Calhoun, Hillsdale, Jackson, and Iuron counties.
Most of the sandstone in these formations upon exposure to the
weather for a few years, alters more or less uniformly or in spots
and streaks to an unsightly yellow color. This is due to the fact
that the cementing material, especially in the Marshall, contains a
considerable amount of iron carbonate, which upon exposure to
the weather is oxidized to limonite. The sandstone near Ionia,
though soft and friable is streaked and mottled with red, orange.
and yellow and makes a pleasing appearance in buildings. Some of
the stone when first quarried is reported to be so soft that great
care must be used in handling to prevent breakage. After season-
ing for some time, the stone becomes sufficiently hard to work and
strong enough for ordinary building purposes. The only quarries
operating in the Marshall at the present time are at Grindstone
City and Eagle Mills, Huron county, where the gritstones near the
base of the formation are quarried for grindstones and scythe-
stones. Some rubble and riprap are produced incidentally to the
quarrying of gritstone, at Eagle Mills by the Wallace Company of
Port Austin.

The only quarry producing sawed and rough building block is
near Jacobsville, Houghton county. Extensive quarrying opera-
tions have been carried on near Portage Entry for many years but
now the Portage Entry Redstone Co. is the only active operator.
The sandstone is known as the Jacobsville and is apparently the



180 MINERAL RESOURCES OF MICHIGAN.

equivalent of the Lake Superior or Upper Cambrian saundstone. The
“redstone” or “brownstone” of the Jacobsville is well cemented,
permanent in color and pleasing in appearance, but the great dis-
tance front mavkets is a serious obstacle to development.

Formerly much sandstone was quarried for foundations but con-
crete has largly displaced stone for such purposes because of the
cheapness of councrete and the rapidity and the ease of handling.
i'ront and fancy brick are relatively cheap and a variety of artistic
effects are possible through their use. Because of this they have
largely displaced stone as a building material, except for founda-
tions.

Artificial stone is now displacing natural stone for these, espec-
inlly for outside work.

Apparently the sandstone industry will not soon regain its
former importance.
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GRINDSTONES AND SCYTHESTONES. | PRODUCTION AND VALUE OF SAND AND CRAVEL IN MICGHTGAN. 1604-1916.
Although Michigan ranks second to Ohio in the production of : o O j ' —
. - : . 1 slass sand. | Molding sand. Building sand. i Fire sand. | Tingine sand.
grindstones and scythestones, the latter state produces about eight ! ‘ | ) | o
times as much as Michigan. The “grit” or “grindstone” occurs in | Year. auan| o - B : L
- . . . ) : uai- \ T uan- -l Quaii- Valie ~ e, Quan- | -,
the lower part of the Marshall formation in Huron county. The ; ity | vatue) Ny | Valuveo o e Value. Value | G vatue.
Wallace Company of Port Austin and the Cleveland Stone Com- | j
pany operate quarries at IZagle Mills and Grindstone City respect- 1904 i Tons. | ;"’;4 - 6 200 Tgns'ﬁ o) g30 ses | Tons
. . . . . . p Q04. 1. 167.147) 876,200 Q9,65 $30,808 ... ... .. I P
tively where the gritstone occurs in low-lying and thinly drift cov- ~ 1905, 0. 4 19,382, 13,247|  263,315] 148,065 5,000/$2,500,.. .. ... ... ..
" N . 19()53. . 600'$3,000/ 61,387| 26,108 403,199 127,937 ... ... ... F4,000 %40()
ered ledges near the shore of Lake Huron. The surface deposits 1907. .| 4,300 8,600] 54,172) 24,190| 451,646 157.1506,600] 3,000 1.534] 153
. . 1908..117,000 34,000 4,584 2,892 474,238 228,395 .. ... ... 1,091 319
are removed by stripping, and the stone is cut by channelling ma- ‘ 1909. . 165,000|79.000; 53,226/ 20.756) 1,000,419] 327,247.4.000| 2.000! 12,415 1,403
. . . . . . . 1010..16,212|25,675| 93,812| 24,004{ 1,151,588 334,336 5,000| 3,000, 1 7
chines into square blocks eight feet or more in thickness. These are 1911. . *0#T 68,878) 17,901)  833.7201 247,097 % |
. . . . . . 1912. . # * 152,433 40,145 902,556 204,115 ... ... i
split with wedges along the bedding planes into thinner slabs which 1913. . * 55| 20763 17,403 1,326,016 415,757 4,542
- - . . 1014. .(26,035/32,593| 53,400 36.583| 1,088,650 360,152 . ...
are loaded on cars by derricks, then carried to the mills for sawing 1915. . # *'| 82 666 25,008/ 843887 236, 0164 601
‘ X . . B 1916. . * *1117,200{ 31,978] 1,234,280 350,138 !
into grindstones. The grindstones vary in size from very small ones : ‘ ; ‘ ,
ST Lo ; . Totals]......|...... 1979,051($357,505(10,133,179:83 260,123 .. ... L. 0167,058]818. 265
a foot in diameter up to those seven feet in diameter with a 14-inch | \ | |
face. The broken stone is made into various grades Of'scythestones. Furnace sand. Paving sand. j Other sand.
As there are but two producers no tables of production and value Year, ' -

