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LETTER OF TRANSMITTAL.

To the Honorable, the Board of Geological and
Biological Survey of the State of Michigan:

Gov. Albert E. Sleeper.
Hon. Thomas W. Nadal.
Hon. Fred L. Keeler.

Gentlemen:—Under authority of act number seven,
Public Acts of Michigan, Session of 1911, | have the
honor to present herewith Publication 24, Geological
Series 20, the sixth of a series of annual statements of
the production and value of the mineral products of
Michigan.

Very respectfully,
R. C. ALLEN,
Director.

PART I. METALLIC MINERALS.

THE MICHIGAN COPPER INDUSTRY IN
1916.

WALTER E. HOPPER.

GENERAL REVIEW.

Michigan copper mines made a record production for the
district during 1916. According to the U. S. Geological
Survey, the total production of copper in Michigan in
1916 was 273,692,525 pounds, valued at $67,328,361,
and that of silver was 716,640 fine ounces, valued at
$471,549, a combined value of $67,799,910. This is an
increase of $21,078,251, or 45 per cent, over the value
of the output in 1915.

The average price of copper per pound for 1916 was

$0.246, compared with $0.175 in 1915. The average
price of silver for 1916 was $0.658 per fine ounce; for
1915 it was $0.507. The average value per ton of ore
treated was $5.34, compared with $3.76 in 1915.
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The smelter production, or the output of refined copper,
in 1916 was 269,794,531 pounds, which represents an
increase of 30,838,121 pounds over the smelter
production for 1915.

In 1916 the amount of ore milled was 12,364,114 short
tons, which yielded 420,551,291 pounds of concentrates
and 268,279,876 pounds of copper. In 1915 the amount
milled was 12,334,700 short tons, which yielded
400,178,132 pounds of concentrate and 265,283,378
pounds of copper. The average recovery of refined
copper per ton of ore milled in 1916 was 21.7 pounds,
compared with 21.5 pounds in 1915.

The year 1916 was one of unusual profits for the
Michigan copper companies. A total of $28,840,348.59
was paid in dividends by 15 companies. This amount
compares with $15,189,653 paid by 10 companies in
1915. Practically all the producing mines made an
increased production, and with the high price received
for copper sold, incomes from mining operations were
exceptionally large. A number of the developing
companies were able to increase operations, and two or
three of the companies paid off all debts and ended the
year with a balance of assets.

Production was forced to the maximum, and 1916 shows
the largest production in the history of the district.
Severe winter storms in the early part of the year, and
consequent transportation trouble, affected the year's
production, especially at the Ahmeek, Allouez,
Centennial, LaSalle, Osceola, Mohawk and Wolverine.
The principal factor which affected adversely the year's
production at all mines was the general scarcity of labor
throughout the district. This condition was somewhat
improved during the latter part of the year.

Wages during 1916 were the highest in the history of the
district. At the Calumet & Hecla and subsidiary
companies the 10 per cent premium for the first six
months of the year, announced on December 31, 1915,
was continued throughout 1916, together with an
additional payment of 25 cents per day for each day
worked from July 1 to December 31, if the person was in
the employ of the company on the latter date. On
December 13 notices were posted announcing that the
10 per cent premium would be continued until July 1,
1917 and that from January 1 to July 1, 1917 a 50 cent
bonus for each day worked would be paid employees on
regular pay days. At the Quincy wages were advanced
seven and one-half per cent: March 1, making a total of
15 per cent above normal, and from July 1 an additional
bonus of 25 cents per day was given the men. This
bonus was advanced to 50 cents per day January 1,
1917. All the companies found it necessary to increase
wages from 10 to 20 per cent, and at practically all
mines a bonus of 50 cents a shift will be paid beginning
January 1, 1917.

Curtailed operations, due to shortage of labor and
storms, the advanced cost in materials and supplies, and
the increased wages in all departments increased the
costs over the year 1915. Extraordinary advance in

ocean freight rates and marine and war risk insurance
during 1916 also increased the total cost considerably in
a few cases.

The most important metallurgical development during
the year was the successful inauguration of the
ammonia leaching process at the Calumet & Hecla mill.
This process was developed from the bottle stage in the
laboratory to the present 2,000 ton plant in four years'
time, entirely by C. & H. engineers. The present plant
has been a commercial and metallurgical success from
the beginning.

In connection with the leaching of sands, experiments
were conducted by the Calumet & Hecla and by the
Michigan College of Mines on the flotation of copper in
the slimes, with encouraging results. Minerals
Separation machines of 50-ton capacity have been
installed at the Calumet & Hecla and White Pine mills.

At the close of the year production was limited only by
stamping facilities. Every mill in the district except the
Adventure was operating and almost all at full capacity.

CONSTRUCTION WORK.

Notwithstanding the shortage of labor, increased cost of
material, and higher wages, considerable construction
work was done throughout the district in 1916.

The total, cost per pound for construction at the Calumet
& Hecla was 0.60 cents. At the Isle Royale out of a total
cost per pound of 15.75 cents the construction cost was
0.71 cents. Ahmeek expended $320,833.77 for
construction and the Copper Range $337,371.91, about
twice the amount spent in 1915. Mass spent $94,556.03
for new construction, Victoria $59,802.95, White Pine
Extension $43,938.84, South Lake $37,125.24, Mohawk
$34,924.26, Keweenaw $26,842.89, New Arcadian
$25,007.86, Quincy, $24,080.52, Allouez $22,321.35,
Winona $20,278.71, White Pine $17,592.97 and Franklin
$15,053.47. All this work was for improvements at
mines and mills towards increased production and for
the betterment of the employees. A number of the
companies in the development stage expended
considerable money for machinery and equipment which
will enable them to carry on more extended development
and exploration work.

EXPLORATION AND DEVELOPMENT WORK,

The producing mines confined all efforts to forcing
production to its maximum, and there was little
opportunity for extended exploration of new territory.

Practically all of the companies in the development stage
continued diamond drill and underground exploration
with encouraging results. During the year Wyandot and
Keweenaw made mill tests of ore taken out during
development work.

The Copper Range began a diamond drill exploration on
lands south, of the company's operating mines.
Mayflower and Old Colony discontinued their diamond
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drilling and will form a consolidated company to sink a
shaft to develop the mineralized ground disclosed by the
drilling.

The most extensive exploration work was carried on in
Ontonagon county. Several new companies conducted
diamond drill explorations, and in other cases old mines
were unwatered and explored.

The Adventure mine was reopened in May and
unwatered down to the seventh level. Mining operations
were started in November, and production gradually
increased to about 300 tons per day.

The Michigan continued exploration and development
work, begun in the summer of 1915, and the results of
the year's underground work were exceedingly
encouraging.

At the White Pine Extension, a new company organized
in the summer of 1915, the shaft was sunk to a depth of
242 feet, and drifts and crosscuts were driven to explore
the copper-bearing Nonesuch beds. A 100-ton
experimental mill will probably be built in the summer of
1917.

Southwest of the White Pine Extension, the Porcupine
Exploration Company, organized early in the year,
carried on a diamond drill exploration along the
extension of the Nonesuch formation to the southwest.
About 16 holes were drilled, and although some good
values were found, the company unfortunately did not
consider the showing sufficient to warrant the
continuation of the exploration.

Onondaga continued diamond drilling until the summer
of 1916, when work was discontinued to await other
developments in that section of the district.

In May, 1915, the Algonac Mineral Development
Company began a diamond drill exploration of lands
between the White Pine Extension and the Nonesuch. A
total of 52 drill holes was put down to explore the
Nonesuch formation. The results of this work were very
satisfactory, and work was discontinued in July, 1916.

In June, 1916, the Cass Copper Company was
organized by a group of Copper Country men and
purchased 1,980 acres of land in the vicinity of the old
Norwich mine. The company holds under option 2,680
additional acres. Diamond drilling was started, and
results to date are sufficiently encouraging to warrant the
continuation of the exploration.

In the summer of 1916 Mr. E. F. Looney, of Houghton,
issued a report on the old Carp Lake mine and offered at
private subscription at $3.00 per share a limited number
of pre-organization syndicate shares. The property
consists of 1,610 acres on Lake Superior about 22 miles
west of Ontonagon. The mine is one of the oldest in the
Michigan district, and former operations consisted of the
exploration of a copper-bearing sandstone. During 1916
the mine was unwatered and some exploration work
done.

About the first of November work of pumping out the old
Flint Steel mine was started. One of the old shafts will
be used to thoroughly explore the Butler lode. The
property lies between the Mass and the Michigan mines.

In the spring of the year the Tremont & Devon Mining
Company began preparations to clean out the old adits
and pits on its property, which adjoins the Victoria to the
west. Diamond drill exploration was started to explore
the Devon and Forest lodes.

About the middle of October it was reported that supplies
were being shipped into Ontonagon county, preparatory
to undertaking exploration work at the old Waukulla
property. A few weeks later it was announced that W. J.
Landon of Winona, Minnesota, owner of the Waukulla
property, was planning a thorough geological
examination and exploration, based on explorations
already conducted. The Waukulla property consists of
480 acres northeast of Lake Gogebic in sections 19 and
20, 49-42, in Ontonagon county. Some exploration was
done in the latter seventies.

Another extensive exploration project in Ontonagon
county was started the latter part of October, 1916. The
E. J. Longyear Company began diamond drilling in the
Iron Elver Silver district north of the White Pine. The
work was undertaken for E. F. Anderson of Wausau,
Wisconsin, and associates, who hold options on several
thousand acres of land in townships 51-41 and 51-42.
These lands were systematically drilled to determine
whether the sandstone and shale contain copper or
silver in sufficient quantity to mine at a profit. Through
the courtesy of E. J. Longyear Company we are able to
print the following report on the results of these
explorations.

RESULTS OF DRILLING IN THE NONESUCH
FORMATION BETWEEN THE WHITE PINE MINE AND
LAKE SUPERIOR.

BY CLYDE S. LONGYEAR.
Introduction.

This summary covers the exploration work done by E. J.
Long-year Company during the winter of 1916-17 in
Township 51, ranges 41 and 42, on the Nonesuch
Formation between the White Pine Mine and Lake
Superior, about 15 miles west of Ontonagon, Michigan.

Drilling was started in the middle of November, 1916,
since when 17 holes have been drilled, varying in depth
from 38 to 592 feet. All these holes were vertical holes,
and all were drilled in the Nonesuch Formation, with the
exception of two which encountered the red sandstone
foot-wall.

The Nonesuch Formation.

The formations are relatively flat in this district, the dip
averaging from 12 to 15° to the East. The Nonesuch
Formation belongs to the Upper Keweenawan series,
and is overlain by the Freda sandstone, a fine-grained,
reddish sandstone. The upper 200 to 300 feet of the
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Nonesuch consists of banded brown and grey shales,
grading occasionally into thin beds of brown or grey grit.
Below this member is the upper grit, a coarse-grained
grey grit, from 40 to 50 feet in thickness. Underlying this
upper grit is 50 to 200 feet of grey shales, mostly very
flue-grained. This is underlain by 15 to 30 feet of
calcareous banded shale which is fairly coarse and is
almost a grit in some places. This banded shale is very
easily recognized and serves as a "marker," showing
that the mineralized lodes are within 40 to 50 feet.

Below this "marker" is a grey grit known as the Lower
Grit, about 20 feet thick, and very similar in appearance
to the Upper Grit. The No. 1 shale lies immediately
below this, from 5 to 14 feet thick. The mineralization
occurs within the bottom 5 or 6 feet of this shale, and
extends for a distance of one or two inches into the No.
1 sandstone, or first lode. This sandstone has averaged
about three and one half feet, and has varied in
thickness from 1 to 7 feet. The parting shale,
immediately below, is from 2 to 11 feet thick, averaging a
little less than 8 feet. Below this is the No. 2 sandstone,
or second lode, about 3 to 4 feet in thickness. This is
underlain by a red sandstone and conglomerate—the
foot-wall. At the White Pine Mine and the (White Pine
Extension, a third lode about 2 to 4 feet thick of grey
sandstone and copper has been struck in some of the
holes at a depth of from 50 to 100 feet below the second
lode. Two attempts were made to strike this lode on
these lands, but were not successful.

Mineralization and Faulting.

The mineralization here is confined to the No. 1 shale,
and the No. 2, or parting, shale. This, in the main, is the
case also at the White Pine Extension Mine, but at the
White Pine Mine the main values are found in the No. 1
and No. 2 sandstone. Calcocite was found in these two
sandstones in some of the holes drilled here, but no
native copper. Some of the holes encountered native
silver, but in small quantities. Silver occurred in small
amounts in the upper portions of the Nonesuch in the
brown shale. The copper for the most part has been
fine-grained, appearing between bedding planes of the
black shale, and following the small cracks and Assures
across the bedding. In some places the copper is in thin
flakes from Y& to %4 of an inch across the face. The
highest values, however, have come from the finely
disseminated copper, rather than the flaky variety.

While there may be some question as to the original
source and the manner of deposition of the Nonesuch
copper, the drilling here has shown the principal
mineralized areas to be in the immediate vicinity of the
three northeast and southwest faults.

DETAILS OF OPERATIONS OF THE MINING
COMPANIES IN 1916.*

Adventure Consolidated Copper Company.

Preliminary work towards reopening the mine was
started in May. All surface plants including the No. 3

rockhouse and No. 3 hoist, were overhauled and put in
shape for operation.
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Figure 2. Geological map of area between White Pine River
and Lake Superior.

No. 3 shaft was found to be filled with water nearly to the
surface, and the old timbering in the shaft was so badly
decayed that the shaft was partly closed by caving
ground from surface to the third level, where it enters
solid rock. Unwatering was accomplished as far as the
third level by means of a pump and air lift. Below this
level the water is being removed by bailing. It was
necessary to retimber the shaft entirely down to the third
level.

As each level was reached, the drifts were cleaned up
and the tracks and air pipes installed as far as the drifts
were found, to be open. Closed drifts are being cleaned
out as rapidly as possible.

Mining operations were started the latter part of
November, and shipments of ore to the Winona mill were
begun about the middle of December. Production was
gradually increased up to the end of the year and by
May 1, 1917 should amount to about 300 tons per day.

The lodes which will be developed and mined at the
Adventure are the Butler/North Butler, Knowlton and
Evergreen. The lodes, where opened, show on the
whole a satisfactory copper content.
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Ahmeek Mining Company.

Ahmeek made a record production in 1916. All costs
were considerably higher than they have been for the
past three years, and the yield of refined copper per ton
of ore stamped was the lowest of the past nine years.

All four shafts were in operation during the year. At No.
1 shaft all openings and stopes showed ground of
average quality, except the workings on the 8th, 10th,
14th and 16th levels south, where the copper occurs in
small bunches.

At the No. 2 shaft all drifts-and stopes showed copper
contents fully up to the average of the mine. In the
higher levels the copper is uniformly distributed
throughout the lode but from the 16th level down the
copper particles, although heavier, are not so uniformly
distributed.

The mass copper fissure vein north of No. 2 shaft
produced during the year 1,221,845 pounds of copper.
All openings on the fissure developed good values and
the vein has a promising appearance. On the 10th level,
at a point 950 feet west of the Kearsarge lode, the drift
intersected a small crossing which seems to have
thrown the mass fissure vein out of place, or to have cut
it off entirely. The drift was swung to a direction at right
angles to the general strike and continued as a crosscut
to a point 1,353 feet west of the Kearsarge lode, where
the Kearsarge conglomerate was intersected. This
crosscut was extended through the conglomerate lode,
which is 36 feet wide at this point and carries a small
amount of copper in streaks. A drift was driven near the
foot side of the lode 127 feet north and 82 feet south but
did not develop ground of commercial value. In the
south drift, 55 feet from the crosscut, a fissure was
encountered which extended 26 feet into the hanging
and 60 feet into the foot, and from which 12 tons of mass
copper was produced.

All openings at No. 3 shaft showed ground of average
quality for that end of the mine, but the stoping has
proved that the copper occurs in bunches. The "Fulton
fissure vein" crosses No. 3 shaft just below the 17th
level. On the 15th level south this vein was followed 95
feet to the east and 136 feet to the west. A number of
fair sized masses of copper were obtained in the fissure;
work at this point has been discontinued.

At the No. 4 shaft all openings for the year showed
ground of average quality for that end of the mine.
During 1917 a vigorous campaign of opening will be
conducted.

At the stamp-mill No. 7 stamp went into commission July
1 and No. 8 will be ready in February, 1917. Some La
Salle ore was stamped when sufficient Ahmeek ore was
not available to keep stamps to full capacity.

For premiums and bonuses see Calumet & Hecla Mining
Co.

*For details of production, costs, dividends, assessments, assets and
liabilities see statistical tables.

Algomah Mining Company.

The operations of the Algomah during 1916 consisted of
sinking the shaft 80 feet to a total depth of 558 feet. The
cost of sinking was $47.59 per foot.

Difficulty in obtaining delivery of a new boiler and very
unsatisfactory labor conditions were responsible for the
small amount of development work done.

Shaft sinking will be resumed as soon as labor
conditions permit.

Algonac Mineral Development Company.

This company carried on diamond drill exploration work
on lands between the White Pine Extension and the
Nonesuch. The work was begun in May, 1915 and
discontinued in July, 1916. See map of Ontonagon
county.

A total of 52 drill holes was put down along the strike to
explore the Nonesuch formation which is mineralized to
the west at the White Pine Extension and to the east at
the Nonesuch. The line of holes drilled extends from the
S. W. % of the N. W. ¥ of section 8 in a general
northeasterly direction through the S. E. Y4 of the S. E. V4
of section 5 to the center of the east half of section 4.
Another line of holes extends from the N. W. corner of
section 9 east along the north lines of sections 9, 10 and
11.

The results of the drilling indicate a fold in the formation
and a fault running through about the west half of section
10.

The beds were found to be fairly well mineralized, and
several cores were exceedingly rich in native copper.

Allouez Mining Company.

Allouez's production for 1916 showed an increase of
175,831 pounds over that of 1915, the previous record
production of the company. Costs were higher than in
1915 but lower than costs in the four years preceding
1915.

Copper returns from, the stopes tributary to No. 1 shaft
were somewhat below average, this being especially
true as stoping operations on the north side gained
toward the shaft.

At the No. 2 shaft stoping operations yielded better than
average copper returns, with especially good ground
stoped toward the extreme north on the 14th to 17th
levels inclusive. The mine to the north of No. 2 shaft will
be equipped, with electric locomotives on a 125-volt
trolley system.

For premiums and bonuses see Calumet & Hecla Mining
Co.
Baltic Mining Company.

Baltic's operations during 1916 showed an increase in
production over that of 1915. The yield of copper per ton
of ore stamped was 33.64 pounds.
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No. 2 shaft was the chief producer, and the ground The reclamation plant ran continuously throughout the

opened during the year was fair. At the bottom of shafts year. The results of this plant, including leaching are as
Nos. 3 and 4 developments have shown some follows:
improvement. The west lode was worked throughout the Year Since
year from all the shafts, although almost all the 1916 starting
production from this lode came from Nos. 4 and 5 shafts. Tons tailings treated 545727  727.459
Equipment will be set up in the addition to the mill Pounds per ton in material treated 21.06 21.24
]lc:?u_ilding in the early part of 191f7, and when thisis Pounds copper saved per ton 9.92 9.62
F;glss;glc;, complete regrinding of all coarse tailings will be Pounds copper produced 5.412.640 6995451
. Cost per pound, excluding smelting and selling 4.58¢c 4.39¢c

Calumet & Hecla Mining Company.

During the year 1916 the C. & B. produced 76,762,240
pounds of refined copper, of which amount 71,349,591
pounds was produced by the mine, and 5,412,649
pounds was recovered by the reclamation plant at Torch
Lake. The total cost per pound of copper produced from
the mine was 11.63 cents, and the price received for
copper sold varied from 22% cents to 352 cents per
pound.

On the conglomerate lode the work of removing shaft
pillars and cleaning up arches and the backs of old
stopes was continued throughout the year, and about 78
drills were employed in this work. A total of 476,310
tons was secured from these operations. Openings on
the Osceola lode continued to show about the same
grade of ore. The production from foot-wall stopes was
about 332 per cent of the total production from this
branch. Shaft openings are far in advance of drifts.

