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LETTER OF TRANSMITTAL.

OFFICE OF THE STATE GEOLOGICAL SURVEY,
Laxsive, Mronigax, Dec. 31, 1901.

Lo the Honorable the Board of Geological Survey of the State of Michiyan:

Hon. A. T. Briss, President,
Hown. P. H. KrLLy,
Hox~. Drros FaLL, Secivetary.

Gentlemen—You have deemed it wise for me to make my annual
report more full than usual this year,” and include therein reports of
progress that shall give the chief results of the work, in regard to a
number of scientific and practical matters which cannot be published
in more final form for some time. Inasmuch as this involved more work
and a start upon the report before the end of the calendar year the
details of business and finance are placed at the end, to which they
could be added at the last.

The work may be conveniently treated as heretofore by areas and by
subjects, the units of area being in general counties. The counties upon
which we are at work will be taken up in the order in which they have
been taken in hand, but when we expect in the near future to have the
report ready, the account of the state of the work will not be so full.

* Ay two previous annual reports were short, and contained not much matter of scientific
interest, so that I did not recommend them to be printed by the State. They will be found.

nowever, practically complete, in the Michigan Miner for February, 1900, and January and
February, 1901, the publisher, Mr. C. B. Schaefer, furnishing 500 reprints to the Board.



TUSCOLA COUNTY.

Prof. C. A. Davis, of Alma College, who has been preparing the report
upon Tuscola county, has been lnstuwd to the chair of forestry at
the State University, a place for which his knowledge of geology and
botany, on the relation of which to forestry I elsewhere t ,ou(,h espeually
fits him.

The necessary duties involved, and some brief but very fruitful studies
on the origin of our marl deposits from a botanist’s standpoint, showing
the important part which Chara has played therein, have delayed his
report. In its surface conditions Tuscola county consists of strips
running northeast and southwest. The northwest corner is a fertile
and 10(onﬂv emereed lake bottom mainly of clay with superficial sand
ridges. Then from the northeast corner between Gagetown and Cass
ity there is a tongue of rolling till. Then the valley of the Cass is
very largely sand and boulders washed from the ice, or dep(mfod by
the great stream which once occupied the Cass valley.® Finally in the
southeast corner we come upon some deeply cut vough till country once
more.

Recent explorations about Vassar, while showing that coal is there,
have not found it in quantities enough to warrant mining.

The beet sugar factory at Caro has found a large flow of water in
the Napoleon sandstone, as I fold the driller he might expect. This
sandstone comes next underneath the drift in the southeast part of the
county and dips gently to the west. It will generally furnish a good
supply of water but poorer qualitics of water that sometimes occur above
it will have to be cased out.

SAGINAW COUNTY.

The prepavation of the report on this county has been in my hands
personally. T will not plead pressure of other duties for delay in its
appearance though I have not bheen idle, but the reason why I allowed
other matters to interfere have been as follows:

There are no outcrops of bed rock in the county, and therefore the
geologist is dopondont almost entirely upon information furnished him
by explormg companies. Certain of the companies have been very gen-
erous in furnishing material, and others have been equally generous in
promising material, which, for one reason and another, it has not been

* Hee Report on ITuron and Sanilac counties, Vol. VII.
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convenient to give as yet, while in the meantime records have been
steadily accumulating. One of the things 1 am most anxious to do in
Raginaw county is to prepare a map of the bed rock surface. This is
of importance for coal mining, as the danger of mining into old channels
is not inconsiderable.

It seemed wise to wait therefore for this material, so as to make the
report on the county fairly complete, rather than to issue one which
would be out of date before it could be released from the hands of the
printer. But in the meantime I have tried to give publicity to some of
the more important economic results. Much of the material regarding
the coal of the county will be found in my coal report.®

It will be noticed that I find seven coal seams, three of them at least
important enough to work., The two upper or Verne seams are higher
in sulphur and volatile matter. The lower or Saginaw is higher in
moisture, but very low in ash and sulphur, and there are likely to be
lower seains.

In another place in this report under the head of prospects for oil
and gas, will be found an account of the upward flexure of the Napoleon
sandstone near Saginaw which seems to exist. This sandstone seems to
have little if any rise when followed from north-northeast to sonth-
southwest, but probably falls quite rapidly to the west.

The soil of the county is prevailingly clay. In some places patches of
clay till are left bare and there are also areas of river silt and of sand,
but the latier is not usually very deep. The sand is gencrally more
than eighteen feet above lake level, and a large part of the county is
below this.

Another reason for not pushing the publication of the county report,
is that I found it would be well to wait until the contours of Bay county
were adjusted before preparing the contour map. I have, however,
studied carefully the altitude of the East Saginaw datum, and found it
to be 582.3 A. 1. (supposing that the United State Lake Survey Plane of
reference at Milwaukee, known as Highwater of 1838, is 584.38 A, T,
with a probable error of only two or three hundredths of a foot, and
no perceptible change in altitude (of two-tenths of a foot, say) in the past
forty years. With the help of Mr. Charles Holmes, I have been able to
refer all the levels about Saginaw, and the profiles of all railroads
mining into it to this datum. This matter is treated of later under
elevations.

BAY COUNTY.

The field work of Bay county, which has been mainly in the hands of
My. W. I. Cooper, is practically complete. In this county, which is also
flat, over $10,000 worth of drain levels are said to have been run. Owing
to political vicissitudes much of the work is said to have been repeated
twice. To get the full benefit of the many iles of accurate levelling it
was, however, necessary to run some thirty-five miles of levels to tie the

* Part 11 of Vol. VIII
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various system levels. TFor this we employed Mr. J. H. Blomshield,
former city engineer, and the Mr. Cooper has been employed much of
the time in adjnsting these levels.

The soil map of the county is now complete. Mr. F. D. Owens, of the
M. A. C., has made some special studies of the waters, and we have also
assisted another Agricultural College stndent, Mr. (. M. Bradford, who
is studying botany.



PRELIMINARY REPORT
ARENAC COUNTY
OGEMAW, T0SCO, AND ALCONA COUNTIES

BY W. M. GREGORY.




Prof. W. M. Gregory has been at work on Arenac county, and has heen
assisted by I'. D. Stone, . H. Smith and W. I'. Cooper. His work has
bheen interrupted by an attack of varioloid. The following is his pre-
liminary report of progress for the region:

CONTINTS.

Tage.
1. Introduction ...... ... ... .. ... B A i §
2o LAmestone o 2
BoGNDPSUIL o e 15
S T P 18
5. Water Supply. Water Power. Flowing Wells............. ... 21
6. Clay and Shales........ e e e e 25
7o Agricultural Resourcees .o oo s 28

§ 1. Introduction.

These abbreviated notes on the formation and resources of the counties
at the head of Saginaw bay are given as an aid to those seeking infor-
mation to guide careful investigation that may lead to subsequent
development. So many urgent inquiries have been received regarding
resources of these counties that this advance summary of the facts
regarding the location, importance and value of raw material suitable
for working is prepared. Much matter of inferest to the professional
geologist has been entirely omitted and the matter presented in a inanner
10 be of the most value to the prospector and business man,

This region while not a new country is still in various parts unsettled.
The lands which supplied such abundant forests of pine and hardwood
are now nearly bare and the country has been thought to offer no
inducements to encourage settlers. To the average mind this region is
supposed to be the worst part of Michigan’s sand and swamp, but such
is far from the actual fact. It is true that many have tried farming and
tailed, the failure being due to poor management. No better land
exists in Michigan for general agricultural purposes than that found
around Standish, West Dranch, Harrisville, Au Gres, Whittemore,
Prescott and Sterling. Small fruits, cereals, hay, potatoes, sugar beets
and chickory yield abundant erops. Sugar beets average by fest
as high a percentage as those in Bay county. Kach vear brings an
increase in beet acreage. For herding and grazing excellent oppor-
tunities are combined in cheap land, plenty of water and pasture.
Several ranches of some extent have been established and their owners
are realizing handsome returns.

Regarding the mineral wealth of the counties much can be stated in
a few words. Continual rumors of copper and lead reach the newspapers
when no foundations for such reports are at hand. The lead in Alcona
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county and on the Au Sable river is purely a myth as far as actual speci-
mens produced, and copper in Arenac county is drift material of no
significance. The rumors regarding coal are of such a character as
deserve careful discussion and will follow in this paper. The true
mineral wealth lies in extensive deposits of limestone, gypsum, building
stone, brine bearing rocks, marl and clay.

§ 2. Liwmecstone.

The limestones of this region are of special interest to those desiring
stone for burning, hydraulic cement, road ballast and beet sugar manu-
facture. The formations outcropping are the Upper Grand Rapids or
Maxville linestone, and the Lower Grand Rapids of the Michigan series.

In Arcnae county the point of contact of the Maxville limestone and
the Lower Grand Rapids group is on the shore of Lake Huron, five
“hundred feet north of the northeast corner of Sec. 24, T. 20 N, R. 7 &,
north of Harmon City. At this peint the banks are fifteen to twenty
fect high. The entive ledge shows the effect of lake action and the fol-
lowing section is well exposed:

4 feet clay or till.

3 feet red clay, with particles of lime.

114, feet white clay.

3 inches cherty limestone.

5 inches cherty limestone and sandstone closely interstratified.
1 inch shale and brownish limestone.

8 inches limestone.

G inches brown sandstone.

414 feet bluish gray sandstone.

10 inches arenaceous limestone.

5 feet bluish sand, becoming hard in lower layers.

The strata ave quite irregular as the thickness of the limestone varies
and, as Winchell has noted, the dip from this point scems to be north
and south.

Going north one-cighth of a mile on the lake shore from the above
outerop to the old Whittemore test shaft, we find the limestones are
blended into brownish sandstones and the layer of bluish gray arena-
ceous sandstone increases in thickness. At the test shaft we find the
first evidence of gypsum, which is divectly underneath the lower layer
of bluish arenaceous sandstone in a stratum of 114 feet thickness,
whiech is crumpled and folded with thin seams of arvgillaceons limestones.
Jrom this point north on the shore to Alabaster the lake sand covers
all evidences of outcrops. At the above shaft, a 10-foot bed of gypsum
was found, but the project was given up, because the inflowing water
was troublesome. On the lake shore near the county line of Arenac
and Iosco are found numerous sink holes which are very indicative of
a good gypsum bed beneath. Off shore from this point in fifteen feet
of water are seen white beds of gypsum, being part of the lower bed
worked at Alabaster and the one penetrated by wells at Au Gres and
Turner.

Returning to Arenac county and following north line of Sec. 24, T. 20
N, R. 7 E., from lake shore one and a quarter mile west to the old quarry
of Harmon and Crowell, this exposure is found:
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6 to 12 inches of boulder clay.

6 inches arenaceous limestone.

9 feet bright grayish limestone, top of which is filled with flint nodules
from 3 to 5 inches in diameter.

It is said that the number of nodules hindered the working of this
stone. In 1888, Pollock opened a quarry 160 rods south and west of the
first one and the following section is ¢laimed to have been passed:

1 foot clay.

5 feet limestone, suitable for burning.

1 toot sandstone. _

G feet limestone, brittle and used for building purposes.

The hard flint nodules were absent from this quarry and some very
fair building stone has been secured here.

Harmon and Crowell also opened a quarry in the southeast corner of
Sec. 24, on the lake shore, here one and one-half feet of good limestone
was secured, covered with greenish black shale. 7This is the White Stone
Yoint limestone, covered with the shale which outerops at Harmon City.

The limestone ridges in which the above quarries were opened, com-
nmence near the northeast corner of Sec. 13, T. 20 N., R. 7 L., and extend
sonthwest into southeast corner of Sec. 14, and then southerly to the
center of Sec. 23. Here the ridges are broken, for they do not appear
again until we reach the north Jine of Seec. 26, where a few acres are
exposed, and in Sec. 27 the same is again exposed in the southwest part
of Sec. 27 at the house of W. M. Davis.

At White Stone Point an exposure of brittle grayish limestone oceurs,
which is in 6 inches of water and extends out info the lake for over
200 feet at a depth of not over four feet. A careful examination of
this region, especially southwest of Harmon City, might reveal a ledge
of fair thickness and quality suitable for hydraulic cement, building
purposes or lime burning.

At Point Au Gres low calearcous ledges of an arenaceous limestone
occur nearly half a mile in width along the water’s edge. Nowhere is
the outcrop over 8 feet above the lake. Here are exposed 5145 feet of
arenaceous limestone with streaks of brownish sandstone. Calcareous
concretions arve found which closely resemble those found in the Griffin
quarry at Omer. The lower bed is a brittle light gray limestone, con-
taining some few flint nodules and mussel-like shells. Much stone has

“been removed from this place for building parposes, but none used for
burning lime, as it is considered too sandy.

The ahove outerop apparently goes to the northwest, for indications of
its presence are found near the center of Sec. 36, and also on the west
line of the same section. In the northeast corner of Sec. 27 a well-
defined exposure occurs west of the schoolhouse. The beds are flat,
only the top layers being exposed. The course is to the northwest fromn
this place. The top bed is five inches of grayish brittle limestone, then
a brownish sandstone, of three to four feet thickness, then seven feet of
a dark grayish limestone. These sections ave made from a well which
passes into the rock at William Mackin’s house west of the school.

Following to the northwest we find a large outcrop of eighty acres
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extent east of the center of See. 17, 0. 19 N, R. 6 E. Mr. Omsted of
Au Gres opened a small quarry in soutlme t corner of this section a
number of vears ago, and used the stone for the foundation of Mr.
Grimore's lhouse at Au Gres. It is believed that this stone is too
arenaceous for burning. Mr. Omsted tried burning, but found that the
lime was not suitable for use.

It the outcrop is traced still farther to the northwest, in See. 1, T. 19
N., R. 3 E.,, an excellent exposure exists. Starting east of the center of
this section and runuing to the northwest corner, the limestone forms
a distinet ridee of 23 feet height and one-eighth of a mile in width. At the
cast end of the ridge, Mr. Thomas Burt has had a small quarry opened
for several years, and is bur ning a very satisfactory lime for general
purposes.  On the top of a m\mch layer of ar f»]ll.l('emm b(\ndﬂono are
large angular blocks of limestone which are usod for burning, and
anderneath the sandstone is a good limestone, which has been but little
used. Near the west end of thls ridge is (,rl‘lﬂlll s quarry, where material
has been taken out for road ballast. The t()]lo\\llw section will repre-
sent the average formation of this quarry:

14 foot clay.

4 feet limestone of varying quality.

Many nodules, containing calcite.

Irregular pipe-shaped lime segregations.

2 feet argillaceous sandstone with many ripple marks.
1 foot brownish sandstone.

2 feet calcareous sandstone.

The lower beds are limestone, as has been shown by core drilling.
The following analyses of the Omer limestone have been made by
I'ow Chemical Company:

«  Sawple 1. Sample 2.  Sample 3.

SH0, 1. oo e e 8.86  0.92  24.67
(FeAL),0, ..ot e e 94 043 .80
CACO, .« e 96.74  coerrii..
MECO, e e 1.05 ool

This ridge of limestone ends in Sec. 11, east of the Detroit & Mackinac
railroad, on Mr. Parker’s farm. Iime has been burned here for several
years, and it is of an excellent quality. The limestone used seems to be
from the lower beds of the Griffin quarry, which is east one-eighth mile
and is 15 feet higher.

Continuing in a northwest direction to the center of Sec. 35, T. 20 N,
R. 5 E, here hmesiono occurs in a larger raised area of 150 acres extent
with but few feet stripping in places. Only the upper beds are e‘iposed
and in many places large angular blocks of limestone occur. The
quality of this stone for burning will compare favorably with that found
in Burt’s quarry. On several of the older buildings at Omer this material
was used and is still in good condition.
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There are rumors of outcrops in the region of Sec. 30, T. 20 N, R. 5
E. 'This is not improbable for one-half mile west rock is within 15 feet
of surface. Iast of Arenac postoffice a fleld shows indications of a
stall extent of limestone near the surface. Mr. Stewart has made
several small test pits and found the stone, but the wells of the near
vicinity fail to show the stone to be of any considerable extent. A
typical specimen from Arenac was analyzed with the following results:

Ca €O, 94.8
MAagNesia. ..o e e e 1.1
Iron and aluminum... ......................l .9
Insoluble............... 1.7
Organic Matter by difference........................... 1.5
100.00

In Tosco county in Ree. 30, Burleigh township, at the old Keystone
dam is an extensive outcrop of Maxville limestone. The following
strata are exposed: R

2 feet gray, brittle, hydraulic limestone, bottom layer filled with flint

concretions.

3 feet arenaceous limestone, with lime concretions of irregular shape.

1 foot brittle, whitish limestone, with brownish streaks.

4 feet grayish free stone.

The upper layer has been analyzed with the following results:

D10, c ittt 6.32
Fe, O,, AL, O, 3.19
Ca CO,.. e 89.10
MO o e 71
H, 80, .00
Loss on ignition ... 36.06

This would be quite suitable for general lime burning. Its low per
cent of iron and magnesia would make it suitable for hydraulic cement
in connection with some suitable clay.

The contact of the Maxville limestone and the Lower Grand Rapids
is clearly shown at the junction of the Cranmner creek and Johnson
creek in Sec. 30, of Burleigh township.

The limestone found at the old Xeystone dam extends across Sec. 29
at some 15 to 20 feet underneath the drift. Rumors of exposure in
Sec. 27 and Sec. 34 have not been verified, but do not seem improb-
able. In this township, in section one, one-quarter mile north of
Detroit & Mackinac railroad bridge, across the Au Gres river on the
west bank, is a small outerop of the brittle light-colored limestone, of six
inches thickness, and underneath is 10 feet of bluish and brownish clay
shales.

§ 3. Gypsum.

The northern part of Arenac, the adjoining territory of Iosco and
the southeast part of Ogemaw furnish some excellent outcrops of
gypsum. This is because the drift is not thick over the underlying
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rocks and then this region is the natural outerop of the Grand Rapids
group.

The most extensive exposures of the Lower Grand Rapids beds are at
Alabaster in Iosco county. The beds comprise an available working
area of over 480 acres and have an average thickness of 23 feet. In
reality, two beds are present, as where this was worked in earlier years
a layer of hard fossiliferous limestone and a small stratum of shale were
between the two beds, but on working into the deposit the shale and
limestone have entirely disappeared. The stripping is stiff boulder clay
of 10 to 12 feet in depth. The face of the exposure has been opened
for more than a guarter of a mile in length. The beds dip slightly to
the southwest and the surface shows the small ravines due to solvent
action of water. At the Alabaster quarry a large force of men are
employed in quarrying, grinding and calcining.

The impure gypsum, which is mixed with clay and colored with iron,
is sold for land plaster. The variety which is streaked like castile soap.
with irregular seams of clay, is shipped to castern markets, where it is
made into Mexican onyx. The purest gypsum is ground, heated and
converted into familiar plaster of paris. The larger part of the staff
material used for the World’s Fair building and at the Pan-American
came from this quarry.

A 90-foot shaft was sunk several years ago by the Alabaster Company
to determine the condition of the lower beds of their deposit. The
underlying rock of the quarry is a bluish gray sandstone alternating
with hard cherty limestone seams. At different depths several small
beds of gvpsum oceur, the lavgest one nearly five feet thick, and at 85
feet depth.

At 90 feet a strong flow of water occurred, which stopped further
work, and it is quite probable that this represents the bottom of the
Grand Rapids group.

In See. 28, T. 22 N, R. 6 ., one-cighth of a mile north of the old
(tlendon dam on the east bank of the Au Gres river is a cut which
cxposes the following section:

One foot clay; four and a half feet gypsuwm, top layers very pink; three
inchies roughly foliated limestone and sandy limestone interstratified;
two feet yellow shale; three feet bluish grayish arenaceous shale.

From the sink holes in the vicinity, and the fact that gypsum occurs
on ridges, a careful test of this place with a drill might reveal a greater
thickness than is shown in the cut.

On the Au Gres river, in Sec. 27, 1. 22 N, R. 5 K., the river bottom in
the southeast corner of the seciion is covered with a bluish gray arena-
ceous shale, which is so closely associated with the gypsum deposits of
this region. Northwest, a quarter of a mile from the southeast corner of
this section, a three-foot bed of gypsum oceurs in bank of the Au Gres
river. This is covered by two feet of sandy limestone and underlain by
the blackish shales.

TFollowing the Au Gres river through the sections of the southeastern
part of the above township many small beds of arenaceous shales are
found. A number of sink holes in section 36, outcrops in sections 24 and
12, are reported but have not been found.

At Whittemore, in Sec. 10 of 21 N,, R 5 E., is a well which penetrated
several beds of gypsum at 30 feet and 170 feet. North of Whittemore,
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at Mr. Armstrong’s house, beds of gvpsum of five and seven feet thick-
ness were passed at 90 feer and 130 feet in drilling for a flowing well.

In this same township, in section 20, southwest of Whittemore,on Cran-
ner's creek west of its junction with Johunson creek, is a deposit of light
rose-colored gyvpsum in the bottom of the creek. The masses are here
exposed for 200 feet along the creek bottom and are covered by a bluish
grayish shale with streaks of arenaceous limestone. Careful exploration
of the high clay blutfs of this region might reveal a bed of sufficient
quality and quantity for working.