- o oiv [ | ; -
can bhe given. Quantity. Value. Quantity. ' Value, | Quantity. | Value.
SAND AND GRAVEL. . |

. . 5. m, 3 Tons . -
Michigan has very large sand and gravel resources. The most l ..... T
. . . . T 0,187, &
important deposits oceur in the form of ridges known as “hog- ‘[ 51005 13 iie
A . . 173,724} 2
backs” or eskers, in irregular hills, called kames, in out-wash 55 152;7} 16;§§g
. . . . ) 295,612 5 §
plains and deltas, and in old beach ridges, features resulting from 572880 57598
N . . . : 1 L $29,650 114,801, 52,
the last glacial invasion. Only a small portion of the sand and 1912, b 5 16,808 1300624 54746
‘ ‘ ) 7 19130001000 T i 533, 108,328 113,318 20,342
gravel resources have been developed. The chief developments are e SRR T T 320, 3 74,866 115,291 107,392
; ) o . LT 5o . R 14,021 111,105 12,
in the southern half of the Southern Peninsula and in the vicinity 1916. .. .. o * 154,413) 38,068 2281003 103, 72
of cities, in river channels, and along the shores of the Great Lakes Totals..... Y P 1,360,050 $287.831)............ L
. ' {
where means of transportation are favorable. Large pits are locally —
developed in building state award roads. The chief localities and Rallroad ballast. Gravel, J Total. Rank.
counties in order of importance are: Detroit and St. Clair rivers Year. Quan — -—
o s s uat- 7 antity Ty antitv r an- .
and Kent, Washtenaw, Macomb, Ingham, Livingston, Manistee, tity, | Velue. | Quantity. | Value. | Quantity. | Value. C%‘,‘t;,“ {[ Value.
Oakland, Berrien, Jackson, Kalamazoo, and Calhoun counties. ‘ Tons T . . ‘
‘ o . 3 . s, ons. ons. Tons.
In 1916 Michigan produced 4,407,475 tons of sand and gravel 1904 oo 236,803 $107,197 o
o = - : p o 1905. . f. ... 3,625 : 5 609 T 10l 1
ralued at $1,295,717. This represents a gain of 630,749 tons or 16.7 1006, 1| o 7550 B3 507.780 197,699 19 1
. . . o 1907. . fLLo ool ; 1182 1€ 89’595 | T
per cent in quantity, or 24.9 per cent in value. The chief increases 1908, . 1oL 512 a00  oi'0i) 'Sis:fol 3001565 '3 'S
. . ) . 3 q: ] : 1909. . .| ..ooollll 695 ¢ 1523| 2,219, 685 . 63 ;
in quantity were in moulding sand, building sand and gravel. 1910, L 1,})3?125? 564,841 51862708 A101907 7| g
There were but two producers of glass sand (See Glass-Sand) in 1120 1 a00 060 307 025 51650 851 8181609 o1
- . . . 1013, oo ¢ 7 14922, 528 y
1915, hence figures of production and value are not given. 1914. .| "7.565 781 g:?%jgég 2%3%2,2 g,’;ﬁ?igég %I?ﬁgjggf 8 5
: 1915, Lo U 2,457,004 671,070/ 3,776,726 1,036,739 ... .......
1916 .. ool 2,226,878  726,033| 4,407,475 1,205.717|... . " Lo
! —
Totals. .|.. oo o 15,782,042($4,298,251|31,530,812|%9,067,125] .. ... ... l AAAAAAAA
*Included under other sand. tIncluded under fire sand.
25
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GLASS SAND.

(Glass sand is extensively quarried near Rockwood, Wayne county
and near Steiner, Monroe county. The glass sand rock occurs in
the Sylvania sandstone or Middle Monroe of the Silurian. The
Sylvania underlies a belt extending west from the mouth of Detroit
river, then curving to the southwest across the southeast corner of
Wayne county and through Monroe county, leaving it near the
southwest corner. The belt is from three to five miles wide except
in the southwest corner of Monroe county where it narrows to
about one-half mile. The Sylvania is exceedingly variable in thick-
ness. In Wavyne county, along Detroit river it is from 70 to 165
feet in thickness and here as elsewhere contains horizons of sandy
dolomite. To the southwest it thins irregularly until near the Ohio
line it is about 33 feet thick.