No work was done on the Kearsarge lode during 1916.
No work was done at the Manitou-Frontenac and St.
Louis branches during the year.

At the stamp-mills both the No. 1 and the No. 2
regrinding plants operated satisfactorily throughout the
year. The remodeling of No. 1 plant should be finished
during 1917. The comparative results for 1916 for the
two plants on mill tailings are as follows:

The new furnace at the smelter went into commission
November 1.

On December 23, 1916 the Calumet & Hecla sold its
11,207 shares of Seneca Mining Company for $60 a
share, receiving $672,420. In making this sale, it was
stipulated that the other shareholders should receive an
offer of $60 a share for their shares, provided these were
presented within a reasonable time. The Calumet &
Hecla, therefore, has no further interest in the Seneca
Mining Company.

On July 15, 1916 the fiftieth anniversary of the opening
of the mine was celebrated, by a general holiday. Long
service medals were given to 1,371 employees.

The ten per cent premium for the first six months of the
year, announced December 31, 1915, was continued
throughout 1916, together with an additional payment of
25 cents per day for each day worked from July 1 to
December 31, if the person was in the employ of the
company on the latter date; this payment to be made on
the first pay day in January, 1917. On December 13
notices were posted announcing that the ten per cent
premium would be continued until July 1, 1917, and that
from January 1 to July 1, 1917, a 50 cent bonus for each
day worked would be paid employees on regular pay
days.

No. 1 No. 2 Total T ¢ . |
Tons coarse tailing crushed 364,581 182,705 547,286 e .above statemer)t of premiums and bOI’lUS(.BS. a .So
_ _ applies to the following Calumet & Hecla subsidiaries:

Pounds per ton in material treated 13.98 13.98 13.98 Ahmeek, Allouez, Centennial, Isle Royale, La Salle,
Pounds copper saved per ton 3.79 4.98 4.18 Osceola, Superior and White Pine.
Pounds copper produced 1,380,344 909,453 2,289,797 Carp Lake Mine.
Cost per pound, excluding smeltin . . .

andpse,ﬁng 9 9 6.32c 4.30c 5.51c In the summer of 1916 interest was revived in the old

The leaching plant was started on a limited scale in July,
but owing to slow deliveries of material, was only half in
commission at the end of the year. The cost, exclusive
of smelting and selling expense, was under six cents per
pound.

The whole plant of 2,000 tons daily capacity will be in
operation before the spring of 1917 and will be able to
handle only tailings from No. 2 regrinding plant. Results
thus far have been so satisfactory that an addition of
2,000 tons capacity will be built to take care of the
tailings from the stamp-mill.

Carp Lake mine, located about 22 miles west of
Ontonagon near Lake Superior. The property consists
of 1,610 acres and was formerly worked in 1863.

About the middle of June, 1916, Mr. R. F. Looney, of
Houghton, who holds the controlling interest in the
property, issued a report on the mine by Mr. Jerry
Rourke, of Hancock, and offered at private subscription
at $3.00 per share a limited number of pre-organization
syndicate shares.

According to the report of Mr. Rourke, the ground
leaving Lake Superior rises gradually for a half mile or
more, where it becomes steeper and reaches the
backbone of the Porcupine Mountains at an elevation of
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1,100 feet above the lake and at a distance of one mile
from the shore line. To within 100 feet of the top of the
mountain, the formation is sandstone, which is capped
by a flow of trap rock. The upper 30 feet of sandstone
just under the trap rock is impregnated with native
copper, forming the vein, which on account of the
physical features, may be easily traced throughout the
property. The sandstone, trap and the vein, which
follows the stratification of the sandstone, all strike east
and west and dip north toward and under Lake Superior.
All of the 30 feet of sandstone is not mineralized, the
copper occurring principally in the upper six feet and the
lower ten feet, with 15 feet or so of barren sandstone
between. The copper occurs in lenses up to several
inches in thickness and as sheets along the bedding
planes. The mineralization is uniform for a distance of a
mile along the vein, as exposed in the old workings and
in a number of cuts and shallow shafts along the
outcrop.

Exploration work was carried on at the property during
the summer months. Three old shafts were unwatered
and cleaned out, and the old workings examined. It is
reported that all shafts opened show the upper six foot
strip of rich copper and that a crosscut in No. 9 shaft
determined the lower mineralized strip to be as rich as
where opened on the face of the cliff, at which point Mr.
Rourke states the amount of copper to be remarkable.

Cass Copper Company.

The Cass Copper Company was organized in June,
1916 under the laws of Michigan, with a capital of
150,000 shares, par value $25. The men interested in
the syndicate are well known mining and business men
of the Copper Country and associates from Chicago,
Minneapolis and southern Michigan.

The company has purchased 1,980 acres of land in
Ontonagon county In the vicinity of the old Norwich
mine. (See map of Ontonagon county). Besides the
1,980 acres the company holds under option about
2,600 acres lying to the east and north of the Norwich.

A geological survey of the property was made by A. H.
Meuche, and diamond drilling was started to explore the
Forest lode. Five holes have been drilled in section 6,
two holes in the N. W. % of section 12 and one hole in
the S. W. % of section 1.

Although no copper of commercial value has been found
to date, the results of the work are very encouraging and
the exploration will be continued.

Centennial Copper Mining Company.

Severe winter storms in the early part of the year and
consequent transportation trouble, together with the
general scarcity of labor affected Centennial's production
dining 1916. The total production, however, showed an
increase over that of 1915.

Openings to the north of No. 2 shaft disclosed some
promising stretches of ground. Stopes for the year
yielded average copper returns.

The Centennial has granted the Wolverine a license to
mine a triangular piece of ground about one acre in area,
in the N. E. V4 of the N. E. V4 of section 12, Town 56,
Range 33 in exchange for similar rights on an equal
amount of land in the N. W. V4 of the N. W. V4 of section
7, Town 56, Range 32.

For premiums and bonuses see Calumet & Hecla Mining
Company.

Champion Copper Company.

Champion made another record production during 1916.
At a total cost per pound of 7.80 cents and a yield of
35.87 pounds of refined copper per ton of ore stamped,
the mine produced 33,601,136 pounds of refined copper.
Net profits were $5,870,606.26.

Openings made during the year developed good ground.
The filling of old stopes is about completed, and less
sand will probably be required for fill in the future.
Towards the end of the year shaft .sinking was resumed,
no work of this kind having been done for nearly three
years. The mill is now equipped for complete regrinding.

Cherokee Copper Company.

Exploration work was continued at the Cherokee with
very encouraging results.

In April a site for the shaft was cleared, foundations laid,
machinery installed and in July shaft sinking was started.

Cherokee is exploring an uncorrelated, epidote
amygdaloid, from 30 to 45 feet in width, striking in
general N. 45° E. and dipping about 62°. The
amygdaloid has been opened on surface for about 1,200
feet along the strike, and good mineralization has been
found in all surface openings.

At the end of the year the shaft was down about 250
feet. At a depth of 110 feet drifts were driven northeast
and southwest in order to determine the strike and
character of the foot-wall. At the end of the east drift a
crosscut was made through the lode and into the
hanging-wall the lode showing a width of 26 feet. The
openings at the 110 foot level total about 120 feet. Ata
depth of 220 feet No. 2 plat was cut, and drifting is now
under way.

The shaft throughout its total depth of 250 feet, with the
exception of only 30 feet, has shown persistent
mineralization of an encouraging character. The 30 feet
showed slight mineralization compared with the other
openings.

Copper is found in heavy form in a very irregular banded
structure, the banding conforming more or less to the
general strike of the lode and in the upper part of the
shaft shows a decided tendency to follow rather closely
the foot-wall. This, however, is becoming less
pronounced with depth, and at the 200 foot level and
bottom of shaft heavy copper has been found 12 feet
from the foot-wall. Besides the heavy banded form of
copper, shot copper and very fine granular particles
appear at irregular intervals in the lode.
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An assessment will probably be called in the spring, and
operations during 1917 will be watched with interest.

Contact Copper Company.

Operations of the Contact during 1916 were restricted to
a continuation of the diamond drill exploration of the
beds crossing the southeastern portion of section 11, 52-
36. The object of the work was the further investigation
of the No. 8 Wyandot amygdaloid lode.

The No. 8 amygdaloid was cut in both of the holes drilled
and was found to be generally soft and carrying a very
small amount of exceedingly fine copper. The dip of the
beds was found to be about 66°, which agrees with the
dip of the formations farther west of the property at the
horizon of the Winona lode.

The four holes drilled in this part of the property have
disclosed a formation of about 35 feet average
thickness, showing a uniformly favorable character of
rock with a small degree of mineralization. Supt. G. S.
Goodale considers the results encouraging and
warranting further exploration of the No. 8 amygdaloid.

In order to protect the company's cash resources, further
work on the property was suspended June 29, pending
results at the Wyandot to the south. Diamond drill
investigation of the same horizon is also being made by
the Copper Range on lands to the north. The directors
thought it wise to await further developments at both
these points before resuming active operations at
Contact.

Copper Range Company.

Operations of the Copper Range during 1916 showed a
net income of $6,078,189.65. This is equivalent to net
earnings of $15.40 per share. $10 per share was paid in
dividends, and the balance added to working capital.

The total production of the Copper Range mines, Baltic,
Trimountain and one-half of Champion, was 37,946,930
pounds, an increase over the previous year of 911,288
pounds. The average yield of copper per ton of ore
stamped was 33.07 pounds. Each of the three mines
showed an increase in output for the year.

Considerable development work was done, and new
stoping ground was developed equal in tonnage to that
extracted during the year. The Copper Range secured
an option from the St. Mary's Mineral Land Company on
about 3,500 acres of land south of the Copper Range
mines. A preliminary exploration is now being made of
this land by diamond drilling.

Copper Range purchased from the South Range Mining
Company for $50,000 about 5,000 acres of scattered
lands in Houghton and Ontonagon counties.

The Trimountain Mining Company will probably be
dissolved in 1917.

Flint Steel.

Work of pumping out the old Flint Steel mine for the
purpose of examination of the workings was started

November 3d. This work was completed December
16th. Mr. Samuel Brady of the Michigan, who was in
charge of the work, states that the work thus far has
resulted in no activity at the property, though it is hoped
that it may ultimately do so.

The property consists of the east 'z of the N. E. 2 and
the S. E. ¥4 of section 11 and all of section 12, between
the Michigan and the Mass.

Nipissing has taken an option on the property, and the
unwatering was for the purpose of a thorough
exploration. Flint Steel was last worked in 1875 on a
fissure vein.

Franklin Mining Company.

Franklin had a very successful year in 1916. Production
was considerably increased, and new development work
opened up very good ground. The future of the Franklin
is very promising. At the end of the year all notes
payable, amounting to $155,000 had been paid from
earnings, and the company now has no indebtedness of
any kind outside of current expenses.

Drifts in the Allouez conglomerate tributary to No. 1 shaft
were extended on levels 21 and 26 to 36 inclusive, and
stoping was begun in this newly developed section of the
mine. The ground developed to the north is below
average grade with some well mineralized areas of small
extent.

To the south nine drifts were carried to the dividing line
between No. 1 and No. 2 shafts. These drifts developed
average stoping ground throughout practically their
entire lengths, with the best values showing in the ends
towards No. 2 shaft. Two other drifts, the 27th and
32nd, were extended beyond the downward extension of
the center line of No. 2 shaft to test the ground through
which this shaft is to be sunk. These drifts disclosed a
greater width of lode, carrying more copper per ton, than
is to be seen in the section of the mine now being
worked.

Early in the spring work was started to reopen No. 2
conglomerate shaft which had caved to surface. The
work of cleaning out and retimbering this shaft is being
pushed as rapidly as possible, as it is very desirable to
resume sinking in order to develop and mine the good
ground opened by the south drifts from No. 1 shaft.

The long crosscut on the 32nd level was driven through
the Kearsarge lode and stopped on the foot-wall side of
the Wolverine sand-stone, 4,542 feet from the Pewabic
amygdaloid. Copper in sufficient quantity to warrant
further exploration was found on the foot-wall side of the
Kearsarge amygdaloid, but owing to shortage of men, no
drifting was done.

It has been the custom at the Franklin, because of a very
soft hanging-wall, to leave the uppor portion of the lode,
amounting to one-third to one-half of its width, as a
beam to support the hanging of trap. In the latter part of
the year a rope haulage was installed on the 29th level
south, and a system of stoping was begun with a view of
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removing practically the entire width of lode including the
floor pillar of the level above and allowing the trap
hanging to cave behind the men. Similar systems were
installed on two other levels, and the results have been
exceedingly favorable. Others are being put in as
rapidly as possible. This new system makes possible a
recovery of a greater tonnage from a given area of lode,
a reduction in the cost of stoping, an increased
production and a marked decrease in tramming cost per
ton.

Every effort was made to increase production, and at the
end of the year the ore sent to the mill showed an
increase in tonnage of more than 40 per cent over the
average for the first six months. Three of the four units
at the mill are now stamping Franklin ore, and when
mining begins in No. 2 shaft, the fourth, which is now
doing custom work, will also be supplied with ore.

Hancock Consolidated Mining Company.

Although operations at the Hancock were carried on
under a great many difficulties, the results for the year
were fairly satisfactory. Practically all dead work in the
nature of driving long crosscuts and opening up work for
chutes between levels has been completed. The mine
at the close of the year was in far better physical
condition than at any time in the past, and production
should be increased 100 per centin 1917.

Development work in the lower levels exposed average
ground. The copper is better distributed than in the
upper workings, and considerable mass copper is being
encountered. Crosscuts were driven to the West
branch, which is 115 feet west of the main lode, at two of
the lower levels. The average width of this lode is about
four feet. It is bunchy but carries good grade ore and
considerable mass copper.

The development work was confined to blocking out
ground for mining in the lower workings tributary to No. 2
shaft and to extending levels south from Quincy No. 7
shaft into Hancock territory from the 66th to 71st levels.
The ground mined south of No. 7 shaft was well
mineralized.

Electric haulage is being installed on the lower levels of
No. 2 and No. 7 shafts and when completed will make
possible the handling of a greater tonnage at a far lower
cost.

Houghton Copper Company.

Houghton Copper produced 204,274 pounds of refined
copper during 1916, at a yield per ton of ore stamped of
10.55 pounds.

Stoping was carried on both north and south of the main
shaft on the 6th level, where the shaft is now bottomed.
At the 450 foot level a crosscut was driven through the
Superior lode which showed a width of 28 feet. Drifting
was done both north and south, and, while the lode
showed some copper, it was not encouraging.

The winze was sunk 113 feet below the 1,020 foot level,
and a crosscut was driven through the Superior lode

which showed a width of 40 feet with good ore on both
foot and hanging sides. Drifts to north and south on the
Superior lode at this level opened fair ground. The lode
is now being cut out on the north side of the winze and
hoisted as ore. President Paine states that the main
lode on the 12th level looked to be as good as, or better
than any other place in the mine, but not good enough to
warrant the sinking of the main shaft from the 6th to the
12th level.

The crosscut from the winze was extended from the
Superior lode to the west and driven through the West
lode, which showed a width of 15 feet. The distance
from the hanging of the Superior lode to the foot of the
West lode is 123 feet. Drifts to north and south on the
West lode encountered some nice heavy bunches of
copper, but only a very small proportion of the ground
opened showed any copper.

Indiana Mining Company.

Search for the body of felsite from which the No. 2 drill
core was obtained was continued at the Indiana during
1916. Crosscuts to the east and drifts north and south
on the 1,150 and 1,400 foot, levels were made in an
endeavor to locate this much desired deposit.

Felsite was found on both levels, and the contact
between it and the trap was followed for several hundred
feet in different directions. Copper was found at a
number of places in the felsite near the contact, but not
in commercial quantities. No. 2 drill hole was not found,
but No. 9 hole was cut by one of the openings at the
1,400 foot level, at about 100 feet northeast of its
theoretical position.

Concerning this extended exploration work in search of
the rich deposit, General Manager Edwards states as
follows: "All the exploration work done at the 600, 1,150
and 1,400 foot levels, taken in connection with the large
amount of diamond drilling in addition to No. 2 hole,
leads to the conclusion that the deposit from which No. 2
drill obtained the rich core cannot be of very great size or
have any regular trend, otherwise it would have been
encountered at some other point in the work. This
cannot be considered as proved as yet, and it is not the
intention to convey the idea that all hope of locating a
valuable deposit on this part of the property has been
abandoned, but, after serious consideration, the
directors decided that the prospects of developing a
mine within a reasonable time were brighter in the
horizon of the South Lake amygdaloid lodes."

Late in the year No. 2 shaft was started in the S. W. V4 of
section 21, and by the end of the year had reached a
depth of 124 feet. The shaft will be sunk on the dip to
300 feet, at which depth the group of South Lake lodes
will be explored by crosscutting and drifting.

Isle Royale Copper Company.

Isle Royale made a profit of $1,396,655.01 in 1916.
Three dividends, amounting to $750,000, were declared
during the year. A notable increase in production was
made, and ground developed during the year is good.
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The No. 1 shaft was unwatered and timbered to the
bottom, 79 feet below the 16th level. All openings from
this shaft, with the exception of 70 feet of crosscutting,
were on the West lode, and about 38 per cent developed
ground of apparent commercial value. About eight per
cent of the total tonnage shipped to the mill came from
this end of the mine.

Sinking was carried on at No. 2 shaft. The inclination of
this shaft is being flattened in order to reach the West
lode, in which future sinking will be done. About 65 per
cent of the openings from this shaft to the south in the
Isle Royale lode disclosed ground of average copper
content. In the drifts in the West lode north of the shaft
about one-half of the ground opened contained copper.

At the No. 4 shaft about 75 per cent of all ground opened
shows copper values fully up to the average of the mine.
On the 6th level north at a point 200 feet from the shaft,
a crosscut has been started into the foot to explore an
amygdaloid which lies about 350 feet east of the Isle
Royale lode.

At the No. 5 shaft about 73 per cent of the ground
opened shows copper.

At the No. 6 shaft good values are exposed at the
bottom of the shaft, which is now 58 feet below the 17th
level in the lode. About two-thirds of the ground opened
during the year shows copper.

Sinking was carried on at No. 7 shaft. At the end of the
year the bottom was in the lode 59 feet below the 7th
level, where good copper values are exposed. Drifts
tributary to this shaft developed fair ground.

At the various shafts considerable construction work was
done. Several improvements were made at the mill,
which ran with great efficiency all the year.

For premiums and bonuses see Calumet & Hecla Mining
Company.

Keweenaw Copper Company.

All work during 1916 was conducted on the property of
the Phoenix Consolidated Copper Company.

Sinking of No. 1 shaft was continued, and the total depth
of shaft is 1,616 feet. Drifting during the year was in
general towards the foot-wall side of the Ashbed lode. A
total of 4,899 feet of drifting was done to the east and to
the west, and practically all openings developed fair to
good copper ground.

The "Old Phoenix" fissure was explored from a point
where it was cut on the 7th level east by a crosscut
northward to the hanging wall of the Ashbed lode. No
copper was found in this fissure except where it cuts the
lode near the foot-wall, at which point good values are
exposed. This fissure will be explored to the south as
soon as more men are available.

The Ashbed lode was explored by diamond drills on five
different levels. A total of 32 holes was drilled, and the
results show that where copper was not found in the

drifts, the drill cores generally show copper either in the
hanging or foot-wall.

In the latter part of the year preparations were made to
commence sloping and milling. A rockhouse and
railroad trestle were constructed, and track laid,
connecting the mine with the stamp-mill. The mill was
overhauled, and stamping was commenced on October
13th.

Four Overstrom and three Wilfley tables constitute the
concentrating equipment of the mill. It was found that
the Overstrom tables did not make a satisfactory
recovery, and they will be replaced by four Wilfley tables.
The total copper content per ton of ore stamped was
15.98 pounds, but there was a mill loss in copper per ton
stamped of 6.02 pounds. As soon as possible
arrangements will be made with the Minerals Separation
North American Corporation to begin tests with its
process for the further saving of copper values in the
finer grades of materials treated in the mill.