Where the Detroit and Mackinac railroad crosses the east side of
section 36 of this township, a large floater of gypsum occurs on the west
side of the track. This did at one time show in the railroad cut, three feet
from the surface. Some prospecting to the northeast might reveal the
ledge from which this rock was brought by glacial action. A large sink
hole occurs at this point and a small creek empties into the cavity. A
drill test in this place might prove that the gypsum was from the under-
lying rock.

At Turner, in Arenac county, in digging surface wells large boulders
of gypsum are found. In digging shallow wells of 25 feet depth it is
not uncommon to take out of the solid clay nearly one-half of a ton of
gypsum boulders. The water of a flowing well at the schoolhouse in
Sec. 8, T. 20 N., R. 6 E,, which is east of Turner, gives a strong test for
gypsum. Near the corner of section nine, of the same town, Mr. Clukey
drilled a 235-foot well and passed eight feet of gypsum at 95 feet. In
Turner, near the Detroit and Mackinac depot, is a well of 300 feet depth
and a very strong flow. The record of the well shows gypsum of five feet
thickness at 64 feet. Mr. M. H. Eymer of this place has a well of 105
feet depth, and at 50 feet passed a 12-foot vein of gypsu.

Several years ago, Albert Hann opened a 36-foot pit east of Turner
in southeast corner of section eight. The following section was passed:

25  feet clay.
3 feet bluish grayish arenaceous shale.

114 feet gypsum.
5 feet hard, flinty limestone, with small seam of gypsum.

Mr. Hann did not continue the work because at this depth a large
flow of water occurred and hindered further work.

At Twining, in drilling the flowing well of William Lilleberger, a
vein of gypsum was found at 25 feet, but its thickness has not been
carefully observed. In Mr. Barr’s well, on section 25, which is south one
and one-half miles, a 10-foot vein of this same rock was encountered at
20 feet, and the water of several wells in the near vicinity is very bitter,
giving with Ba Cl, solution a strong precipitate of Ba SO,, which is a
proof of the presence of gyvpsum in the water. Mr. Barr states that the
mineral comes to the surface 40 rods west of his house, but this
outcrop has not been found., There is no question but what a bed of
gypsum of fair thickness underlies the region of Twining, Turner and
Turtle. Its value for mining can be determined by careful work with a
drill.

In Au Gres, Mr. Bradley has a well through 10 feet of gvpsum at 50

3
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feet depth. On Mr. Grimore's farm, one and one-half miles north of
Au Gres, the rock is found at 40 feet.

The outcrops of this formation have a limited area in this region and
no evidence of gypsum of the Grand Rapids group outcropping have
been found north of a line connecting Tawas City and West Branch
and south of a line between West Branch and Au Gres. Gypsum is found
in the deep wells of the Saginaw valley, but the above statement refers
to a region in which a search might reveal the rock in suitable condition
for practical working.

Judge Sharpe of West Branch is the authority for the statement that
three and one-half miles east of West Branch on the Rifle river is an
outcrop of gypsum, which several years ago caused much excitement
from its size and purity. No careful exploration of this bed has been

made and at present it is undeveloped.

§ 4. Coal
5 4. . .
Rumors of coal are very frequent from Arenac and occasionally from

Ogemaw and Josco. At present it is not doubted that these counties
liec on the border of the Michigan Coal Measures and the Michigan
Series. The location of the bottom of the coal measures is a matter of
commercial importance to these counties. The field has been carefully
examined and these conclusions will aid those who desire to save expen-
sive experiments in testing for coal. From Dr. Lane’s examination of
the coal in the Bay City and Saginaw region he has found that the coal
lies in a large basin, in which the lower veins are less extensive than
the upper seams nearer the surface. At the edge of the basin we would
not find the deeper beds at all, for they extend only a short distance out
from the basin’s center. It is obvious that deep drilling at the rim
would fail to reveal the lower beds of coal and would penetrate the
Michigan series and Marshall sandstone.

The first reports of coal in this State came from the southern rim of
the basin at Jackson and the northern edge at the Rifle river. Mr.
Bennett, a Pennsylvania coal miner, was first to explore along the river.
Bennett and Kinney prospected in 1875 and sold their claims to a Bay
City company. This company sunk a test shaft, known as Bennett’s
shaft, in T. 19, R. 4 E., Sec. 3, N. W. 74 of N. E. 14 on the south side of
the Rifle river.

In this shaft, according to reports, black shale and coal occurred at
18 feet. This is apt to be correct as far as the shales are concerned,
for the shaft was located on a clay terrace 15 feet above river bed,
which contains an outcrop of bituminous shale. The entire depth of
this shaft was 27 to 29 feet. The upper 14 feet was a loose drift, then
three feet of hard calecareous rock, then three feet of hard black slate, and
jower seven feet all “cannel coal,” which of course is incorrect, as shown
by the way the coal burns. At 28 feet this shaft was drifted north 20
rods under the river and a large quantity of the hard black shale
removed.

Many attempts were made to ship this coal, several car lots were
drawn to Sterling and given a trial on the Michigan Central. It was
found to have too much ash and smoke. A large raft was loaded with
intention of shipping to Omer, but the project was hindered by the
rapids in the river.
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The coal taken from this shaft seemed to be of two kinds, one quite
bituminous and breaking into blocks, the other a shaly coal of lighter
color and more ash. After experimenting some time the company allowed
work on the shaft to cease until McLean, of Bay City, in 1879 pumped out
the standing water and after a careful examination sunk a shaft 60 rods
to the southwest of Bennett’s shaft on a high terrace south of river.
After passing through 60 feet of sand the venture was given up and no
coal was found. No work was done on the shafts until Mr. Sovereign, of
Bay City, pumped the water from Bennett’s shaft in the fall of 1899 and
made a drilling in the bottom. Borings have been made on the north
side of the river opposite Bennett’s shaft and gave 25 feet of drift and
20 feet of sandstone, with no signs of coal. Mr. Ortman, of East Sagi-
naw, made a boring on the north side in this same location and found
21 feet of drift, then sand rocks, blue shale and black shale to 190
feet, but no signs of coal.* In the southwest corner of Sec. 2, T. 19 N.,
R. 4 E., which is three-fourths mile southeast of Bennett’s shaft, a test
was made, rocks, sand and shales were found under 60 feet of drift
material at 100 feet, and no positive signs of coal. Mr. James Ramsdell,
of Bay City, tested in Sec. 10, T. 19 N., R. 4 E., and found:

75 feet sand.
10 feet clay.

-

¢ sand rock.

And from this point to 200 feet—, shales, fire clay, and at last the under-
lying limestone. It may be that the shales found will prove small beds
of coal, but no extensive beds are shown by the actual tests.

Mr. Stevens, of Omer, dug in river bottom, 14 feet through shales and
slate to fire clay, and made a small shaft into the river bank some 25
feet in length. From these indications he sunk a test shaft on the south
bank of the Rifle river in Sec. 8, T. 19 N., R. 5 E. This shaft shows the

following strata:

12 feet clay.

12 feet shale.

6 feet fire clay.

5 feet shale, very hard.
1 foot coal (Cannel).

1 foot fire clay.

10 feet soft shale.

1 foot coal.

48

The lower coal is block coal and is an excellent quality of steam coal.t
Coal of the upper seam contains much sulphur and other mineral con-
stituents and could not correctly be called cannel coal, as only very small
seams of the highly bituminous coal occurs in the foot vein. The upper
seam dips to lower seam, which is apparently horizontal; if the two meet
a fair amount of coal would result. Mr. Sovereign pumped water from

* Michigan Geological Survey, Vol. III, page 142.
T See Analyses in Vol. VIII, Part II.
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this shaft in spring of 1900, and an expert miner of Bay City made an
examination. The coal of upper shaft was pronounced good; it was not
possible to examine the lower vein. Mr. Stevens drilled in bottom of
shaft 122 feet and passed the slate and stopped in hard shales, which is
no doubt the limestone of the lower formations. A test drill hole was
made 25 rods south of this shaft and no coal reported. Mr. Stevens’
shaft is located south of Rifle river in N. W. 14 of N. W. 1/ of Sec. 8, T.
18 N., R. 5 E., and the coal found here is evidently a pockety formation.

At Deep River in 1875 Mr. Stevens, of Bay City, made a 120-foot test
hole, and found such fair indications that he gsank a 106-foot shaft, which
gave:

20 feet drift.
10 feet clay.
53 feet sandstone.
20 feet shale.
1 foot coal.
2 feet shale.

106

The abundance of waier which flowed into the shaft from the top of the
sandstone is said to have made the project a failure. The wells one mile
east of Deep River station reach the sandstone at 10 feet to 20 feet, and
the bed of Deep river two miles east is a white friable sandstone, full
of small pieces of coal, and in places showing thin seams of black shale.
To the northwest of Deep River station in Sec. 29 rock is reached at 75
feet, and in a test hole near the center of this section a small vein of
black shale was reached. At Sterling it is 85 feet on the average to
rock through the clay. At Culver, on the Michigan Central, Mr. John
Dunn tried to secure a good supply of water for a mill and stock by deep
drilling, but was unsuccessful. It was 300 feet to dark bluish shale,
and going 200 feet into the shale gave no water. In Ogemaw county,
T. 12 N, R. 1 E., three tests have been made, and in each case sections
show plainly that the regions is well out of the coal basin. To try costly
exploration for coal north of range 21 north would be a needless ex-
penditure of time and waste of money. Dr. Lane suggests as the place
for commencing preliminary explorations for coal 10 to 15 miles from
the limits of the basin. This would make the region of Standish and
Saganing quite likely to yield results.

At Omer a rich black bituminous shale is found in many of the drift
wells. Mr. Sanderson's well west of the village is a fair example of this
class of wells; shale was found in small seams on top of white sandstone.
In excavating for the abutments of the Detroit & Mackinac railroad one-
eighth of a mile below Omer some two feet of rich bituminous shale was
found directly above the sandstone which covers the river bottom for
some distance below Omer. No practical use can be made of shale with-
out a roof. Mr. Gore drilled on the east bank of the Rifle river below
the bridge at Omer and passed sandrock, shale and limestone. The flow-
ing well near the postoffice in this town passes some 40 feet of shale
down 50 feet. Mr. Menzer, in the southern part of town, reached a
twenty foot vein of shale at 60 feet. None of the deep wells north of
Omer reveal any positive sign of coal, although in some of the deeper
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wells at Tawas, Whittemore and Hale a shale is passed which belongs
to the Michigan serieg, and has no relation to coal measures, and has led
many to a strong belief in a rich deposit of coal. The strong ridge of
limestone from Point Au Gres to the northwest (as described on pages
3 to 15) marks the northern rim of the coal fields.

§ 3. Water Supply.

At the present time one of {he problems which confronts the manu-
facturers of this region is fuel for steam production. This was
a question of no consideration in the days of abundant pine refuse from
the mills, but today a supply of fuel will give a new lease of life to many
of the small towns which were established during the period of a large
lumbering business.

The development of coal mines has given encouragement to the manu-
facturing interests of Saginaw and Bay City. The regions north of the
coal fields will eventually have to utilize the abundance of water power
to be derived from the many creeks, lakes and streams of this region.
At the present time long distance transmission of power has been so
perfected that it is not impossible to utilize the power of all the rivers of
i@ county.

The Rifle river is especially suited for furnishing abundant water
power. For miles this river flows between high clay bluffs, which would
render damming easy, and only a small area of land would be lost by
flooding. In Ogemaw county, T. 21 N, R. 3 E., Sec. 9, the Rifle river
flows over sandstone ledges for more than a mile. The remains of an
old lumber dam exist one-eighth of a mile north of the iron bridge which
is near the southeast corner of the above section. A head of 10 feet
could easily be secured here, and with careful construction, for the river
bed is sandstone and the banks solid clay, it would be possible to in-
crease the head to at least 15 feet with an abundant supply of water.

Going down the river from this point to Isle Rapids, one-quarter of a
mile west of the southeast corner of Sec. 28 of the above town, the fall
is (771-720)* about 50 feet. In Sec. 28 occurs rapids three-quarters
of a wmile in length over beds of arenaceous limestone. The place would
afford a head of at least 10 feet.

Where the abandoned line of the Detroit & Mackinac railroad crosses
the Rifle river in Sec. 12, T. 20 N, R. 3 E., the elevation is 693* feet, mak-
ing a fall of 27 feet from Isle Rapids. Wells creck flowing into the
Rifle river in section 19 of the above township, brings in a constant
volume of water. The river below the creek’s mouth is 100 feet wide,
averages three feet deep, and has a current of four miles per hour. Clay
banks 40 feet high would afford solid anchor for dam. From the old rail-
road crossing down river to the mouth of this creek there is a fall of
cight feet (693-685).

In T. 19 N, R. 4 E., east part of section three, a dam was built by a
lumber company for flooding river. This is 250 feet long, solid clay banks
with bed rock forming the foundations. A fall of 15 feet occurs and is
the average for the year. Much trouble has rvesulted from spring
freshets. The top of the dam has an elevation of 681 feet A. T., bottom
666 A, T. and a fall of 22 feet from the mouth of Wells creek. Rapids
occur in river bed in many places below the dam. In the northeast

* Above tide line (A. ') ; Lake ITuron is 580 feet above it.
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corner of section one, near the town line, is a favorable site which would
furnish abundant power for a small flour mill which could draw on the
region around Melita for flour, feed and custom work.

At Omer a saw and flour mill are operated by water power. .\ strong
steady head of 13 feet is maintained for the year. The elevation of top
of dam is 608 and the bottom is 595. The bottom of river is soft sand-
stone and shale. The old Rifle river canal in the west half of Secs. 36
and 25 of 7. 19 N, R. 5 E., which extends from the river to Wigwam
bay has a fall of 15 feet in one and a half wmiles. Mr. Chesbrough, a
prominent lumberman of early days, cut the canal for log driving, and
it was unsuccessful on account of the large amount of sand encountered.

Some of the larger crecks flowing into the Rifle river could be utilized
for small power. Wells creek at Alger would afford sufficient supply for
an overshot wheel for a small mill. Silver creek and Manfield’s creek
would yield power on small scale.

The west branch of the Rifle river could be relied upon for at least two
dams of ten foot head and 75 to 100 feet in width. The east branch of
the Rifle river mear the north line of T. 22 N, R. 3 E., would provide
power for several small mills.

Lake Ogemaw, a glacial lake which is two and a half miles northwest
of West Branch and is 175 feet above the town, might at some future
time furnish the place with a source of pure water supply and some
power. In the basin of the Rifle river a large number of these glacial
lakes are found with great variation in elevation. TPower could be
obtained in many cases by cutting canals.

The Au Sable river, in Crawford, Oscoda, Aleona and Tosco counties,
from 2 short preliminary examination reveals an abundance of power.
In the rapids in T. 24 N., R. 7 E., a fall of over 50 feet occurs in four
miles. Several very advantageous sites for dams occur in the above
township, and it is believed that places would yield 2000 horse power.
The extent of the drainage basin, the number of tributaries, the con-
stant volume and the average velocity with the high terraced clay bluft
form a stream which will repay careful investigation by those interested
in cheap power.

The Pine river, in Arenac county, while a small stream, of which not
over 10 miles could be used for power purposes, has a fall of 44 feet be-
tween Standish and Saginaw bay. A point near the southeast corner of
Sec. 5, 1. 18 N, R. 5 E., where the Pine river receives its south branch,
would supply power for a small industry, as a creamery. The water sup-
ply might fail during a part of the summer. At Deep River, on the Mich-
igan Central, the north branch of the Pine river runs in a narrow valley,
which affords an excellent location for a small dam with a head of at
least eight feet. On the Pine river at Standish, Mr. Norn has a dam
used for 2 log boom, and this has a head of eight feet, which could be
increased enough to supply power for a small mill.

The Saganing creek, in the southern part of Arenac county, is rather
deficient in volume to expect much power, although a dam northeast of
Worth where the stream begins to pass out of the old lake shore would
furnish several farmers with power for a small feed mill.

Tawas river, in Tosco county, with its source in a small group of
glacial lakes near the southwest corner of Sec. 31, T. 23 N, R. 7 II., passes
eastward through the township between high clay banks capped with sand
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at the southeast corner of Sec. 24, At this point it has an elevation
of 666 feet A. T., or about 34 feet fall to Lake Iuron level. Mr. Rodman
has a water power saw mill in section 24 with a head of 15 feet and has
an abundance of water the entire yvear. At Tawas City the river has a
fall of three and a half feet in three-fourths of a mile, and a breast
wheel at a narrow point would furnish power sufficient for small
machinery.

In the northwestern part of T. 23, R. 5 E., lies a small group of glacial
lakes very irregular in outline and each having a different elevation.
The largest member of this group is Big Long lake, nearly two miles long
and a quarter of a mile in width on the average. It is over 35 feet higher
than Little Loon lake which is south a quarter of a mile. A connected
channel would furnish power for a small feed and flour mill which the
country needs.

The Au Gres river, of Arenac, Tosco and partly in Ogemaw, is fed by
a large number of small tributaries and a few glacial lakes. The river
rises in Styles lake; three-fourths of a mile southeast a dam on the outlet
has a head of eight feet, and could be easily increased. At the junction
of Hope creek and Au Gres river in See. 28, T. 22 N, R. 5 ., an average
depth of one and a half feet of water and 20 feet width occurs. The
banks are high and of solid clay. Much land would be flooded by a dam
which would have a head of 10 feet. The river has an elevation of 655
feet at the Detroit & Mackinac railroad bridge, two miles east of Whitte-
more. In Sec. 18, T. 21 N, R. 5 E., a lumber dam was constructed and
the location is an excellent one for a small mill requiring a 10-foot
head. The river between the crossing of the railroad above and the main
line north of Turner has a fall of nearly 30 feet (655-620). It would not
be possible to utilize the lower course of the Au Gres river for power to
any extent, for the low banks would allow too large a tract of land te
become waste and swamp. At the junction of Whitney creek and John-
son ereek, in Sec. 20, 1. 21 X, R. 5 E., a head of 15 feet and a width of
100 feet could be obtained, but summer would lessen if not destroy the
power for two months.

Near the center of Sec. 28, 'I. 22 N, R. 6 E., on the east branch of the
Au Gres, the high banks and bed rock of the stream furnished a good
lumber dam for flooding the river. The average width is 30 feet and
depth one and a half feet, which could be wmade to give a head of 15
feet. Between this point and the crossing of Detroit & Mackinae railroad
at East Branch station there is a fall of 31 feet (671-640); this would sup-
ply power part of the year at East Branch. Below this point the river
banks are too low to ever allow much use of power.

The value of the water supply of this region lies mot only in the
abundance of power but also in the large number of flowing wells which
may be obtained in many places by careful drilling. An abundant sup-
ply of pure water is essential for domestic purposes and is valuable in
dairying, cooking and drinking.

The underlying rock formations in this district dip to the south and
southwest. Some of the rock strata are more porous than others, which
fact enables them to become the source of underground water. The
impervious beds above and below a porous stratum hold the water to the
level of the lowest outlet and when the beds are penetrated in drilling,
if the head is higher than the well a flow results. Then again flows are
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formed by drilling through sand, gravel and clay on the slope of a
moraine; the sand and gravel acting as the reservoir for the water.
Wells of the last mode of formation are quite common near Tawas City
and West Branch. Flows from the bed rock occur at Au Gres, Omer
and Standish.

At Au Gres, Mr. Badour has a well which gives a strong flow; with
traces of sodium chloride, caleium sulphate :md some H,S. The depth
of the well is nnknown, but it is probably nearly 200 feet, and is near the
bottom of the Michigan series. .\t one time a large bath house and hotel
was supplied with the water. At present it is flowing freely and ought to
be checked, because water having a strong flow m]l in time destroy or
lessen its head. Flowing wells are easily obtained in the Au Gres
country, and some of the enterpnslnﬂ“ farmers are taking advantage of
the quah‘rv and quantity of water for dairy and stock parposes. The
water is well suited for cooking and cooling purposes, having on an aver-
age a temperature of 50 degrees. Small flows are obtained at 150 and 175
teet These yield a hlﬂher percentage of salts and the quantity of water
is much less.

At Omer a well of 315 feet depth serves the purpose of the town pump.
It gives an abundant supply of water and did supply two small hotels.
This well is into rock, and it is quite probable that it reaches the Mar-
shall. The shallow wells of 35 to 50 feet are in the white sandstones and
black shales which furnish poor water in small guantity. Mr. Squires
had a well near his store which contained so much H, S and sulphates
that it was abandoned.

At Standish the public schools and court house are supplied with wells
which vary in depth from 30 to 230 feet. .\t present time only one well
at the primary school building is flowing, although when these wells
were seen all were flowing with a strong head. The deeper wells having
no flow now had the stronger in 1899. The Wooden Ware Company has
a 75 toot well which flows and gives water of the following composition:

0aC0,=-2.52 grains per U. 8. gallon, 0.043 parts per thousand.
MgCO,=1.

CaSO,=2.52....... .. 0.043
Na,CO,=3.04..........ccecivi i 0.052

Mr. Norn, of Standish, owns a 1900-foot well drilled by Mr. Coryell, of
Bay City. The flow at present is very strong from a depth of 400 feet.
Abundant brine was found at 1000 feet to 1300* feet but was easily ex-
hausted. This well seems to have passed into the Coldwater shales, as
at 1900 feet the bluish shales were found, but this is only driller’s record.
Dr. Grigg, of Standish, believes this to be a good mineral water and has
a number of cases on record which compare favorably with effects of
some of the standard mineral waters.