The sandstone is exposed or is near the surface in three local-
ities, viz.: in the southwestern part of Whiteford township (T. 8
S, R. 6 E.) and in the vicinity of Steiner, Monroe county, and
Rockwood, Wayne county. In section 28 of the Whiteford town-
ship area the overburden is locally ten feet or less in depth. It is
exposed for a considerable distance in the bed of Raisin river near
Steiner in the southwest quarter of sec. 2, T. 6 8, R. 8 E. At this
place the rock is exposed® or covered by a few inches of soil on an
area of 8 to 10 acres and on an area of 60 acres the overburden is
reported to be nowhere more than two or three feet thick.

There are no natural exposures of the Sylvania in Wayne county
but east of Rockwood in section 16, in the vicinity of the pits of
the American Silica Company, the overburden is only from five to
eight feet deep. Apparently there is an area of several hundred
acres in the vicinity of Rockwood where the overburden does not
exceed twenty feet.

Typically the sandstone is a remarkably pure, sparkling, snow-
white aggregation of fine incoherent quartz grains of very uniform
size and resembling granulated sugar. Lumps of it may be readily
crumbled in the hands and when placed in water they literally fall
to pieces. At the pits of the American Silica Co. east of Rockwood,
Wayne county and of the National Silica Co. near Steiner, Monroe
county, the sandstone is washed down by a small stream of water
from a hose. At the Rockwood pit there is a stratum of hard dolo-
mitic sandstone which requires blasting. The material after being
rushed and washed is pumped into bins where it is allowed to
«drain.

Some years ago the Rockwood Silica Sand Co. drilled a well just

#\y. . Sherzer, Vol. VII, pt. 1, p. 54, Geology of Monroe County, Mich. Geol, Surv.
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east of Rockwood (SE 14 SW 14, Sec. 10) to the depth of 122 feet
penetrating 15 feet of clay, 15 feet of dolomite, and 92 feet of glass
sand rock without reaching the bottom of it. A six-inch casing was
used to rock and below this a four-inch casing, through which
steam nnder a pressure of 60 pounds per square inch was injected,
forcing out water and sand. About a car-load of sand per day was
obtained in this way.

Glass sand pits known at “Tolls Pits” were opened many years
ago near Steiner, Monroe county. These properties later were
taken over by the National Silica Co. which operated them up to
1916 when its plant was burned down. The property has been re-
cently sold to the Ford Plate Glass Co. of Toledo, Ohio. The White-
ford area is undeveloped.

Immediately beneath the drift, the sandstone is more or less
colored to a depth varying from a few inches to several feet, by iron
from percolating surface waters. Elsewhere the sandstone is rve-
markably tree from iron. In the pit of the American Silica Co. at
Rockwood, there are numerous masses of celestite, or strontium
sulphate, and native sulphur. The masses appear to be most num-
erous near the horizon of dolomitic sandstone. Washing removes
practically all of the small amount of dolomitic cement in the in-
coherent sandstone, and most of it from the dolomitic sandstone.
The sand as marketed is said to average over 99 per cent silica and
is adapted for making the highest grades of glass.

The following analyses are of the crude unwashed sand from the
pits of the National Silica Co. at Steiner, Monroe county, and of
the washed product from the pit of the American Silica Co. at Rock-
wood, Wayne county.

ANALYSIS OF GLASS SAND.

Crude *Washed

Percent. Percent.

Silica v ovvviiie e 96.50 99.70

Calcium carbonate ............. 1.50 0.08

Magnesium carbonate ........... 1.04 0.22
Iron oxide ................. e 0.00

Surphuric acid loss and undeter-

mined ......... i, 0.76
Loss on ignition ................ 0.20

A large amount of glass sand is produced from these pits and sold
to plate glass factories in Michigan, Ohio, and other states. The
washed sludge containing the fine grit is used for the ignition sur-

*Analyst Dr. J. E. Clark, Detroit.
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face on match boxes. Since there are but two producers, no fignres
of production can be given, the output being included in the state
totals of sand and gravel.

NATURAL GAS.

In Michigan natural gas® is obtained both from the drift and from
the underlying bed vocks. The supply in Macomb and Oakland
counties is entirely from the drift, but in St. Clair county it is
chiefly from the oil wells (See Petroleum), where it occurs in asso-
ciation with the oil. Gas also occurs in considerable quantities in
the drift around Portage Lake, Manistee county, and in Alcona and
Montmorency counties.

The surface gas is most abundant in the belts underlain by the
bituminous and petroliferous Devonian formations and presumably
is the result of leakage from these formations. At many places in
these belts, gas is given off in springs and shallow wells, sufficient
in some cases to be lighted. Many explorations have been made
upon the basis of such evidence but no gas of commercial importance
was found in any of the borings. In general such signs ave of little
significance in Michigan, particularly as they are most frequent
along the line of exposures of the oil and gas bearing formations,
therefore are in the zone of leakage, rather than accumulation.