Lake Copper Company.

Operations at the Lake during the year ending April 30,
1917, resulted in a total excess of receipts over
expenditures of $108,194.94. The production of refined
copper for the 12 months ending April 30, 1917 was less
than that for the nine months ending April 30, 1916. The
recovery of refined copper per ton of ore stamped
dropped from 26.42 to 21.14 pounds.

Considerable attention was devoted to the Knowlton and
Butler lodes in the north portion of the property. The old
Knowlton shaft was used to explore these lodes and the
exploration gave encouraging results. Production will
begin from slopes on the Knowlton lode in the summer
of 1917. At the same time more extensive
developments on the Butler lode will be pushed.

At the Lake shaft the work during the fiscal year
consisted chiefly of opening and sloping the levels
already developed. Considerable sloping ground was
opened up in the upper levels.

New work was done on the seventh level south, about
200 feet south of any stopes in that portion of the mine.
This work showed fairly good ground. On the 11th level,
the lowest level of the mine, the east lode was drifted on
for about 400 feet. The lode showed fairly good
mineralization, but it was so narrow that work on it was
stopped.

The Butler-Knowlton series of veins on the north side of
the property was explored by means of the Knowlton
shaft, which was down 600 feet. The shaft was
unwatered, and hoist and compressor installed. A
crosscut was driven from the Knowlton lode 550 feet to
the Butler lode on the sixth level east. This crosscut was
continued 100 feet further to the Ogima lode where 30
feet of drifting was done without promising results.

Drifts were driven east and west from the crosscut on
the Butler lode and they have shown good results. The
lode is very well mineralized and averages about 15 feet
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in width. The Knowlton lode is being worked on the
third, fourth and sixth levels, and at all of these points is
carrying good values.

Lake Milling, Smelting and Refining Company.

At the No. 1 mill, Point Mills, a concrete reservoir and a
steel tower were built to afford water storage for
protection against fire. These are fed by an electric
pump located on a small creek east of the mill.

At the No. 2 mill, Hubbell, owing to the general shortage
of labor and to slow deliveries of material, work
progressed slowly on the two new stamp units. It will
probably be early summer, 1917, before either of the
units will be in operation.

La Salle Copper Company.

Besides the general scarcity of labor and transportation
trouble, which affected production, operations at La Salle
were also retarded by insufficient stamping facilities.

The Franklin mill continued to stamp La Salle ore but in
amounts gradually decreasing, and since October 1 the
Ahmeek mill has been handling a portion of La Salle's
product.

At the No. 1 shaft mining operations consisted of sloping
on four levels and drifting on one other level. The stopes
in general were rather lean, with patches of fair ground
occurring irregularly. The water in this shaft was
lowered from the 15th to the 17th level.

At the No. 2 shaft sinking was resumed and carried
below the 20th level. Where the lode was opened near
the hanging, fair copper contents were found. A small
amount of stoping was done on two levels north in fair
ground. Openings were extended on alternate levels
and disclosed fair stoping ground on the north side of the
shaft. On the south side the openings indicate stretches
of poor and fair stoping ground, the lower levels being
the best.

By an arrangement with the Osceola Cons. Mining Co.,
the 42d level south of No. 6 shaft, Osceola mine, was
extended into La Salle territory for exploratory purposes.
At the end of the year this opening had reached a point
692 feet south of the Osceola boundary, with a very
encouraging showing of copper throughout this distance.
This drift will be extended as much farther as seems
advisable, and the 45th level drift, which is now near the
La Salle line, will also be extended in the same way.

For premiums and bonuses see Calumet & Hecla Mining
Company.

Mass Consolidated Mining Company.

Credit is due to Supt. E. W. Walker for the very
satisfactory results obtained during 1916 and for the
present condition of the mine. Production was
increased, and the yield of copper per ton of ore
stamped was 16.51 pounds, compared with 14.35 in
1915. The total operating profit for the year was
$525,083.98; two dividends of $1.00 each were paid,

amounting to $194,634, and $235,893.95 was added to
balance of assets.

Cost of labor was 18 per cent higher than in 1915, and
all supplies showed an equivalent increase, yet the
actual cost of producing copper increased only about six
per cent over the cost in 1915. The results obtained
underground were very satisfactory, as the work done on
the 5th level at "C" shaft shows that the Evergreen lode
is well mineralized as far west as "C" shaft in entirely
new territory, and there was obtained from the Butler
lode an increased production of ore per unit of lode area.

Development work done during the year added to the
reserves a tonnage in excess of the extraction. In
addition to the reserves added by regular development
work, there are now available all the workings of the old
Evergreen mine which has been unwatered.
Connections are now being made from the present
workings to the old mine, and inspection of the old
workings shows a large amount of favorable stoping
ground which will soon be available for production.

Numerous additions and improvements were made to
the equipment which will not only make possible an
increase in production but will permit the work to be
done more economically and without the delays
experienced due to the limited power plant.

Mayflower Mining Company.

Diamond drill exploration was continued at the
Mayflower during 1916.

At the close of 1915 hole No. 41 had reached a depth of
2,569 feet. The continuation of this hole, however,
disclosed a bed of soft, sandy material which made
further drilling impossible. The hole was abandoned in
February at a depth of 2,635 feet, without disclosing the
position or character of the Mayflower lode.

It was considered advisable to make another effort to
locate the lode at depth, and No. 42 hole was started in
February, about 600 feet along the strike northeast of
No. 41. Hole No. 42, to a depth of about 2,100 feet,
where it cut the St. Louis conglomerate, indicated a
uniformly favorable condition of the strata and agreed in
general with the results obtained in No. 41. Below the
St. Louis conglomerate and to a depth of 2,653 feet,
several zones of crushed and decomposed ground were
encountered which made the operation of the drill
difficult. The small portion of core obtained at this depth
showed a condition apparently similar to that disclosed
at the bottom of No. 41. With further progress practically
impossible, drilling operations in this hole were
abandoned on October 10th at a depth of 2,697 feet.

The earlier drilling on the property, however, had
developed sufficient promise that the directors of the
company thought it advisable to make further exploration
by means of a shaft, provided an arrangement could be
made with the adjoining Old Colony Copper Company
for a division of the expense. The only satisfactory way
that could be found for dividing the expense was by a
consolidation of the two companies. The new

Publication 24, Geological Series 20 — Page 11 of 57



consolidated company will probably be formed before
the spring of 1917.

Michigan Copper Mining Company.

Operations at the Michigan during 1916 were carried on
as planned when work was resumed in July, 1915. The
results of this work seem to justify the belief of Supt.
Brady that a new and prosperous mine will soon be
producing on the Michigan property.

In the spring of the year sinking in "E" shaft on the Butler
lode was completed to a total depth from surface of 630
feet. In the progress of the work of shaft sinking, little or
no copper was found until a point about 50 feet above
the 6th level was reached, when it appeared in very
considerable quantities upon the hanging side of the
shaft. This mineralization was followed by the shaft in
the work of development to a point about 15 feet below
the 6th level, at which point it was cut off by a flat slip,
dipping from the east side of the shaft.

At the 6th level drifts were driven to west and east of
shaft, and some very good ground opened up. By
means of a raise over the top of the fault, a more or less
continuous run of good ground, of undetermined width,
was traced through to the 5th level above, at which point
the ground is still of undetermined width and of excellent
character.

About the first of June a main crosscut was started south
20° east on the 6th level from a point about 25 feet east
of the shaft line. This crosscut was driven for a total
distance of 526 feet, or to a point about 50 feet beyond
the foot-wall side of the Evergreen lode. The results
obtained by this work are interesting and very
satisfactory. The crosscut will be continued to No. 8
conglomerate. In driving this crosscut several belts of
mineralization were crossed. From one of these about
one-half ton of mass and a number of tons of excellent
ore were obtained. Two or three different zones of
shearing were encountered, all of which were more or
less mineralized. One of these which is well mineralized
with mass and fine copper is believed to be identical with
the fault line which was found to have cut off the rich
ground on the hanging side of the Butler lode in the
shaft.

The Ogima lode was reached by the crosscut at a
distance of 180 feet. Separated from the main
amygdaloid part of this bed by a trap parting about five
feet in thickness, is another strong zone of shearing.
This zone conforms in strike and dip with the Ogima lode
and, where intersected by the crosscut, was found to
carry copper in very satisfactory quantities.

A drift was driven about 250 feet west on the Ogima
lode, and a crosscut made into the foot for about 75 feet.
The drift for the first 100 feet showed fine shotty copper
in commercial quantities, through a width of five to eight
feet. At 100 feet a cross fissure, striking about N. 45° E.,
was encountered, which was fairly well charged with
sheety masses about one inch in thickness. To the west
of this fissure the copper contents of the lode appeared

to diminish for about 80 feet. Beyond this point sheety
masses, associated with some excellent ore, appeared
upon the hanging side of the drift, while the
amygdaloidal character of the main Ogima lode
appeared to diminish. Further drifting to the west
indicated warping of the Ogima hanging to the south and
the presence of a bed of trap, striking north and south,
which has caused the faulting of the Ogima lode. A
crosscut following the east side of this trap was driven
for 75 feet from the hanging of the drift. Ragged masses
and fine copper were found in this direction, and the face
of the crosscut was still in copper-bearing ground when
work was suspended.

The main crosscut passed through the hanging of the
Evergreen lode 175 feet from the Ogima lode. The
Evergreen lode was found to have a width of 48 feet and
a dip of 43° to the northwest, with a strike of N. 70° E.
Drifting on this lode was carried about 180 feet to the
west through somewhat bunchy but fairly well
mineralized ground. The ground opened up by this drift
is characterized by a general uniform run of fine copper
upon the foot side which, upon meeting cross slips,
seems to be carried well into the hanging. One point
opened by widening of the drift showed mineralized
ground 16 feet wide, with copper still in the hanging.

On the 5th level drifting was done to east and west of the
shaft. Promising ground was found to the east. A
crosscut was driven 150 feet north on this level for the
purpose of intersecting another parallel line of shearing
which outcrops a little over 100 feet to the north of the
shaft. A drill hole in the face of the crosscut found
copper ground along the extension of the crosscut.

Various improvements were made at the mill and this
work is being pushed as rapidly as possible.

There was shipped during the year a little over 90,000
pounds of mass copper, taken from openings on the
Butler, Ogima and Evergreen lodes during development
work. There is in stock at the mine about 4,200 tons of
ore.

Mohawk Mining Company.

New openings made during 1916 in ground tributary to
No. 1 shaft showed less mineralization than openings
made during 1915. This was due largely to local
disturbances found north of the shaft which necessitated
considerable drifting in barren ground.

Exploratory crosscuts were driven to the east and west
on the 21st level at a point 670 feet south of No. 2 shaft.
The crosscut through the hanging to the west had
reached a distance of 641 feet at the end of the year and
the crosscut in the foot to the east a distance of 579 feet.
Several amygdaloids were intersected, but none
warranted further investigation at the present time. The
Wolverine sandstone was encountered in the east
crosscut at 325 to 351 feet from the foot-wall of the
Kearsarge lode.

At the No. 2 shaft drifting on the 22nd level north opened
poor ground, and drifting on the same level to the south
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fair ground, No. 2 will possibly be eliminated during
1917.

New openings in Nos. 4, 5 and 6 shafts show the lode to
be of excellent quality. North of No. 6 shaft a fissure,
varying in width from eight to 15 feet, has been traced
from the 7th to the 11th levels. Indications of copper
were found at each level, but the extent of the
mineralization into the foot and hanging of the Kearsarge
lode has not yet been determined.

Extensive repairs were made in No. 4 shaft, and several
improvements installed in No. 6. Little new work-was
done at the stamp-mill.

Naumkeag Copper Company.

All the exploration work for 1916 was confined to the
workings from No. 4 adit at the north end of the property.

Drift No. 2 south was driven on the old Pewabic lode to a
point about 2,000 feet southwest of the adit and is the
most southerly opening on the property. No copper was
found in this portion of the lode.

A crosscut to the east from No. 2 drift was driven to a
point about 1,150 feet, but only one of the beds
disclosed showed copper. A drift will be driven to
explore this bed, as diamond drilling indicated that it was
mineralized. In a crosscut west from drift No. 2 south
conglomerate No. 16, the Hancock No. 3 and the
Atlantic lodes were cut but were barren.

In sinking the main winze or shaft from the 190 foot level
there was some copper showing for about the first 15 or
20 feet but not in any large amount until a depth of about
370 feet was reached. In the winze at this depth some
good bunches of copper were found. In the north drift on
the 400 foot level the copper showing was fair. In a
crosscut northwest from the south drift on the 400 foot
level several feet of good looking ore was disclosed,
about eight or ten feet in the hanging-wall of the main
lode. Work on the 400 foot level will be vigorously
prosecuted.

New Arcadian Copper Company.

The general plan of development work was continued at
No. 1 shaft. The shaft was sunk 333 feet and is now
bottomed at a depth of 1,500 feet. Drifting was done on
six levels, crosscutting on four levels, and some stoping
was done on four levels. The lode appears to be very
persistent, and the mineralization has been very
satisfactory. The openings on the 1,500 foot level show
the same persistence of mineralization at depth. The
lode on the bottom level is wide, being over 20 feet in
some places, and is very well charged with copper.

About 1,800 feet south of No. 1 shaft No. 2 shaft was
sunk 169 feet, and 245 feet of drifting done on the Old
Arcadian lode. The showing was encouraging, but on
account of scarcity of labor, operations were suspended
at this point.

During the year 1,391 tons of ore was shipped to the
Franklin mill and yielded 32,307 pounds of refined

copper. There is now several thousands tons of ore on
hand which will be shipped to the Franklin mill in the
spring of 1917.

New Baltic Copper Company.

The New Baltic controls 800 acres of land on the copper
range in Houghton county. Diamond drilling has found
several well mineralized beds, including the No. 8
conglomerate.

In the No. 7 drill hole, the last to be drilled on the
property, No. 8 conglomerate was intercepted at a depth
of 1,192 feet. It was found to be 41 feet thick with a dip
of about 52°. Copper in varying quantities was noted in
beds at 329 feet, 493 feet, 652 feet, 792 feet and also in
No. 8 conglomerate at 1,196 feet.

The persistence of mineralization is indicated in the
correlation of the New Baltic hole No. 7 and the New
Arcadian hole No. 24, located about 500 feet to the
northwest. In hole No. 24 copper was found in an
amygdaloid at 790 feet, which corresponds to 493 feet in
No. 7 New Baltic, and also in a bed at 980 feet, which
corresponds to 652 feet in No. 7 hole. The New
Arcadian lode is no doubt the bed cut at 792 feet in New
Baltic No. 7 hole.

The satisfactory results of the diamond drilling led to the
locating of a shaft about 500 feet southwest of the N. V2
post of section 16, 55-33, to intercept the northerly
extension of the New Arcadian lode.

Sinking of the shaft was started in October, and, after
passing through about 60 feet of overburden, was finally
bottomed on the desired amygdaloid bed. The shaft will
be sunk as rapidly as possible, probably to a depth to
correspond with the 250 foot level of the New Arcadian
mine.

North Lake Mining Company.

Development work was carried on continuously
throughout the year with encouraging results.

Shaft sinking was continued and in June had reached a
depth of 821 feet. On the 800 foot level crosscuts Were
driven northwest and southeast. At the end of the year
the southwest crosscut was breasted in No. 8
conglomerate and as nearly as can be calculated had
688 feet farther to go to reach the first of the South Lake
lodes. These lodes were opened from the crosscut on
the 300 foot level and carried copper but development
work on that level was abandoned owing to breaking
through into overburden at two points.

The southeast crosscut passed through a good looking
amygdaloid at 679 to 728 feet from the shaft, which
showed fine copper throughout. A drift is now being
driven along the foot-wall to explore this lode. Results to
date have been very encouraging.

The southeast crosscut will be continued indefinitely, as
there are several more known copper-bearing
amygdaloids to be cut by it which were discovered by
diamond drilling. The one which showed the best
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copper in the drill cores should be cut by the crosscut at
1,480 feet from the shaft.

Old Colony Copper Company.

On December 20, 1916 the following announcement was
made to stockholders of Old Colony by the directors of
the company:

"Your directors desire to state that a plan has been
agreed upon by the Boards of Directors of the Old
Colony Copper Company and the Mayflower Mining
Company for a consolidation of the two properties on an
equal basis. The consolidated company will have about
$100,000 as a fund with which to begin shaft sinking to
develop the mineral deposit which has been disclosed
on both properties by the drilling just concluded. This
sum will be contributed in approximately equal amounts
by the two companies, and an assessment of 50 cents
per share has therefore been levied on the shares of the
Old Colony Copper Company to provide its share of this
fund. The consolidated company, which is to be known
as 'Mayflower-Old Colony Copper Company', will have
an authorized capitalization of 200,000 shares, $12.00
per share paid in, and will acquire all the property and
assets of both companies on a share for share basis,
and will be under the direction of Mr. H. F. Fay, identified
with both companies since their organization, as
President.

"The drilling campaigns heretofore conducted by both
companies have developed to date a total tonnage on
both properties, on an assumed dip of 50 degrees, of
approximately 32,000,000 tons, and have proven the
continuity of the lode for a distance of about one mile on
the strike. The work has been entirely original research
in a territory never before explored, but the results thus
far obtained indicate that it is a lode of unusual width,
and the general average of all the values shows it to be
a formation with a high degree of mineralization. The
drilling has encountered many puzzling geological
problems, but it has been thoroughly and scientifically
performed, and has developed a mineral deposit which
has been most persistent in the extensive area covered
by the investigation.

"The results secured to date warrant shaft sinking to
open up the deposit revealed by the diamond drilling,
and a consolidation is the natural solution of the question
of how best to demonstrate the value of both properties,
and it is apparent that through a consolidation a
duplication of mining operations can be avoided and
many other economies effected.

"The two companies now have sufficient machinery and
equipment to carry on shaft sinking to a considerable
depth and also dwellings to accommodate the force
required for this work."

Onondaga Copper Company.

Diamond drilling was discontinued in the summer of
1916, and, while the treasury has ample funds to resume
exploration work, it is not probable that anything will be
undertaken in the immediate future.

Osceola Consolidated Mining Company.

Osceola had another profitable year in all three branches
in 1916.

Osceola Branch.

The grade of ore mined was even better than in 1915,
and the yield per ton was 14.89 pounds. Mining
operations were limited to No. 6 shaft. The workings
south of No. 6 shaft near the boundary continued in
good ground all the year. The 38th and 39th levels were
particularly rich; the 40th and 41st reached the boundary
line and the 42nd was driven across the line into La
Salle territory.

North Kearsarge Branch.

At this branch more copper was produced in 1916 than
in any other year since 1911. Only two shafts operated
most of the time, and snow storms in the early part of the
year hindered shipments to the extent of ever two
weeks' production.

Repairs in No. 3 shaft, begun in June, 1915, were
completed in the summer of 1916; hoisting was resumed
in June, and production gradually increased until it
amounted to 450 tons per day at the end of the year.

Changes and improvements in drilling machines and drill
steel were used to good effect throughout the mine. The
average recovery of copper per ton of ore treated was
considerably better than in recent years.

The mine is in good condition, and No. 3 shaft's
production will probably be increased as fast as that of
South Kearsarge falls off.

South Kearsarge Branch.

At this branch the recovery of copper per ton of ore was
better than for several years, and on the whole 1916 was
unusually profitable. A third more ore was produced
during 1916 than was anticipated at the beginning of the
year.

Mining the pillars of No. 2 shaft was continued to a
limited extent, and a start was made on No. 1 shaft
pillars. These pillars contain about 650,000 tons
available for mining. During 1916 over a third of the ore
treated came from foot-wall work, from cleaning out old
stopes and from an old stock pile on the surface. With
these sources exhausted, next year's product will be
considerably reduced.

For premiums and bonuses see Calumet & Hecla Mining
Company.

Porcupine Exploration Company.