At Turner and Twining flows are obtained at 90 to 105 feet. At the
latter place Mr. Lilleberg has a flow at 90 feet which is medium soft
water having a trace of sulphates and carbonates. South of Twining
many of the farmers cannot obtain good water for domestic purposes; it
is bitter and has an abundance of calcium sulphate which renders it unfit
for cooking purposes. Mr. Eymer, of Turner, has a flow at 105 feet which
is very hard water, coming from a sandstone laver in the lower Grand
Rapids group.

*8alt Inspector 8. & Garrigues reports in 1880, that a 98 per cent brine was met at 1700 feet.
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The large flowing well near the station in Turner serves the town for
fire protection and is the strongest flow yet described. This well has a
total depth of 250 to 280 feet. The water contains more sodium chloride
ithan the shallow well and is similar in density and composition to deep
well water of Omer and Au Gres. The well if not allowed to waste itself
will furnish abundant water for years. At the schoolhouse in this town
a flow is found at 130 feet, and is stronger in calcium sulphate and has
a greater density than the deeper well.

At Tawas City at least twenty flowing wells occur from 60 to 125 feet
for the shallow flows and two deep wells at 700 feet and 800 feet. The
shallow wells are on the “lake side of a water laid moraine” and do not
reach rock. A gravel bed is the source of supply and the wells vary
greatly in the quality of water, those at 90 feet being very soft, those at
50 to 75 feet showing much calcium sulphate and ecalcium carbonate.
The rock is reached at 95 feet, and wells into the rock give hard water.
The wells at the public school and the German school are very strong
flows. The latter is the deeper and softer, the former is hard. At ten
places within this village are strong flowing wells, and the majority of
the flows are allowed to run with no check. Such a valuable water sup-
ply ought to be carefully protected from exhaustion and not allowed to
run when unused. A more careful report of this region is to follow. This
area of flowing wells extends south and north of Tawas City, and only a
small distance east and west. At East Tawas the wells are very difficult
to obtain and only a very few weak flows have been found by drilling shal-
low wells. The decper wells of Tawas City were originally bored for
salt, and at the preseni time these have strong fows on the sites of
former extensive saw mills and salt blocks. Where the Gaus hoop mill
stood south of Tawas City the well is very strong in chlorides, sulphides
and hydrogen sulphide. A similar well occurs a short distance west of
Mr. Peter Evertz’s store. The percentage of hydrogen sulphide is so high
in this well that the characteristic odor is clearly recognized by those
in the near vicinity. A combination of waters taken from diiferent
depths in this region might make a mineral water of commercial value
and lead to the establishment of a sanitarium.

At West Branch a large number of flows exist at 60 to 80 feet for shal-
low flows and 200 to 240 feet for stronger flows. The deeper are in the
bed rock and are very constant in volume, while those of the lesser
depths are in gravel beds and quite irregular in quantity.

The value of this cheap method of water supply will undoubtedly lead
many people to try for flows. Some regions are suggested in a brief
way which might be made to yield a fiow. In the vicinity of Glennie,
Curtis and West Greenbush, of Alcona county; east of Prescott and
south of Sage Lake, in Ogemaw county; in Arenac county west of
Standish some four miles, and a four mile strip of country along Saginaw
bay from Alabaster to Pinconning is more than likely to yield good flow.

§ 6. Clay and Shales.

The rapid increase of the hydraulic cement industry due to the abun-
dance of marl, limestone and coal is creating a demand for clays, low in
lime, magnesia and iron, and high in silicates. The surface clays of this
region are directly or indirectly derived from glacial action which ac-
counts for their great variation in composition and thus become a source

4



26 BOARD OF GEOLOGICAL SURVEY.

of annoyance to large cement companies, for having once located a clay
bed the quantity may be unlimited but the quality is frequently
unreliable.

The region under discussion has poorly drained areas which could be
greatly improved by artificial means. A few large, well located drains
are doing excellent service but the large part of the underdrained land
remains to be improved by tiling. As the country is becoming more
closely settled these conditions are slowly creating a market for home-
made tile, which could be manufactured from some of the abundant
clay deposits. Several good brick yards are in operation but the demand
for bricks is not strong.

The clay from the Standish brick yard is taken from a four foot bed of
slightly pebbly glacial clay which shows by analysis a small percentage
of lime but still has many small limestone pebbles which prove deleteri-
ous to three per cent of the bricks made. In some of the finished product
the lime on exposure to air and moisture slacks, in this manner soften-
ing and disintegrating the brick. Blowholes caused by escaping gases
are also present. If the clay was carefully crushed and perhaps screened
or washed as at Sebewaing to free it from all pebbles a much better
product would be secured. More experience and a better demand for the
brick will no doubt remedy all of the difficulties. The following illus-
trates the composition of clay from this brickyard which is north of
Standish on the Pine river:

Si0,........... T 37.36 39.10
GO, 17.16 16.38
Fe, O, oo 3.36 5.60
ALO, o I 20.02 9.39
CaO 17.79 16.42
MgO .. 3.28 4,06
Organic Matter........................ooeell. 1.03 9.14

At Alger, on the Michigan Central, a light sand exists on a heavy clay
which is seen east of the station one mile, on the eastern part of Sec. 10,
T. 20 N. and 3 E. This clay is high in Mg and very gritty. It is too
calcareous for cement purposes. It might make a fair tile or brick mate-
rial as the following analysis shows:

S0, . e 39.00
GO, 19.82
Fe, O, e e 3.12
AIQO3 ............................................................ 13.16
Ca0. o e 15.37
MO o 2.01
OFGamiC.. ..o i 8.02

A clay deposit occurs one and one-half miles west of Sterling, which
is in Arenac county on the Michigan Central. This is free of pebbles
and has a high percentage of magnesia and silicon oxide. At Summit,
which is northwest three miles on the railroad from Sterling, clay has
been formed into a moraine and is very high in MgO.

An extensive bed of brownish colored clay constitutes the bed and
parts of the banks of Manfield’s creek at Shearer, which iz on the
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abandoned line of the Detroit and Mackinac railroad. Several years ago
an attempt was made to produce a suitable brick and from an exami-
nation of a large number which were burned from this clay it shows
that a good bmcl\ was produced, but the lack of demand prevented
further work. The clay is very high in aluminum and the first of this
element produced in Michigan was manufactured from clay taken from
this deposit.

A small brick and tile yard was started at Omer in Arenac county
and after a few trials has been inactive. The clay used was taken from
near the Rifle river and east of the railroad bridge. This clay is of a
fine quality for the above purposes and such an industry on a small
scale might find a market for its output in Au Gres, Turner and Twining.

South of Tawas City in Iosco county, in Sec. 2, T. 2L N, R. 7 E,, is
a 40-foot clay terrace which is covered with sand. In some of the deep
ravines of transversing creeks a solid bed of pebbly clay is exposed.
The clay is slightly calcarcous and containg a small percentage of sand.
Over twenty years ago bricks were made here from clay taken from the
side of the terrace and several house chimneys were built from these
bricks and they have proved to be of excellent quality. Some trouble
was experienced with lime. This might be a favorable place for invest-
ment of a small (apital for at present bricks would find a market.

North of Tawas City in See. 22, T. 22 N, . T E., an attempt was made
to build a schoolhouse from bI’lCl\S made of clay obtained from north-
east corner of this section. The clay is of medium quality but poor
brick have been produced by underburning and too much sand. At
Harmon City in Sec. 24, T. 20 N. and 7 E., occurs a bed of very plastic
clay which has been used by masons at Ta\ms City and Au Sable for
lining the arches under boilers and serves the purpose of a medium
fire clay. This deposit is low in lime and high in oxides of aluminum
and silicon. This clay has the following analysis by . 8. Kedzie:

SIO, o 5H8.85
' 14.45

7.60
2.94
.86
.73
.54
.50
43

0P

(o)

The following analysis of clay by . & W, Heim, of Saginaw, rep-
resents a similar deposit:®

510, 54.5
ALO, o 24.85
............................................................. 7.2
............................................................ 2.95
..................................................... 1.75
SO, i 1.33
6.5

* This clay occurs in connection with o‘pxum in the Lower Grand Rapids series and has
a high %hlml\aoe and would for brick take quite a little sand. but makes an excellent red
brick, suitable For face and perhaps paving brick.
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Experiments were tried with the clay for brick manufacture at West
Greenbush in Alcona county. At the old pit the clay which was used
is surface material of a brownish gray color, containing few pebbles
of limestone and a large number of pure lime segregations. The bricks
which were made contain too much lime and arve easily weathered.

Neveral other regions might be mentioned which would serve as
sources of supply for suitably manufacturing clays and road material.
AT many points on the Rifle river are 15-foot banks of solid smooth
plastic clay, which is calcareous and in many places entirely free of
pebbles. The only praciical use made of these deposits as yet is for
road material. -

Many extensive clay deposits exist about Prescott, Lupton, Rose City,
Stvles Iake and Edwards lake of Ogemaw county: Near Loon lake,
Taft, Bmery Junction, Vine and Tawas City are formations which would
repay careful investigation.

§ 7. Agricultural Resources.

The real wealth of this region lies in the abundant fertility of the
gently volling country and the level plains of the old lake bottoms.
The settlement of many districts has been delayed by the general belief
that the land was worthless after the pine was removed. It miglit
be safely asserted that land which has produced white pine or hardwood
will meet the needs of agriculturists. Of course there are large tracts
of sand barrens which lhiave produced only the familiar jack pines,
huckleberry bushes and sweet ferns. These jack pine plains are often so
picturesque, entirely free of stone and stump, and so finely located on
the banks of streams, that one is charmed. Perhaps in this way many
settlers first chose such poor locations. The evidences of attempts made
at farming vears ago are fonnd in many parts of these plains.

The sand of the jack pine plains is light and easily worked into a
shifting powder which renders travel very difficult. Heavy frosts occur
in every menth of the vear and precipitation is insufficient in dry time
1o keep alive any vegetation but hardy bush plants. The country south
of the Rifle river to a line connecting Omer and Sterling is of this
description and furnishes a serious obstacle to travel between Standish
and the Maple Ridge country. The lands south of Wells creek and east
of the Michigan Central railroad in Arenac county are perfectly level
and covered with jack pine, huckleberry bush and sweet fern to near
Dunham. In many places on all of the jack pine plains are small
swamps with big growths of cedar, sedges and marsh grass.

In addition to the jack pine plaing there are regions from which pine
has been taken, its fertility depending upon its location and method
of handling. On many of the old lumbering tracts the stumps offer a
serious obstacle to the man who begins farming in a small way and
many acres of fertile lands are idie because of the existence of a large
amount of unpaid taxes and the cost of removal of pine stumps.

Old burnings-are regions over which the fire has swept and left the
s0il without its natural vegetable mould. Sandy lands are often ren-
deved useless in this manner, while clay soils are uninjured. We also
find in this region large tracts of sandy swamps, black ash swales,
and cedar thickets along the rivers' banks.

Arenac county is supplied with an abundance of good lands but the
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northwestern part of Clayton township, parts of upper \Whitney, north-
western corner of Arenac, northern section of Deep River, and parts of
both Adams and Moffatt will furnish poor farms.

In Tosco county the jack pine plains have the following general dis-
tribution in townships—nearly all of Oscoda, which is the northern tier
of townships in the county, parts of Wilbur, Plainfield, and north edge
of Tawas. The territory adjoining the Au Sable river through the
county is practically useless for farming, except that the river's flood
plain furnishes excellent soil.

The entire southeast corner of Oscoda county ig poor land, and Alcona
county contains only small areas of jack pine plains.

To carefully locate the excellent land under cultivation and give the
characteristics of the soil would require more space than this brief
report allows. A few notes will be given of those places which, if given
care, would make excellent farms. The first place to devote attention
is the region north of Duck Jake in Au Gres township of Arenac county.
The drainage is imperfect and renders useless over fifteen sections of
land which would make excellent hay or truck farming soil, for the
material is a rich loamy muck. Duck lake is very shallow and its outlet
must be deepened or a ditch cut to the Rifle river. Along the entire
course of the main stream and east branch of the Au Gres river are
many acres of clay lands which would require stumping and draining,
but would furnish excellent lands. Especially fine locations of state
lands can be found here and for reasonable terms good places can be
secured near railroad crossings of the river. The lands are so cheap
that a few thousand acres fenced in for cattle grazing ground would be
sure to return handsome profits.

A large area of clay loam land is six miles west of Standish and is
settling rapidly. The large swamp which is one mile west of Moore's
Junction furnishes vast quantities of hay and an extensive tract of
this with some of the adjoining sand plains would serve the purpose
of n cattle ranch. Northeast of Alger in Moffatt township, the charac-
teristic morainal country is present. This is furnishing fine land to &
few settlers and the region would accommodate many more.

Starting south of Melita is a broad strip of clay country, with morainal
topography, which extends to Maple Ridge, where fine land has been
well developed. This belt passes on north inte Ogemaw county to
Prescott, thence across the townships of Richland and Logan where the
fertile belt turns into Iosco county, covering the gouthern half of
Thompson township and the western half of Plainfield township. The
belt appears on the north side of the Au Sable river in Alcona county
at Vaughn. Here settlements are being rapidly made on the excellent
clay loam soil. Alcona county is nearly three-fourths fair to good agri-
cultural land.®

It is regretted that mention cannot be made of the saugar beet soil,
the potato land, and various matters which would stimulate the settle-
ment of lands which now lie idle. Only an attempt has been made to
mention those lands suitable for farming, and waiting settlers, no
reference has been made of the abundance of lands already under culti-
vation. It is hoped these brief notes will lead some to investigate and
settle in a region whose fertility can no longer be questioned.

[ —
* About 300 square miles good farming land, 300 square miles good grazing land. 63 square
miles jack pine land.
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ALCONA COUNTY.

During the year Mr. J. H. Killmaster of Alcona county wrote to the
Survey, inquiring as to the possibility of a survey of that county. I
pointed out to him that we were working that way, but that we had not
money enough to take up that county, without dropping something of
equal importance. So he brought the matter before the Board of Super-
visors with the result that they voted $200 to be expended under my
supervision. This money was largely expended in employing Mr. Lev-
erett, one of the most expert surface geologists in the United States,
who was fortunately for us engaged on work for the United States
Survey at West Branch and was courteously released for a time by
them, so that no heavy bill for traveling expenses was incurred. Mr.
Killmaster also, by giving the free use of his team of horses, saved
the county many dollars. We also had made analyses of certain
products. The report of the county was necessarily brief, and coming
out of order in our studies, may need some revision when adjacent
counties are complete. The report handed to the Board of Supervisors,
which follows, is therefore necessarily incomplete.



REPORT ON THE SURFACE GEOLOGY OF ALCONA COUNTY.
MICHIGAN.

BY FRANK LEVERETT.

INTRODUCTION.

Situation and aree. Alcona county is situated on the border of Lake
Huron in the northeast part of the southern peninsula of Michigan.
Its south Dorder is near latitude 44° 307 and its north border about
Iatitude 44° 50’. The border counties are as follows: Alpena on the
north, Oscoda on the west and Tosco on the south. It embraces sixteen
full and four fractional townships, the latter being along the shore of
Lake Huron. Townships 25 to 28 N. and ranges 5 to 9 LK., inclusive,
fall within its limits. The area is about 690 square miles. The land
surface is, however, somewhat less for there are several lakes in the
county. The lJargest, Hubbard lake, has an estimated area of thir-
teen square miles, and the combined area of all the lakes probably
reaches twenty-five square miles, thus leaving an area of about 665
square miles of land surface.

Alcona was organized into an independent eounty in 1869. It was
attached to Cheboygan county from 1853 to 1857, to Alpena county in
1857 to 1838, to Iosco county in 1858 to 1859, and again to Alpena
county from 1859 to 1869. TFrom 1859 to 1866 it constituted but a
single ecivil township of Alpena county, the township of Harrisville.
Alcona township was cut off in 1866 and Greenbush in 1868. There
were thus three civil townships at the organization of the county. At
present there are cleven civil townships in the twenty land survey town-

ships distributed as follows:

Curtis, in T. 25 N,, Rs. 5 and 6 E.

Mikado, in 1. 25 N, Rs. 7 and 8 E.

Greenbush, in T. 25 N, R. 9 E.

Millen, in T. 26 N., Rs. 6 and 7 E.

Gustin, in T. 26 N, R. 8 E.

Harrisville, in T. 26 N, R. 9 E.

Mitchell, in T. 26 N., R. 5 E., T. 27 N, Rs. 5 and 6 E., and T. 28 N,,
R. 5 E.

Hawes, in T. 27 N, Rs. 7 and S E. \

Haynes, in T. 27 N, R. 9 K.

Caledonia, in T. 28 N, R. 6 E., and north half of T. 28, Rs. 7 and 8 L.

Alcona, in T. 28 N, R. 9 E,, and south half of T. 28, Rs. 7 and 8 E.
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Settlement and population. Situated as it is on the shore of Lake
Furon, fishermen came to this county in advance of actual settlers.
They wandered from place to place and built temporary dwellings or
camped in the open air. The fishermen in some instances cultivated
small garden patches, and one (8. M. Iolden) started a cooperage busi-
ness on the site of Springport, to supply barrels in which to ship the
fish. There were fishing stations at the cove near Alcona postoffice,
at the high banks where Springport now stands, and at Greenbush,
which were thronged at an carly date with fishermen. There seems to
Lave been no other industry from the arrival of the first fisherman
(thought to have been William Collins), about 1835, down to 1854, when
the first sawmill was built.  This mill was put up at [Tarrisville by two
fishermen, Crosier Davison and 8. M. Tolden, but was soon sold to
3enjamin Harris and sons, the persons after whom Harrisville was
named. It utilized the power afforded by the small stream which enters
Lake Huron at this village.

The first school was started in 1860, and was taught in the loft of the
Harris store. The following year religious meetings were first con-
ducted, the preacher being C. J. Merchant, a Methodist itinerary. The
first physician was Dr. John Lyman, and the first lawyer, R. Z. Roberts.

In 1866 the ITarris firm sold out its business to Weston, Colwell &
Co., a firm with more capital, who gave the lumber business a fresh
impetus and brought in a number of now families. The same year
systematic efforts were made to induce settlers to clear up farms and
develop the valuable agricultural resources. Roads were soon surveyed,
gstumps pulled and turnpikes constructed that aided materially in
opening up the country to settlement.”

The lumbering industry was pushed so vigorously by several lumber-
ing firms that the country was soon stripped of its rich growth of
timber. The valuable agricultural lands were recognized as such by
the woodsmen, many of whom have with protit abandoned lumbering
and taken up farming. A population of less than 6,000 is now spread
over a county whose soil will easily gupport two or three times that
number.

The growth of population is shown in the following figures, taken
from the United States Census reports: Dopulation, 185 in 1860; 696
in 1870; 3,107 in 1880; 5,409 in 1890, and 5,691 in 1900. There are at
present about eight persons to the square mile. Only four other counties
ju the southern peninsula have a thinner settlement and these are all
far below Alcona in agricultural resources. The fact that the villages
of Alcona county are very small should be considered in dealing with
the subject of ihinuess of seftlement. Harrisville, the county seat
and largest village, had in 1900 a population of but 403, and the com-
bined population of the villages scarcely reaches 1,400, or about 25 per
cent of the entire population. The decline of the lumber industry has
affected the villages unfavorably, some of them having shown a marked
decrease between 1890 and 19007 But the growth of farming has been
such as to more than offset this decrease so that the population was
slightly greater in 1900 than in 1390.

1 For many of the facts concerning early settlement I am indebted to a pamphlet of 12
pages entitled “A brief history of the county of Alcona, Michigan” prepared by Charles P.
reynolds of Harrisville and published by the Iarvisville Review Printing Office, in 1877. See
also Ilistory of the Lake Huvon Shore, . R. Tage & Co., Chicago, 1883.
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Transportation facilitics. The transportation facilities are excellent in
the better settled castern and southern parts of the county. There are
docks and landings for steamers at convenient intervals on the shove
of Lake IHuren and a regular boat service in the summer months. The
Aun Sable & Norvihwestern railroad (narrow gauge) passes through the
settlement in the southwest part of the county, and connects with the
Detroit & Mackinac railroad at Au Sable. There is also an unob-
structed river from where the Au Sable enters the county to its mouth
at the village of Au Sable, which is extensively utilized for rafting tim-
ber. The Detroit & Mackinae Railroad Company has an old line passing
from Dlack river southward to Au Sable through Lincoln and Mikado,
and has constructed a new line along the shore the present year which
gives Harrisville and Greenbush a much needed railway serviee.

During the lumbering period there were several lines running into
the central and western parts of the county which were abandoned
with the decline of the lumber industry. The graded beds are, however,
easily changed into wagon roads by the removal of the ties, and in some
cases they have been pressed into service without the labor of removing
the ties. Such roads are, however, a torture to the traveler as the
writer has had occasion to experience. In this connection it may be
remarked that througlout much of the county improvement in wagon
roads is needed.

Previous geological awwork. "There being no outcrops of rvock in .\lcona
county it has received but little attention from geologists. The county
was explored to some extent by the first State geologist, Douglass
Houghton, in 1838 or carlier, for he touches upon its salient topographic
features in his second annual report, subwmitted in February, 1839.
After discussing the general features of the vegion morth of Saginaw
Bay he remarks:*

“An exception to the flatness of the country exists in an elevated dis-
triet connnencing in high hills a Jittle south of Thunder Bay river and
stretching in a southwesterly direction toward the head of Lake Michi-
gan. This range at its commencement is nsnally known as the highlands
of the Au Sable.”