The gas generally occurs in small volume and under low pressure,
the pressure generally varying from a few pounds to forty pounds or
more. Most of the wells yield gas sufficient only for the needs of a
tamily or two. Generally they last for a number of years but some
of them “play out” in a few days or weeks. In Oakland and Ma-
comb counties, 25 or 30 drift gas wells are or have been utilized by
farmers for heating and lighting purposes. According to the re-
ports of the owners many of the wells have been declining rapidly
in pressure and volume during the past three years.

Many artesian wells around Portage Lake, Manistee county, yield
some gas. In 1913 gas was struck in a well in drift west of Onek-
ama near the shore of the lake. The gas was under a pressure of
about 190 pounds per square.inch. At last reports, the gas from
only a few of the wells has been utilized. Small drift gas wells
also occur and are utilized to a limited extent in Benzie, Monroe,
and Washtenaw counties.

At Port Huron, some of the May and Gillette oil wells about two
miles west of Port Huron are reported to yield from 20,000 to 40,000
cubic feet per day, when allowed to flow freely. The gas pressure is
said to vary from 125 to over 250 pounds per square inch. In 1915,

*Pub. 14, Geol. Ser. 11, Occurrence of Oil and Gas in Michigan, 1912.

NON-METALLIC MINERALS. 167

a project was under way for utilizing the excess gas for lighting a
small suburb of Port Huron, but apparently nothing came of it. Sev-
eral other wells drilled for oil in various parts of the city yield suf-
ficient gas to be utilized for domestic and industrial purposes.

At Mt. Clemens, some of the wellg, from which the mineral water
for the bathing establishments is obtained, also yield gas nearly suf-
ficient for heating the boilers used for pumping.

The total production of natural gas in the state however, is rela-
tively insignificant, the average value for the past six years being
less than $1,500 annually.

PRODUCTION OF NATURAL GAS IN MICHIGAN, 1911-1916.

Domestic. Industrial. Qther. Total.
. No. of ¢
Year. BTO- - i
ducers. | v e |
i Qt‘;%n" Value. (%th;n- Value. Qtlllt‘;n Value, Qtllzt‘l;l ‘ Value.
| K
M. cu. ft. M. cu. ft. M. cu. ft. M. cu. ft.
22 1 930 1,730 , $1,330
17 . 900 | 1,470

—
S
(=1
O

1,805 | ;
21412 | 1,442
2,060 | 1,510
1,298 948

PETROLEUM.

0il* has been found in small quantities at many places in Michi-
gan, notably at Port Huron, Allegan, and Saginaw. At Port Huronfy
there are two principal groups of productive wells and several scat-
tered wells. All of the wells are very small, the average yield per
day probably being about one-half barrel. Some of the wells when
first drilled are said to have yielded as much as seven barrels per
day, but the production gradually fell oft to less than a barrel.
Most of the wells yield gas and some of them, considerable quan-
tities. Their shallow depth, 500 to 600 feet, and the presence of
sufficient gas for motive power in pumping the wells and drilling
new ones, make possible profitable operation. The G. B. Stock
Xylite Grease and Oil Company operates a group of eighteen wells
and uses the oil in the manufacture of lubricants for which it is
adapted. A group of eleven wells has been drilled on the Henry
May and Lawrence Gillette farms near the “Oxbow” bend of Black

=pub. 14, Geol. Ser. 11, Occurrence in Oil and Gas in Michigan, 1912,
$8ee¢ Publication 19, Geol. Ser. 16, Mineral Resources of Michigan for 1914 for a
more comuvlete discussion of the Port Iluron fleld.
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River about two miles west of North Port Huron. Drilling is now
(June, 1917) in progress on the Henry May farm. The average
vield of oil from these wells, when pumped, is said to be similar
to that of the Stock wells. Tt is probable that a few more small
wells will be sufficient to make the operation of this group profit-
able, especially as some of the wells yield significant quantities of
gas, more than sufficient to furnish power for operating the wells
and drilling new ones.

There was but one operator reporting a production in 1916,
hence figures of production and value are omitted.

MINERAL, AND SPRING WATERS.
There has been a persistent decline of the mineral water indus-
try in Michigan since 1902, though the amount and value of min-
eral and spring waters produced in Michigan fluctuate greatly
from year to year.
PRODUCTION AND VALUE OF MINERAL WATERS IN MICHIGAN, 1800-1916.

i

Rank. 20 Total. F
= P et | Average
Year. %9, M(;flu inal. Iva.xlj price
—z Value. Value. per gal
Quan-| v ce Quantity. 7, s
tity. Value. < 5 CGals, ‘ Value.