This company was organized early in the year 1916 to
explore the Nonesuch formation in the Porcupine
Mountain district. The acreage controlled by the
company is shown on the map of Ontonagon county.

Beginning at the N. 14 post of section 23, about 16
diamond drill holes were put down in sections 23, 22 and
27 of 5044. The general direction of the line of drill holes
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was about S. 35° W. The angle of all the holes was 60°
and the holes varied in depth from 250 to 800 feet.

The beds cut by the drill and the average dips of the
beds to the southeast are as follows:

Dips

Beds Shallow Deep
Freda sandstone about -- 59
Upper Grey Shale Group about 47 59
Upper Grit 52 63
Lower Banded Shale 50 60
Quartz Banded Shale 47 57
Lower Grit 47 57
No. 1 Shale 48 59
No. 1 Sandstone 46 60
No. 2 Parting Shale 46 59
No. 2 Sandstone 54 60
Red Sandstone 50 62

In the last few holes drilled the dip changed somewhat,
indicating a bend in the formation to the west. Also in
the last few holes drilled the copper values changed
from native copper to chalcocite. The values found
occurred at the base of the No. 1 shale, in the No. 1
sandstone, in the No. 2 shale and sometimes in the No.
2 sandstone.

Mr. A. G. Ballenberg, who was in charge of the
exploration work, states that the only reason work was
discontinued was the lack of copper in commercial
quantities.

Quincy Mining Company.

Operations of the Quincy during 1916 showed a mining
income of $2,785,778.73.

There was a large amount of development work done
throughout the mine, and in all of the openings the lodes
developed averaged fairly well in copper. The yield of
refined copper per ton of ore treated was 1772 pounds.

At the No. 2 shaft the ore was of better grade than in
1915, with the usual percentage of mass copper. The
drifts on the various branches of the Pewabic lode
continued throughout the year in good average grade
ore. The lower levels of this shaft averaged better in
copper than similar drifts during 1915.

Shafts Nos. 6 and 8 were sunk during the year. All drifts
averaged well in copper, and more copper was found
than in similar drifts the previous year. At No. 6 a better
showing of copper is especially noticeable in the
extreme lower levels.

Since about the middle of the year No. 7 shaft has been
used to hoist water during a part of one shift and for
Hancock operations during the other full shift.

Extensive general repairs were made to buildings and
ore dressing machinery at the stamp-mills. The smelter

was extremely busy throughout the year, and about
November 1st the briquetting plant, which had been idle
for over five years, was again started in order to increase
the capacity of the works.

Seneca Mining Company.

On April 13, 1916 the announcement was made that a
syndicate composed of Thomas F. Cole, of Duluth,
Tucker, Hayes & Bartholomew, with some associates,
had secured control of over 60 per cent of the stock of
the Seneca Mining Company, control of which was
owned by the Calumet & Hecla Mining Company. The
Seneca adjoins the Mohawk and Ahmeek and carries
the Kearsarge lode on the dip.

It was further announced that a new corporation would
be organized having 200,000 shares of stock. Thomas
F. Cole was to be president of the new company and W.
J. Uren, general manager. Immediate operations were
planned to develop the south end of the property by
sinking a shaft. This deal, however, did not materialize
for various reasons.

In the early part of December announcement was made
that Tucker, Hayes & Bartholomew, in association with
Lewisohn Brothers of New York, had secured a renewal
of the option from the Calumet & Hecla, carrying control
of the Seneca Mining Company. It was proposed to
form a new company, the Seneca Copper Company,
with 250,000 shares, 200,000 shares to be issued at $15
per share. W. J. Uren was named as general manager.

On December 23, 1916 the Calumet & Hecla sold its
11,207 shares of Seneca for $60 a share, receiving
$672,420. In making this sale, it was stipulated that the
other shareholders should receive an offer of $60 a
share for their shares, provided they were presented
within a reasonable time.

Operations at the new Seneca will probably be begun in
the spring of 1917 under the direction of W. J. Uren.

South Lake Mining Company.

South Lake continued development work, and total
openings up to the end of the year 1916 show
approximately one mile of drifts on the various lodes, a
large proportion of the ground opened being of suitable
character for stoping.

The long drift on No. 3 east at the 600 foot level south is
being driven to make a connection with the Lake mine.
This drift has opened considerable stretches of very
good ground.

Production began in May with 627 tons of ore treated at
the Franklin mill. This amount was increased gradually
to 3,500 tons in December; a total of 20,057 tons being
sent to the mill in the eight months from May to
December inclusive. This 20,057 tons yielded, including
mass, 476,280 pounds of concentrates. The estimated
yield of refined copper is 285,600 pounds.

A steel rockhouse of modern design was constructed
and is now in successful operation. Production during
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the first month of 1917 will probably be increased to
double the average for the last eight months of 1916.

Superior Copper Company.

Operations during 1916 were confined to No. 1 shaft; no
new work was attempted at No. 2 shaft during the year.

On the 17th level in the Superior lode, the last two
available stopes are now being mined, and, with the
exception of one stope on the 15th level, all ground
above this point has been worked out.

On the 18th, 19th, 20th and 21st levels in the West lode,
about 1,800 feet of drifts show copper ground of
apparent value, representing about 150,000 tons of ore,
stoping of which has not yet been started. If to this
tonnage is added about 100,000 tons which remains in
present active stopes, there is a total of approximately
250,000 tons still to be mined. This available ore lies
within the only copper shoot evident in the lower drifts.
The shoot has been found to extend from the 18th to the
21st levels and lies about 1,200 feet south of No. 1 shaft.
It has not, however, shown sufficient size to warrant
driving such long drifts in order to reach it, and it has
therefore been decided to sink to the 33d level before
conducting the further explorations which will probably
determine the future of the mine.

During 1916 the shaft was sunk for the most part in trap
rock between the Superior and West lodes. The
shattered nature of the ground retarded sinking
considerably, and the sinking was discontinued
temporarily at a point below the 29th level. Sinking will
be resumed as soon as possible and will be continued to
the 33d level, at which point an extensive exploration of
the various lodes will be conducted.

Tamarack Mining Company.

Tamarack's production for 1916 was nearly double that
of 1915. The yield of refined copper per ton of ore
treated was 18.2 pounds compared with 17.9 pounds in
1915. Good ground was opened in the newer stopes at
the North Tamarack branch.

Tamarack made a good profit, although costs were very
high. The regrinding plant at the mill was completed in
the summer, but no machinery has as yet been installed.

The Tamarack mine is deep, and mining is expensive,
but operated on a large scale and probably at
considerable initial expense, Tamarack could make a
profit even on 15 cent copper.

In the latter part of 1915 the Calumet & Hecla suggested
that it might consider a purchase of the Tamarack
property if an agreement could be reached as to its
value. Mr. W. E. Parnall was accordingly employed by
the Tamarack to examine and report on the value of the
property. Mr. Parnall reported a valuation of the assets,
other than ore in the ground, at $4,616,734, from which
would be deducted the company's debts of $349,286.
He found it impossible to place a value on the ore
deposits. Mr. Parnall was of the opinion that a different
method of mining on a large scale would be profitable.

Mr. MacNaughton, general manager of the mine,
believed that it would not pay to operate Tamarack
because of the high costs. He did not consider the
unopened ore bodies of any value and did not believe
that increasing the production would be profitable.

The result of several months' negotiations was that the
Calumet & Hecla offered to purchase all the assets of
the Tamarack, except its holdings of Mineral Range
Railroad stock, for $3,563,486, and to assume and pay
the existing debts of the company. That meant $59 a
share to Tamarack stockholders. The offer was
conditional upon the completion of the sale and delivery
of the Tamarack property by June 1, 1916.

The sale was blocked by G. A. Hyams, a stockholder of
the Tamarack. Late in August the directors of the
Calumet & Hecla determined that under existing
circumstances it was for the best interests of the
company to distribute among its stockholders its
holdings of Tamarack stock. A dividend was declared of
20,000 shares of the capital stock of Tamarack to be
delivered to stockholders on August 31, 1916, at the rate
of one-fifth of a share of the capital stock of the
Tamarack for each share of the stock of the Calumet &
Hecla. This distribution of Tamarack stock by the
Calumet & Hecla to its shareholders was followed by the
resignation of James MacNaughton as general manager
of the Tamarack. Mr. Charles S. Smith was elected
president and Charles H. Altmiller, secretary and
treasurer of the Tamarack company, and the main
offices were removed to 50 Congress Street, Boston.

Tremont and Devon Mining Company.

The Tremont and Devon adjoins the Victoria to the west.
In the spring of 1916 diamond drill exploration was
started on the property, and three holes were drilled
before the work was discontinued.

It is reported that in the first hole drilled the Devon lode
was cut, showing 11 feet of good ore, and that in the
third hole drilled the Forest lode was cut, showing nine
feet of excellent ore. In this third hole the Devon lode,
which is just above the Forest lode, did not show
commercial values.

Trimountain Mining Company.

Trimountain's production for 1916 showed an increase of
417,662 pounds over that of 1915. Underground
openings maintained the average quality. The use of
waste stamp-sand for filling stopes was begun towards
the end of the year, and a total of 17,700 cubic yards
was run into the mine through old No. 1 shaft. Electric
haulage-was installed underground on several levels.

In March the stamp-mill was destroyed by fire.
Fortunately there was sufficient surplus stamping
capacity at the Baltic mill to treat the output of
Trimountain, so no loss of production resulted.

Victoria Copper Mining Company.

Victoria made a record production of 1,661,832 pounds
in 1916. Profit from mining operations was $176,806.56.
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The company, however, carried on considerable
construction work which reduced the profit for the year to
$85,330.87.

The improvements for increasing production made
during the year consist of a new shaft to the 2,600 foot
level, doubling of the shaft-house and equipment,
doubling of the rockhouse and rock crushing capacity, a
new Nordberg hoist and an auxiliary steam power plant
at the stamp mill to supply power at times when the
water is low. There is now shaft and hoisting capacity to
take care of all exploration and development work in
opening the mine to a depth of 5,000 feet.

The copper content per ton of ore stamped increased
slightly. Stopes on the 23d, 24th and 26th levels were
heavy producers throughout the year, and the other
stopes throughout the mine were about normal. Very
little development work was done during 1916.

With the new hoist now in operation, production in 1917
should show a marked increase.

White Pine Copper Company.

No. 2 vertical shaft was sunk to a point 151 feet below
the 2d level. The collar of this shaft is 150 feet north of
the main fault which is almost vertical. The lodes on the
south side of the fault have been found by diamond
drilling to be from 600 to 700 feet lower than the lodes
on the north side. To further explore the lodes on the
south side, No. 2 vertical shaft is now being sunk to a
point 600 feet below surface, where it will be deflected
southward along a curve of 500 feet radius and should
enter the lode south of the fault at a point 970 feet from
surface. From this point the shaft will follow the lode
which dips at an angle of 45° to 50°.

No sinking was done at shafts Nos. 3 and 4. Drifts to
east and west of No. 3 shaft showed fair or average
values. The 4th and 5th levels west disclosed ground of
poor quality and a much faulted lode.

At No. 4 shaft drifts were extended on all six levels. The
greater part of the ground opened by these drifts is poor,
with average ground showing in a few places.

Considerable diamond drilling was done during the year
to locate the lodes south of the fault. A deep surface
hole and four underground holes have cut the lodes.
These holes are located from 100 to 200 feet south of
the fault and are spread along a line parallel to the fault
for over 2,400 feet. As mentioned above, this drilling
has shown the lodes south of the fault to lie from 600 to
700 feet lower than those immediately north of the fault.

The average yield of refined copper per ton of ore
treated was 22.27 pounds in 1916.

No changes were made at the stamp-mill during the
year. A 50-ton Minerals Separation flotation unit is on
the ground, preparatory to testing its efficiency in saving
fine copper.

For premiums and bonuses see Calumet & Hecla Mining
Company.

White Pine Extension Copper Company.

White Pine Extension is developing three mineralized
beds of the Nonesuch formation. These beds are known
as No. 1 shale, No. 2 shale and No. 3 sandstone. No. 1
shale is a wide shale, five feet along the foot of it assays
about 15 pounds of copper per ton. Below this shale,
with six feet of barren sandstone intervening, is No. 2
shale, four and one-half feet in width, assaying from 22
to 3.0 pounds per ton. About nine feet below the No. 2
shale, as exposed in underground crosscutting, is a fine-
grained sandstone, 18 to 24 inches thick, assaying as
high as 60 pounds per ton in some openings.

A vertical shaft has been sunk to a depth of 242 feet, 23
feet of which was through overburden. At a depth of 55
feet a crosscut was driven into the hanging of the shaft
for a distance of 30 feet, exposing both No. 1 and No. 2
shale. No. 2 shale was drifted upon for 24 feet.

At a depth of 219.8 feet the second level was
established, and a crosscut was driven in to the hanging
for a distance of 45 feet. At the end of the year No. 2
shale had been drifted upon for a distance of 327 feet,
north and 338 feet south.

At intervals of 100 feet crosscuts were made from the
drift on No. 2 shale into the hanging, exposing No. 1
shale, and at 100 feet north and 100 feet south of the
shaft crosscuts were driven into the foot, showing the
No. 3 sandstone. lItis intended to continue this system
of exploration on No. 1 shale and No. 3 sandstone by
crosscuts as the drifts on No. 2 shale are extended.

A site has been selected for a 100-ton experimental mill,
and plans for the mill are now under consideration in
accordance with recommendations by T. G. Chapman of
Tucson, Arizona. Prof. Chapman obtained a recovery of
85 per cent from White Pine Extension ore in the
metallurgical laboratory of the Michigan College of
Mines, by a combined process of slime tables and oil
flotation.

Winona Copper Company.

Openings at Winona during 1916 showed about the
usual run of ground, those in No. 1 King Philip, showing
perhaps the best. By increasing the size of motors
driving the Hardinge mills and using steel balls instead of
flint pebbles, the amount ground in each mill was
materially increased.

During the year a wooden shaft and rockhouse was
constructed at King Philip No, 1 shaft.

The total production of refined copper in 1916 was
considerably higher than in 1915, but the yield of copper
per ton of ore treated dropped to 13.39 pounds.

Wolverine Copper Mining Company.

Wolverine's production for the year ending June 30,
1916, with the exception of 1913-1914, was the lowest
since the year 1901-1902. This decrease in production
was due to severe winter storms, heavy rains in the
spring and to a shortage of labor for some months.
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Openings made during the year showed fair to good
mineralization. In addition to regular stoping and drifting,
about 50 per cent of the ore hoisted was obtained by
cutting out the lode along the foot in older and more
recent stopes.

President Stanton states that the decrease in copper
contents of ore is noticeable as the bottom limits of the
company's territory are approached, but as the ore is of
considerable commercial value, the mine will be opened
to the bottom. It will require two years or longer to reach
the bottom of the mine, and the directors believe that it
will then require all of ten years to exhaust the mine,
estimating a production equal to the average of the past
three or four years.

Wyandot Copper Company.

Work during the year ending March 31, 1917 was
confined largely to stoping on the 8th and 9th levels both
east and west of the winze. Drifts on the 10th level were
extended both east and west of the winze, and some
drifting was also done on the 8th level drift west of the
winze, all with more or less encouragement.

Supt. F. L. Van Orden states as follows:

"Our showing has been too encouraging to close the
exploration without further investigation, yet, on the other
hand, it has not been sufficiently encouraging to warrant
us in assuming or believing we have an embryo mine."

Further efforts will be confined to drifting only, east and
west of the winze. The 10th level drift west carries
copper in more persistent quantities than any other
opening to date.

During the year a mill test was made of 1,605 tons of ore
which refined 12.54 pounds of copper per ton, with 5.26
pounds left in the tailings.

A large storage bin is filled with selected ore ready for
milling, and in addition to this there is some selected
tonnage underground. A second mill test at a mill
equipped with regrinding machinery should show much
better results than the first test.

PART II. NON-METALLIC
MINERALS.

R. A. SMITH.

PORTLAND CEMENT INDUSTRY.
R. A. SMITH.

CLASSIFICATION OF CEMENTS.

The chief cementing materials* used in modern
structural work may be classified as follows:

" Plaster of Paris, cement plaster,
Nonhydraolic cements 4 Keene's coment, ¢te,
| Clommon lime
[ Hydranlic lime
. D Natural cements
Hydranlic cements S
: | Portland cement
| Mnzzolan ecment

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

*Bull, 522, U. S. Geol. Surv., 1912, Eckel, Portland Cement Materials
and Industry of the United States.

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." Limes burned at a comparatively low
temperature from limestone containing 5 to 10 per cent
of sand and clayey material are termed hydraulic limes.
Hydraulic limes contain considerable free lime in addition
to the silicates, aluminates and ferrites formed in
burning, thus they will slake, though slowly, in the
condition that they come from the kiln, and possess
hydraulic properties. If the sandy and clayey material is
much in excess of 10 percent, the resulting lime fails to
slake without first being finely ground and 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 Southern Peninsula and in the Trenton
limestone in the Northern Peninsula apparently have the
proper composition.

Natural Cements. Natural cements are made by burning
at a comparatively low temperature (slightly above that
for lime burning) an impure limestone containing over 10
per cent of siliceous and argillaceous matter and then
grinding the product to a powder. Natural cements will
not slake in the condition in which they come from the
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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 are usually yellow or brown in color. They are
lower in specific gravity and set more rapidly than
Portland 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 Peninsula 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 incipient fusion an intimate mixture of finely pulverized
and properly proportioned argillaceous and calcareous
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 mixture 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 cement 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:
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In burning, the lime combines with the silica, alumina,
and iron oxide, forming a semi-fused mass ("clinker") of
silicates, aluminates and ferrites, in fairly definite
proportions. The clinker is 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 U. S. Bureau of Standards**
indicate that cements containing magnesia up to 7.5 per
cent, when properly made, are satisfactory.

Puzzolan Cement. Puzzolan cement is a finely ground
mechanical mixture of silliceous and aluminous
materials, such as blast furnace slag or volcanic ash,

and slaked lime. The mixture is not burned at any stage.

When finely ground, the powder will set under water.
Puzzolan 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 Puzzolan cements are made in Michigan, though
some of the blast furnaces can easily obtain abundant
supplies of suitable limestone,

S, V. Peppel. The Uses of Limestone in Ohio, Bull. 4, p. 252, Ohio
Geol. Surv. 1906.

*Min. Res. 19075 Pt. I, p. 483, U. S. Geol. Surv.
**Min. Res. U. S., 1914, Part Il, pp. 245-246.

HISTORY' OF CEMENTS.

Ancient Cements. There seems to be no evidence that
the Egyptian, 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 volcanic ash found abundantly near
Naples, when powdered and mixed with black lime, has
hydraulic properties similar to modern hydraulic
cements. Indeed, the name Puzzolan cement has been
derived from this ancient cement material. The modern
Puzzolan cement, however, is made chiefly from blast
furnace slag. The Romans used Puzzolan 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. Lime mortar was practically the only
cementing material used until 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 Englishman, 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 concretions of clay and
limy matter, which were abundant in some of the coastal
formations in England, were burned at a temperature
slightly higher than that used in burning ordinary lime,
the product 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 Erie
Canal in New York, it was found that lime burned from a
certain limestone in the town of Sullivan, Madison
County, refused to slake. Canvass White, an associate
engineer under Benjamin Wright, engineer 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 American natural cement was used extensively in
the construction of the locks and walls of the middle
division of the canal.
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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 calcined 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 counties 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: "l do not know that it
is found in the counties west of Cayuga, but | presume
from the geological character of that country it may be
found in all the country 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 industry had begun at a number of places in
New York. The industry 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 different
states, but, it never obtained a foothold in Michigan,
though the state has an abundance of rock apparently
suitable for the manufacture 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 building stone—the oolitic
limestone of Portland. The specifications 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 Portland cement by a wet mixing and
grinding process. The proper proportions of the mixture
and the temperature of burning were evidently known to
Aspdin but were carelessly or purposely withheld from
the 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 pulverized 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.