Attention is called by Houghton to ledges of limestone mnear the
mouth of Thunder Bay river, which would be a barrier to the navigation
of that stream, but he found nothing of the sort on the lower course
of the Au Sable, and suggested the feasibility of navigating the stream
unless it should prove to have too much shifting sand. The reconnais-
sance made by Floughton seems fto have given him a false impression of
the agricultural conditions of this region for he veinarks that it is “ill
adapted to the purpose of agriculture, being composed chiefly of sandy
ridges with intervening swales, and rising so gradually toward the
central part of the State as to leave the country extremely flat.” This
remark would apply ounly to a small part of the surface, but as that
part is situated along the strecams and the lake shore, that is, in places
most accessible to the early explorer, it would naturally stamp the
whole region unfavorably. In this connection it may be remarked that
ihe prevalence of pine forests has tended to perpetuate the unfavorable

Qe

1 Senate Documents Michigan 1839, p. 267 ; also ITouse Documents Michigan 1839, p. 383.
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name which this region so early received for it has been generally
supposed that pine grows only on barrens. 1t remained for the setftlers
to demonstrate by abundant crops and the general evidences of thrift
that this and other regions with pine timber veally have a large amonnt
of productive land.

So far as known to the writer no geological work of note was done
in this region from the time of Houghton’s reconnaissance down to
1805, when F. B. Taylor made a trip along the shore of Lake Huron
from Mackinaw to Saginaw Bay to determine the number and altitude
of the old shore lines. He found two well defined beaches above the
present one in the district north of the Au Nable river.t Taylor also found
that higher beaches which ave present in the Saginaw basin are not
present in Alcona county and the county to the north, because this
northern region was still covered by the great ice sheet.

State Geologist A. C. Lane made a trip through the southwest part of
Alcona county in 1897, notes upon which are presented in a bulletin
on the water resources of Michigan published by the United States
Geological Survey.” These notes refer to water power on the Au Sable
river, which is said to be excellent but unused, to the generval topographic
features and to the favorable conditions for obtaining flowing wells on
the southern slope of the elevated tracts which traverse the western part
of thé county and extend southwest across Ogemaw and Clare counties.

Scope of the present investigation. An allotinent having been made by
the board of county supervisors in October, 1901, for an examination
into the resources of Alcona county under the direction of the State
Geologist, the present writer was engaged to proceed at once to the
field and collect the mecessary data for a report upon the character
of the soils, the occurrence of marl or clay, of notable value, the condi-
tions and prospects for flowing wells, and the general distribution of
underground water, and to obtain such data as the region affords that
will bear upon the underlying rock formations. The investigation is
similar to that alveady made in central and southern Michigan under
the United States Geological Survey, but the present report enters more
into detail concerning the resources of the county than is practicable
in the more general and comprehensive report in preparation for the
United States survey. The field work was done in October and the
early part of November, and for its rapid and easy prosecution the writer
is indebted to the several members of the board of supervisors and to a
number of other citizens, notably J. H. Killmaster, Iidward Chapelle,
Charles Conklin, George Rutson, T.. A. Colwell, E. M. Larson, D. W.
Brooks and C. W. Goodsell. Indebtedness is also acknowledged to the
Detroit & Mackinac and the Au Sable & Northwestern railroads for
transportation over their lines and for valuable data.

Owing to the undeveloped condition and lack of roads in the western
halft of the county the examination was necessarily less detailed than
in the more highly improved eastern part, but this deficiency has been
partially filled by information furnished by supervisors and other old
residents.

1 or discussion of these beaches see American Geologist Vol. 17, 1896, pp. 253-2567. Also
Dryer's Studies in Indiana Geography, Inland I'ub. Co., Terre Ilaute, Indiana, 1897, pp. 90-110.
Water Supply and Irrigation Papers of the U7 8. Geological Suvvey No. 30, Washington,

Government rinting Office, 1899, See especially pages 20, T3-75.
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CLIMATE.

The effect of the great lakes in modifving the climate of the bordering
districts is a subject which has been thoroughly considered and ably
discussed by one of the early State geologists of Michigan, Alexander
Winchell, first in his report of progress for 1870, and subsequently in
Harper’s Monthly and in Walling's Atlas of Michigan, and in a separate
publication entitled “Michigan.” "The subject is so complicated that
space will not permit full presentation, and we can do little more than
outline a few of the conditions prevailing in the particnlar region under
discussion.

It is found that in winter the isothermal lines or lines of equal tem-
perature are much farther south in the interior of the southern peninsula
than on the borders by Lake Huron and Lake Michigan. It is no colder
at Harrisville on the shore of Lake Huron and at Traverse City on a bay
of Lake Michigan, cach about latitude 44° 407, than at Flint and Owosso
in the south central part of the State near latitude 43°. But the winter
mean temperature at Harrisville is nearly three degrees warmer than
at Grayling, a town in the same latitude in the interior of the State,
as shown in the table below. In cold waves the contrast is often much
more striking than that of the mean temperature. Thus the coldest wave
that has been experienced in Michigan in the past 12 years was that
in February, 1899, when the thermometer at Harrisville dropped to 25°
below zero; but this was 16° warmer than the record at Lake City and
Grayling, and 18° warmer than at Mancelona as reported in the United
States Weather Review for that month. In the 12-year period just
referred to there have been but three months in which the temperature
at Harrisville has fallen lower than 20° below zero, but the interior of
the State has experienced such a temperature in two or more months
in nearly every winter. The following table of temperatures at Harris-
ville and Grayling for the four winter months, December to March
inclusive, in the past five yvears, will serve to show the contrast between

. the shore and the interior, as well as the variations at each place.
Grayling is in the same latitude as Harrisville and 70 miles west.

TABLE OF AVERAGI WINTER TEMPERATURIES.

(Compiled from U. 8. Monthly Weather Review.)

Period. | Hamds ) Grayling.

jDeg. Fahr. Deg. Fahr.

Winter Of 186-T. . .ttt i e e : 24.4 21.4
Winter of 1897-8.......... 23.1 22.8
Winter of 1898-9.......... 19.0 15.6
Winter of 1809-1900 ; 21.2 19.1
Winter 0F 1000-1. .. .. L i e e e ! 21.4 19.2

22.2 19.6

R T B ) o :

In summer the temperature, as indicated in Winchell’s isothermal
map, is as high in the interior of Michigan in latitude 44° 407 (that is
the latitude of Harrvigville) as it is at the sonthern ends of Lakes Huron
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and Michigan and decidedly warmer than at Harrisville or Traverse
City. The map shows the mean summer temperature at Ilarrisville to
be about 63 degrees above zero, while at the headwaters of the .Au Sable,
near the same latitude, it is 66 degrees. .An examination of the Weather
Review records at Harrisville and Grayling for the past five years
(1897-1901, inclusive) shows the temperature at Iarvisville to average
65 degrees for the summer months, while that at Grayling averages 66.4
degrees. The difference, therefore, is slightly less than Winchell’s map
indicates and is not so striking as that of the winter temperatures given
in the table above. In spring and fall the elimate is morve equable on the
borders of the lakes than in the interior of the State. Killing frosts are
infrequent after crops are started in the spring or before they ripen in
the fall. In the State Geological veports for 1839 to 1841 Douglass
Houghton and his assistants made references to the fact that the
Indians had grown corn successfully on the borders of the Great Lakes
in several of the northern counties of the southern peninsula, Ifruit
growers have also found that the lake borders ave the most favorable
parts of the State for orchards. The thrifty apple orchards of Alcona
county bear strong testimony to the favorable climatic conditions.

The following records of temperature and precipitation taken from
tlie United States Monthly Weather Review for 1900 serve to indicate
the ordinary conditions at Harrisville, except that precipitation is
remarkably low for the month of June. As no station for weather obser-
vations has been established in the baek part of the county or for some
distance farther inland, the -departure from conditions at Iarrisville in
that part of the county is not known.

TABLE OF TEMPERATURID AND PRECIPITATION AT HARRISVILLYE, MICHIGAXN, FOR
TITIS YEAR 1900.

1
(Compiled from U. & Monthly Weather Review.)

Month Maximuin | Minimum Mean Precipi- (@) Snow-
h . Temp. Temp. Temp. tation. fall.
Deg. Fahr.Deg. Fahr.|Deg. IFahr.| Inches. Inches.
S L T 5 48 —14 22.8 1.24 ¢
FEDIUATY «ovvie vvnerenn et eaias 55 —17 15.8 4.19
March.. ..o 22.1 2.05
N ) OIS el 42.2 1.36
L] ) R R 52.0 2.64
0 1= PN : 1.2 0.58
Y ¢ ; 66.6 4.34
August ..... S ¢ 2 69.8
September... 3.4
October..... 56.7
November. 35.8
December 25.4
D 2 " 4.3 31.11 65.4

(¢) "The snowfall is included in the column showing precipitation.

The rainfall of this county is not more likely than temperature to be
ill adapted to the needs of crops. The yearly precipitation is usually
between 30 and 40 inches, and of this a sufficiently large part falls in the
growing season to keep the soil in good condition for crops.
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PHYSIOGRATIIY.

Topography.—A glance at the map of the surface features of Alcona
county (Plate T) will serve to show that the northern and western parts
of the county are largely occupied by hills or belts of volling land, while
the southeastern portion, mainly in the Pine river drainage basin, is a
comparatively level district. An examination of the list of altitudes
eiven below will bring out the heights which are found in various parts
of the county. The datum to which points in this region are commonly
referred is the surface of Lake Huron, whose mean elevation is nearly
530 feet above sea level. Referring to the altitudes, it will be seen that
the highest point crossed within the county is, by barometric measure-
nent, 1,260 feet above the sea, or 680 feet above Lake Huron. Possibly
other points in the western part of the county rise a few feet higher, but
it is doubtful if any exceed 1,300 feet. There is within the county an
area of perhaps 40 square miles that stands above 1,000 feet, mainly in
the western part. A large avea, comprising probably three-fourths of
the county, stands between 700 and 900 feet above the sea. There is but
little low land along the edge of Lake Huron, for along much of the
shore a rise of 100 to 175 feet is made in passing back a mile or less. On
the north border, however, the low land extends three miles and on the
south border fully five miles back from the lake. In general the highest
land or backbone of the county constitufes the dlvldo between the north
flowing and south flowing streams, if we disregard Black river, and
honds in a southwest course from the south part of T. 28, R. 9 E., to
Lincoln and thence westward to the county limits. The ]1|lls in the
soutl part of 1. 28, R. 9 K., and those along the border of T. 27, Rs. 8 and
9 E., reach an altitude 300 to 325 feet above Lake Huron. Points in the
cast part of T. 27, R. 7 . reach an altitude 400 to 425 feet above the lake,
but with this (\('(J]mon the altitude in Rs. 7, 8 and 9 K. is lesg than
400 feet above lake level With the exception of valleys and narrow
strips of low plain bordering them, the western part of the county for
a distance of cight to twelve miles from the west border rises more than
400 feet above the lake. This elevated part is shaded heavily on the
map (Plate I) and the strength of shading is graduated to the
prominence of the hills. In the Pine river drainage basin there is a
gradual rise from the lake shore to the headwaters of the various
tributaries.

The relief of the ridges and hills above the valleys and basins which
they border or inclose seldom exceeds 300 feet and is usually 100 feet or
Jess. TTubbard lake, which stands about 680 feef, is bordered by hills
whose altitude ranges from 730 feet or less up to about 950 feet above the
sea. The majority of the lakes stand much higher than Hubbard lake.
Several near Vaughn are about 950 feet, Mud lake and others near it
875 to 900 feet (md those near Lincoln about 770 feet. The hills near
Vaughn lake and its neighbors reach about 1,100 feet, those near Mud
lake 950 feet, and those avound ILincolu 875 feet above the sca. A
group of hills in Sec. 28, T. 27, R. ¢ E., rises 200 feet above border dis-
tricts, and Comstock hill in Sec. 25 of the same township is nearly as
prominent. There are also some hills about 200 feet high in the south-
west corner of the county, and the massive morainie tract forming the

6
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division between the Au Sable and Thunder bay drainage in Tps. 25 and
26 N., Rs. 5 and 6 E., has many hills and ridges which rise abruptly 100
to 200 feet above the bordering basins and sags. -\ very prominent mass
of hills in the northwest part of the northwest township rises fully 300
feet above the valleys on the cast and south.

Some of the hills and ridges in the northern and western part of the
county are too steep to be casily tilled, but on the whole the slopes are
g0 gradual as to be no hindrance to the cultivation of the land. In
nearly every township there ave plane tracts of considevable extent, as
indicated in Plate I, while several townships in the southeast part of
the county are nearly plane.

Table of Altitudes.—The following table of altitudes includes not only
the points along the railvoad lines which are determined by spirit level,
but also a considerable number of barometric determinations. The lat-
ter are liable in some cases to contain serious errors, for there were
some taken in the western and northern parts of the county which were
carried through an entire day’s drive, with no opportunity to check
results. It so happened, however, that the weather conditions were
somewhat steady at that time, so that the errors may prove to be unim-
portant. The baromelric determinations in the eastern part of the
county are probably not far from correct. . )

ALTITUDES ALONG TIID OLD LINE O TIIE DETROTT AND MACKINAC RATLROAD.
Ireet (abiove tide level) A, 1.

Black Tiver Statlon. ... .. i e e 583
Summit 1900 feet northeast of Roe Lake Station. ... ... . ... .y 822
Roe Lake SEatlon ...t e e e 810
Summit 1400 feet south of Roe Lake Sration. . ... . .. i 818
ITenty Statlion ...t e e e e e e 795
Summit 2400 feet north of Ifawes Station. ... ... o i 807
Hawes Station . ...... ... i 790
Summit 700 feet south of Ilawes Station. .. N
Summit 1500 feet north of Lincoln Station. 798
Lincoln Ntation . ... ... ... X 779
Snmmit 6800 feet south of Tincoln Station. .. ... ... e 790
GUSEIN  SEatlon L e e 693
Mikado SUatION ..o e e e 63
Top of grade 4000 feet north of Iandy Station. ... ... o o i 640
Handy Statlon ... e e e e e 624
County line Alcona and Tosco COUNTIOS. . ... . i s 63
Harvrisville Junction (in TosSco COUNF) ..o i i e i e 615
NEW LINE OF DETROIT AND MACKINAC RAILROAD.
ITarvisville Junction (in Josco county) . ..o i i e 615
Greenbush SEation ... e e e .. 640
Summit about 1.8 miles north of Greenbush. ... ... .o o o i i 648
Iarrigville at Main street. .. ... e e e 625
Iarvrisville SEAtIon . ... e e e 622
Sturgeon PPOING .. . e s 614.5
ALCONA . o e e e e e e e e 602.5
Stony ridge 1.5 miles north ol Alcona....... ... i e 621
Black River Station . ...t e e e e e 585
DATROMETRIC DETERMINATIONS.
RBamfield Station on Au Sable and Northwesfern Railvroad................... 870* or 850
Au Sable river at bridge. near Bamfield. ... ... ... ... .. .. i il 815% or 810
Vaughn Station. Au Sable and Northwestern Railroad....... ... ... .. 1023% or 1005
Hill at cemetery north of Vaughn lake. .. ... ... . i s 1100
Lott Postoflice . ... e e e e 900
Bryant Station. Au 8able and Northwestern Railvoad............ ... .. ...... 2% or 835
Knoll cut by old railroad grade in section 7, T. 23, R.7T Il ... ... oo oo, 880
Swamp south of knoll in section 7. T. 25, R. T T oo o oo 50
Sand and gravel plain in section 3, T 25, R, T .. o il i i i 830

* Averages of two or three barometriv determinations by A C. Lane,
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Cross roads in northwest corner of 1. 25, R. near
T'ine river at forks west of Mikado (bluff ()40 ff\et\
A. D. Mc¢Donald's residence section 9, I 25
Summit on State road near corners of Tps. 26 ‘md
Itoad intersection in N. W. parr of T 26, IR, ¢ [0

Plain in Sees. I, 2and 3, ML 26, I 6 10 oo o e
Ridge one mile west of Muod lake near
Mud lake, water level. ... ... .. ... .. ... .....

Nand plain near center of 1.
West branch of DPine river, Sec. :
Township line east of dam..
Killmaster | postoflice
Stream at “Killmaster below dam. .
Killmaster boring No.
Killmaster boring  No,
Killmaster Dboring No. 3. near ]msmﬂic(*..‘
Cross roads one-halt mile west of Gustin.
Pine river on State road. west of Lincoln. ..
Upland west of Pine river, middle of line of Sec\ 4 and 33. ..

Upland near corners of Secs. 4 and 5, 1. 26, and Secs 32 and 33, 7 5
Valley at Robinson’s farm on State road west of Lincoln. ... S10
TUpland in east part of Lincoln...................... . 810
Summit in road in Sec. 5, 1. 26. I, 9, 540
County infirmary N e e e .. 705
Mrs. Chapel's residence. one mile souih of infirmary. .. 750
Napoleon Sherbeneaw’s residence, one mile north of infirma 750
Knoll near center of Sec. 19, Ilarvrvisville Tp 710

West line of Sec. 19, at road intersection....... N . . 695

Middle of line of Secs. 19 and 20, Il: ville Tp. .. 630
Stream near center of Sec. 20, Iavrisville Wp.... 660
Plain at line of Sees. 20 and 21, Tarrisville Tp.. .. ... ..o oo, 675
Low knoll near center of See. 21, Ilarrisville 'I'p 700
I’lain at line of Secs. 21 and 22, near jog in road 680

Summit in Nec. 22, Ilarrisville T'p.. on I-W. road.
Northwest corner of Sec. 34, liarrisvilie l‘p
tidge 2 to 3 miles north of (}1’99111:\151144
A. Atherton’s residence, Sec. 26, 1% 27, I&.
Corner of Secs. 13, 14, 23, and 24, 'l‘. 27, I{. 5 1
Wolf ercek, near corner of Sees, 1, 2, 11 and 12, T .. .. .. Ce
Plain in Sec. 2. lwr\\ een Wolf and Silver ecrecks. ... o o i i oo 840
Dorr's camp in Sec. 34, 1 28, 1. DIRRN

MeceGinn creek, neav corners of Secs. 21,
Sandy plain north of \[((.nm creek in Necs.
11111 near line of Sees. 8 and 9, T 28, R. 5 [0
il in Sec. 28, 1. 270 1L 6 K. .
Nearly plain tracts in Nec, 3 :, T,
Range of hills in Sees. 14, 23 and 26,
Hiil on Sec. 24, 0. 27, I 7 W, ..
Lowland between hills in Necs. oy fln(l 2
Sheep ranch in Secs. 30 and 31, 1% 27, RR.
Hubbard lake.......... ... ... ... .. ...
Upland southeast of l[nl)lmnl lake 1n Sec.
Sucker creek at line of Secs. 5 and 8, I 27, R.
Upland on line of Secs. 4 and 9, R. 8
Sucker creek on line of Secs. 2 and 11, T. 27, R. 8§ 1§

S

21 and

»

v

Upland in road one-eighth mile west of lHenry Station 840
18 ])Iand at township lme cast of Ienry Station 840
i1l in Necs. 13 and 24, T. 27, R. 8 F....... 890
<'ross roads at mxd(l]o ol line of Ilawes and J[dynos 10\\'nshlps 8

Hill one mile north-northeast of Lincoln
Points neav line of Sees. 5 and 6, T 27,
Summit in road on line of Sees. 5 and 8,
¢ W Goodsell's 19\1(1911( ¢, east side Sec
Black river, in Rec. 3, near l< rank [Klm
Irrank Llmer's residence in 8
Summit in road on line of Secs
High points near center of Sec. 11
Stream near corners of Sees. 17, lb 19 dnd "0 'J‘. 28, Ik.
Till plain in Secs. 18 and 19, whelg road lem]s south
Middle of range line between Its. 8 and 9 Ii. T. 28 N
Stream on range line one mile north of last named point. .
Summit on line of Secs. 1 and 12, TV 28 R.s k... . ... ...
Alexander McDonald's residence in Sece. 2, 28, RO 8 . ...
Summit near middle of line ot Sus 2 and 11, 1. 28, . 8 15,
Spruce postoffice, corner ot Secs. 3, 4, 9 and 10, 1. 28, . 8
Cross roads one mile south of Spruce. ..o o e e 770

9 I8
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JAROMETER DETERMINATIONS BY A, ¢ LANIL
Ireet A, T,

Flat Rock SEation. . ...ttt i i e e e e e 360
Au Sable, mnear 1At JR0CK. ... e e 830
Gravel table lands neav Bamfield. .. ... e 970
River, near Bamfield, .. ..ottt e e 812%
Terrace, near Bamficld. ... .. ... e {40
Bamfield Station ... .. e e e 870
Faint river terrace back of Damfield Station...... ... . v e 940
Bryant, sand plains avound . .. .o e 8h2*
Batton, edge 0Ff ClaY . .. ...ttt s 900
3 F 3 ¢ A 1023%
L0 T2 0 =0 o 990%

Drainage—The drainage ot Alcona county is nearly equally divided
hetween the Thunder Bay river and Au Sable river systems, the north
half being drained northward to Thunder Bay river and the south half
southward and eastward to the Au Sable river. There is a narrow strip
on the border of Lake IIuron drained by Black river and other small
direct tributaries of the lake.