Z :
1900. .. .. 6 4 28 3,398,906 $411,935 1. e , $0.121
1901.. ... 2 1 28 7,019,168 1,195,614 ... .o oo { 0.170
1902, . ... 1 9 28 8,653,690 275,763 ... ... 0.032
1903.. ... 1 9 19 6,919,107 200,668 ;.......... 0.020
1904..... 7 13 19 3,385,675 118,422 (... . ... 0.035
1905. .. .. 4 4 17 2,684,800 277,188 | $38,900 0.100
1906. .. .. 13 23 19 902,528 73,857 | ... .. 0.081
1907. .. .. 8 15 19 1,472,679 127,133 35,001 0.086
1908. . ... 8 16 24 2,004,433 88,910 5,995 0.044
1909. . ... 5 16 19 2,760,604 . 104,454 6,009 ! 0.035
1910..... 9 17 17 1,454,020 69,538 100 { 0.048
1911..... 11 24 23 1,713,401 72,253 12,156 | 0.042
1912, .. .. 12 19 17 1,420,465 75,611 et 0.053
1913.. ... 17 24 20 884,893 52,642 3,605 0.059
1914. . 16 20 22 931,343 70,310 12,252 0.075
1915. ..., 16 18 19 913,765 72,711 5,165 0.080
1016, . . v v ] e 18 996,875 108,867 |.......... BN 0.109
o o : |

Total...f. ... fooo oo 47,516,442 © $3,397,376 i $114,140 | $8980,610 £0.00

The principal factors affecting the production are (1) general
business conditions, (2) local conditions affecting municipal sup-
plies. The largest decreases in production in Michigan oecurred
in the general business depressions of 1906, and 1907, and of 1914.
The municipal water supplies in certain cities are unsafe or unpal-
atable and consequently a thriving business of vending spring
waters has grown up in these cities. During the past few years,
the quality of the supplies in some of these cities has been greatly
improved through the installation of filtration plants or the devel-
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opment of new sources. " The production in 1902 was 8,653,690 gal-
lons valued at $275,763. 1In 1916 only 996,875 gallons, valued at
$108,867, were produced, as compared with 913,765 gallons valued
at $72,711 in 1915. This was a gain of 83,110 gallons and $36,156
or .091 per cent in gquantity and 50 per cent in value. The large
gain in value was due chiefly to the larger average price which was
10.9 cents per gallon as compared with 8 cents in 1915.

MARBLE.

The Kona dolomite in the Marquette iron bearing district, the
Randville dolomite in the Menominee and Crystal TPalls districts
locally tave been more or less completely metamorphosed into dolo-
mitic marble. The marble varies in texture from coarse to fine,
and in color from white to various tones of pink, blue, green, and
brown. The marble generally contains so much interbedded im-
purities such as slate and quartzite, or grades into these rocks,
that few of the deposits offer commercial possibilities. Attempts
have been made to quarry the marble in several places, but accord-
ing to reports the large amount of waste made operations unprofit-
able. An old marble quarry in Sec. 26 T. 42 N., R. 28 W., Dickin-
son county, is now operated for the manufacture of whiting and
paint filler.

Verde Antique Marble. A belt of altered peridotitic rocks about
414 miles in length occurs northwest of Ishpeming, Marquette
county. These rocks have been altered largely to serpentine and
dolomite, or so-called verde antique marble. In some places the
rock is almost wholly dolomite but generally it is a dolomitic ser-
pentine, the dolomite investing the rock by an intricate system of
veins and stringers of dolomite. The serpentine varies from light
to dark green with tones of olive, but the dolomite is generally
white. The rock takes a high polish and the intricate veining pro-
duces very beautiful effects. Polished slabs exhibited in the office
of the Survey indicate that the stone, locally at least, is equal or
superior to much of the verde antique now on the market.

For the past two years the Michigan Verde Antigue Marble Co.
of Ishpeming has been opening a quarry about five miles north-
west of the city in section 30, T. 48 N., R. 27 W, and began limited
shipments early in 1917. 'The marble was hauled in winter on sleds
to the railroad, pending the building of a railroad spur. The Mar-
quette Green Marble Co. made an attempt to open a quarry east of
the old Michigan gold mine but become financially involved and
spspended operations in the summer of 1917.

Apparently there is a large amount of easily available verde an-
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tigue marble in ihe belt, and with careful development, the marble
industry in this distriet probably will become of considerable or
even large importance.

SITALE.