For 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 cement. Soon after
1850 the growth of the industry was much more rapid
and Portland cement began to displace the older natural
cements 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 almost simultaneously in New
York, eastern and western Pennsylvania, Michigan and
Maine. Apparently the first attempt in the United States
to manufacture Portland cement was made at
Kalamazoo, 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 1882.

In 1874, true Portland cement was being manufactured
in western Pennsylvania from limestone and clay. There
were other experimental attempts about the same time
in the Hudson river district 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 composition 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 industry failed to grow in
the face of competition from Portland cement imported
from England.

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, often by hand, into a vertical
kiln for burning. 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 modern grinding
machinery. 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 clinker. 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 could 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
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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.
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The Ransome kiln was designed to use producer gas
but petroleum was the fuel used in the first kiln
successfully operated in the United States and was the
principal fuel used for a number of years. 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, except in the regions where natural gas and
petroleum abound. Powdered coal is used in all of the
Michigan plants.

.The next most important development in the rotary kiln
was its increase in size, particularly in length. By 1903,
the rotary kiln had been standardized to a length of 60
feet and, with dry materials, had a rated capacity of 200
barrels of cement per day. About this time the Edison
plant demonstrated that a nominal lengthening of the kiln
greatly increased its capacity and a rapid lengthening
began about 1905 until most of the kilns installed now
are between 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.
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The success of the rotary kiln is attested by the fact that
foreign Portland 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
paragraph, the first attempt to manufacture Portland
cement in the United States was made in 1872 at
Kalamazoo, marl and surface clay being the raw
materials used. The attempt was given up a number of
years later on account of the excessively high cost of

production.

No further attempt* was made to manufacture cement in
Michigan until the Peerless Portland Cement Company
was organized at Union City, Branch county, August 23,
1896. The first kilns 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.
built a plant at Bronson, Branch county, and a year later,
the Coldwater Portland Cement Company now the
Wolverine Portland Cement Company was organized,

In 1897, the Bronson Portland Cement Company
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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
Michigan were between 1899 and 1901, twenty
companies being organized in this period for the
manufacture of cement from marl. Some companies
made very elaborate 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 annotated** list of all the Portland
cement plants built or projected in Michigan:
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Figure 4. Geological map showing location of Portland cement
plants and principle areas in which occur deposits of limestone
and shale suitable for use in making Portland cement.

Legend: Cambrian,—Cis = Lake Superior sandstone;
Ordovician,—Ob = Beekmantown or "Calciferous" sandstone,
Ot. =""Trenton" limestone, Oc = Cincinnati shales; Silurian.—
Shs = Hendricks series. Sfi = Fiborn limestone, Sms =
Manistique series, Sed = Engadine dolomite, Sm = Monroe
formation, Sum = Upper Monroe dolomites, Ss = Sylvania
sandstone, Sim = Lower Monroe dolomites; Devonian,—Das =
Antrim shale, Dt = Traverse formation, DIl = Dundee limestone;
Mississippian,—Mcs = Coldwater shale, Mgr = Grand Rapids
group; Upper Carboniferous,—Ccm = Coal measures.

Improvements in Grinding. In the early days of the
industry, the cracker and millstones 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 ball 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.

E. C. Eckel, Bull. 522, p. 18, U. S. Geol. Surv. 1913.

*C. W. Cook, Pub. 8, Geol. Ser. 6, Mineral Resources of Michigan for
1911, p. 338.

**C. W. Cook, Cement, pp. 347-350, Pub. 8, Geol. Ser. 6. Mineral
Resources of Michigan for 1911, Mich. Geol, & Biol. Surv.

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° F.) until it
forms a semi-fused mass or clinker; and (3) grinding of
the clinker to a fine powder, which is the Portland
cement of commerce.

There are three general classes of raw materials
required in making Portland cement, viz., (1) cement
materials proper—limestone, 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 materials are used, usually contains about 75 per
cent of calcium carbonate, (CaCQ3) 20 per cent of silica
(Si0O,), alumina (Al,O3) and iron oxide (Fe,O3), and 5 per
cent of magnesium carbonate, alkalies, 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. S. 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.

"™Min. Res. U. S., 1914, Part Il, Cement, pp. 245-246.

Raw Materials Used.

Theoretically almost any combination of calcareous and
siliceous argillaceous materials, which will give a
composition within certain prescribed limits can be used
in making Portland cement but in actual practice only
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those materials which naturally, or with a minimum
amount of labor give the proper mixture and are
abundant 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 calcium 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 are (1)
argillaceous limestone (cement rock) and high calcium
limestone, (2) hard high calcium 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, although 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 Michigan 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 indefinite mixture of clay and calcium
carbonate, but from the standpoint of the cement
manufacturer it refers to the nearly pure deposits of
finely divided calcium carbonate found in the bottom of
lakes, or beneath marshes, formerly the sites of fresh
water lakes. Marl deposits are due largely to the work of
organic 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 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
becomes 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 %2 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 Fig. 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 probably this is less than
one-fourth of the total number in the Peninsula. 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 deposits 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, suitable 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
accessible high grade marl reserves are exhausted.

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

Limestone.*

Michigan has enormous limestone resources, but much
of the limestone is high in magnesium carbonate and is
therefore not suitable for the manufacture of Portland
cement. Moreover, most of the easily accessible
deposits of high calcium limestone are located in the
northern part of the Southern Peninsula or in the eastern
half of the Northern Peninsula far from large markets
and cheap fuel supplies. The only important deposits of
high calcium stone in the southern part of the state are
at Sibley, Wayne county, Bellevue, 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 limestone 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 Arenac 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

Publication 24, Geological Series 20 — Page 23 of 57



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 deposits of pure limestone will
be discovered in this county. At Bayport an upper bed,
averaging about 90 per cent in calcium carbonate 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.

Figure 5. Map of known marl deposits in the Southern
Peninsula of Michigan. The number shown is probably less
than one-fourth of the total number. Adapted from Plate XLV,
Cement Industry in Michigan, Pt. Ill, 22d Ann. Rept., U. S. G.
S.

In Jackson county, the Bayport limestone occurs as
large scattered 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 development for cement
manufacture. It is possible that with more careful
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 sandstone with a
shaly matrix. The shale, where the conglomeratic zone
is thin, could be utilized with the overlying limestone.

The following analyses are fairly representative of the
purer phases of the Bayport limestone:

The "Niagara" limestone underlies a broad belt in the
Northern Peninsula extending from Garden Peninsula in
southeastern Delta county eastward along the lake
shore to Drummond Island, Chippewa county. ltis
widely exposed in many localities. The upper part of the
formation, the Engadine 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 Fiborn
limestone, is largely high calcium and low magnesian
limestone.

The Fiborn limestone is by far of most economic
importance, because of its large exposures and high
average purity. It is exposed 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
distance of about sixty miles. The principal areas of
exposures are five miles north, of Whitedale and in the
vicinity of Blaney quarry, Schoolcraft county; about two
miles north of Huntspur, about one mile west of Gould
City, four miles north of Engadine, in the vicinity of
Hendricks and Fiborn quarries, and three miles west of
Trout Lake, Mackinac 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 Drummond
Island. 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. Itis
probable that further search will reveal the presence of
other more important exposures.

The following analyses are typical of the composition of
the Fiborn limestone:

ANALYEES OF FIBORY 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
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McGulpins 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 Lenawee counties into Ohio. It is essentially a true
limestone formation, containing no dolomite and only a
relatively small amount of magnesian 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 unimportant exposures occur
in the northern part of Emmet and Cheboygan 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 97.33 per cent calcium carbonate and only
1.81 per cent of magnesium 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 exposed 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:

Traverse Formation. The Traverse formation is a series
of limestones 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
magnesia. The interbedded shales and also the Bell
shale are generally very calcareous. Locally there are
coral reefs, which are of great purity. A large number of
exposures occur in Alpena, Presque Isle, Cheboygan,
Charlevoix, 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 Michigan
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 Portland 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 Portland 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 area
of high calcium stone in the Petoskey region.

The quarry of the Great Lakes Stone and Lime Company
at Rockport, Alpena county, has been opened in some
high calcium beds directly 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 conditions for the establishment of a cement
plant. In the quarry of the Charlevoix Rock Products
Co., near Charlevoix such geologic conditions 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:

ANALYEES OF TRAVETSE LIMESTONE
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Aftan, Chebopgnn Co,.| R, C. Honka, ( 1.75 |
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*For a more complete discussion of the limestone resources of
Michigan see Pub. 21, Geol. Ser. 17, Mineral Resources of Michigan
for 1915, pp. 101-312, Mich. Geol. and Biol. Surv.

**C. D. Bradley, General Manager of the Michigan Limestone and
Chemical Company.

Shales and Clays.

Suitable shales for use in cement manufacture occur in
the "Utica" 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 generally too
sandy for this purpose.

"Utica" shale and Cincinnati Series. The so-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 calcium carbonate varied from 32 to over 66
per cent. Itis possible that the beds of calcareous shale
and argillaceous limestone in the vicinity of Stonington
may be adapted for the manufacture 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
character it generally underlies valleys and has few
exposures. Itis exposed near Bell, Presque Isle county
and forms the floor of Grand Lake. Probably it underlies
the surface at shallow depth northwest 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 limestone 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, interbedded shale furnishes a part of the
necessary siliceo-argillaceous material.

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
Norwood, Ellsworth, East Jordan, Boyne Falls and
Walloon Lake Junction, Charlevoix county, and at
Paxton, Alpena county. Numerous exposures of Antrim
shale are reported to occur in the southern part of
Chegoygan county. Except at the top and where
weathered, the Antrim shale is generally black and very
bituminous and locally contains numerous concretions of
iron carbonate and nodules of pyrite. The Newaygo
Portland Cement Co. at Newaygo, Newaygo county,
obtains its shale from a deposit near Ellsworth in section
26, town 32 north, range 8 west, Antrim county. Other
exposures of this 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
condition 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 drying 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. Otherwise the shale is said to be very satisfactory
for making cement.

ANALYEES OF ANTRIM SHALE

“Goul. Survey Mieh. Vel VIIL P4 1, 48,

Coldwater Shale. The Coldwater shale underlies several
thousand square miles of the surface in the Southern
Peninsula but it is exposed or is at shallow depth only in
a few places in Branch, Huron and Sanilic counties. It is
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generally from 800 to 1,000 feet thick and is largely blue
shale, but it contains sandy horizons and true
sandstone. Locally there are many concretions of iron
carbonate.

Large deposits of Coldwater shale occur near Union
City, Coldwater, and Bronson, Branch county. The
Wolverine Portland Cement Co., obtains its shale from a
deposit near Coldwater, and the Peerless Portland
Cement Co., from a quarry near Union City. The
Bronson Portland Cement Company at first obtained its
shale from a shallow mine near Bronson in the same
county, but later used surface clays obtained from
northern Ohio. Excellent but undeveloped exposures of
the Coldwater shale occur along the shore of Lake
Huron from Forestville, Sanilac county to White Rock,
Huron county. Where the overburden is not excessive, it
is probable that the Coldwater shale could be readily
mined.

The range in composition of the shale at Union City and
Coldwater is shown by the following analyses:

SANALYERE OF COLDWATER EHALE.

Michigan Series. The Michigan Series is composed of
greenish shales, some very calcareous, argillaceous
limestones, and beds of gypsum. Some of the shales
have the proper composition for use in cement but
others are too high in soluble salts. At Bellevue, the Burt
Portland Cement Co. utilizes greenish blue shale, and a
very argillaceous limestone beneath the Bayport
limestone. The composition of the shale is shown
below:

AXALYEIE OF FHALE FROM BOTTOM OF CEMENT QUARRY
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Similar shale underlies the exposures of Bayport
limestone north of Jackson near the mouth of the
Portage River, Jackson county.

Coal Measures. The Saginaw formation or Upper Coal
Measures contains an abundance of shale, though
locally very sandy, but many of the beds apparently
would be suitable for use in making cement. According
to Ries™ there are three general types of shales in the
Coal Measures: first, a light gray, sandy, shaly clay,
popularly called "fire clay"; second, a black, fine grained,
brittle shale with dull luster, sometimes called "cannel
coal"; and third, a dark grayish black, fine grained, hard,
yet brittle shale. The first is low in alumina (see Anal.
No. 1) and iron and of doubtful use for cement
manufacture under present methods. The second, on
account of the high content of bituminous and
carbonaceous matter, would probably require more or
less careful manipulation. The last type is associated

with coal seams in Saginaw and Bay counties and is
quarried at Corunna, Shiawassee county, and Flushing,
Genesee county for the manufacture of paving brick.
Some of the shale at Corunna is used by the Portland
Cement Co, near Fenton, Genesee county for the
manufacture of cement. Similar shales are mined near
Bay City for making paving brick. The following
analyses show that most of the shales in the Coal
Measures are lower in silica than is considered desirable
for use in making Portland cement under present
practice but further investigations may develop methods
for the satisfactory use of such shales in the
manufacture of cement.

*Geol. Surv. Mich. Vol. VIII, Pt. 1, 1900, pp. 25-38.
*ANALYRE® OF SHALEE OF THE COAL MEASURES
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Surface Clays.

The surface clays according to Ries' are of three
general classes,—drift clays, lake clays, and river silts.
The first are always calcareous 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 unsuitable for cement making.

ANALYSES OF LACUSTREALY ULAYS
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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
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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 present practice.

*|. C. Russell, The Portland cement industry in Michigan, 22d Ann.
Rept., pt. lll, p. 670, U. S. Geol. Surv.

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 making cement.

TGeol. Surv. Mich. Vol. VIII, Pt. |, pp. 42-68.

GYPSUM.

Generally 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 acquire 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, losco
county.

FUEL.

All of the cement plants are now equipped with rotary
kilns and crushed coal is used for burning the clinker.
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 lower end of the kilns by an air blast and
upon ignition it produces 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 clinker. This is
stored in large bins and later ground in pebble mills.

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 production 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
production 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 uninterruptedly 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 competition 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 previous 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.
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Figure 6. Map showing location of mineral industries in
Michigan.

SALT.

Both the quantity and the value of salt produced in

Michigan in 1916 were greater than in any previous year.

The total production 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 represents a
gain of 2,329,492 barrels or 18.5 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.
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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 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 varying 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.

PROGUCTION ANT VALUE OF EALT 1IN MICHIGAN BY GHADES, 1904-1916.
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The war has revived the industry through the great
demand for bromine from abroad. Under present
conditions salt is manufactured 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-St. 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 surface. Rock salt is
mined by the Detroit Rock Salt Co. at Oakwood, 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
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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 districts.

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 exceeded 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 manufacture of soda ash, bleach, caustic,
etc., and this accounts for the low average value per
barrel. The Solvay Process 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 output, yet the value was
$1,950,098 or 41.6 per cent of the total value for the
state. The exceptionally 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 fuel
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, i. e., common fine
and common coarse.

The Marshall brines especially near the center of the
state contain appreciable amounts of bromine and
relatively large percentages 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
discovered 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 German bromine and
bromine products drove the price so low that the
recovery of bromine was abandoned by all of the salt
manufacturing concerns, though it was still extensively
produced by the Dow Chemical Co. at Midland, Midland
county. The great demand 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.

Calcium chloride is recovered as a by-product of the salt
industry at Mt. Pleasant, Isabella county, and at Saginaw

and St. Charles, Saginaw county. It is also produced on
a large scale as a waste product 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 Michigan, 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 be underlain by rock salt in
southeastern Michigan and western Ontario is several
thousand square miles. The rock salt area extends
northwest from Detroit River to and beyond Romulus
and Dearborn in Wayne county, and Royal Oak in
Oakland county but how far the salt area continues in
this direction is unknown, since there are no wells
northwest of these places deep enough to reach the salt
bearing horizons. The aggregate thickness of the salt
beds at Royal Oak and Dearborn is greater than to the
southeast along Detroit River, thus indicating 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 salt beds
along Detroit and St. Clair 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
undoubtedly very large is of unknown extent. Rock salt
was struck at Onaway, Grand Lake, and Alpena in great
quantities, and the greatest aggregate thickness of rock
salt yet penetrated in Michigan or Ontario, Canada, is at
Onaway, Presque Isle county. A test hole drilled for oil
at this place penetrated over 800 feet of rock salt in a
section of 1,200 feet. The lowest bed is 225 feet in
thickness, and perhaps is to be correlated with the thick
bed in the Detroit river region. At Grand Lake salt beds
aggregating over 300 feet in thickness were penetrated
in a deep well without reaching the bottom of the rock
salt formation.

In the Manistee-Ludington district, the salt beds are few
and thin. In the vicinity of Manistee only one bed is
known. This has a thickness of 20 to 30 feet. At
Ludington, however, four beds respectively 20, 12, 7,
and 5 feet in thickness have been penetrated in some
wells.
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The depth to the first salt bed in southeastern Michigan
varies from a minimum of 730 feet at Detroit to 1,500
and 1,600 feet at Port Huron and St. Clair. The depth at
Alpena, Alpena county is about 1,270 feet; at Grand
Lake, 1,284 feet; and 1,630 feet at Onaway, Presque
Isle county.

The total area of the rock salt districts in Michigan is
unknown but it is undoubtedly several thousand square
miles and present evidence, though not conclusive,
indicates that the three known rock salt districts are but
parts of the same great rock salt area.

GYPSUM.*

From 1868 to 1890, the annual production of gypsum in
Michigan 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 depression throughout the country during 1892-
3 disorganized, the industry, 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
67,384 tons, or 17 per cent in amount and f 380,290 or
57 per cent in value. The large gain in value is due
largely to war conditions.
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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 ground
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 production 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
invention and introduction into the building trades of
gypsum plasters, plaster board, fire-proofing, calcimines,
and other gypsum products. Since 1887, the grinding of
land plaster has become relatively insignificant in
comparison with the manufacture of building products.

In 1916, the value of land plaster was only $16,658 as
compared 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
operation. 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
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mill at Alabaster, losco county, and one mill at Detroit.
At least three, and probably four, gypsum beds are
worked in Kent county. The two upper beds at Grand
Rapids, respectively 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 overlain 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
heavy 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 district.

In the Alabaster district the upper gypsum bed, which is
extensively 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 lonia, lonia county, and Cass City, Tuscola
county, and beds 6 to 12 feet thick are known at
comparatively shallow depths at Bellevue, and Eaton
Rapids, Eaton county. In brief, the gypsum deposits of
Michigan may be said to be practically inexhaustible.

*For 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.

PRODUCTION OF GYPSUM IN MICHIGAN, 1911-1916

COAL.*

Coal mining began in Michigan as early as 1835 but no
records of production are available before 1860, when
Michigan was credited 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, Eaton county, Jackson, Jackson county,
and Corunna, Shiawassee county. Ten years later the
production reached 28,150 tons, in 1880, 100,800 tons,
and for the following two years it exceeded 100,000 tons
annually. In 1883, a sharp decline began and in the
following year the production fell to only 36,712 tons. It
was not until 1897 that the production again exceeded
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. Following that
year a rapid decline set in and continued until the
maximum 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 November 30, 1916,
were 1,076,215 tons. This does not include coal used
for steam and heat, therefore, it is probable that the total
production 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 output, 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.
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LIMESTONE.*

The growth of the limestone industry in Michigan was
relatively steady from 1899 to 1904 but very rapid from
that date to the present. In 1899, the total value of
limestone products, including lime was only $281,769,
and in 1904, $501,708. Ten years later, in 1914 the
value of the products, exclusive of lime, which amounted
to $287,648, was $1,457,961 or nearly three times that
of both lime and limestone products in 1904. Large
increases were made in 1915 and 1916, the total value
of all products, except lime being respectively
$1,828,766 and $2,389,763. The percentage of gain in
1916 was 30.6 per cent as compared with 25.4 per cent
in 1915.