The Au Sable river crosses the sounthwest corner of the county, but
receives no important tributarvies in that part of its course. Pine river,
with its numerous tributaries, drains about six townships in the south-
eastern part of Alcona county, and enters the Au Sable in Tosco county.
Its main forks are known as South Branch, West Branch and East
Branch. Other important tributaries are McGillis creek, Backus ereek and
Van Etten creek. The South Branch, West Branch and McGillis creek
all find their sources in the high belt of hills in range 6 in the western
part of the county, and have a general eastward course across a plain in
range 7 to the middle of range 8. Here, after receiving Backus creck
and East Branch, the course is southward into Iosco county. Backus
creek heads in Mud lake near the center of the county and flows south-
eastward across a plain in T. 26, Rs. 7 and S E., to join the West Branch in
Sec. 33 of the latter township. East Branch, with its several head-
water tributaries, drains the south part of T. 27 and the cast part of
. 26, R. 8 E., and unites with the West Branch in Sec. 3, T, 23, R. 8 1.
Van Etten creek drains the southwest pavt of T. 26, R. 9 E. and the
adjoining parts of T. 25, Rs. 8 and 9 E., and enters Pine river in T. 25,
R.8E?

The principal tributaries of Thunder Bay river in Alcona county are
Hubbard lake with its main affluents, Sucker creek and Hubbavd creek,
which drain much of 1. 27, Rs. 6, 7 and 8 F., and T. 28, Rs. Tand 8 K., and
Wolf ercek and its tributavies, McGinn, Silver and Wild Cat creeks,
which drain muech of T. 27, Rs. 5 and 6 ., and T. 28, Rs. 5 and 6 k.

Black river has two forks, known as the North and South branches.
The South or main branch drains much of T. 27, R. 9 E., and adjoining
parts of Tps. 26 and 28, R. 9 E. The North Branch drains the northeast
part of the county in T. 28, Rs. 8 and 9 K., and a small adjoining district
in Alpena county.

There are a fow small direct tributarvies of Lake Huron south of the

#* Average of at least two, one or more corrected hy comparison with gelf-recording aneroid
at a fixed point. 3

1 7This tributary of Pine River has received the same name which is appliéd by the resi-
dents to the main stream after it enters Iosco county, there being in that county an expansion
of Pine river called Van Iitten lake, which has led to the extension of the name Van litten
to part of the stream below Van Itten lake. 'This seetus an unnecessary element of confusion
which might be easily remedied by ceasing to call the lower course of Pine river Vaun Htten
ereek.
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Black river drainage basin, the most important of which is Cedar lake
outlet, which discharges at Greenbusl, and a small stream that enters
the lake through the village of Tlarrisville.

The streams are in places bordered extensively by swamps. This is
conspicuously the case in those {ributary to Ilubbard lake, and is a
common feature on several other streams. Extensive swamps also occur
in the northeast and southeast parts of the county in the low plain,
which has been at some time beneath lake level.

A\ large part of the swamp land, when cleared of logs and brush and
properly ditched, may be drained sufficiently to become good farming
land. This has already been done in a part of the Pine river drainage
basin.

Lakes—The lakes of this county are inadequately represented on any
maps which have yet been made, and a special survey is needed to
determine their position and extent. The plats of the government land
survey show only those which were crossed by section and quarter lines,
and but a few of these were meandered and accurately platted. The lakes
which do not appear on the government plats are necessarily small, for
each must fall within the quarter-line limit, but they form an important
factor in determining the value of the grazing lands which border them
and are so numerous as to supply the needs of much of the grazing
district in the western and northern parts of the county. They usually
constitute the head of streams, but a few are expansions of streams and
a few have no outlet.

For attractive scenery, IHHubbard is scarcely surpassed by any of the
large inland lakes of the State. The body of water, seven miles in length
and nearly two miles in average width, is bordered on all sides by ranges
of hills with diversified outline and altitude, which at present are the
haunts of deer and other wild game, but which may become valuable
grazing lands. The body of water itself and its gravelly beaches will
no doubt in time become one of Michigan’s popular summer resorts.
Already the building of an electric road to it from Alpena is being agi-
tated, and the Thunder bay lowland, which extends back nearly to this
lake, atfords an easy line of access for such a road. Tor the variety and
quality of its fish the lake already has a high reputation.

Other attractive lakes are those around Lincoln and the chain near
Vaughn (Glennie postotfice), all of which are bordered by undulating
uplands and gravelly or saudy beaches. But nearly every lake possesses
attractive features and contributes to the pleasure both of vesident and
traveler.

THY GLACIAL DEPOSITS.

General Statement.—It is a well established fact that a moving ice
sheet, such as now covers Greenland and gravitates from the interior
toward the border of that great island, has in a comparatively recent
geologic period covered eastern Canada and pushed southward across
Michigan and adjacent states to the vicinity of the Ohio river. In the
basal portion of the ice sheet there was a large amount of earth and
stones which it had gathered along its path. The ice appears to have
become overburdened with this load and to have dropped much of it as
it advanced, building up a bed beneath it known as the ground moraine.
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The remainder it carrvied to the end of its course, and there heaped it
up as a terminal moraine, similar in many respects to the moraines now
forming on the borders of the Greenland ice sheet, or the glaciers of
Alaska, or of the Alps. When the ice melted oft from the country there
was not 4 continwous and steady shrinking of the ice field, but places
where the margin remained nearly stationary for a peviod sufficiently
long to enable the ice to bring large amounts of material and heap up
other terminal moraines inside the lmitg of those alrecady formed. In
this way several moraines weve formed before the ice had melted off
from Michigan.

The glacial history is not so simple as to be comprehended in a single
great invasion and disappearance of the ice sheet with the halts made
in its waning stage. Studies in the interior of the Mississippi basin in
Wisconsin, Iowa, Illinois and Indiana have brought to light several
distinct sheets of drift, each marking a great ice invasion, which differ
much morve widely in age than the successive moraines just mentioned.
These sheets are not exposed to view in Michigan because the latest ice
invasion extended over the entire State and left so heavy a deposit of
drift as to effectually conceal any earlier drift sheets which may be
present. It is, therefore, only in deep excavations and perhaps in a few
valleys that the earlier sheets would be reached. Yet commingled with
the drift of the last invasion there are copper nuggets and possibly other
materials from the northwest, which must have been brought here by
an earlier and independent invasion. As yet no separation of drift sheets
has been made within the limits of Alcona county, and the earlier glacial
history receives, therefore, only this passing notice.

The sinuous or looped course of many of the moraines serves to show
that the movement of the ice sheet was greatly influenced by inequalities
in the surface of the country over which it passed, there being more free
and rapid movement through low districts, such as the basins occupied
by the Great Lakes, than over the bordering higher land. This resulted
in the production of ice lobes that have received names from the basins
in which they deployed, as Lake Michigan lobe, Saginaw bay lobe,
Huron-Erie lobe, ete. Probably the lobes were coalesced to a great
extent when the ice was at its maximun, but they became very promi-
nent in the waning stage and were presumably so also in the advancing
stage or earlier part of the life of the ice sheet. Because of this lobation
the moraines which were produced in the waning stage are looped
around the basins and form sharp re-entrants between them. At these
re-entrants a morainic belt is often projecied some distance back from
the point of junction, forming an interlobate moraine. This feature is
well illustrated in northern Alcona county, as indicated below.

Moraines and Ice Borders in Alcona County.—Alcona county stands on
the north side of the Saginaw bay ice lobe, for that lobe not only filled
Saginaw bay but extended over a wide area on the north, west and south.
Several moraines which are distinct ridges at the southwest end of the
lobe become merged on its northwest side into a single great morainic
system, which bears northeastward from Clare county across the south-
east part of Roscommon, the central part of Ogemaw, and southeast
part of Oscoda into Alcona county. The ice movement was probably
about at right angles to the trend of this morainic system, or northwest-
ward from the central line or axis of Saginaw bay.
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Upon crossing the Au Sable viver in southwestern Aleona county, this
morainic system makes a sharp turn to the northwest and constitutes
the divide between the Au Sable and Thunder Bay river drainage in
Oscoda and Montmorency counties, thus passing beyvond the limits of the
Saginaw bay lobe. But from this sharp turn an interlobate moraine, or
perhaps it may more properly be termed a morainic spur, extends cast-
ward across the north half of Alcona and the south edge of Alpena
county almost to the shore of Lake Huron. The ice appears to have
been present on both sides of this spur while it was forming. That on
the south was the Saginaw bay lobe, while that on the north may for
the present be termed the Thunder bay Jobe. Probably this spur was
extended eastward with the withdrawal of the ice from the great
morainic system toward the Lake IHuron basin, and the greater part of
it may have been formed during this withdrawal.

Between this great morainic system and the shore of Lake IMuron
there is, aside from the complicated spur just mentioned, but one well-
defined moraine in Alcona county. This has been called by F. B. Taylor
the Alcona moraine.r In the northern part of the county it is wrapped
around the end of the morainic spur, but upon crossing Black river near
the line of Alcona and Haynes townships a short distance west of Alcona
postoftice, it becomes a separate or distinet ridge and leads southward
across IHaynes and Harrisville townships, with its eastern or inner
border less than a mile from the shore of Lake Iluron. Upon entering
Greenbush township (1% 25, R. 9 E.) it bears away from the lake shore

across Secs. 3, 9 and 17. It is ill-defined from See. 17, R. 9, to Sec. 26,
26

R. 8, a distance of 2.5 miles, but has considerable strength in Secs
and 35, R. 8, and enters losco county from the latter scction. The
moraine ranges in width from one-fourth of a mile up to nearly two
miles, and rises from 23 to fully 100 feet above border tracts.

There arve features in southern Alcona county west of the Aleona moraine that suggest an
eariier ice border. Near the western edge of 1. 25, It. & W. a sand plain sefs in which rises
about 100 feet above the country east of it with a rather steep ascent. The lower country to
the east presents the ovdinary topography of a ground moraine, and has dvift of variable con-
stitution such as would be expected in deposits made under the ice. The high sand plain ig
similar to the outwash deposits made by streams issuing from the ice. The only feature
needed to make it certain of being an ice border is a terminal moraine, but this feature is
wanting or at least is very obscare. It is, however, not uncommon in Michigan to find
places where the outwash deposits stand somewhat higher than the moraine and it often
bhappens that in passing from them through the moraine to the inner border district a great
descent is made. This is conspicuously the case with the strong morainic system above out-
lined through much of its course from Clare to Alcona county. It is also not rare to find the
terminal moraine becoming very weak while the outwash deposits continue prominent. In view
of these conditions it may not be remarkable to find places such as this in southern Alcona
county where the ice failed to build up a deposit beneath its edge that would resemble a
moraine or approach in bulk that made by the waters in the outer border district. This
bluff-like border is more conspicuous near the county line than farther north and becomes a
gradual and inconspicuous slope at the north border of the sand plain in Sec. 2, T. 25, R. 7 I.
As yet nothing has been noted by which the ice border ean be traced farther north. It seems
probable, however, that the ice held this position at a time not long previous to that in which
it was forming the Alcona moraine. The continuation of the ice border in that case is likely
to have been northeastward across Gustin township ('f. 26, R. 8 I5.) toward the east end of
the great interlobate morainic tract of the north half of the county.

The outer border drainage.—The streams which issued from the ice margin during the
development of the great morainic system above mentioned, found at first a southwestward
discharge to the Muskegon river through the sand plains and swamps of Oscoda, Crawford,
Ogemaw and Roscommon counties. But when the ice had shrunk to the inner border of that
morainic system lines of discharge were opened along or near that border and the waters
reached a lake known as Lake Saginaw in the western end of the low country bordering
Saginaw DBay, instead of discharging through the »Muskegon to the Lake Michigan basin.
This lake, however, had a westward discharge through the Grand river valley into the Lake Mich-

! Moraines of Recession : Journal of Geology, Vol. V, 1897, pp. 421-465, especially p. 459.
Great ice dams of Lakes Maumee, Whittlesey and Warren: American Geologist Vol. XX1V,
1899, pp. 6-38, especially p. 20.
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igan basin and thence on past Chicago to the Iilinois and Mississippl rivers. One of these
iines of southwestward discharge had its head on ihe flat topped gravel tablelands near DBam-
field and after following the Au Nable southward about to the line of Alcona and losco
counties it took a southwestward course to ILupton in Ogemaw county through a sand plain
and swamp now drained northeastward by the Little Au Sable. ¥rom Lupton it passed south-
ward through a sand plain which borders Rifle river to southern Ogemnaw county and there,
near Greenwood Station, entered JVake Saginaw.

As the ice melted the lines of discharge were shifted to thie east. Lake Saginaw {(or per-
haps its suceessor, Lake Warren, see discussion of Lake History below) also became expanded
with the retreat of the ice and covered wide aveas in Iosco and Avenac counties as well as
counties farther south and west, its limits being marked by beaches that are as a rule welt
defined and easy to trace. The lake may have extended into Alcona county at the level of the
sand plain in L. 23, Rs. 7 and 8 I but no shore lines were noted north of there above the
Algonquin beach. It therefore seems probable that the lake occupancy was very brief if it
extended to that regilon at all.

The great sand plain which, as above noted, covers much of 1. :. 7 [, in Alcona county,
also covers several townships in Tosco county. It spreads out like a great delta on each side
of the Au Sable river from near the point where that stream enters Iosco county, and covers
all of 1" 24, Bs. 6 and 7 15, and part of R. 8 Ti. also much of 1. 23, Rs. 6 and 7 1. and extends
slightly into bordering townships on e south and east. At the east, as noted above, it tev-
minates abruptly as if prevented by the ice sheet from spreading farther. That the west-
ern part was built up largely by a stream flowing down the Au Sable toward the ice i indi-
cated by the slope of its surface, the altitnde being about 50 feet higher in the north part of
.94 W, 5[5, than it is in the southeast part of 'T. 24, I. 6 12, a distance of eight or nine
miles down {he valley. Dut there is very little descent betweeun the east side of T. 24, R. 6
3. and the abrupt border about nine miles farther east. The level castern part by barometer
on train from Oscoda is found to he 830 Tect above the sca. As above suggested it scems not
improbable that this level corresponds to the highest stage of Lake Saginaw (or of its suec-
cessor, Lake Warren),

There is a terrace along this part of the Au Sable standing about 40 feet lower than the
sand plain. It terminates at the east in the abrupt border above noted as if the stream
was still prevented by the ice from ecarrying material farcther. This abrupt border at
i{he point where the Au Sable and Northwestern Railroad strikes it is known as Seven
Afile 1l1ill and at that point it is the terrace and not the sand plain which is entered, the
border of the sand plain being entered by the railroad west of Bisonette. It is thought that
this terrace may also stand at a level of Lake Saginaw (or Lake Warren) but one that is
correspondingly lower than the one correlated with the sand plain. The full connections have
not been worked out in either case.

The glacial drainage conneccted with the morainic spur that covers the north half of Alcona
county is very obscure. The low plaing and swamps which occur among the hills and ridges
or border the streams have not sufficient altitude to have given to streams that may have
occupied them a southward or southwestward discharge into Lake Saginaw, and it is
extremely doubtful if many of them represent lines of glacial draimage. A swamp leading
south from the head of Sucker creek through Secs. 21, 28 and 83 1. 27, R. 8 13, to the head-
waters of one of the tributaries of DPine river has the appearance of being a line of glacial
drainage, though a weak one, for the valley it occupies is in places only one-eighth niile in
width. 1t is thought that the large amount of sand and gravel in the hills and ridges of this
morainic tract is an indication that the waters had considerable movement within the ice
sheet and may have found discharge to a great degree without reaching the ground moraine
under the ice. This being the case the valleys and low areas in this morainic spur may only
represent places where the dritt was too scanty to build up the surface there to a higher
level, and may not be due to erosion either by glacial or postglacial streams.

Thickness of the Drift—That the glacial deposits of Aleona county
are of great depth is inferred from the fact that no outcrops of rock are
found within the county even in the deepest valleys, and from the fact
that rock has been reached only by very deep borings.” The valley of
the Au Sable river, though about 400 feet below neighboring hills, cav-
ries no rock exposures within the limits of this county. Borings at IGll-
master reached a level 150 teet below the level of Lake Huron before
entering rock. There are wells 80 to 100 feet or more scattered over
the older-settled parts of the county, and these all terminate in the drift.
However, it is scarcely to be expected that the rock surface is as low
throughout the county as at Killmaster, for in neighboring counties
both on the north and south it stands in places 50 to 100 feet or morc
higher than the surface of Lake Huron. 1t seems to be below lake level
in muech of the shale arveas on the border of the lake, but it is usually
above lake level in the sandstone aud limestone areas. If, then, as
seems probable, the Berea Grit or other hard rock underlies a part of
Alcona county, it is to be expected that the rock surface there will rise
See. 3, . 27, R. 9 I, and at

1There is a bare possibility that rock was struck at 60 feet in
36 feet at Black river, as indicated in the discussion of wells.
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toward lake level, but judging from the outcrops in the neighboring
counties there is little likelihood that it will reach an altitude much
greater than 700 fect above tide. This leaves room for nearly 600 feet
of drift in the highest ridges of the western part of the county, and the
depth there may be considerably greater. But little more can be said
at present concerning the thickness of the drift, as the data are too
meager either to indicate the range in depth or the average thickness.

Structure of the Drift—The structure of the glacial deposits as here
discussed involves not only the kind of rock or constitution, but also the
mode of arrangement of the materials. The kind of rocks present in
the drift of a ¢iven locality is a rude index as to the path over which
the ice sheet moved, for fragments of rock from nearly every rock
formation passed over are to be found in the material thrown down
where the ice melted. The mode of arrangement of the materials is an
index of the conditions under which the deposition took place. In some
cases the dirt and stones from the melting ice were deposited in a cur-
rent of water that was issuing from the ice margin; in other cases they
were dropped in pools of quiet water, while in still others they fell
directly on the ground. There seems, also, to have been counsiderable
water action within the ice, by which the materials which it contained
were more or less assorted before theyv left the ice. The conditions in a
given part of the ice margin are liable also to have changed from time to
time and produced corresponding changes in the structure. Indeed,
such changes scem 1o have been very general, for one seldom finds a
uniform deposit from top to bottom of a drift bank of much height.

In the deposits of Alcona county it is found that the rocks of sufficient
size to be easily examined are composed very largely of Canadian crystal-
lines, such as granites, quartzites and greenstones, together with a few
red jasper conglomerates and other vocks of limited outerop in Canada,
and an occasional piece of native copper. The surface bowlders, espe-
cially, are of Canadian rocks, but these rocks also abound at all depths
in the drift. It was noted throughout the county that the proportion of
Canadian rocks is much greater than in the drift of the central and
southern parts of Michigan. With these Canadian rocks there is a
liberal supply of Devonian limestones from the Hamilton formation
that outcrops atong the west shore of Lake Huron from Alpena north-
ward, and that probably forms the bed of the lake for some distance
southeast from Alpena. There are also numerous fragments of Devon-
ian shale. Sandstones are rather rave, especially in the northern part
of the county, as is to be expected from the very limited occurrence of
sandstone ledges to the northeast of this county. There appear to be
two.or more sandstones represented, but to what horizon or horizons
they belong is not vet known. In the sonthwestern part of the county
a few blocks of the Eo-carboniferous gypsum rock were recognized by
W. M. Gregory, who is familiar with the outcrops of this rock formation
in Tosco and Arenae counties. On a hill north of Vaughn lake, Gregory
has found specimens both of Devonian limestone and of Eo-carbon-
iferous gypsum rock. The former, together with the Canadian rocks
which also abound in the same hill, indicate a southwestward move-
ment of the ice. while the latter indicates a northwestward movement.
The copper indicates a niovement east of south. The northwestward

1
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movement is in harmony with the moraines, as above noted, and was
evidently the latest one. The movement which transported material
southwestward probabiy took place while the ice sheet was very thick,
and its movement was not controlled by the lake basins to such a degree
ax in its waning stage.  The southeastward movement which brought
in the copper may have been a still earlier one, and may also have trans-
ported the fragments of red sandstone that ave present in this county and
appear 1o be from the Lake Superior Potsdan.

The deposits of Aleona county range from well assorted, definitely
bedded sand and gravel, through partially assorted and imperfectly
bedded or partially connningled drift to a completely commingled
deposit of materials of all sizes without assortment or bedding. The
elevated parts of the county are as a rule composed of loose-textured
material, but this material presents various degrees of assortment and
bedding. In the low tracts there is a large amount of close-textured
clayey material, but there ave also strips of well-assorted sand and
gravel traversing the low tracts. Sand and gravel are also found at
moderate depths nnder much of the clay in the southeastern part of the
county. The cause for the wide prevalence of assorted material there is
not understood, though it seems probable that it was either an outwash
from the ice, which was overridden by a fresh ice advanee or the bed of
an interglacial Jake.