Shale is quarried near Coldwater, Branch county, at Paxton,
Alpena county, one mile south of Illsworth, Antrim county, and at
Bellevue, Eaton county for use in the manufacture of Portland ce-
ment; at Grand Ledge, Iaton county, for vitrified sewer-pipe, tile
and conduit and front brick; six miles north of Jackson near the
mouth of Portage River, Jackson county, for vitrified sewer-pipe
and tile; at Flushing, Genesee county, and near Corunna, Shia-
wassee county, for vitrified brick.

The Michigan Vitrified Brick Company of Bay City formerly
mined shale from an abandoned coal mine for the manufacture of
vitrified brick but this company ceased operating in 1916.

For the past two vears a project has been under way to develop
shale beds at Williamston for the manufacture of front brick. Al-
though a large area of shale land was explored and burning tests
were made of the shale, the project has not materialized.

The shale beds at Grand Ledge, Jackson, I'lushing and Corunna
belong to the Coal Measures. The beds vary from soft white, or
light gray eclay shale to compact, dark or black bituminous shale.
Probably further tests will show that some of the beds are suitable
for other products than those now made. The beds at Paxton belong
to the lower portion of the Antrim formation of the Upper Devon-
jan. The extent of {he easily quarryable shale near Paxton is un-
known but propably exploration would reveal the presence of a
number of quarryable areas. Most of the shale exposed is dark
brown and very bitumineous but locally there are streaks of bluish
to greenish gray shale and huge balls of iron carbonate and dolo-
mite. The shale heds at Ellsworth belong to the upper part of the
Antrim and are Jargely of soft blue gritless shale, with a few thin
dark bituminous beds. The extent of the easily quarryable areas is
uncertain but apparently Iarge. Tests probably will show that this
shale is suitable for a variety of purposes. Other exposures of the
Auntrim shale oceur in Charlevoix, Cheboygan, and Alpena coun-
ties, notably along the shore of Lake Michigan at Norwood, Charle-
voix county.

Iixcellent exposures of shale belonging to the Coldwater forma-
tion occur at Richmondville, Sanilac county, and along the shore
of Lake Huron from Forestville in the same county to Whiterock,
Huron county. The Coldwater shale is also exposed or is at shal-
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low depth in a number of places in the vicinity of Coldwater, Union
City, Quiney, and Bronson, Branch county, but it is utilized only
at Coldwater.

Lxposures of the Bell shale, the base of the Traverse formation,

oceur mnear Bell, Presque Isle county. At Rockport, Alpena
county, it forms the floor of the quarry of the Great Lakes Stone

& Lime Company. The shale is soft, bluish, and generally highly

calcareous. Probably most of it will be found suitable for use in

the manufacture of Portland cement. At Charlevoix, a bed of shale
about 10 feet thick occurring in the upper Traverse limestones,
forms the floor of the quarry of the Charlevoix Rock Products Com-
pany. This shale is reported to have been tested and found suit-
able for the manufacture of vitrified products.

Unfortunately most of the deposits of good shale occur in the
northern part of the Southern Peninsula, far from large markets,
or at some distance from means of cheap transportation.

SLATE.*

Extensive deposits of black slate suitable for roofing occur in
Baraga county chiefly on the northwest side of Huron Mountains in
the vicinity of Huron Bay. From 1875 to 1878 and 1883 to 1888 slate
was quarried in a number of quarries at Arvon. All of the attempts
to develop the slate industry in the state failed chiefly because of
the poor methods of quarrying, though many natural difficulties
were important contributing factors. The slate at Arvon is of fine
texture, pleasing black color, and uniform quality and compares
favorably with the product from eastern quarries.

TRAP ROCK.

There are inexhaustible resources of trap rock in the western
half of the Northern Peninsula, chiefly in the iron and copper bear-
ing districts. Trap rock is guarried at Marquette and Negaunee,
Marquette county. Large quantities of amygdaloidal trap are pro-
duced incidentally to the mining of copper. The trap rock from
Marquette county is harder, tougher, and less altered than that
from the copper mines. The inferior wearing qualities of the amyg-
daloidal trap, however, is partially compensated by superior ce-
menting power. : ’

Most of the quarry product is crushed for road material and con-
crete. In some years, a small amount has been sold for rip-rap.
The great distance from markets is a serious obstacle to the de-
velopment of the trap rock industry of the state.

#For & more complete report see Pub. 16, Min, Res. of Mich. for 1913, pp. 92-95,
Mich. Geol. & Biol. Surv.
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PRODUCTION AND VALUE OF TRAP ROCK IN MICHIGAN, 1911-1916.