The chief increases were in stone for blast furnace flux,
for the manufacture of soda ash and allied products, for
concrete and for railway (?) ballast. The production of
flux stone in 1910 was only 341,027 tons valued at
$186,046 as compared with 2,254,984 tons valued at
$763,029 in 1915 and 3,033,155 tons valued at
$1,207,326 in 1916. The large increases for 1915 and
1916 in flux stone were due largely to the general
industrial prosperity incident to the war and also to the
development on a large scale of extensive deposits of
very high grade limestone especially adapted for fluxing
purposes. This stone is successfully invading the flux
stone markets formerly dominated by limestone from
other states.
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Most of the high calcium limestone is located in Alpena,
Presque Isle, Cheboygan, Emmet, and Charlevoix
counties in the northern part of the Southern Peninsula
and in Schoolcraft, Mackinac, and Chippewa counties in
the Northern Peninsula. Important deposits occur at
Sibley, Wayne county, and Bellevue, Eaton county. An
undeveloped deposit occurs about two miles northeast
of Dundee, Monroe county. Small deposits of uncertain
commercial importance occur near the mouth of Portage
river about six miles north of Jackson, Jackson county,
and about three miles northeast of Omer, Arenac county.
The reserves of high calcium limestone in the northern
part of the state are practically inexhaustible.

Enormous deposits of very pure high magnesian
limestone or dolomite occur in the Northern Peninsula
near the lake shore from Seul Choix Pt., Schoolcraft
county, eastward to Point Detour, Chippewa county.
This dolomite is adapted for lining open hearth furnaces
and for paper making. Extensive areas of impure
limestone suitable for concrete, road material, and
ballast occur in the vicinity of the high grade limestone
areas in the Northern Peninsula. Low grade magnesian
limestone or dolomite occurs in abundance 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.

LIME.

From 1904 to 1914 the lime industry in Michigan made
no growth, 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 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 receivers and ceased operations for the
year.

The lack of growth in the lime industry is due to several
causes, chief of which are (1) the growing scarcity of
suitable cheap wood fuel for burning lime, (2) the
substitution of concrete for stone and lime-mortar in
construction work, (3) the rapidly growing use of gypsum
wall plasters and plaster substitutes, and (4) the
unfavorable location of suitable limestone in relation to
markets. Formerly, because of the abundance of cheap
wood fuel and the difficulty of obtaining lime, lime-
burning flourished in many localities in the state, inferior
or hard burning limestone often being utilized. The
cheapness of good lime, the ease of obtaining it with the
development of means of transportation, and the
growing scarcity of cheap fuel combined to drive most of
the local burners out of business, especially those using
inferior or hard burning stone. At present, no lime is
produced in the central and southern portions of the
state with the exception of a small amount in Arenac
county. Lime is burned only at Menominee, Menominee
county, Manistique and Marblehead, Schoolcraft county,
and Rexton, Mackinac county in the Northern Peninsula
and at Alpena, Alpena county, Afton, Cheboygan county,
Petoskey and Bay Shore, Emmet county, and near
Omer, Arenac county, in the Southern Peninsula.

Most of the exposures are in the northern part of the
state relatively distant from ready markets. This makes
it difficult for the Michigan burners to compete in the
southern more populous portion of the state with lime
producers in northern Ohio, Indiana, and lllinois, situated
near cheap coal fuel supplies.

Concrete mortar is more easily and rapidly handled than
stone 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 plastering.

Much of the lime produced is of the "hot" variety but
considerable mild magnesian lime is burned at
Manistique, Marblehead, Petoskey and Bay Shore.
Hydrated lime is produced at Afton, and Manistique.

The total production in 1916 was 86,477 tons valued at
1385.341 as compared with 81,359 tons valued at
$349,979 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.
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BRICK AND TILE PRODUCTS.

Raw Materials. Most of the surface clays (see Clay) in
Michigan are of low grade and of three general classes,
(1) morainic clays or drift clays, (2) lake clays, and (3)
river silts. The morainic clays are usually calcareous,
containing from 10 to 15 per cent or more of lime. They
also contain sand, pebbles, and boulders, hence the
name boulder clay. Due to their sandy or calcareous
nature, most of the clays 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, vitrified, and front brick, vitrified tile,
fire-proofing, and other high grade products are not
abundant. Near Rockland, Ontonagon county, some of
the lake clays belong to the slip varieties and are used
for glazing pottery. At Grand Ledge, Eaton county,
Jackson, 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, vitrified tile,
sewer pipe, conduits, fireproofing, etc. For the past two
years a project for the manufacture of front brick from
Coal Measures shales has been under way at
Williamston, Ingham county.

The Baker Clay Products Co., at Grand Ledge, has a
modern plant equipped with continuous kilns and have
begun the manufacture of front brick.

Production. In 1916 the value of brick and tile products
in Michigan was $2,705,054, exclusive of pottery, as
compared with $2,248,068 in 1915. This represents an
increase of $456,986, or 20.3 per cent. The quantity of
common brick increased from 277,399,000 in 1915 to
279,175,000 in 1916, a gain of .6 per cent. The value,
however, increased from $1,461,188 in 1915, to
$1,856,587 in 1916, an increase 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 $305,156 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 importance 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.

ANNUAL PRODUCTION OF BIICK AND TILE PRODUCTS IN MICIUGAN, 1500-2500

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 clays are 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 at various places
in the Northern Peninsula, but these so far as
investigated, have proved to be white or calcareous lake
clays of the slip variety. The morainic clays, boulder and
till clays, are always calcareous, some of them being
very high in lime, especially in limestone regions. In.
such regions the clays locally approach the nature of
impure marls. The lake clays are generally less
calcareous but locally, as in limestone regions, they may
contain a large percentage of lime. The river silts are
the least calcareous but they are usually gritty. On
account of the high content of lime, most of the clays
burn white. In many beds, however, there is an upper
portion relatively free from lime which burns red, and a
lower one very high in lime which burns white or cream
color. The absence of lime in the upper portion is due to
leaching. In such cases, there is usually a zone of lime
balls between the leached and unleached portions.
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The morainic or drift clays contain pebbles, and boulders
(hence the name "boulder clay”) and locally lime
concretions. Screening 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 clays
possess special burning qualities. The lake clays are
comparatively free from pebbles and coarse sand but
some contain much very fine 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 Chippewa and Ontonagon counties.

The morainic or boulder clays have been developed for
the manufacture 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 extensively for making
common brick. With the growth of the city in this
direction the land has become so valuable for building
sites that the brick industry is being gradually forced into
other localities. Important developments have also been
made near Paines and West Saginaw, Saginaw county,
and at numerous places in Lenawee, Monroe, and
Macomb counties.

In Ontonagon county some of the clays are of the slip
variety and are 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
generally the mining of such clays is merely incidental to
the manufacturing of common brick and tile. Nearly all
of the clay sold as clay in Michigan is slip clay. Itis
mined chiefly near Rockland, Ontonagon county, and
shipped to potteries in Ohio and other states for glazing.
The great distance of the beds from the centers of the
pottery industry is a serious obstacle in promoting
development. In some years, a small amount of clay is
sold for medicinal purposes.

*H. Reis, Vol. VIII, pt. |, p. 48, Clays and Shales of Michigan, Mich.
Geol. Surv.

POTTERY.

The pottery industry in Michigan has made almost
uninterrupted 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 porcelain 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 lonia 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.

The clays used for the manufacture of flower pots are
obtained from Michigan but those for porcelain products,
pipes, etc., are imported from other states and countries,
for, no deposits of china or ball clays have been found in
Michigan.

SAND-LIME BRICK.

The first sand-lime brick plant in the United States was
started at Michigan City, Indiana in 1901. The sand-lime
brick industry was a "boom" industry and within two
years nine plants were in operation, in the process of
building, or projected. Under the erroneous impression
that sand-lime brick, satisfactory for most purposes
could be made much more cheaply than ordinary clay
brick, many plants were erected all over the country
without proper investigation of marketing conditions,
transportation facilities, competition from clay brick or of
the character and supply of the raw materials, and
methods of manufacture. The industry suffered from the
resulting failures and especially from the generally poor
character of the product.

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 clay brick, in the face of a more or less
general prejudice on the part of contractors against
sand-lime brick.
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Fortunately in Michigan most of the early plants were
started in widely separated regions, and for from large
clay working industries or were located near large cities
which afforded a ready market 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 number of plants. In 1904, ten plants 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 1905 but the
production 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.

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. Labor scarcity
was reported by two operators.

The production of front and fancy 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 year. 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 exception of 1906 when New York took
first place. For 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-
third of the total value for the United States. In 1916,
twelve plants were in operation in Michigan, whereas
Florida and Minnesota, the nearest competitors, each
possessed four plants. In 1916 a new plant replacing
the plant of the Fairview Brick Company, 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 Flint, Grand Rapids,
Kalamazoo, Menominee, Ripley (Houghton County),

Rives Junction (Jackson County), Rochester (Oakland
County), Saginaw, Sebewaing (Huron County), and
Sibley (Wayne County).

ANNUAL PRODUCTION ANTF VALUE OF BAND-LIME DRICK 15 MICHIGAN ANT UNITED STATRE, [004-1900
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SANDSTONE.

For many years 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, Calhoun, lonia,
Eaton and Huron counties. No records, however, were
kept until near the close of the century. In 1899, the
production 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 $12,985. For the past three years there have been
only one or two producers, hence no figures have been
given.

The decline of the sandstone industry in Michigan may
be ascribed 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 lonia and at other places in lonia
county, and at Grand Ledge, Eaton county; and at many
places in the Marshall sandstone in Calhoun, Hillsdale,
Jackson, and Huron 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 lonia, 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 seasoning 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
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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 operations 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 equivalent of the Lake Superior or Upper Cambrian
sandstone. The "redstone" or "brownstone" of the
Jacobsville is well cemented, permanent in color and
pleasing in appearance, but the great distance from
markets is a serious obstacle to development.

Formerly much sandstone was quarried for foundations
but concrete has largly displaced stone for such
purposes because of the cheapness of concrete and the
rapidity and the ease of handling. Front 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
foundations.

Artificial stone is now displacing natural stone for these,
especially for outside work.

Apparently the sandstone industry will not soon regain
its former importance.

SPRODUCTION AND VALUE OF BANDETONE 1N MICHIGAN, j80-1016,

GRINDSTONES AND SCYTHESTONES.

Although Michigan ranks second to Ohio in the
production of grindstones and scythestones, the latter
state produces about eight times as much as Michigan.
The "grit" or "grindstone" occurs in the lower part of the
Marshall formation in Huron county. The Wallace
Company of Port Austin and the Cleveland Stone
Company operate quarries at Eagle Mills and Grindstone
City respectively where the gritstone occurs in low-lying
and thinly drift covered ledges near the shore of Lake
Huron. The surface deposits are removed by stripping,
and the stone is cut by channelling machines into square
blocks eight feet or more in thickness. These are split
with wedges along the bedding planes into thinner slabs
which are loaded on cars by derricks, then carried to the
mills for sawing into grindstones. The grindstones vary
in size from very small ones 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.

As there are but two producers no tables of production
and value can be given.

SAND AND GRAVEL.
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Michigan has very large sand and gravel resources. The
most important deposits occur in the form of ridges
known as "hogbacks" or eskers, in irregular hills, called
kames, in out-wash plains and deltas, and in old beach
ridges, features resulting from the last glacial invasion.
Only a small portion of the sand and gravel resources
have been developed. The chief developments are in
the southern half of the Southern Peninsula and in the
vicinity of cities, in river channels, and along the shores
of the Great Lakes where means of transportation are
favorable. Large pits are locally developed in building
state award roads. The chief localities and counties in
order of importance are: Detroit and St. Clair rivers and
Kent, Washtenaw, Macomb, Ingham, Livingston,
Manistee, Oakland, Berrien, Jackson, Kalamazoo, and
Calhoun counties.

In 1916 Michigan produced 4,407,475 tons of sand and
gravel valued at $1,295,717. This represents a gain of
630,749 tons or 16.7 per cent in quantity, or 24.9 per
cent in value. The chief increases in quantity were in
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moulding sand, building sand and gravel. There were
but two producers of glass sand (See Glass-Sand) in
1915, hence figures of production and value are not
given.

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 thickness. In Wayne
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 35 feet thick.

The sandstone is exposed or is near the surface in three
localities, 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 township area the
overburden is locally ten feet or less in depth. ltis
exposed for a considerable distance in the bed of Raisin
river near Steiner in the southwest quarter of sec. 2, T. 6
S., 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 dolomitic
sandstone which requires blasting. The material after
being crushed and washed is pumped into bins where it
is allowed to drain.

Some years ago the Rockwood Silica Sand Co. drilled a
well just east of Rockwood (SE V2 SW V4, 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 under 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 recently sold to
the Ford Plate Glass Co. of Toledo, Ohio. The Whiteford
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 remarkably free 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
numerous near the horizon of dolomitic sandstone.
Washing removes practically all of the small amount of
dolomitic cement in the incoherent 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 Rockwood, Wayne county.

ANALYSIS OF GLASS SAND

Crude **Washed

Percent. Percent.
Silica 96.50 99.70
Calcium carbonate 1.50 0.08
Magnesium carbonate 1.04 0.22
Iron oxide 0.00 -
Surphuric acid loss and undetermined 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 surface on match boxes.
Since there are but two producers, no figures of
production can be given, the output being included in the
state totals of sand and gravel.

*W. H. Sherzer, Vol. VI, pt. 1, p. 54, Geology of Monroe County, Mich.
Geol. Surv.

**Analyst Dr. J. E. Clark, Detroit.

NATURAL GAS.

In Michigan natural gas* is obtained both from the drift
and from the underlying bed rocks. 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 association with the oil.
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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 are 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 family 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
Macomb counties, 25 or 30 drift gas wells are or have
been utilized by farmers for heating and lighting
purposes. According to the reports 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 Onekama 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, a project
was under way for utilizing the excess gas for lighting a
small suburb of Port Huron, but apparently nothing came
of it. Several other wells drilled for oil in various parts of
the city yield sufficient gas to be utilized for domestic and
industrial purposes.

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

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

Oil* has been found in small quantities at many places in
Michigan, notably at Port Huron, Allegan, and Saginaw.
At Port Huron' there are two principal groups of
productive wells and several scattered 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 off to
less than a barrel. Most of the wells yield gas and some
of them, considerable quantities. 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 River
about two miles west of North Port Huron. Dirilling is
now (June, 1917) in progress on the Henry May farm.
The average yield of oil from these wells, when pumped,
is said to be similar to that of the Stock wells. Itis
probable that a few more small wells will be sufficient to
make the operation of this group profitable, 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.

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

1See Publication 19, Geol. Ser. 16, Mineral Resources of Michigan for
1914 for a more complete discussion of the Port Huron field.

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

MINERAL AND SPRING WATERS.

There has been a persistent decline of the mineral water
industry in Michigan since 1902, though the amount and
value of mineral and spring wraters produced in
Michigan fluctuate greatly from year to year.
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The principal factors affecting the production are (1)
general business conditions, (2) local conditions
affecting municipal supplies. The largest decreases in
production in Michigan occurred in the general business
depressions of 1906, and 1907, and of 1914. The
municipal water supplies in certain cities are unsafe or
unpalatable 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 development of
new sources. The production in 1902 was 8,653,690
gallons valued at $275,763. In 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 quantity 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
Falls districts locally have been more or less completely
metamorphosed into dolomitic 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
impurities 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 according to reports the
large amount of waste made operations unprofitable. An
old marble quarry in Sec. 26 T. 42 N., R28 W,
Dickinson county, is now operated for the manufacture
of whiting and paint filler.

Verde Antique Marble. A belt of altered peridotitic rocks
about 472 miles in length occurs northwest of Ishpeming,
Marquette county. These rocks have been altered
largely to serpentine and dolomite, or so-called verde
antigue marble. In some places the rock is almost
wholly dolomite but generally it is a dolomitic serpentine,
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 produces 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 Antique
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 Marquette
Green Marble Co. made an attempt to open a quarry
east of the old Michigan gold mine but become
financially involved and suspended operations in the
summer of 1917.

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

SHALE.

Shale is quarried near Coldwater, Branch county, at
Paxton, Alpena county, one mile south of Ellsworth,
Antrim county, and at Bellevue, Eaton county for use in
the manufacture of Portland cement; at Grand Ledge,
Eaton 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, Shiawassee 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 years a project has been under way to
develop shale beds at Williamston for the manufacture of
front brick. Although 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, Flushing and
Corunna belong to the Coal Measures. The beds vary
from soft white, or light gray clay 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 Devonian. The extent of the easily quarry able
shale near Paxton is unknown but propably exploration
would reveal the presence of a number of quarryable
areas. Most of the shale exposed is dark brown and
very bituminous but locally there are streaks of bluish to
greenish gray shale and huge balls of iron carbonate
and dolomite. The shale beds at Ellsworth belong to the
upper part of the Antrim and are largely of soft blue
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gritless shale, with a few thin dark bituminous beds. The
extent of the easily quarryable areas is uncertain but
apparently large. Tests probably will show that this
shale is suitable for a variety of purposes. Other
exposures of the Antrim shale occur in Charlevoix,
Cheboygan, and Alpena counties, notably along the
shore of Lake Michigan at Norwood, Charlevoix county.

Excellent exposures of shale belonging to the Coldwater
formation 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 shallow depth in
a number of places in the vicinity of Coldwater, Union
City, Quincy, and Bronson, Branch county, but it is
utilized only at Coldwater.

Exposures of the Bell shale, the base of the Traverse
formation, occur near 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 Bock Products Company. This shale is
reported to have been tested and found suitable 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 1.888 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.

*For a more complete report see Pub. 16, Min. Res. of Mich. for 1913,
pp. 92-95, Mich. Geol. & Biol. Surv.

TRAP ROCK.

There are inexhaustible resources of trap rock in the
western half of the Northern Peninsula, chiefly in the iron
and copper bearing districts. Trap rock is quarried at
Marquette and Negaunee, Marquette county. Large
quantities of amygdaloidal trap are produced 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

amygdaloidal trap, however, is partially compensated by
superior cementing power.

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

Graphite slate occurs southeast of L'Anse, Baraga
county. Quarries have been opened about 9 miles
southeast of 'Anse by the Detroit Graphite Company,
Detroit, and by the Northern Graphite Company of
I’Anse. The graphite material is ground for paint.

The quarries 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.

MINERAL PAINTS.

Certain iron ores were formerly mined in Iron county by
the Pickands Mather Company of Cleveland, Ohio, for
the manufacture of paint. Last year operations ceased
and the only manufacture of mineral paints from the
crude material are the Detroit Graphite Company and
the Acme White Lead & Color Works, Detroit. 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 producers, hence figures of
production and value cannot be given.

QUARTZ.

Vein 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 company the quartz rock is
practically pure silica, there being only a 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.
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FELDSPAR.

Deposits of potash feldspar are reported to occur about
one-quarter 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
Statistics 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 (SiO,) 65.25 Magnesia (MgO) 0.23
Alumina Al,O3 18.60 Sodium oxide 1.99

Iron Oxide Fe,O3 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 20 feet high. More or less exploration would be
required to determine the extent of the dike. Itis
probable that other dikes exist in this and other localities.

CELESTITE.

Celestite or strontium sulphate (SrSO,) occurs in various
strata of the Monroe formation in southeastern Michigan.
Near Maybee, Monroe county it is found as scattered
masses associated with native sulphur in the lower part
of the Upper Monroe. At Rockwood, 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
numerous 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.

PART III. DEEP WELL BORINGS.
R. A. SMITH.

DEEP BORINGS.

During the past three years a considerable number of
deep borings have been sunk in the state chiefly for
water, salt, oil and gas. Logs of most of these and sets
of samples from many have been obtained. A number of
records of wells, drilled prior to 1918? have also been
recently obtained. The following are the compiled
records of the more important borings.

ALLEGAN COUNTY.

Saugatuck. Mr. P. G. DeGuenther in 1916 drilled a test
well for oil near Saugatuck. A log and a set of samples
were preserved for the lower portion of the well. The
well evidently penetrated the Dundee limestone but no
oil or gas was reported. The exact location of the well
was not learned.

A detailed record of the lower portion of this well would
have been of great value in throwing light on the
structure of Dundee limestone in western Allegan
county. Since the depth to the top of this formation at
Saugatuck cannot be determined within close limits,
direct comparison cannot be made with the wells at
Allegan to the eastward and in Berrien county to the
south.
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ARENAC COUNTY.