As indicated above, the loose texture and partial stratification and
assortment of the material in the morainic tracts ave thought to be
largely due to the action of water within the ice, for had it occurred
outside the ice the material could hardly have had its present irregu-
larities of surface. Instead of a moraine there should be a plain of
gravel and sand such as that in T. 25, R. 7 K., if the water action had
been outside the ice. There are a few small tracts within the elevated
morainic area where but little water action seems to have taken place,
and in these places there is a somewhat clayey drift. The most extensive
one is west of Curran in the south half of T. 27, B. 5 E., but there is
nearly as much clayey drift in the elevated northwest half of T. 25, R. 6
E. Among the smaller tracts is one of three or four square miles in the
west edge of T, 25, R. 5 E.; another of about the same area in the south-
west part of T. 28, R. 5 K., and a third in Secs. 3, 4, 9 and 10, T. 27, R. 6 E.
There is also a large amount of close-textured drift in T. 28, R. 8 E., and
the northwest part of T. 28, R. 9 E,, on ground less elevated than that
of the tracts just mentioned.

The details concerning the smface portion of the drift are given below
in the discussion of the soils and the wells. Very little is known con-
cerning the lower portion of the drift. In the borings at Killmaster,
which are the only ones which are certain to have reached the bottom
of the drift, no notes were kept concerning the character of the deposits
overlying the rock.
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THE LAKIT ITIRTORY.!

Predecessors of Lale Algongiin.—-As soon as the ice gheet in the Huron-
Erie basin had melted back from the rim of higher land which consti-
tures the continental divide, the waters from the melting ice became
ponded between the ice margin and that divide and found discharge
across the Jowest point on the divide. This peint was at Fort Wayue,
Indiana. and the line of discharge is known as the Tort Wayne outlet,
while the lake, from its occupancy of the Maumee basin, is known as
Lake Maumee. Similarly the melting back of the Naginaw ice lobe
resulted in a lake in the plain west of Saginaw bay, which is known as
Lake Saginaw. This discharged westward past Pewameo, Michigan, into
Grand river, and this outlet is known as the Pewano channel or Grand
river outlet. Lake Saginaw, however, did not begin its history so carvly
as Lake Maumee,

After a time sufficiently Jong for a well-defined beach to be formed on
the shore of lLake Maumee, the ice in the Huron-Erie basin became
melied back far enongh for the waters of that lake to extend to Imlay,
Michigan, where therd is another place on the divide which was as low
as the head of the Fort Wayne outlet. .\ double line of discharge then
followed, and the level of Lake Maumee was lowered a few feet. It
remained at the lower level long enough to form a second beach.

By a further recession of the ice, the waters of Lake Maumee reached

! The following references will enable the reader to consult the papers and reports
which {reat of the lake history here so briefly outlined. Papers which treat only of the
beaches of the Nuperior, Michigan and Ontavio basins arve not here listed, because of the
remoteness of application io this vegion.

Dryer, €. R—Geology of Allen County, Indiana: Sixteenth Ann. Rept. Geol. Survey Indiana,

1888, pp. 1065-114.

The drift of the Wabash-Frie regions: Kighteenth Ann. Rept. Geol. Survey Indiana, 1893,

pp. 82-90.

Faiveldld, H. L—Take Warren shore lines in western New York: Journal of Geology, Univ.

of Chicago, Vol. V. 1897, pp. 269-282.

Glacial waters in the “Fingerlakes region”: Bulletin Geol. Society of Ameriea, Vol. X, 1899,

pp. 20-68.

Glacial Iakes Newberry, Warren and Dana. in central New York: American Journal of

Science, Fourth seri Vol. VII, 1899, pp. 249-263.

Gilbert, (7. K.—RBurface Geology of the Maumee Valley: American Journal of Science, Third

series, Vol. T, 1871, pp. 339 Also Geology of Ohio, Vol. T, 1873, pp. 537-556.
]lésm;'y of Niagara River: Sixth Rept. New York State Reservation at Niagara, 1890, pp.

Niagara River: National Geographic Monographs, Vol. T, 1896, pp. 203-236.

Modification of the Great Lakes by earth movement: National Geographic Magazine, Vol.
VIIL, 1897, pp. 233-247.  For fuller discussion see Righteenth Ann. Rept. TU. 8. Geol.
Survey, Part 2, 1898, pp. 601-647.

Hubbard, Beli——Lake Ridges in Southeastern Michigan: Third Annual Report of State
Geologist of Michigan, pp. 102-111. Published separately as H. R. No. 8, Detroit, 1840,
Lane, A. (.—Geological report on ITuron county, Michigan: Geological Survey of Michigan,

Vol. VII, 1900, ’art II, pp. 62-85.
Leverctt., Fraink.—Correlation ot the moraines with the raised beaches of Lake Hrie: Ameri-
can Journal of Ncience, Third Series, Vol. XLIII, 1892, pp. 281-301.

Correlation of New York moraines with raised beaches of Lake Erie: American Journal of
Science, Third Series, Vol. .. 1895, pp. 1-20.

Correlation of moraines with beaches on the border of Lake Iirie: Amecriean (Geologist, Vol.
XXI. 1898, pp. 195-199.

Glacial Formations of the Iirie ard Ohio Basins: Monographs of the U. 8. Geological
Survey, Vol. X1.1, 1901. pp. 581-775.

Mudge, K. H—Drainage Systems of the Carboniferous area of Michigan: American Geologist,
Vol. XTV, 1894, pp. 301-308.

Moutl}'l of Grand River: American Journal of Science, IFourth Series, Vol. VIII, 1899,

pp. 31-34.
Newberry, J. S.—Lake Ridges: Geology of Ohio, Vol. I, 1873, pp. 178-183 ; Vol. II. 1874, pp. 50-65.
Read, M. O.—Lake Ridges and Terraces: Geology of Ohio, Vol. I, 1873, pp. 488-492, 516-519.
Sherzer, W. H.—Geological report on Monroe county : Geol. Survey of Michigan, Vol. VII, 1900.
pp. 132-144.
Spencer, J. W.—Ancient shores. bowlder pavements and high-level gravel deposits in the
region of the Gireat Lakes: Bulletin (Geological Society of America, Vol. L. 1890, pp. 71-86.

Deformation of the Algonquin beach and birth of I.ake IHuron: American Journal of Science,
Third Series, Vol XI.1, 1891, pp. 12-21.

Notes continued on page H2.




by ]
S}

BOARD OF GEOLOGICAL SURVEY.

the vicinity of Ubly, Michigan. and there found a Jower line of west-
ward discharge than the Fort Wayne and Imlay outlets. The lake level
was lowered about 30 feet, and the other outlets were abandoned.
Jecause of this change in outlet the lake has been given a different
name from its predecessor and is called Lake Whittlesey, in honor of
Charles Whittlesey, one of the carliest students of these old beaches.
By the time Lake Whittlesey began its history, Lake Saginaw had come
into existence, and Lake Whittlesey discharged into it. The Ubly outlet
entered Lake Saginaw near Cass City, and from there westward into
Saginaw county there was only a narrow strip of water along the south
edge of the ice sheet, which then had its southern limits at a moraine
that follows the north side of Cass river.

By a farther recession of the ice on the “Thumb” of Michigan, a wide
opening was made from Lake Whittlesey to Lake Saginaw at a level as
low as Lake Saginaw, and the two lakes became united. DBecause of
this lowering of level and union of the two lakes a new name, Lake
Warren, has been applied in honor of G. . Warren, a pioneer student
of lake beaches. Lake Warren discharged through the Grand river
outlet down to a time when the ice at the eastern end of the great basin
occupied by Lake Erie and Lake Ontario had melted back far enough to
permit the discharge of ns W aters castw ud to the Mohawk river. The

1ligh level shores in the vegion of the Great TLakes and their deformation: American
Joulnal of Science, Vol, \TI 1891, pp. 201-211.
Post-Pliocene subsidence versus f*l:\cinl dams: Dulletin Geological Society of Ameriea, Vol
11, 1891, pp. 465-476.
Deformation of the Tundy beach and birth of Lake Iirle: American Journal of Science,
Third Series, Vol. XLVIT, 1894, pp. 207-212.
The duration of Niagara Falls: American Journal of Science, Vol. XLVIIL, 1894, pp. 455-472.
A review of the history of the Great Lakes: American Geologist, Vol. XIV, pp. 289-301.
‘The geological survey of the Great Lakes: Proceedings American Association for the
Advancement of Science, Vol. XLIII, 1895, pp. 237-243.
An account of the researches relating to the (ireat I.akes: American Geologist, Vol. XXI,
1898 pp. 110-123, 393-396.
Another episode in the history of Niagara Falls: American Journal of Science, Mourth
Series, Vol. XVI, 1898, pp. 439-450,
Taylor, I. B.—The highest old shore line on Mackinac Island: American Journal of Sclence,
Vol. XLITIL, 1892, pp. 210-218.
Phe ancient strait at Nipissing: Dulletin Geological Society of America, Vol. V, 1883,
pp. 620-626.
The limit of postglacial submergence in the highlands east of Georgian Bay: American
(zeologist, Vol. X1V, 1894, pp. 273-289.
The Munuscong Islands: Amervican Geologist, Yol. XV, 1895, pp. 24-33.
The second Lake Algonquin: American Geologist, Vol. XV, 1895, pp. 100-120, 162-179.
Changes of level in the region of the Great Lakes: American Journal of Science, Third
Seues Vol. XILIX, 1895, pp. 69-71. Also Niagara and the Great Lakes: pp. 249-270.
Preliminary notes 0\1 studies ol the Great Lakes made in 1895: American Geologist, Vol
XVII, 1896, pp.
LOllOldthn ot ellumn beuches with outlets and moraines in southeastern Michigan:
Bulletin Geological Society of America, Vol. VITI, 1897, pp. 31-58.
Origin of the gorge at the whirlpool 1':1])ids at Niagara: DBulletin Geological Society of
America, Vol. IX, 1898, pp. 59-84.
The great ice dams of Lakes Maumee, Whittlesey and Warren: American Geologist, Vol
\\IV 1899, pp. 6-38.
A shmr hlstow of the Great Takes: Dryer's “Studies in Indiana Geography,” Inland
Publishing Co., Terre IMaute, 1897, pp. 90-110.
Upham, Warren. -fRothmnshm of {he glacial lakes Warren, Algonquin, Iroquois and TTudson
Champlain : Bulletin (Geological \nmerv of America, Vol, 111, 1892, pp. 484-487.
Late glacial or Champlain bllb%ld(‘ll((, and reelevation of the $t. Lawrence River Basin:
‘American Journal of Science, third Series, Vol. XLIX, 1895, pp. 1-18. )
Stages of recession of the North American ice sheet shown by glaclial lakes: DBulletin Geolog-
ical Society of America, Vol. VI, 1893, pp. 21-27. .
Beach ridges in Cleveland: DBulletin Geological Society of America, Vol. VI, 1836, pp.
340-348.
Origin and age of the Laurentian lakes and of Niagara lfalls: American Geologist, Voi.
\VIII 1896, pp. 169-177.
Whittlesey. Uhru les.—On the natural terraces and udwes of the country bordering Lake Frie:
American Journal of Science, Second Nevies, Vol. 1850, pp. 31-29.
Winchell, N. IT.—The surface geology ot nmrh\wsn-ln Ohio: Proceedings American Associa-
tion for the advancement of Sclence, Vol. XXI, 1872, pp. 152-186.
Wright, 4. A.—>Map of lake vidges in Lorain and Cuyaloga counties: Geology of Ohio, Vol
11, 1874, pp. 5R-5%.
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Iake then ceased to exist ax a single farge body. but was suceceeded by
three lakes: Lake Algonguin, which occupied much of the area of Lakes
Superior, Michigan and Hurvon, and the low land on their borders: Lake
Frie. in the Erie basin, and Lake Troguois, in the Ontario basine It is
onty with the first of these lakes that we are here concerned.

Lale Hgonguin—The name Lake Algonquin was applied by Jo W,
Spencer in 1888 to a body of water which occupied the basins of the
upper Great Lakes and discharged through the Trent valley in Ontario
into Lake Iroquois in the Ontario basin?

The shore ar heach of this lake was first discussed by Spencer in 1897, znl(‘miun bheing
catled chiefly to the part of irs shore southeast of Lake Huron and Georgian Bay.s The
presencee ot the beach on the west shore of Lake Huren was inferred but nnf observed hy him
The tracing of the part of rhis beach in Michigan has been done by 1. B, Taylor, who u 1895
carried hix studies from the Straits of Mackinae southward on the shove of Lake Huron and
af Lake Michigan far enough io derermine the extent of Lake Algonguin in ecach of these
hasins, lle has also extended his studies some distance into the lake Superior basin, The
vesults of his work have only been briefly outlined in a cowmunication to _the Ameriean
Geologist in 18067 and in his “Nhort History of the Great Lakes™ in 18974 1le found
that Lake Algonquin had at fivst a southward discharge through the S, Clair and Detroit
rivers into the BErie basin, for it came into action hefore the ice had withdrawn from Balsam
Lake at the head of the Trent valley in Ontario. When the ice uncovered Balsam Linke the
discharge of Lake Algonguin ,\'hiflo(l (o the Trent valley. It is his opinion that the head of
the Trent outlet was noet much below the level of the ®e. Claiv outlet at that time so that
the change produced but a slight lowering of the lake. tfe has also found that [ake Algon-
quin had its discharge shifted back to the Nt Clair outier through an uplift of the region
ocenpied by the Trent outlet, Its hisrory has, therefore, heen more complex than was antie-

ipated by Spencer.
These investigations Ly Spencer, Taylor and others have shown that the Algonquin beach on

the borders of ILake Iluron and Lake Michigan is inclined upward in a north-northeast
direction, but that in the eastern half of the Superior bzsin it is practically horvizontal. It
was of course horizontal throughout when formed except perhaps at its northeast end on the
immediate border of the ice sheet where ice aitraction may have held the water a litrte higher
than the general level of the lake. The departure from horizontality here in Michigan may,
tharefore, be faken as a measure of the amount of uplift that has occeurred. The level of the
Algonguin heach at the south end of Take lHuron as interpreted by “laylor, is about 25 fect
above the surface of Lake Huron. The vise is very gradual between there and Alcona county
for the beach at Greenbush Station on the new line of the Detroit and Mackinaw railroad is
about 60 feet and at the court house at Ilarrisville 63 feet above TLake Huvon {(as determined
by hand level from railway track on Main street in Ilarrisville). Dut on Mackinae Island
the beach is 170 to 205 feet above Lake Iluron. Taylor rveports that there ix a heavy well-
developed beach at an altitude about 170 feer which is the lowest of a series of four or five
gimilar ridges which rise by successive steps to an altitude of about 205 fect above Lake
Huron.?

According to Spencer the Algonquin beacli vises on the east shore of Lake Iluron from 18
feet below Lake Huron at Port iluron to 131 feet above the lake at Southampton, Ontario,
which is neaviy opposite Greenbush in Alecona county. This part of the east shore is nearly
along the line of uplift while the west shore departs from it 45 to 60 degrees or more. it is,
thervefore, not surprising that the beach stauds markedly higher at Southampton than at
Greenbush.®  The rise from Port Iluron to Nouthampton, allowing ir to be 25 feet above
Lake ]]mon at Port Huron. is about oune foot per mile, while from lort {furon to Greenbush
it is about 3.5 inches per mile.

The Aloonqmn beach is a strong one in Alcona couniy and has been
recognized by many of the residents as an old lake shorve. It has been
cut back in places about one-fourth of a mile into the slope of the Aleonn
moraine, and presents in such places a steep blaff, which may be 30 to
50 feet in height. The average height from Greenbush northward to the
north line of the county is more than 20 feet. South from Greenbush
the lake did but little cutting. Instead it built a series of low gravelly
hars 3 to 6 feet high and 50 to 100 vards ov more wide, which are
separated by narrow swamps or slouﬂh These fill in much of the
interval between the Alcona moraine mld Cedar lake.

In front of the old lake bluft bowlders are in places so nmumerons as

1 Proceedings American Association for Advancement of Science, Vol. 37. 1888, p. 199.

: Deformation of the Algonquin beach and birth of Lake Iuron: American Journal of
Secience, Vol. 41, 1891, pp. 11-21.

2 Preliminary notes on studies of the Great Lakes made in 1S95: Amervican Geologist,
Vol. 17, 189G, pp. 253-257.

1 Dryer's “Studies in Indiana Geography,” pp. 102-T105.

5'7he highest old shore line on Mackinae Island:  American Journal of Science, Vol. 43,
1892, p. 210.

¢ American Journal of Science, Vol. 41, 1891, p. 14,
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to constitute a pavementr. They abound for a distance of one-fourth to
one-half mile east from the old shore. They are probably in large part
a residue from the glacial deposits which the lake eroded as it was
cutting back its shore, but some may have been shoved up toward the
shore by rafts of ice in the spring. There are also deposits of cobble
and gravel along the base of the lake bluff at numerous points,  In the
village of Harrisville the gravel stands in a double crested ridge or bay
with a swamp back of it and a rather steep bank along the front. The
court house is built on the front or ecastern crest. It i probable that the
bar is a storm beach and stands slightly above the mean level of the
old lake. This may account for the cutting of a bank on its front. In
this connection it may be remarked that the base of the blaft is gener-
ally a few feet lower (5 (o 10 feet) than the highest part of the gravel
bars along the old shore. This is perhaps an indication that the lake
had dropped to a slightly lower level betore it had completed the cutting
of the blaff. The solation of the question should be reached as studies
bhecome more extended.

The Nipissing Great Lakes.—When the ice sheet had melfed away from
the lower end of the St Lawrence valley a direct castward outlet for
the three lake basins which had been occupied by Lake Algonquin was
opened, and the waters fell nearly to the level of the present lakes.

“They were connected by straits almost ag narrow as at present, and hence

may be considered independent water bodies. Taylor has given them
the name Nipissing Great Lakes, from the Nipissing outlet or pass
through which the waters discharged from the cast end of Georgian
bay into the Mattawa-Ottawa channel that led to the St. Lawrence.
The lakes which we have been considering were glacial lakes whose
extent and altitude were more or less dependent upon the ice sheet, but
the Nipissing Great Lakes were post-glacial and independent of the ice
sheet.

The Nipissing beach formed on the west shore of Lake Huron was
found by Taylor to intersect the shore of Lake ITuron near Harvisville.
To the south from there it is below the surface of Lake Huron, while to
the north it rises gradually, reaching an altitude of about 45 feet above
the lake at Mackinac Island and about 100 feet at the Nipissing outlet
at the cast end of Gieorgian bay. The c¢ity of Alpena is built on this beach,
and it forms a conspicuous sandy belt in the northeast part of Alcona
county along the east side of the north fork of Black viver. It comes
to the shore of Lake Huron about a mile sonth of Black River village,
and is not well displayed farther south except perhaps in the low sandy
ridges at and back of Sturgeon Point light-house. These were probably
formed by Lake Nipissing rather than by Lake Hurov, though they
stand so near the level of the high stages of Lake Huron that it is not
an casy matter to settle their relationship to Lake Nipissing.

The strength of the Nipissing beach and the size of its outlet channel
indicate that the lake lasted through a considerable period. Taylor
thinks that its beach is stronger than the Algonquin. Iis history was
brought to a close by the shifting of the outlet to the present one,
through the St. Clair river, as a result of the uplift of the northern part
of the country.

Lake Huron—The fluctuations of Lake Huron, the probable length
of time it has existed, and the various phases of its shore, have been
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discussed at sonie length by State Geologist \\. C. Lane in his report on
Huron county in Vol. VII of this survey. It is his opinion that the
worle accomplished by the Nipissing lake and Lake Huron, which he
thinks have a level very nearly coincident in that county, is greater than
that by Lake A\lﬂ'onquin in about the ratio of 3 to 2, and that the work
(\uomphs]l(d since the beginning of Lake Algonquin is somewhaf
greater than that by Lakes W hlttloqov and Warren. 'The records of
lake fluctuation for the 100 years 1800 to 1899, together with the rain-
fall data from 1837 to 1809, ave set forth graphically in a diagram. It
appears that there iz a rude correspondence between the extreme stages
of the lake and the wet and dry periods, as well as an annual eyele
dependent upon the rainfall, evaporation, ete., at the various geasons
of the year. The extreme Huctuation is nearly ¢ feet and the annual
about 1.34 feet.

Agide from the fluctuations which are due to variations in rainfall,
there is thought to be a gradual ewergence of the land on thg border
of Lake Huron as the result of an uplift now in progress. This matter
has been investigated by G. K. Gilbert of the United States Geological
Survey, and he calculates that the rvise of Jand at the Straits of Mack-
inac is at the rate of 6 inches per century, and diminishes to zero between
there and the outlet at IPort Huron! Concerning the length of time
Lake Huron has existed, Gilbert remarks as follows:?

“The deduced mean rate of change—-0.42 foot to the 100 niiles in a century-—depends on
assumptions which are convenient mthel than probable. These are: (1) that the whole
region moves together as a unit being tilted without internal warping. and (2) that the
direction of its present tilting is identical with the direction of the total change since the
epoch of the Nipissing outlet of the upper lakes. What we know of the general character of
earth movements gives no warrant of such a««\umpnom of uniformity. but no better assump-
tions as to this region are now available. * *# % [ am dlsposed to ascribe only a low
order of precision m the deduced rate of change, and regard it as indicating the order of
magnitude vather than the actual magnitude of the differential movement.