! Crushed stone.
- No. of . Riprap. | Tot: :
Year. producers, Road making. Concrete. Ru%‘t?l%. Total Rank.
Value. Value, Value.
Quantity. | Value. | Quantity. | Value.
Tons. Teons.
1911... :
1ol '} 21_ 251,000 8
e 5 ,805 [$18,366 35¢ 9,340 58,5 36,206 8
1913 5| 24.920 |"23.369 # # * | 82201 10
].{)1_.“ 5 ?;),690 24,§63 4,448 4,771 |, ... .:51’4-06 12
1018. .. 6 ‘28 ,262 | 29,764 ¢ 18,775 | 22,047 * 105'515% 12
Y R 38793 | 37,475 9,601 | 90,715 |........ boUg3l072 ... N
Total...|.......... 138,870 [$133,837
| BT i e $402.,440 |........

*Included in total.

GRAPHITE.

Graphite slate occurs southeast of I’Anse, Baraga county. Quar-
1-ies' have been opened about 9 miles southeast of L’Anse bvb the De-
troit Graphite Company, Detroit, and by the Northern bGraphite
Company of I’Anse. The graphite material is ground for paint.

':Ehe quam“*ies are operated only intermittently, enough material
being taken out in one year to supply the needs of the companies
for a number of years. The Detroit Graphite Company was the
only operator in 1916. )

. MINERAT PAINTS.

.Certain iron ores were formerly mined in Iron county by the
Pickands Mather Company of Cleveland, Ohio, for the mm;ufzfcture
of' paint. Last year operations ceased and the only manufacture of
mineral paints from the crude material are the Defroit Graphite
Company and the Acme White Lead & Color Works, Deivoit. The
former (See Graphite) utilizes graphitic slate for the manufacture
of graphite paint. The latter manufactures a large amount and a
great variety of mineral paints. The two above are the only pro-
ducers, hence figures of production and value cannot be given.

QUARTZ.

.V.'ein quartz is mined near Ishpeming by the Michigan Quartz
Silica Company of Milwaukee and ground chiefly for wood filler
and paint. Some of the product is used in the manufacture of
scouring polishes. According to an analysis submitted by the com-
pany the quartz rock is practically pure silica, there being only a
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trace of impurities. The mills are located at Ishpeming, Michigan,

and Milwaukee, Wisconsin.
There is but one producer of quartz hence figures are not given.

FELDSPAR.

Deposits of potash teldspar arve reported to occur about one-
guarter mile from Republic and in section 22, T. 47 N, R. 29 W,
Marquette county. Pegmatitic granite occurs in sections 7 and 18,
T. 46 N, R. 41 W, Gogebic county and a pegmatitic dike is exposed
near the south quarter corner of section 8.

According to the reports of the Commissioner of Mineral Statis-
tics of Michigan for 1902 and 1903, the Republic deposit is of red
potash feldspar. A carload of spar from this deposit was shipped
to East Liverpool, Ohio, for use in the manufacture of porcelain.
An analysis made of this by an Ohio chemist, is as follows:

Per cent Per cent
Silica (8i0,) «vovevvrevns 65.25 Magnesia (MgO) ....... 0.23
Alumina ALO; ......... 18.60 Sodium oxide .......... 1.99
Iron Oxide Fe,O5....... 0.40 Potassium oxide ........ 13.40
Lime CaCO ............ 0.38

According to the chemist there is but little free quartz present
in the sample. An attempt was made to develop the property in
section 22, T. 47 N., R. 29 W, but apparently without success.

The pegmatite dike in section 8, T. 46 N, R. 41 W. is very coarse,
the crystals of orthoclase attaining a maximum of 14 inches in
length. The exposure is very small, being a rock knob 20 to 25
paces across and 15 to 90 feet high. More or less exploration would
be required to determine the extent of the dike. It is probable
that other dikes exist in this and other localities.

CELESTITE.

Celestite or strontium sulphate (8r80,) occurs in various strata
of the Monroe formation in southeastern Michigan. Near Maybee,
Monroe county it is found as scattered masses associated with na-
tive sulphur in the lower part of the Upper Monroe. At Rock-
wood, Wayne county, it exists similarly in the Sylvania sandstone.
Near Gibralter it occurs as disseminated crystals in the Upper
Monroe dolomites. In the glass sand quarry of the American
Silica Co., Rockwood, the masses are very numercus in places and
some of them are very large. The commercial possibilities of the
recovery of the celestite in connection with the quarrying of the
glass sand is now being investigated. The masses are imbedded in
the friable sandstone and can be readily separated from it.
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SUMMARY TABLE OF THE PRODUCTION AND VALTE OF

Mineral Products. —

1912

1913

Quantity. |

Value. i Quantity. Value.

Briek and tile products, number of
brick. .. .. .0 o .