Pine River. Fred Oeder drilled a well for water near Pine

River. The record was made from a few samples and a
log from memory furnished by Mr. Oeder. Two gypsum
beds were struck at 216 and 223 feet respectively.

PINE BRIVER
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CLINTON COUNTY.

Bengal Township. In 1915, coal was struck in a well on
the Verne Walker and Albert J. Moss farms on the town
line between Bengal and Essex townships. The
Consolidated Coal Co. of Saginaw, drilled two test holes
one on each farm to determine the thickness and extent
of the bed. The coal bed in both borings proved to be
too thin for further investigation. Records of the borings
were furnished the survey by Mr. J. H. Barnes, Field
Engineer of the company and the record of the A. J.
Moss hole, the deeper of the two, is given below:
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DELTA COUNTY.

Escanaba. In 1917 the Chicago and “Northwestern
Railway Company completed a well for water at their
shops in Escanaba. A carefully made log and a
complete set of samples were preserved for the Survey
by Mr. Geo. Loughnane, Division Engineer.

CHICAGD & XORTHWESTERN RAILWAY COMPANY WELL

T-‘r"l'T- . NLOWL T xlm I-.i:waunlm 0 £, morth aegd 2000 ft, woat of soihet srnar

Wl e, ﬁ Qc .l BES T, m‘;liur wast line of (ieodgla Steel: g

rih of ||||r|.I| ||Ix lﬂ "Hm'um Stpeet,  F. M. Qroy, Jr, wdl cangsaciar, [,

durran, driller.  Well completed Apnl, 1917, I-ululnlm takiun wiuder the direction of Chen,

Leaszhnnne, Divishn Engineer. flecord compilal by T 4. Smith, ichlgan ookl
Earvey, fram gvnqples and from Infarmation Eiven by Gea. Losghnoane,

Elratiom aboat 500048 4, T, @ ft. above Lake Michigen, or & I shove {racks ai yands,

i |k
= .
= =
55 [
= S
B S —
Pl Iil.n'm nz O glacial Arifi: I
Coares yellowish sand .
§ oo ot cnimmmnniiool ma
Loarse !.I-lll'm tal mnl or Aine gravel . F 10 A1
Ciravad, lk hly water beariiss fram bt Inke bevel down . 10 i
Fing grinl LTy calmmsame L. w Rl
1 IIIH!‘lI ¢|u:- ﬂl rengly with Lrn'. At the Bddtam,, 000 5| L]
H-I ¥ Efavid, “ harad pan grave B idabmmeeermmmnnn s | fn
Viry voaren gravel and |u.|:|»lu. ........... il I 106
Cinlena—Trenton Liswston: |
Hardl grayih buff limestors with smill w|||1| crpatalline mosses  Viadent
Hlurww.vure- with oobd dibzie HO) vl reck™ and peSbles feon
"I"-"'l Frluhh LafT |mw!|r-:'rn||! Ihrdl:"llh.llluh-l Einealang withy orange red Y "
effervescence. [ron |
Hard prayish b WTE TiEseet s “with ‘whitde erystalline masses Vig, o, Ligle 20 1dn
Gruy very argillacens  porite dmes and calmaresnd sbale Vit | |
bl o DR | 160
Cirenish gray s shale, Do 13 | 170
Baff gray srgillamoue limestone,  Vigansas 1o mruil-ral:. ¥ r'\.n-u--nn L Rl
Gy ealiarenus shale and Heght o dark gy very srellloceaus Heseste an | 210
Teray o dark Er!['- calearsnik gheibe, nd shaly kil sandy HinesLone: s |
posel of siell muanl grains of eoloress quartz. ., . ...... L i
diray oalesrsous shals amnd graylsh whits Lo gray ;.r;lnqq'w;n ||me-.=|:|m.¢.
Wielune etfervesnence. ... 0L Eal 240
vray do Bk pray calcirion shale and sholy |Imesiemse. an i
Light hurf erystaling Hmeatone with some |.,ru;r L dark gray shaly and black |
T ] ain
Harl wray pritiy Bimestone.  Slsdernte ofery . . 10 Agi
Lacht 1o greenish gray ahabo snid r:rn II||.=:|:| 10 RN
Much gréenlels gray shale and derk ||||'.|' 20 AN
Light grayish lu.:n'lllnr-clmmull.lu.umln. 1 e
L o STETVESSER . . e | ann
Girsenish gray lﬂ" dark ':rh:. shals lII|| |.".||T sarly lininetome: sl of mucded |
calirliss guarks Eramns. ..o oL e I | B0
1

The well penetrated the red Huronian schists at a depth
of about 854 feet. Horizons corresponding to the
Madison sandstone and the Mendota limestone of the
Wisconsin section occur below the "Calciferous”
sandstone. The Lake Superior sandstone contained
much coarse very porous sandstone below about 730
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feet and yielded a large flow of artesian water, with a
head apparently about 30 feet above the surface.
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Casing: 106 ft. of 8 inch to rock, 5 ft. of 7% inch liner,
and then 7% inch hole to 120 ft, and 6% inch hole to
bottom. To prevent caving, 5 3-16 inch casing was put
in to 240 ft. to case off the shale rock from about 200 to
240 feet.

Artesian flow estimated at 150 gallons per minute.
Water flows freely over top of casing 20 feet above
ground. Head probably about 30 feet.

Pine Ridge. A test hole for iron was drilled near Pine
Ridge about two and one-half miles west of Escanaba.
The hole was abandoned at a depth of 530 feet without
reaching the Huronian rocks. Judging from the Chicago

and Northwestern Railway well at Escanaba drilled later,

the Huronian rocks should occur in the vicinity of Pine
Ridge at a depth of nearly 800 feet.

A complete set of samples were preserved and
furnished the Survey by Mr. L. Is. Schemmel of
Escanaba who was connected with the project.
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boring was furnished by F. G. Coggin, Superintendent of

the mill.
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The well penetrated 1,450 feet of "Potsdam" or
Jacobsville sandstone without reaching the bottom of the
formation.
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HURON COUNTY.

Bad Axe. The Sugar Company at Bad Axe drilled a well
for water, a number of years ago. The record is given
below.
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INGHAM COUNTY.

Lansing. A twenty-inch well was drilled for water in 1017
by A. R. Purcell of Jackson for the Lansing Water Works.
A complete set of samples was preserved for the Survey
by Mr. Purcell. The samples show that in the vicinity of
the plant most of the sandstone in the Coal Measures
above the salt horizon is fine grained and closely
cemented to yield water freely. The sandstones in the

Coal Measures generally vary greatly in texture and
prosity, sometimes within very short distances. Itis
probable that, if exploration was carefully made and
complete sets of samples preserved, more porous and
more freely water bearing areas of sandstone could be
discovered, in or about the city.
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IONIA COUNTY.

lonia. In 1910, E. E. Strope of Mason drilled nine water
wells for the city of lonia. The striking fact concerning
these wells is that most of them penetrated a gypsum
bed at the top of the Coal Measures. The bed varied in
thickness from 4 to 10 feet. Similar occurrences of
gypsum are reported by coal drillers in Saginaw county.
A log and samples of the gypsum were furnished the
Survey by Mr. Strope.
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JACKSON COUNTY.

Jackson. In 1916, the Eastern Michigan Power Co.
drilled a well for water near their plant in Jackson. A
careful set of samples were preserved and furnished to
the Survey by Mr. A. R. Purcell, the well contractor. The
samples indicate that the Saginaw Coal Measures
extend to the depth of about 55 feet and from this depth,
the Parma and Marshall sandstones, generally very fine
and locally very argillaceous, extend to the depth of over
400 feet. Apparently the chief water bearing horizons
are in the upper and lower portions of the sandstone.
The sandstone, though fine grained, locally is poorly
cemented and yields water rather freely.
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KENT COUNTY.

ROCKFORD MUNICIPAL WELL.
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Rockford. The village of Rockford drilled an 8-inch well
for water in 1914. A moderate flow of very hard water
being found between 180 and 190 feet. From
descriptions of the well churnings, it is probable that
gypsum was encountered in this well, indicating the

extension of the Grand Rapids-Grandville gypsum area
northeast of Grand Rapids for a distance of 10 miles or
more.

LENAWEE COUNTY.

Blissfield. The Continental Sugar Co. of Blissfield drilled
a test well for water in 1914. The rock waters were
found to be more or less strongly sulphated. A suitable
water supply was afterward found in sand and gravel
beds near the base of the overlying drift.
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LIVINGSTON COUNTY.

Howell. A water well was drilled for the Howell Water
Works by A. R. Purcell of Jackson who furnished the
Survey a complete set of samples. This well shows that
locally the Coal Measures down to 329 feet are largely
very fine grained sandstone and shale and yield scant
supplies of water. The most promising source of supply
appears to be in the sand and gravel just above bed
rock.
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Cohoctah Township. A well was drilled for water by
Frank Chapman of Fowlerville on the F. & C. Burkhart
farm about 10 miles northwest of Howell in Cohoctah
township. A detailed log and a set of samples were
preserved for the Survey by Mr. Chapman. Very little
water was found at any horizon and brine was below 400
feet. The fine-grained closely cemented sandstone and
gritty shales provisionally referred to the Marshall are
very similar to the section below 55 feet in the Eastern
Michigan Power Co. well at Jackson, a record of which
appears on another page of this report.
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MACOMB COUNTY.

Mt. Clemens. A number of deep wells have been drilled
by the various bathing establishments at Mt. Clemens.
A record of one of the older wells, the Carson, was

published in Publication 14. The records of the Olympia
and Clementine bath house wells were furnished the
survey by Dr. G. A. Persson of Mt. Clemens. The
Clementine well is 1,500 feet in depth but the record is
very unsatisfactory. The Olympia well is shallower but
the record, given below, is more satisfactory.

The rock waters are more highly mineralized with depth,
therefore most of the wells are drilled to the depths
necessary to obtain water having a specific gravity or
"strength" sufficient to exert a decided buoying up effect
on the bather. Some of the wells yield considerable gas
which is used in firing the boilers used for pumping and
heating purposes.

THE OLYMIFIL WELL
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Mt. Clemens. In 1913, F. E. Spence of Detroit drilled a
well 3,182 feet in depth for oil on the Denewelt Brothers
farm about two and one-half miles north of Mt. Clemens.
At this depth, the cable broke. The well penetrated the
red Queenston shales at the top of the Richmondian but
was abandoned. No noteworthy signs of oil or gas were
reported.
DENEWELT HRDE, WELL,
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A good driller's log was furnished the Survey in 1915 by
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Mr. Spence. According to the log the aggregate and gas but only a strong smell of petroleum was struck
thickness of the salt beds is 576 feet, comparable to the at about 1,305 feet, and other depths below. A rock salt
thicknesses of the salt beds penetrated at Royal Oak, bed over 27 feet thick was struck at 1,987 feet.
Oakland county, and at Dearborn, Wayne county. Near - -

the bottom of the salt bearing horizon, one bed is 316
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Manistee. In 1913 the Louis Sands Salt and Lumber Co.
of Manistee drilled a new salt well at their plant. A very
complete log and set of samples were preserved for the
Survey by Mr. C. W. Smith; President of the company.
Particular attention was directed toward the possible
occurrence of commercially important quantities of oil
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MARINETTE, WISCONSIN.

Marinette. Two wells were drilled by the city of
Marinette, Wisconsin, which is across the river from the
city of Menominee, Michigan. The first hole was drilled
only 716 feet and the tools lost at that depth, but the
second hole, only eight feet from the first was drilled 978
feet deep, penetrating the pre-Cambrian rocks for nearly
200 feet. A brief record of the first well was published in
the Annual Report of the Geological Survey for 1903 and
a summary record of the second well in the Annual
Report for 1904. A good set of samples were preserved
from the second well. A study of the samples and
especially a comparison with the very complete sets of
samples from the recent borings at Escanaba and Pine
Ridge, Delta county (see Delta county) throw much light
on the geology along the west side of Green Bay. For
this reason it has been deemed advisable to publish the
record of the deeper Marinette well in detail.
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MIDLAND COUNTY.

Sanford. A well 400 feet in depth was drilled at Sanford
to secure an adequate supply of water for the proposed
State Sanitorium for Tuberculosis. In the first well there
were no fresh water-bearing strata in the surface
deposits or in the bed rocks below. A little salt water
was encountered below 228 feet. A second well 400
feet from the first was drilled to the depth of 245 feet.
These and other wells indicate that the underground
supplies of fresh water in the vicinity of Sanford are
limited.
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Test well No. 2 was driven to the depth of 245 feet, 400
feet from the first, with similar results.

OAKLAND COUNTY.

Avon Township. D. M. Ferry and Co. drilled a number of
test wells for water on their seed farm near Rochester.
The surface deposits contained only very thin beds of
sand and gravel, yielding but a scanty supply of water.
The deepest well penetrated rock and struck brine in the
Berea sandstone. A suitable supply of fresh water was
found in the drift by directing exploration northwest from
the farm toward the morainic country.
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OTTAWA COUNTY.

Zeeland. A test well for water was drilled in 1913 for the
village of Zeeland. Very little water was found in the drift
and brine was struck in the Coldwater shale below.
Zeeland is near the feather edge of the Marshall
sandstone. In a later well, water was struck in
considerable quantity in an outlier of Marshall sandstone
southwest of the village. The record below was
compiled from a sketch furnished by the W. J. Sherman
Co. of Toledo.
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ROSCOMMON COUNTY.

Roscommon. Franz Jahncke began a test well for oil at
Roscommon for Walker and Bell of Alpena. At a depth
of 874 feet the well was abandoned. A record was
furnished the Survey by Mr. Jahncke. The Marshall

sandstone was 125 feet thick and yielded a large flow of
artesian water.

ROSCOMBMON WELL.
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ST. CLAIR COUNTY.

Port Huron. In 1916 the Morton Salt Co. formerly the
Port Huron Salt Co. drilled a deep well for salt of which a
careful log and a complete set of samples were
preserved for the Survey. The following is the record as
compiled from the drillers’ log and samples. The
samples were taken every five feet. This made it
possible to draw the line of separation between the
Dundee limestone and the Monroe formation within very
narrow limits. The samples from this well and the wells
at Dearborn and Highland Park, Wayne county, show
that in southeastern Michigan the Dundee limestone has
a thickness varying from about 100 feet in the vicinity of
Detroit to 125 feet at Port Huron.
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North Port Huron. In 1915 the Michigan Central Oil and
Mining Co. of Port Huron drilled an oil well on the low
ground on the north side of Black River about two miles
west of North Port Huron. This well is the most northerly
of the oil wells drilled in the Port Huron anticline. No oil
or gas was reported but it is probably that oil and gas
were struck in small quantities similar to the wells on the
south side of the river on the May and Gillette farms as
described in Publication 19, Mineral Resources of
Michigan for 1914.
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WAYNE COUNTY.

Dearborn. In 1915 Henry R. Ford drilled a well at
Dearborn, Wayne county, largely for scientific purposes.
The well as planned was to be 5,000 feet deep or down
to the "granite” or pre-Cambrian rocks. The well was
begun June 14, 1915, and by the middle of October it
was down to 4,035 feet, when the drill wedged in a
crevice, breaking the cable. After several months of vain
effort to recover the tools, the well was abandoned. This
is the deepest well in the state, being over 350 feet
deeper than the deep well at Mt. Pleasant, Isabella
county.

A careful log and duplicate sets of samples were
preserved, one set for the State Survey and the other for
Mr. Ford. The samples were taken every five feet and
with the log afford detailed information concerning the
character, thickness, and depth of the rock strata down
nearly to the Cambrian. The Mt. Pleasant well ended in
the top of the Dundee (Onondaga) limestone at a depth
of 3,680 feet and the Dearborn well began in the top of
this formation. The two wells thus give a complete
section of the Paleozoic rocks nearly down to the
Cambrian.

The most important facts shown by the record are the
exceptional aggregate thickness of the rock salt beds,
the presence of about 300 feet of gypsiferous and
celestitic rocks below the salt bearing horizons, the
thinness of the "Niagara," and the exceptional thickness
of the so-called "Trenton" limestone.

The salt beds at Dearborn have an aggregate thickness
of over 550 feet in a section of 870 feet. In the Royal
Oak well, over 600 feet of salt was penetrated in a
section of 932 feet. These thicken-nesses are much
greater than farther east along Detroit River and indicate
that the salt beds extend a considerable distance
northwest toward the center of the state.

In most of the earlier records of wells drilled in
southeastern Michigan, the line separating the Salina
from the "Niagara" was drawn near the base of the salt
bearing horizon. At Dearborn and also at Highland Park,
the strata are dark, bituminous, shaly dolomite similar to
the Monroe beds above the Salina. Moreover, the beds
are brecciated and locally contain an abundance of
gypsum and celestite, the latter being most abundant in
the cavities of the breccias.

The removal of these beds from the "Niagara" limestone
leaves this formation very thin in southeastern Michigan;
it is about 90 feet thick at Dearborn. The record of the
Ford Motor Co. well at Highland Park, Detroit, indicates
a similar thickness.

In the Northern Peninsula the "Trenton" has a maximum
thickness of about 270 feet and is to be directly
correlated with the Galena and Platteville limestones of
Wisconsin. In southeastern Michigan the Trenton has
an average thickness of over 850 feet as shown by the
Dearborn and the LaSalle (Monroe county) wells, and is
to be correlated with the Ontario rather than the
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Wisconsin section. According to Ulrich most of the
"Trenton" in southeastern Michigan is probably Black
River.

No oil or gas was found at any horizon. An abundance
of sulphuretted water was struck just above and in the
top of the Dundee, and much sulphate water down to the
bottom of the Sylvania sandstone. Below this there was
very little water until the St. Peter sandstone was
reached.

The following is an illustrated record of the Dearborn
well.

Highland Park. A few years ago the Ford Motor
Company drilled a test well for water near their plant in
Highland Park, Detroit. A complete set of samples was
preserved from which a duplicate set was made for the
Survey. Apparently no log was kept and the following is
a detailed record made from the samples:

FORDy MOTOR OO WELL.

Loeatsem: iN L] I1|| sinth nr L] ilm|| T} :f sl 0 3 in, west of Wesd I'l-mh Jil: line of
Faord Mo . Waondwa .‘n‘f mrhlan nrk. w maburt on the north slife of Deetroit.
Drillad En J'B]-l Ilol:ﬂt!l by IR dmlik froen sampks furmsshed through W, H. lelh
af 1k Fuenl Matoe Company. ].imr:l e Lo 280 0L, e Basal oo genarsl pecdogical data.

Elevation about 643 1. A, T.