“If we assume that the rate of 0.42 foot per 100 miles per century is uniform and secular,
and project it backward to the time when the drainage of Lake IlTuron was shifred from
North Bay to Port I{uron, we obtain tor the period since that change about 10000 years.
I'rom studies at Niagara, Taylor has estimated lhe same period as between 5000 and 10.000
years: (Bull. Geol. Soc. America, Vol IX, 1808, p. $3) and rhe comparison indieates that the

rate of modern change is of such magnitude as to (l((ol(l well with the idea that it continues
the geologic change. i+

In the last 16 years the Jand is said to have made 10 rods abreast of
the life saving station at Sturgeon Point. At the beginning of the
period it was cutting rvight up to the feuce lines of the light-house
enclosure. Thence all the way to Harrisville theve seems to be a strip
200 feet wide of recent growth, and at Harvisville the report is that
from 1884 to 1886 the lake was cutting the biuffs, which are now about
330 feet from the lake front.

FOCONOMIC REROURCES,

Soils.—Alcona county presents wide variations in the character of its
soil, there being a range from the most productive clay and clay-loam
goils to the most barren sand. There is also considerable swampy land
with peaty soil.  The clay and clay-loam soils usually contain enough
water to supply the needs of plants. The sandy and loose-textured
soils vary greatly in the moisture contained in them, in some cases being
sufficiently damp to be productive. and in sonte cases dry and bavren.
The fol](mmu classes of soil may be veadily d]utmnm\hed 1, clay; 2,
clay-loam; 3, ,,(md,\ toam; 4, wet sand; 5, dry sand; 6, peafy or organie

! Bighteentlh Annual Report 7. 8. Geological Survey. part 2. pp. G39-640.
2 Loce. cit. pp. G37-634,
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soil. There are parts of tlie county where a single class of soil pre-
vails over a wide area, and parts where a single farm may contain two
or more classes.  In the laiter case the soil is referred to as mixed or
variable.  The descriptions of the soil below ave given by townships,
beginning at the lowest number and working to the highest, and should
be used to supplement the map, Plare 11,

In T. 25, R. 5 E., situated in the southwest corner of the county, there
is a strip of productive land with clay-loam soil ouup\mo ﬂle west
border in Secs. 7, 17, 1], 19, 20, 30 and 31. There is also clay-loam on
the east border in Secs. 1. 24 anid 25. The remainder of the township
is mainly sandy barrens, the principal exception being a narrow strip of
wet land along the Aw Sable river valley.

In T. 25, R. 6 E.. there is a tract of productive clay and clay-loam soil
embracing fully 25 square miles. The poor land lies around the edge of
the township, there being a narrow strip on the south edge that is \andx
and parts of the north and west borders that have a sandy loam of pom
quality and too broken for ecasy cultivation. A portion of the pro-
ductive land in the north and west parts of the township has a very
hummocky topography, and is therefore difficult to cultivate, but makes
excellent pasture Jand. Neveral lakes in this broken area add to its

-alue for pasfuro or grazing.

In T. 25, R. 7 E,, there is only a narrow strip of pmdm tive land situ-
ated on the 1'101th and west borders, mainly in Sees. 1, 4,5, 6, 7, 18 and 19,
and embracing perhaps 6 square miles. It has a mixed soil with spots
of clay, with wider areas of sand and sandy loam. The remaining pavts
of the township are dry, sandy barrens,

In T 25, R. 8 E,, there is a Jarge amount of wet land mapped by the
land survey as swamp, but which when cleared and ditched is found to
be a 0'00(1 farming district. In the northeast part of the township in
Nees. 1, 2, 11, 12, 1" and 14, there is a heavy clay soil. The remainder
of the tow nslup carries a mixed soil with abrupt changes from sand to
¢lay and a predominance of sand. With the exception of a narrow strip
of dry sand on the west border, which is barren, the sand of this town-
ship is generally productive, and several good mrms have already been
cleared in the central part of the township.

In T. 25, R. 9 E., there is a heavy clay soil in Secs. 5, 6, 7T and 18, and
considerable productive land from these sections eastward to the shore
of Lake Huron. A part of the moraine in Secs. 4, 8 and 9 has a rather
Heht sandy loam soil. The south halt of the t()wnshlp is largely swamp
land inferspersed with sandy and gravelly ridges formed by Lake Algon-
quin. Some of the wet land in the southwest part of the township has
been brought under cultivation and proves to be very produetive. It
embraces a bay of Lake Algonquin and has a soil of fine sand or loam.

In 1. 26, R. 5 IZ., there is a very broken tract of sandy loam. The same is
frue of T. 26, R. 6 L., except abont 12 square miles in the northeast part,
which is a level tract of wet sand. DBoth townships are much better
adapted to grazing than to farming. 'There are several lakes in the hilly
portion and several small sireams in the flat portion, which afford an
abundant supply of water for herds. ’

In T. 26, R. 7 E., there are a few square miles of sand and sandy loam
with rather light soil, but much of the township has a productive soil
of ¢lay and clay-loam. The most barren soil is found in Secs. 18, 19, 20,
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21, 22, 27 and 28, being largely dvy sand. Nees, 1,2, 3,4, 12 and 13 have
much sandy Tand but arce well watered and adapted to grazing. The
remainder of the township has a mixed soil with patches of clay and
much clay loam and a moderate amount of sandy loam. Nearly all can
be brought under cultivation except the sandy sections above mentioned.

In T. 26, k. 8 K., there is a tract of pmduvti\'o clay Jand in the eastern
part. in Sees. 11, 13, 14, 23, 24, 25, 26, 35 and 36.  The northern third has
a sandy loam and is adapted to grazing rather than agriculture. The
remainder of the township has a mixed soil with a sufficient amount of
clay and clay-loam to justify bringing it under cultivation, and a large
part is alrec uh’ cleared and farmed.

The greater part of M. 26, R. 9 I3, is productive farming land. There
are a few farms with sand and sandy loam along the Alcona moraine
in the ecastern part of the township. The northwest part in Sees. 5, 6,
7,8, 17 and 18 also has a sandy loam soil, but it is fair to good farming
tand. The narrow lake plain is in places very stony and is on the whole
fess productive than the upland back ot it.

In the southeast part of T. 27, . § E., there is a tract of about 15
square miles which has a productive soil of clay and clay-loam. The
western and northern portions have a lighter soil, adapted to grazing
rather than farming. "The northeast part is level, and there is con-
siderable swampy land in Sees. 1, 12 and 13,

InT. 27, R. 6 E., there is a tract with productive clay-loam soil extend-
ing northeast from the productive tract in T. 27, R. 5 K., from Secs.
18, 19, 30 and 31 to Secs. 3 and 4. It is very hilly in Seces. 17, 18, 19, 20,
30 and 31, and difficult to cultivate, but in Secs. 3, 4, 9 and 10 there is an
undulating surface casy to farm. The remainder of the township is
adapted to grazing and well watered, but the soil is rather light for
farming.

In . 27, R. 7 K., there is very little productive farming land. The
northwest quarter is largely swamp aund part of it covered continually
with water. It opeuns into Hubbard lake at the northeast end. The
remainder of the township has a rather light sandy loam soil that can
be best utilized for grazing land.

In T, 27, R. 8 E., the productive land is largely situated in the south-
east qudlter there being considerable elay-loam soil in Sees. 23, 24, 25,
26, 27, 34, 35 and 36. Thele is a swampy tract along Sucker creek,
Wlu( h when c¢leared up and ditched may become productive. The
uplands in the northern and western parts have some elay-loam, but
sandy soil predominates and grazing would probably be more proﬁtable
than agriculture.

In T. 27, R. 9 E., there is a large amount of productive farming land,
which is nearly all under cultivation. The western and northern borders
have a sandy loam, and the moraine and lake plain that lie between
Black river and Lake Huron have a sandy or sandy loam soil, but in
the remainder of the township clay-loam greatly predominates over the
lighter soils.

In T. 28, R. 5 E,, in the extreme northwest part of the county, there
is but little land adapted to agriculture, and this is in a belt of hard-
wood timber in the southwest part, covering parts of Secs. 24, 30, 31, 32,
33 and 34. The eastern edge of the township is flat and rather wet. The
remainder is dry and largely rolling Jand with light soil.

8
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On the west border of T. 28 R, 6 E., there is a strip of flat and rather
wet sandy land. There is also a large swamp in the northeast part in
Secs. 1, 2,3, 11 and 12, The remainder of the township is rolling land
with rather thin soil. The wet land may be brought under cultivation
after it is cleared up and ditched, but the uplands are scavcely suitable
for farming.

In T. 28, R. 7 K. there is scavcely any land under cultivation and
much of it has a light soil. Hubbard lake occupies about one-third of
the township. It is doubtful if the uplands west of the lake will be
worth settling, but northeast of the lake the soil is better, though it is
a very hilly wraet.

In T. 28, R. 8 ., there is a large amount of productive land. At least
80 per cent of the land is a rich clay or clay-loam. The only tracts worth
mentioning that are too light for agricuiture ave small areas in the north-
east and southeast corners and in Secs. 21 and 28 There is a large
swanpy tract at the headwaters of Sucker creek in Necs, 25, 26, 27, 34
and 35. There are also swamps in the sonthwest and northwest parts of
the township.

In 7. 28, 1. 9 1, which is the northeastern corner township, there
are a few square miles of productive land in Sees. 6, 7, 8, 17, 18, 19, 20,
21 and 22, with considerable clay-loam soil. There is a very broken
tract south of these sections in the southwest part of the township with
a rather light soil. The remainder of the township is a low. swampy
tract bordering the lake.

Wells—1t is only in the thickly settled eastern portion of the county
that wells have been put down in sufficient number to test the supply of
underground water, and even there it has usually been tested only to
very slight depths. Throughout the thinly settled western and central
portions, springs and surface water are generally adequate to the needs
of the residents, though the guality of water ix in some cases very poor.

The wells are usualiy between 15 and 30 feet in depth and obtain
moderate supply of water of fair quality. They appear to be supplied
largely by seepage from the clay which prevails in that part of the
county. The deep wells present less uniformity than the shallow ones,
some being strong while others are so weak as to be pronounced failurves.
Some are entirely through clay, while others are Jargely through sand,
and still others pass through alternations of sand and gravel with clay.
The wells indicate that there is a widespread and thick bed of sand
under the smrface clay in the castern part of the county. [t is often
dry for a few feet, but is charged with water farther down. In such
wells there is little or no rise of the water above the level at which
it was struek.  Wells which enter water-bearing sand immediately
under the clay are liable to have a head considerably higher than the
top of the sand bed.

It is probable that flowing wells may be obtained by sinking to a
depth of 100 to 150 feet or less in several localities within the county,
for the situation is very similar to that in flowing-well districts in
neighboring counties toward the southwest. The eastern slope of the
prominent moraine from Lott postoffice northward across Tps. 25, 26
and 27, R. 6 L., scems a very favorable place for flowing wells, the con-
ditions being similar to those at Rose City and West Branch, in Ogemaw
county. Possibly flows may be obtained in the southeast part of T.
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27, R. 5 E.. and northwestward from there past McCollum lake. If the
1(:(3 sheet pushed up into that region from the northeast, as seems prob-
able, the wafers which soak in along the elevated moraine that con-
stmm the divide between the Au Sable and Thunder Bay rivers are
likely to be working down the slope toward Thunder Bay river and may
have sufficient head to overflow in the comparvatively Jow tracts at the
head of Wolf, Silver and MeGinn creeks, and for some distance down
these streams.

In the eastern part of the county, flowing well prospects seem good all
along the lake shore on the cast side of the Alcona moraine. Flows
may also be struck in low ground both north and south of the divide
between tributaries of Hubbard lake and the headwaters of the east
and west branches of Pine river. One flowing well has already been
obtained near a branch of I’ine viver in Nee. 11, T. 26, B. 8 K., at the
moderate depth of 65 feet, which is at least an mn(nlmnmum]t to pros-
pect for others in similar situations along each side of this divide.

At Harrisville and Springport and for some distance north and south
from these villages there ave strong springs issuing along the border
of the lake, which supply the needs of residents to such an extent that
but few wells have been made.

At Black River village water is hauled from the lake and delivered
in barrels to the residents, the lake water being of far better quality
than that obtained in shd]low wells in that swampy tract. W. R. Smith
made a boring in this village which strack a hard material, possibly
bed rock, at 36 feet. A second boring a few feet distant struek a similar
material at the same dopth

At Greenbush wells 25 to 30 feet deep furnish a good quality of water.
They are largely through sand and gravel.

In the vicinity of Lincoln the wells ave 30 to 40 feet in depth, largely
through sand. In this village the lakes ave used to a great extent for
watering horses and cattle.

In and near Mikado several wells ave about 30 feet in depth, and are
largely through clay. William Dolson has a well 64 feet deep on his
hlrm south of the vill: age which was all ¢lay except thin sand beds at
45 and 50 feet. 1t was of a yvellow color to a depth of 12 feet, the
remainder blue. There is a good sapply of water in this well, but one
20 rods south at John Butterfield’s reached a depth of 70 feet withouf
obtaining a supply of water.

At Killmaster there is abundance of water at various depths, as
shown by the three deep borings made in prospecting for oil.  The
water overflows from the base of the drift. Records of the borings
appear in Dr. Lane’s digcussion of gas (pages 65 to 67 of this report).

At Vaughn Station, Hartwell Hayes bored SO feet through clay and
found very little water, but several wells in the vieinity of this station
obtain a good supply of water at about 30 feet.

The following records of farm wells in the castern part of the county
illustrate the variable depths at which water is found, and to some
extent the beds penetrated:

A boring in Sec. 4. Greenbush fownship on land of James McClelland was sunk 95 feef
entirely through sand and grave!l without obtaining water. T iy on the crest of the Alcona
moraine at an altitude about 160 feet above Lake liuron.

John R. MceDonald has a well in Sec. 6, Greenbush township, 44 feet deep. which passed
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through a blue-black clay in its lower part but obtained a good qualify of water. Some
wells in that vieinity have a water with a bad odor, obtained in the blue-black clay.

A. D. MeDonald has a well in See. 9, Greenbush township. 44 feet deep, which has only two
feet of water, but is a strong well. It pencrrated 14 feet of clay at top., below which was dry
sand to the water near bottom of well. Mr. McDonald has dug a number of wells in that
vicinity on other farms which enter sand below a few feet of ciay.

Adolphus Loviett in See, 24, IIarrisville township. bored 60 feet without obtaining water,
but a well across the road obtained water at 30 feet. It is, however, of poor guality with
oftensive oder.

Charles Clayton has a well in the northwest part of Sec. 34, which obtained a good supply
ﬁt»wa{eri The depth is 57 feet; for 40 feet there is a loose textnred material below which is
a1 hard eclay.

Mrs. Dean made a boring 105 feet at Lier residence in See. 22, Tarrisville township, which
struck a water-bearing line sand at 43 feet and did not reach the bottom of that deposit The
pipe has been drawn up to the top of the sand bed because the sand screens better there
than in the lower part.

James Clemens bored 110 feet at lis residence in See. 20, IIarvisville township,* and obtained
I)ml'f little water. There are, however, several good wells near by with a depth of only 20 to
20 feet.

Frank Spencer lias a well in Sec. 18, Harrisville township, 66 feet deep that has 40 feet of
water, It penetrated 47 feet of dry sand, and then wet sand to the bottom.

Mys., Chapel, 2.5 miles west of Harrisville, has a well 95 feef, but wells in that vicinity ave
asually shallow.

Thomas Stone has a well in See. 15, Tavrisville fownship, 56 feet deep, which struck a weak
vein of water in fine sand near the bottom.

; Mrs. B, Culver's well about a mile southeast of Iincoln is 68 feet deep and waler rises 17
oot

The flowing well at Frank DBleng's rvesidence, twb miles southwest of Lincoln, in Sec, 11,
.27, R, 8§ K., is 65 feet, with the head five feet above the surface. It penctrated : (1) ay
18 feet: (2) gravel and weak water vein, § inches; (3) clay with hard crust at about 30 to 35
Foet from surface and softev clay below, 44 feet; (4) gravel with flow of water, 2 feet. Altitude
of well about 120 feet above Lake Iluron.

John Clarke, in Sec. 27, 0. 27, R, 8 K. has a well on high ground that is 65 feet deep and has
very little head, though a strong well. It penetrated: (1) loamy soil 3 or 4 feet; (2) yellowish
clay 30 feet; (3) dry saud, becoming wet near bottom, 30 feetf. Mr. Clarke made a well on low
ground in the northiwest part of this section which has some oil on the water and an offensive
smell when boiled.

Arthur Close has a well 533 feet deep in Sec. 34, T. 27, R. 8 ¥. that has only a few inches
depth of water yet s strong. Edward Burge has another in the same section, 40 feet deep,
with but little head, and D, W Drooks has one in Sec. 36, that is 36 feet in depth. In this well
ihere are 24 feet of stiff clay below which are thin beds of sand and clay.

Napoleon Sherbenean made a well 117 feet deep in See. 34, llaynes township, which is in
sand and gravel at bottom, but passed through much cla It has considerable head. Ilis
neighbor, James Barber, in the same section has a well 104 feet which also has considerable
nead. Another neighbor, Mr. McIntyre, in Sec. 4, Harvrisville township, has a good well 56 feet
deep. Each well is about 170 feet above FLake Huron.

Trank Elmer, near center of Sec. 3, ITaynes township, sunk a well 64 feet, 2 in. deep, which is
reported to have entered a white material near the boltom that eontains some mineral thought
to be lead. The beds passed through are said to be: 20 feet clay, 4 feet sand where first well
caved, 3 feet boulders, 4 feet blue clay hardpan, 10 feet quicksand, then hardpan and sticky
stutf fo the water gravel. The water is hard. but free from chlorine or sulphates. Mr. Leverett
was told that the well went throngh 40 feet clay and 20 feet gravel before striking the white
material. Other deep wells in fthe north part of Haynes township are as follows: James
Martin’s, east side of Sec. 10, depth 104 feet; Joseph Miller's in southwest part of See. 11,
about 80 feet; Fred Otfo's, in southeast part of Sec. 5, 56 fcet. Nome of these wells struck
the white material which was found in Mr. Elmer's well.

Alexander McDonald’s well, in the southeast pavt of See. 2, T. 28, R. 8 Il. is 103 feet. It pen-
atrated 20 feet of clay at the top, below which was dry sand, becoming wet near bottom. The
altitude is about 280 feet above Lake ITuron. A neighboring well in Sec. 11, is 80 feet. West
from there on the low tract near Spruce postofiice wells are obtained at shallow depths.

MARL—LEVERETT.

Marl deposits in Aleona county, so far as examined, were found to be
too thin to be utilized in the cement industry. There is from 6 to 10
feet of rather impure marl in the lake on the township line a mile west
of Lincoln. About 6 feet of marl, apparently of good quality, was
found on the border of Tubb’s lake in Sec. 31, T. 26, R. 7 E., forming a
platform 10 or 12 rods wide. Marl deposits 1.5 to 2 feet thick are
exposed in a railway ditch in a swamp one-half mile north of Harris-
ville Station, and a similar depth in railroad ditches south of Green-
bush on the west side of Cedar lake.

* Near the east branch of the DPine, 610 A. T.
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MARL (BOG LIME).—TLANE.

Deposits of what is popularly known in Michigan as marl, but is
nearly a pure calcium carbonate, occur at a nnmber of points at Spring-
port (South Harrisville), Kirk Ludington’s, Shabno’s, four miles south
of the Presbyterian church in T. 27 N, R. 9 E,, etc.

A very interesting deposit in some ways is one that is crossing the
lake road about three miles and a half north of Harrisville, It covers
probably not less than 20 acres. T do not know how deep it is, though it
has beeu tested.  The interesting thing, however, is its mode of occurrence,
which is directly in front of the blutfs worn by the lake at a higher level,
with no ridge or barrier between it and the present lake. It is wasting
away, but the upper part is redissolved and precipitated and passes into a
firm and hard calcareous tufa, while as one goes down it becomes
granular and then soft. It appears to be a genuine Chara lime formed
by the precipitation of lime by the lake weed known as Chara, but it
can hardly be supposed to have been found in such purity directly on
the beach of a great lake, and we are forced to assume that it is the
relie of a small lake, the rest of which has been eroded away.

There is cnough, perhaps, for lime kilns, but hardly, I think, for a
cement plant; and, beside, it is so hard and granular on top that the
advantage of marl, its fine sludgy character suitable for mixing, would
be lost.

CLAY. . ~—LEVERETT,

In general, clay deposits of fine and uniform texture are rather rare
in Alcona county, but in the southeast part there is considerable clay
that carries bnt few pebbles, an area of several square miles being
found around Mikado and northward from there between Gustin and
Killmaster. Although an unsuccessful atterapt has been made to burn
a kiln of brick at Mikado, it seems probable that the surface clay will
in many cases prove suitable for brick or tile. It will at least be worth
while to experiment further with the clay, for that part of the county
would be greatly improved by underdraining with tile, and it will be
an advantage to manufacture the tile where it is to be used.

CLAY.

LANT,

At South Harrisville, Sec. 32, 1. 26 N., &, 9 E., some brick has been
made of glacial clay. It is not entirvely free from pebbles, effervesces
somewhat and makes cream-colored brick. Some brick has been
made also at Mikado (West Greenbush) of a similar quality. All the
clays of the county are Pleistocene or surface clays, and it is the almost
universal rule that such clays have more or less calcium and magnesium
carbonate. Generally the top of the bed is free from carbonates, which
have been leached out.