281,741,000

82,350,606 (282,664,000 '

|

$2,451,242

. |
%iéﬁgiss,ndflmze. number of brick... .| 49,292,000 4 316,732 | 50,065,000 321,245
Caleium chiloride. LT 8; | 8; o &
Cement, Portland: bbls. made, value ] @ @
(‘ﬁimte:)lﬁfhumgd .................. 3,65%,094 i 3,145,001 ‘ 4,081,281 4,228,879
Hay, tons. LTI 1043 | 6,173 | 1,710 78 504
é;ga)l),()troriiq ...................... 1,?06,230 J ,399,451 ‘ 1,231,788 27455:2)27
: ” ", ........................ 218,138,408 | 35,692,837 183,853,400 | 28,442,806
Glasssand. .............. .. .. ... i {e) ; ’ (e
Graphite... ... SRR ; @y ool «©
Grindstones, ton R [ @y T
GanlJlgr‘fleH; and gypsum products, tons | ] """""""" ! @
, Ao 334,207 621,547 423,896 | 7
*Iron ore, long tons. .. ............. 12,649,29 2 16 71466 | RLH
Ir(i)po,npéﬁi;plog{i: tons made; value pig 049,296 | 79,003,163 | 12,677,466 i 31,947,214
. ped......... ... ... 000 459,975 1(1)6,579,048 447,188 . (b)6,5
Lime, tons made. ... ... .. .. 7 ’ i X (016,268,920
Lil_nestone.....,...,,...‘..::::::: 74,/20" 3‘ g 77’088} 331”%02
Mineral paints. .. ... . 0 [ 0TI Ty 1408 Y‘IOS
l\/I:r(l)igal and spring waters, gallons | . 7 rrrorreere , @
sold
‘ RPN I 884,893 52,642
J‘;Iparrrué{g‘lng,nm \I .011. fto.o.o.o.. 900 1,47 1,805 1 ,405
Pottery..... .. ]04-(?3)‘)2 """"""""" | @
Srecig)us stones. | IR D 222,883
RO SLOBES. . [
tRalt, bbis. ... ...l 10,946,739 j Goo "1 538 800 ; @
5 ) S P L€ , 739 1 2,974,429 | 11,528,800 3,293,032
:::Egs(txggeg,rm el,tons. .. ......... .. 2,681,821 | 812,205 6,424,168 : 1,529,142
Sandstone.. . .. R O i 16,438 .. 0 .. 0. .., 19,224
;}}}zgrfoirﬁe oz. Troy. ... ... B 528,453 | 824,999 | 295,173 178:%%1
l\rliscellane'dﬁéf e I R ’ ,-?6’206 ............. _92,201
.................... ‘ ()22,1415,“.“....“! 540,626
Y [ : 7:‘
Total. ... , ............ f$79,931 757 % ........... | $77,860,192

*Figures from Iron Trade Review.

tExclusive of bromine and calcium chloride.

(a)Included under miscellaneous.

(b)Ixcluded from total, covered by iron ore.

(cXEstimated.
(d)Copper sales.
(e)Included under sand and gravel.
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1914 1915 1916
Quantity, Value. v Quantity. Value. Quantity. Value,
278,384,000 ;| $2,434,872 281,819,000 $2,248,068 288,391,000 ; $2,705,054
42,465,000 255,784 47,285,000 286,048 72,004,000 | 499,711
(a) (a) 600,325 494 271 ... cee {a)
(a} (a) 10,558 74,670 |....... .. .. | (a)
4,218,429 4,064,781 4,765,294 4,454,608 4,919,023 6,017,911
1,463 4,572 3,142 5,605 3,454 11,153
1,231,786 2,559,786 1,156,138 | (¢) 2,139,506 1,076,215 | 2,695,557
158,009,748 | 21,426,122 238,956,410 | (d)41,775,296 339,509,198 | 61,831,805
............. (e) (e) (e)
....................................... (a) (a)
............. (a) (a) (a)
393,006 705,841 389,791 686,309 1,066,599
8,835,274 | 18,965,058 13,151,612 26,574,168 45,884,330
379,619 [(b)5,229,948 | (b) 486,106 6,624,559 505,646 8,851,361
66,507 287,048 81,359 49,979 86,447 385,341
.. . 1,457,061 1,828,766 |.............. 2,380,763
......... (a) a) (a)
931,343 70.310 913,765 72,711 996,875 108,867
2,442 1,442 2,060 1,510 1,298 048
............. (@) |oevunnnnnnnn (a) (a)
............. 265,194 .. ... ... 521,989 |.............. 792,716
............. (a) (a) a)
............. (a) (a) (a)
11,670,976 3,299,005 12,588,788 4,304,731 14,018,278 4,612,567
3,647,790 1,118,978 3,776,726 1,036,739 4,407,475 1,295,717
............. a) a a
413,500 228,665 585,033 207,068 |......... ... 247,485
............. 24,406 |.... ... ... 105,855 |, ... 83,072
............. 565,147 | ..o L 119,905 [........ ... 971,263

$57,641,013

$94,003,349

$140,446,220
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