Pleistiwnn ar surfues dajosite:
Eand #

Cly with mom Inierratiate bisds of pind snd graver 000000
Antrim (Glenesn] shale—EBlack hitipminses e, .00,
Traverse ::IIamII!lun.l formation:
Limestone and calcarenus shale o “sogpstone ™ prabatdy
Seogmlang of pall highly calesremiy shale; vie,
rdrochiaric sed, w1 ooz inibiyriel between
Hard gray Ilrnw:une mome gray shale ur woambone,
Hard groy. erystalllee limestoe, vial. o, ., ., .. ..., ..., .
Bell i quJ aluily:
:q:l cakuresss, light gray shale or "sokpstone,” very smooih grained . ] ETN
Thsmiles ﬁm«lu b Limiss
I'[:‘r:!ﬂ hi mray, cn'mlllu.u linstane; vig, «f, Sample 330 to 335 badiy w a8
Hand, white fo lighi gray anil ball griy asd B eryatalling lnestone iuilii:' |
dlark hevwn Iae k wireske aind Iulrllu.lg n! hil.uuuu{lus mller, Vial
¥ aig urry;t'!‘mm'llll!ﬁuud q:ndm r&m;mlub:m w;‘u :I'ngt;n. (11 4aT6
alline o mestone, vig. o
T v, el unmf‘ll i !1.:'“ o it il & of purn
whitn I'w"l-lnu wl!ll h:ulru r-qu{l { mwudl'rl ﬁrldllhnﬂrlnnlu. 5 480
mizemE wnid whi tru. uff lbmestome.  Puid limestons
i umunn; I:-ul: moaitaing very litle smnd: viol . Crinaidal
35.. ........................................... 1 A1
h;‘_yh"m dalumites ar Detrait River Seriea:
3 ¢ bedcing dolomite with fine leminae of ;lﬁ‘k anil ul.n.c'lc
I:Il:ul:ln.m.umltber Al S lintke basdT, hicwmieoos 11 nely
Tl uhave, vig. aff el H. B, Fond wall, Disrhors b ] A%
“}f |||||uuu]| e aned mabive slphur, L 10 B0
:r |n H himminous Hmesione and nailve sulphur. . i Eil
............................... 4 ETT
I: W tn hIII'F lﬂ'ﬂomlﬁ B T 5 521
L, mm'll Bt £ ddnrk hurl' ‘dolomite and rln'lurru.l-lc ]Irnmtun.le u]uw h:l
E-vae fark gray .:I.ﬂt EX. with fine powder
wﬁu:ynﬂ: al eilel Fuelta in d I u:lnlml Srppssagunie Ir'l.l'e W 1k A
sl Eu snil dolomitio lisnestone,  Slaw to bl & it b
Hard, b i debommite ey dalomizic Umestone; slow eff. to nd:me' I
. 'u':'h':'i.i:i'l: Bt ok o e el 11Tz . k0
Teull, lI||t|,|-||||%|,|'s|1|||||:-|| I 'I-u'-ﬂ‘ 15 a7l
White and kg dolomite: slow eff I 675
nghdbu:ﬂ'ln dodomite and s black sialke; dow B R
l-ll wu‘r‘r*nldnniulm. e whits anfodrile aml gy peum—apgarenily :Iw.rm 54
T T T T T i 5
I.Ilh'l. bafT to bl dmnnmrum much pure white lﬂhJ\dl:I.IE alow nl!l' . IE [
Dark bull dodomice; alow o, ... ... .. . b G
Light el dal M-ﬂlbé el ul’f HL AR RN radsEELE A RERL R | 4 AL

i z
£ 2
ELR
= a
dnlnmile, gome Ebuff i eow el 1 L)
Lﬂi?l:'r:rﬁ“ﬁ‘ hrl'mql.ulu' dﬂ?ﬁl:ﬁ_ﬂﬂm to moderati eMervescence .. E | :{3
Toulf eryeialline dolomite; o to med, eff. .o L0 |
Lil.;:h Thu, J!'_rL:'Lilﬂlln.t dnlmn;f #nm abiin G5 of pare white quarts s, i ! s
raing rauni Al bl BT, . e b
i @mcl VErT Il.gh t beafl, ibeiiss rakind dodomite, dow o ol off . llﬂ.ir E:;
.‘hl. Esulf deboamlte . . ... ...
uuuuﬂl:;.- wlueaﬂ:l unl.nmlle with st mhl & o N 5
resbdue af clay bl
1.;.{.: Eull el white, ﬂm-I, cryatalline |Lol:-m|1e. i, Lid 50
it bt an‘lu-mh:: and prm whits aphydrite —255 anhydrite . 1 i
t, grrayiah D, fine groleed dolmmite with bl biowmingus laminae, | 3 ik
T anit white it ool el | & T
1§.| Hmsmmthqir.{&k hitiiminois etreakd aml solt white chalky [mestone. N -
........................ I
h 'r.|||'|: d'g'|.':é|i||_|p {immeeaine; medenie 10 Drisk eferymcmie & Tio
I?lll_-ugﬁ_h Ut lim H.Tu In.-ug -I.:1 wiol eff, The limestons from shomi 700-731 5 218
rl. miy be the Anider o Bl L ] T
f:l mmnc with much white dalky limestome, viol off .00 o0 & 721
I:Il.luE Fimestone; viol. &, .. ... & T30
ht 1.|u|'l A buff Dimssatone, v, el M -
Dlnrl: Iu.rrr h'lh&"idﬂnhiie'iﬁdulﬁ.éilﬂ'L'M'liﬁhil'odé'l e et el ol —Ralvar . o
ﬁm TR fn T8 mhaing ';".I'E'M'u']:rubnbly :'Il.lllr 0 Tah
bl dodomite and ool it el . an
b b ikt i et i : ] e
nﬁgm- Pt vl % et o i
1vank sendeione or Middle Monroe: o
Brhw whits rasdstone of uniform sz graing of whive or olorless quarie—a | o
ghars ennid, litihe l.dluL'llur\e of barfl dalnmite TNI:I mhave. ..o L
Pure white aani u|| 1‘-5;1&3.' sl Fram mante of the drill. .o B0 | M
Whlmdnmmlll:'nn tome 055 pure wihibe quarts ol ..o 6| B
Fure wnllammtm i e s e s e ' 2 | m
P ite lar: kil gray sanily dadomide, ... -
4.1':“ anmllurrule—pum whita rnun-dnd unnrl. gruies aEnbidded noa dolo- |
LT L R R - ] | B
o B Talanil Eerjes: |
lerIMIT:.IIrf‘m:.- clamite; mod. o brisk off, Somn white chalkiy lmestons, a i -
| ..... '\-' i pi.\ilh'll'a'ﬂbiéﬂ:l'l'lfli e 'l 0| =0
I'u ; |§| s tmcnu dnbnmble, gome pare Iill. rhart, 15 | ek
um- ||m|t, -.u. whitss :.Ir ||r-m-m=. fhee latber wvig. el L‘Mkr |
TaLeTil frmm cavitie 1w L
H_ulli-.;h;'khmlﬂdd:_l'n‘l I'I.IEI _Iﬂ m
1 iy dolamite, slow
ur‘.ﬁ-ﬁ"‘ﬁm mile with tuumunule paare whils, eryetalling dolomiie.
JHALEEILLY TR EBmeber, | v rrneamene s o i
|:'R1 taal¥ olomite, slow el .. b 0
hew missing froiE sHI:I w o] uel 15 | m
Llghe buff aml m;r |I.|'|'|¢:||ru 1 pas
Lighs bhuflf dolomiie an
‘I."nr Ih;hl i, fine b MY
IRt T, e grainoed Salomite. ORISR LARE
"I-er ]llhl-;mhh dirnen grained -dulnmdLo ..... | LG
alimits with bitamiseos sireaks aml Tumioss 100
Lixht hul ﬂn grained dalomibe,  nsnlihle fosidiee of 105, of Ginamize
mm:}l:nnn% |TI.IN- IH quEarte wnd, the latter pro 15 | 1040
drom the Sylvanda nbove, Veryalow ell. ..o o000 oot s
(‘.uy i]':nl,yd:'l;lunm:a with thin nmku |nd. farmiine of dark 4o black hitmin-
- Hq,l.l.ﬂ aliw off.  Considerable insolulili Teliboe of clay and biamin- 5| 105
.............................................. i1,
ﬂhﬂy I:url:. deree prained dolnmsite with some gry and dark bitaminous |
m.'ruha End lominae, e & | 1.0an
|Ih hﬁ %nluruil.: hsawi hllu'rrllrbmm L 8| 17088
uf amil heswn blnuminosgs dakomite,, oL .
:deu}mnlu.muuu.thhqrrmdbmn sﬂmltﬂ .......... 5|:I.H.'-

Publication 24, Geological Series 20 — Page 54 of 57



ERE: i E
| =z | & o S
| 2B | 23 2
CET g
1B 1= -
| | 5
Elllm ¥) Farmation; | | Bl debommite anil conaideralily apfigd s, Lo I 1,5
Fure white galt. This sampde Iz nmr\enﬁhl. oue of plars,  Them iz ped 40w | | Tenfl dedamite and eray shale and nl“‘Eﬂfl:- clilniiite, slow o . e i }ﬁ
tesr trises of gall Lo Che eamples Insz o kn the smples Imomedisiely | l'_,hlrﬂ:f whiite aall, s shaly dolomive and ahale, . ... b T
tallnwing this pu nnl s ekt e enrlainly e found in the sanplos | | Cheni WhilEe Blb. ..o oii e 15 ] 1.
ir«.un ]Em LOTE. ... .. i iddris il 51,07 IWI'? |ap|‘|l|iulm:, probubdy calt. . E ;m
Huf gray 1o d.u]: gragiah Gust and brown, bituminous snd sreillsseous dolo- | B e G0
i Ao 6| 1,07 Emﬁz m: ani gray disla 51 0.886
* hise it L, very it
PE 5| 1.0sn T .............. T E T T, B
t tusd do bl White ml:. wol mray ahale.. ..o Ht
1 ianmEns, I'I b nﬁrr I ﬂ m | i i "l ]_m& (aﬁy ahale, a little r;l!éhii. ashyd “1 n ..... E e
i Dt dlanee erain b o, gl laceine, slow efl 25 | 1, ari 4 al o e llght buf delemite,, oo "
Lignt bl nd et dark bt and "ﬂ-luml.mu; dulomite. . .. B | 1,030 Vi it ﬁfur amumnemﬁ e mnliypdl ll-w soine EE' 16 | 1.845
firny. shaly |I:E @i I:u rlnl.omlr.c with 'hll:umlm sireaks and Light bus dolimile and some dari gray sl a H :'mﬂ’"ﬂ
Inuuinn.. uui enneileralls while nnﬁ-:lnut mml g::rrul .............. 5 1,126 Em.ledl_lym , o lightt balT dakomite 5 L1
hluﬁ' Bitumdnous dnlomibe with ite meurm ol crysballins dedsmite; i Hiaff By n]mlu *"-“-"""""" mﬁ“ 16 | 1.8l
................................................. E| 1,130 Flud Lo ek hnrl!dfﬂn dnr ll:r-l,'r kb it HE
10 dl.rl: ray, shaly snd ¢ bafl dolomiie and white anfivdrite, slow FiglT doloom| n'hﬂn lrl.d nnhyribe it Eo e A it Ll v
ail -@“L ,;In-lulllun rni rlthh;"hl uulumrilm ITIDI:IilIT ............. 1L, 14D ﬂ:l.uly Light nmite asdl same dask bauminous dalomite, o littie snhy- 10| 1008
Ay, VHT, ] olomabs aml mech white anbydrite assl m, " E T T | | 1 | T T T ) »
n ‘v-nnlz:"uml womee white snhydrice. . h ......... “w" ........... Wk 1,155 ui‘ mlr ﬂM.an-lm with Hne Black, Bitisinos Mmise m I';i‘ﬁu
Ol {lhn ﬁn'hjlﬂ.hbt &nime Light hurt dalnnm-e ........ & | 1,160 l.1 a:M'.l l‘.l.:l. abamila. ... - v
I.I.‘rlrl IL: lfil'r m%"""“ wrminil doloimdles, T %I pip | 1,170 1-o hu.ll' tressadel delsmicte with clay oemen 5158
tn slnrk b, mimous amd very desss grain r-unk ............................ B
"1...1&.1 ........................... ¥ e Erained A R 107s 1.|.|'ht- 1ol Evalf, Bituminous dobomite, o 15 t.;gg
Yery lght bl delceite and while .l.nh:.drll:a dolomite wm. thin besdided, Clean white aalt, ¥ S
P |-rr=|p-me.of barimm mlphate.” . : Hg rmuH‘: rlﬁ;gttllr dﬂmulw A B
......................... L N hE n i ¥
um'hh bl and dark gray hll:umln.nul adomilt |1, Anlnmite, Fray ug‘I'I.Inmmu dabomite, "&”m L] t%ﬁ
Gray and baft delseitg ainl m.h‘w .......................... 14 | 1,200 'L.:l,lh:. buff amd eray i, ehale and musch sy a i Ban
ﬁmm. uumst:rrd Eray, u'llnlﬁ;lnlwlw. anld myme anhpdrite }E ; .E ample i esin .‘I:ir:"_“I Iﬂgl T m..l“mn:];;hu“h'ﬁiili:é ' ?d“ ; 1850
] ray £ g lommlte. . mu! oladmite, gray fiiLs ik v
Gy, Haly GO 1 realon A |13 Tl malt ittt csiiur il gb ey s it el iy i Tt ot Al1.85m
Trarle gray shals and gray Lacimim oo 1| 1o nlnm whipe ealt. .., .. 12 1850
Feufl gray dolomdie amd gray ahale. ..o Lo oL 15 | 1205 B hqumql.mh mbly mit ! 1vee
AT ™ . - i
Ealing formatlon: Ham , prohshl L }m
White selt with o litthe didomsite amd shals | White nnn &M m-uldlr & ‘w7
flamu colurstion for putnllu.m an amm 4 i 4 sulf dalomite nnd white # }'Sﬂg
mult mmples,  Flame t Ip-mullurn uglng o Merwin tripls armeen r|11ple1 i HEN
HRIME Tegction, wmn.l.n-nnﬂ of Che sumplis of sll nnclu’:h.: n‘hll:u.n-dl White salt .. ... z .me-
dolomite iinmwlialaly ﬁhnmw h Aslt 'I,upl “Ih‘m Famide m at
piven slmoet 1.|n|.ll\:lrrnl.5.I iy the nh:!o Hi'.ll'nl'lﬁ aned l|l'-"' |Ir Lllu ]'luﬂ ﬂn‘l.nmlu 2 i'ﬁ
|rnpum ki | |ht salt I11|'.lb|‘.| wlik Mln ahaly dodomite,  The solus hite ealt, dalamite il'ﬂ MHNHE al| 1'p0s
rmm nmq‘lm of clar u.ll: il |I.|a qu r-mu.l.: sl dnln- i."hLerI white slt, anme dakmite, . "Sid
"Hﬁl-* iﬂ* l'"lka. lor, -ﬁ e appErently Haml[:’n miaElng. prggukllr anlt, ., IR .F‘ g "B;'-'\
um wmp-u-m I'n the shale lnd. ullulr mintber arel net WWhide sl . . o oo i e PR I ¥ 150
aalta in the salt heds. . oL o A0 | 1,305 Ie missing, pratwhly salk w1|:|1. e ar T dolondie, shole snd anhpdrie 88 |1,
WhFe sall il consbderabds diale wll:h. san anduyilFile, hml.mnly E ul.rml.l: 8 | 1,200 Chilefly white aslt camme of Lhe nmuu i‘.lld '.r rusteed, difficuls 1o determine s | 1 s
e T " Ll P mre - - '
White milt, chichy wnh a liile wimixiure of ehake and dolomite. 1w | iEm | Lz
Yellowish white sali with moch bafl dolom| hyrdice E } gg—g an | 20000
n | 1.3a% G| 2.oes
il | 35
45 | 1,30 B0
W Fili & | 106 u 3
4 , tiokoanite wnd anhyiriie & Lam i | Zioan
A hsell ribe, snme ghale anid dolomite. 5| 1,405 k. I1': 3 080
H-Im%zmﬂlm ....................... E 1,410 ‘H".hll:: Frerd
Chie l'f,. Al Mi|bg aml praw ahale, 4| LA16 white salt. .. ... ... 2| 305
LT lumlr. 'rprd“ 5umm|1e amil m .'{ Hg 1« !Inll.-ul nmbu.bl_'.r salt E %‘ma
kamil ' whige enlt. .. ... »
Eﬂun e el II'II ...... At | 1.445 "P||'|1|b= salt. dn mm anil ahili A g,ﬂﬂﬂ
ru-m W T, 5| 1R Nu‘r:l,;rdun white galt, st r-ih.-.-ruurmmdrlll a m
L‘hl 1“ rite and mit, mime bl dojomite 1| 1,460 dt, b dedomite, shalke and s anhydrice lg ;'luu
Aill, poane o dlh.i azel doloimils, E } m I Itgln 3 iy sl T
'“" Li H rﬂﬂ; ............ . nimple missing, mbn 3
Clisr wlllun e sy 5[ 1T Wil salt . rtrn ..... PSR | w0 2ais
mal | 1455 BhstT bon bk BAnE dolomiie and st G0 hitiminms e
| 1,40 Baft o dark i arl hrows, bituminous delosnibe, siie anliydrite .-.._“...-.;.m |
A | 1Ky Trom: 2,130 1o 2,125 P | A
no|o1.a [t whali knid T dolnmrite, snme whils anhyidrite. . -l -'.r
10 | 1516 mtn dark i dolnmive, with bltuminois simeks amd Tamisae. L. B0 UL

p—

Thickress,

i
T AwrE i aml teh broswn alolomil illa 75
Fid alndpmate wi J?Iyn ::' ite auu. i-:IIere mm Hrln: Fr. E 5"1'5'11'
Husdfl b ﬂm bult -:lnlnmh.t. e 15 L 2,105
Trark IJ-1.|I'I'I Blvamisgue dosdal mitls 11 LA
plicim, vig. aff. FNIII?IN- lntl!? !H' I'I- and 2,115 m:;w""m'mm I e
ur bees limesicss or dolomite wish rnuuh. caleite from drusy ekvitbse aesd
FERINE PrrttaasLn i e L Ah g.m
Dﬂﬂf ar H.i:i.-duhl':l'c':ilhi.éih'n'n'éﬁ.ﬂ' r A
............ . G| 2,300
plenitic Hmsione fi E.m
s s w it ‘i m‘:'ee.'i; e iz o B
(:]n.eﬁ:r nrtrfuﬂ. 'hllu'rnl.nm.n" -I. N I;I'rﬁﬁi'ln'rﬁﬁﬂn'na];ﬁr' ! 'dm' ol B
Preala Oy inle il i, £ gl 1.-5! 3.5
ﬂ.ﬁhl mnhrk I'lu l.InIu nite, li.nml m wgvlr dnlomite, u.%lm J.nh.,p- 1“ '#
Eni celestice, slow o meodd. S50 Bitominods . L L,

Chiefly wl Il: ulutlw ahydrite, mnu dnlmum 15 | 2,300
S'ETh o 2018, St reaction ot scroi o s 1,4
Hutﬁ i ﬁ-& butf and brown bityminous ioanite, ity dunlf "" émwlmd il e

in m A el sl PR eEtrolELm
| Large i e Dilumsinoue mst E:W a B ?L::Mduﬂ .......... 1% | 2,350
W 3ad|]ba:|;|.aaﬁgtl_r:unr smell of p-elr:gum Er parta . T, rtmmﬂp'l
G EIMF b AGHE. ., e .. . 24 | 3,868
Ball, debemitic mnentedm aml & 11 ydrite, .. 15 | 2.5
-t A T i e el AL '3.‘ 7
Tinrk but, I.:I.u.rrn | Eeois do.l:umlﬂ-e lluw to mnd ......... !E g:m
'l:i‘u iUpper M1 lu.:nj dalomite: |'If‘l .
L L0 t b, stalline dolomEte witk
Wk b, bi F"‘”S&mr{a - S bemseersk sl T PP
gt of the aamples hudly ruated 51 i el il B0 detirmime,
th!l'l!' white bo wery Beht bl crystallie dolomits, ... . 5| 2440
s light Insst 4 F.-Iundw«ml ndwnb.lﬂlmﬂ'hndn‘khurl dolamite. |, 10 | 450
Eﬂlﬂ ludurk'hulﬂ- Tnines dnmll:z ml to vig. @l R .. 5 | 466
thige amd I&ght mwul. il
e llu:l‘-l. ol s i i ™ 10| 2408
& | 2,4T0
: Beht 1o dork el mtﬂlludnlnmluun'l hlubd'uﬂc ............... 15 | 214RE
Light to Bl cryatalling didomite, R I T T

Detroit. The Federal Carbonic Co. drilled a

comparatively shallow well in the northwestern part of
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Detroit for water. The record is indicative of the limited
water possibilities in northern and northwestern Detroit.
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Trenton. The records of some of the Church and Co.
wells at Trenton were recently obtained from the U. S.
Geological Survey and the record of the No. 4 well, the
deepest, is given below. A record of the No. 5 well was
published in Publication 14.
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Redford. In 1914 two wells were drilled near the village
of Redford for a municipal supply of water. There was
no water in the surface deposits and only a little salt
water in the bed rocks below. The local supplies of
water appear to be very limited. Records of the borings
were furnished the Survey by Caster Brothers, the well
contractors. The record of the deeper well is given
below.
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