Just at Harrisville the stream falls over a smooth, well-bedded clay,
apparently an old lake clay free from pebbles. If not, it could easily
be washed free by the stream.* Back of Sturgeon Point, on Sec. 25, T.

* As at Sebewaing, see Vol. VIIL,, I’art 1.
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97 N.. R. 9 E.. are fieclds where a similar clay appears to be present,
but it is particularly well exposed where rthe Black yiver opens out
from tlie hilly moraine country to the swampy Jand of the old lake
hottom on See. 3 of the same township and See, 340 just north. Here
4 calearcous elay is extremely well exposed in the bed of the stream,
appearing almost as though it were bed rocke But probably the same
bed of clay also appears in the biutfs of the outer valley above the
tiood plain and at least 10 feet above the viver. Here it is light veddish
in color, does not effervesce with acid. liex close to the abandoned frack
of an old logging railroad, and could be readily worked. I should think
it would make unusualiv good brick and tile (see analysis below), though
it is quite possible that farther working and testing with auger would
show that in going deeper more lime was encountered.  Still it is quite
Jlikely that an important top layer may have been leached free.

There are indications that similar clays ocenr all the way along, but
comewhat below and nearer the shove, the highest former shore line of
Lake Huron (645 to 635 AL T.).

The Au Rable river algo Hows af several points over firm, well-bedded
pink clays, apparently free from pebbles but full of lime. A good place
1o obgerve them. however, is in a little side stream at Bamfield’s, Sec.
11, P 25 N., R. 5 K, where they ave well exposed.

Three typical samples of the clays were sent to the MeMillan Chemical
Laboratory, Albion, for analysis, and the following reports were received
from Prot. Delos Fall:

BN ol1. 912, Millbury,
Ohio.
Free SAnd. .. oooriie i 13.98 11.53
Combined silica ...l 27.60 25.71
41.5% 37.24 61.28 61.03
Alumina...... .. 12.58 7.08 16.37
Oxide of iron 359 3.99 5.59 18.10
6.63
Caleium oxide. ..o 13.04 17.70 1.29
Carbonicoxide........oooo il 16.26 21.00
Caleium carbonate........oocoevoien v 23.28 81.60
Sulpbur anhydride.. 041 0.41 . 0.67 1.55
Magnesia * 6.44 6.52 1.2
a3
Organic matter.........o.ooiiieieaoionin 3.72 3.46 9.14 9.20
08,62 97.40 26,53
Difference, principally alkalies........... 1.38 2.60 3.4
100.00 190.00 100.90

No. 910 is the ordinary caleareous clay or marl of the district from
Black river near the water level, and is free from pebbles or grit. It
will be seen that it is composed of about 14 very fine sand or rock
flour, 14 clay proper, and 4 dolomite. It may be used for making
brick, but will yield a light brick that will not stand hard burning.

Samples of clay from the Au Sable valley appear to have similar
composition.

No. 911, from the old brickyard southeast of Harrisville, is a typical
tile clay and contained some small limestone pebbles. It will be seen

* There is not enough COz to combine with all the lime and magnesia. Hence there is probably some
hydrous magnesian silicate present.—L.
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that it contains even more lime. nearly half.  Neither of the clays
appear to be suited to the higher uses for elay.

No. 9120 the third clay, which lies over No. 910 and may be derived
from it by solution of the caleareons material, is of an entirely different
character.  If the silica is finely divided enough, and I think it is, it
wonld make an excellent clay to mix with Portland cement for the
manufacture of marl. I have given an analysis of the Millbury, Ohio,
clay, which is largely nsed in the stute for cement manufacture, for
contparison.

It would also make an excellent grade of red brick, and very prob-
ably also paving brick. It remaing to be sceen by a series of borings
how much of this clay there is, but in all probability field tests show-
Ing whether it etfervesces with muriatic acid will be sufficient to show
this.

WATER POWER.

The following data concerning the water power in Alcona county have
been farnished by J. H. Killmaster of FHirisville, who has a general
acquaintance with the conditions throughont the county:

“Generally speaiing, dams of 10 to 14 feet head could be maintained
on the south, west and cast branches and main stream of I’ine river,
with horse power from 40 to 200, according to location, the farther down
the stream the larger the volumme. The same thing may be said of the
streams flowing into Hubbard lake and of Black viver. The portion of
Wolf creek in Alcona county carries but a small volume, but in Alpena
county it becomes a stream of considerable volumne.

“On Pine river there is a dam on the east branch at Killmaster
village with 12 feet head and an average of about 40 horse power for
the season. There is a 48inch turbine wheel here, but the volume is
not sufficient to supply the wheel except during the spring freshet. In
the summer the wheel will exhaust the water in about 4 days, so that
the stream will not furnish the wheel more than 4 days a week.

“The other fributaries of Pine river have about the same volume as
the cast branch at Killmaster, at corresponding distances from their
sources. A dam could be constructed at the junction of the east and
west branches in Sec. 3, 1. 25, R. 8 E,, that would give a head of 10 or
12 feet, and the supply of water would probably supply a 60-inch turbine
wheel, for the power should be at least 150 horse power.

“There is a dam on Sage (McGillis) creek in See. 33, T. 26, R. 7 12, with
12 feet head. The stream is small and the power of no consequence.

“A dam at the head of the south branch of Thunder Bay river, just
below the point where it leaves Hubbard lake, has 6 feet head, and there
is probably about 200 horse power.

“A dam on Sucker creek in Seec. 5, 1. 27, R. 8 K., has 10 feet head, with
power about the same as at Killmaster.

“On Hubbard creek, in Sec. 24, T. 27, R. ¢ E., there is a dam with 12
feet head and a power about the same as at Killmaster.

“There is a dam with similar head on Wolf creek, in Sec. 31, T. 28, R.
6 E., with a greater volume than at Killmaster.
~ “I'be dam at Black river has 10 fect head and probably there is 50
horse power.

“The dam at Harrisville is on a stream which would furnish per-
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haps 15 or 20 horse power. There is an abandoned dam beside; between
them there may be 20 feet fall.”

In his report on the Water Resources of the Lower Peninsula of
Michigan, State Geologist A, C. Lane notes that the Au Sable river has
splendid nnused water powers, especially through the stretch from Mio
in Oscoda county to T. 24, R. 6 K., in [osco county, which embraces the
portion of the stream in \lcona county.®

SUDRSTURFACE GEOLOGY.
BY A, C. LANE.

Search for rock exposnres along the shore and the Au Sable rviver, the
two regions most likely to show them, has been fruitless, and no rock
exposures have been met incidentally. Nor has inquiry led to any
authentic exposures. Along the rapids of the An Sable, however, there
are blocks of sandstone apparently belonging to the Marshall series,
which may indicate that sandstone is not far beneath. The drift at
Bolton, Sec. 35, T. 25 N, R. 6 I, shows abundant Marshall sandstone
fragments, and it is conceivable that some of the streams may show
rock exposures. DBut none of the places that we examined proved to be
such, merely hard, very clayey till of the ground moraine.

We are mainly dependent, therefore, for our knowledge of the rocks
beneath upon borings in this and adjacent counties and upon our knowl-
edge of the general geology, checked somewhat by certain facts as to
the character and arrangement of the sarface deposits.

In regard to the general lay of the county, we may note that the rocks
of the Lower Peninsula of Michigan, as has been long ago pointed out
by geologists, lie in a basin whose center is somewhere near Midland
county. Thus, for instance, the limestone formation which appears in
the Griffin quarries three miles northeast of Omer can be traced south-
east to the lake shore, over on the Charity islands, at Bayport in Huron
county, and so down to Jackson county, and thenee curving northwest
past Bellevue to Grand Rapids. Not only do its outcrops lie in this
great curve, but the formation is found in borings beneath Midland.

All the coal of the State will be found practically within the basin
made by this limestone formation. Thus no coal in commercial quan-
tity will be found in Alcona county, as it lies outside the basin, and the
rumors of coal are mainly founded upon the ocenrrence of black shale,
as will be later described.

* Where the south branch of Black river reaches the old line on Sec. 3, .27 N, R.9 K,
is flowing rapidly, with clay bottoms and banks. It has something like 25 miles of drainage
area. with numerous springs and would make a good dam site. Thence to Black river is
practically dead water, until close up to the mouth where there are two dams, one ten feel
and one six feet, both now used more for lumbering operations than anything else. Such
powers as we have mentioned ought to make nice electric light stations for small towns if
nothing more.

Of a very different character is the Au Sable, This is a large stream fed with numerous
gprings. At many places along its banks bluffs rise from 60 to over100 feet high, and in such
cases often the upper two-thirds or so of the bluff is sand, the lower clay, and at the base of
the sand are extensive springs. It is a remarkably meandering stream for a stream of such =z
rapid flow and fall. Betwen Flat Rlock, near the south line of Sec. 83, 1. 26 N., R. 5 Ii, and
Ramfield’s place, there is about 20 feet fall. Thence to Sec. 16, 1. 24 N.. R. 16 W., the river
drops about 200 feet, 55 feet of it in the gtretch known as the rapids, which lie in Tosco county.
The drainage area, above where it enters the county is not far from 1500 square miles.
From a rough estimate of velocity and size I should think that it wasg discharging in November,
1901, about 1100 cubit feet per second, while in summer the discharge may fall to half that.
Gagings upon this stream at the Tucker farm Dridge say, or somewhere above the in-flow or
the Pine river and also of the Pine and Black rivers, would easily give us more definite ideas,
and an application should be made to the U. 8. Geological Survey for a gaging station.—I.
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Moreover, since Alcona county lies in the northeast of the center of
the basin, we may expect that the rocks, if there is no irregularity, will
dip, and any particular bed will be found deeper, to the southwest.

The exact direction of the dip may not always be the same. The
directions at right angles to it, known as the strike, are gjiven approxi-
mately by the course of the north side of Thunder bay, and the rock
ridges north of Alpena, and seem to be very close to northwest and
southeast, though if the reef' about 7 miles off Harrisville in 14 fathoms
of water is a sohd reef of limestone, it may be more nearly N. 37146° W,

Now there is but one set of wells to bed rock in the county, those at
Killmaster, and they are so near together that it is not very safe to
infer dips from them. So in estimating what kind of rocks a section
down into the earth would show we have taken into account wells
immediately north around Alpena, south around Au Sable and Oscoda.

A few words as to the names of the rocks may not be out of place.

The unconsolidated deposits are known as surface or drift, and are
either sand, gravel, stratified clay, or a stony or bouldery, poorly strati-
fied clay known as till. Aggregates of vegetable matter known as peat
or muck, and of calcareous matter known as tufa or marl, also occur.

A consolidated sand is known as a sandstone. Other rocks, when they
or their drillings are granular or crumbly in texture, are sometimes
called, mistakenly, sandstone.

A ﬁne grained sandstone the individual grains of which are e angular
with good cutting edges, is known as a grit.

A consohdated cldy Wthh easily spht%, is known as a shale. They
may be of various colors, most usually blue, also white (often called
fire-clay),red (especially near salt water),green or black. The black shales
are often mistaken for coal. but though they contain some combustible
matter, in the region of which we are talking it is but 20 per cent or less,
and they have no commercial value. Limestone is composed mainly of
carbonate of lime. Yhen magnesia takes the place of the lime largely,
it is known as dolomite. A Dblue color generally indicates more or less
animal or vegetable matter or elay. A limestone with clay is said to be
argillaceous, with sand, arenaceous. ‘

The record of the wells must be taken from reports, as samples have
not been preserved, but only in a few cases indicated do I suppose the
description to be seriously wrong.

KILLMASTER.

At Killmaster three wells were put down, one about 10 rods from the
bridge on the east side of the stream and about 500 paces N. 1000 W, of
the south line of Sec. 22, T. 26 N., R. 8 E. Its elevation is near that of
the Gustin Station, i. e, about 670 A. T. Tt was the last put down? and
the deepest (1530 feet). It is said to have had 150 feet of 10-inch casing,
240 of 8-inch to bed rock, and 614 feet of 534-inch to case off salt water,
the hole being dry the balance of the way. There is said to be 600 feet
of casing in it stlll not now to shut off the brine, for it is put in with

1 Fishermen bring up vieces of honeycombed limestone in their nets and say that the cavities
are used by trout to lay their spawn where it is protected from other fish, The same
phenomena are reported by Bell from the Manitoulin Islands on the opposite shore of the
lake : Bull. Geol. Soc. Am., Vol. 6, p. 297. It also occurs off Sand Beach and Charlevoix.

21892 by Hawes & Woodward, of Findlay, Ohio, with cable tools costing about $3,000.

9
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a perforated screen at the bottom, but so as fo ensure that the brine
prump which was once planned should draw the brine from the bottom.
However, this inside casing is now stopped up at 306 feet, as that was as
far as I could let a thermometer down. Moreover, when it is bailed out
it remains for some time at a ditferent level from the water between the
two casings, which rises to the top of the inner casing and slowly flows
intoit. It is a strong brine, a little from the top giving a specific gravity
of 1.105 and 40.6 ounces of it yvielded 6.5 ounces of salts, i. e, 15.9 per
cent.r The temperature at 302 feet is about 50° F. The record is as
follows:

Suiface Deposits:

Sand, then tilf, no gravel at the bottom.......... 240 240
Coldwater Shale Scries:

SanAdSTOIe ottt e e e e e e 4 244

Gray shale ... i 6 250

SANASIONE o vt ii et i e et e : 254

Gray shale ............. P e 276 530
Berea Shale:

Red shale ..ttt e e e 20 550

Black shale ..... e R 20 570

Berea Grit:

Sandstone: Gas in top of sandstone, and a very small quantity of oil,
which was overcome by salt water in the sandstone below the gas.
However, bubbles of burning gas (not H,S or CO,) are now coming up

continually in the water, which analyzes as given.... 40 610
Devonian (Antrim®) Shales:
Gray shales (compare Bedford shales)............ 150 760
Dark shales (compare Cleveland shales).......... 150 910
Gray shales (compare Erie shales)............... 25 935
Dark shales (compare Huron shales)............. 65 1000
{The top of the Traverse may be here.)
Gray shale and limestone.................... L. 320 1032
Black shale (compare Huron shale).............. 58 1090

Limestone, color varying from light to dark.... 440 1530
Traverse (i. e. Hamilton):
The first few feet are—

Hard limestone .......... T ]
Soft limestone ....... ... oot R R0
Hard limestone ...... e 90
Hard limestone . ... ennnenneennns 4
Soft limestone ........... ... e 20)

1 These gave Trof. T. 8. Kedzie on analysis:
CaClg 11.539, of the salts, i. e. 1.8219 of the brine
MgCle 3.56 562

FeCle 20 032
‘Water of crystallization
6.14 971
X 0
Br 0
NaCl(salt)72.21 12.514
100.64 14.929 solids. 15.9

A Dbrine of this strength should have sp. gr. of 1111, according to Winchell’s table, but this
is avowedly not very accurate, and neither are my weights on common country scales,

The brine is remarkably free from sulphates and would give a very high grade of salt, and
1 think it more than probable that the sample taken was somewhat diluted.

2 Term introduced to replace St. Clair, which had been elsewhere used in another sense.
It covers the strata from 2306 feet to 2583 feet in the well of Plate VI, Vol. V, of our reports.
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Hole No. 1 is about 80 vods from Ne. 3, nearly south, but a little east of
it, and was the first put down. It is 10 feet by hand level above No. 3.
It went only 600 feet. stopping on a hard bed which was supposed to be
Hmestone at first but was afterwards thought, and doubtless rightly,
to be the hard upper crust of the bed encountered at 570 feet in No. 3.
A dip to the south of between 30 and 40 fect is thus indicated.

The formations were similar to those in No. 3, except that there was
a bed of gravel at the hottom of the drift, which served as a reservoir
for gas. This showed a registered pressure of 103 pounds (apparently
the direct water pressure). This gas was overcome by a large flow of
fairly fresh water, which was encountered when the 6-inch casing was
driven through the gas vein into the sandstone rock. The well was
bored wet with pole tools. At first the water gushed up with 40 feet
head o1 so, but now it barvely flows. It still yields, however, a. consid-
erable quantity, converting the neighboring land, though 20 feet above
the stream. into a cat-tail marsh. The water has a Sp. gr. of 1.005,
gives strong reactions for caleium and chlovide, but practically none for
sulphates.  The temperature of this slowly-flowing water is 47° F.,
about 3° less than the temperature at 307 feet in hole No. 3, and 3° F.
more than spring water.

The deep hole, No. 3, was dry below the Berea Grit.r At 1000’ or
1080”7 the black shales occur which are so widely diffused in the drift
and outcrop at Partridge Point and Thunder Island. The base of these
black shales is shown in two wells, put down by the Alpena Business
Men's Association.

ALPENA COUNTY WELLS.

The wells just mentioned were one on the north line of Sec. 22, T. 29
N., R. 8 E,, and the other on the east and west center line but a few
feet from the water and a few feet above it. I have seen samples from
the wells, and the base of the black shale appears to come shortly below
63 feet in No. 1, below 76 feet? in No. 2. This would indicate a drop of
more than 32 feet per mile to the south or 45 feet per mile to the south-
east, for the northernmost well is the more westerly. These wells are
almost directly north of Killmaster, and supposing the black shale in
the Killmaster well to be at 1090 feet, we have a dip from the No. 2 well
to the Killmaster No. 1 of? 38.4 feet per inile, or 53.7 feet per mile to the
southwest.

Comparing holes Nos. 1 and 3 at Killmaster, we found a similar dip,
and the same rate is indicated from the exposures of the base of the
black shale on Partridge Point, just north.

The dip around Alpena is reported by Mr. A. W. Grabau as also about
30 feet to the mile to the south, i. e., 42 feet per mile to southwest.

At Alpena there are three wells over 1000 feet deep, from which we
may obtain an idea of the strata which may be met from the black
shales down to the rock salt. The record of the Churchill well was as
follows :*

T Accordingly it did not read the Corniferouws or Diindee limestone.
At 76 feet is black shale, at 81 to 83 feet is green shale, the rest is limestone.

3 (590 — 73) — (670 — 1090) __ 38.4
24} '
“A summary is also given by Mr. Grabau later in this report.
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RECORD OoF THE CHURCHILL WELL.

Feet.  Total.

13891. | Character.
Qct.29 | Sand........
30 | Boulders...|
LWL bR
Nov. 2 ¢

3 “

4 oo
Shale ..

5| How. 1.

6 e,

7 o
Shale ..

9| H.w. 1.
Granite.

10 b
H.w.1l..
Shale ..

11 | Shale.
H.w. 1.

12 | H.w.l.
Shale..

13

14

16

17

18

19

20

21

23

24

25

26

27

28

30

Dec. 1

2

3

4

5

7

8

9

10

11

12 | How.l......

14 v

15 @

16 “«

17 “oL
Shale. ..

18 | H.w. 1..

19 LN

2 “

99 <

23 “ .

24 “.
Sandy lime.
Shale.......

25 | H.ow.1l......

601
621
641
661

T1
691
711
723
743
756
772
T
782
787
797

Per
day.

13
20
20
20

30
20
12
20
13
16

15
10

7
Hours.! Remarks.

6 struck light vein of fresh water.

12 Surface pipe to rock.

24 Rock very hard.
24 1 hr. lost callipering.

24 Extra hard gray limestone.
........ Delayed 35 minutes on account of bit.

........ Working in blue shale.

........ 3 men in each watch.
........ Shale, 7 ft. white—Slimy shale.

........ Very sticky nature.
........ Blue.

Extra hard.
Extra hard.

........ Shale blue.
........ Lost 6 hrs. by stripping pin from top of jars.

........ Extra hard.
....... Extra hard.

Light vein flowing Water now flowing.
Extra hard.
6 hrs. lost by sickness of one man.

'

........ strong flow of mineral water at 489 ft.
........ Flow still continues shale caving in.

........ Ilow shows stronger.
........ Flow unabated, rock very hard.

Increased flow at 570, shows conhection with
Harrington well.

At 590 fresh flow struck which exceeds in
strength anything ever struck in Alpena,
much stronger of sulphur. At 598 struck
another vein of water which shows stronger
traces of Mg.

Put in 588 £t. of casing. At 538 ft. hole reduced
to B in.

........ At 605 another vein of sulphur water struck.
........ 670 shut off now.

........ 608 perforated pipe.
........ Volume of HyO somewhat stronger.

........ (800 ft.).
Shut off 790.

* H. is hard, w. is white, g.
hard cherty limestone of the Dundee or Corniferous.

is gray, L.

is limestome, The driller’'s “granite” is really very



ANNUAL REPORT FOR 1901. 69

RECORD OF THE CHURCHILL WELL—Continued.

Per

H I
i ‘ |
1891, : Character. | Feet. | Total. | das lllours. Remarks.
| —
Dec.os |« T s09 |12 "
281« b 1R 827 15
29 | e i 18 815 18 .. Shut off 794,
3000 o 15 e 15
3 w 10 | 10

At 936 ft. reduced to 5 in.
Somewhat softer.

10 ft. very soft jack, struck what seemed to be
the water.

Put in 601 ft. 2-in. pipe, 4 men.
Put in 400 ft. more pipe, 4 hours.
Spent 14 hrs. pulling out 1,000 £t. pipe.

Struck salt rock; wentintorock salt about 20 ft.

There scem to have been casings at 300, 1062 and 1278 feet.

The end apparently corresponds to the rock salt bed, which at 8t. Clair
and all along the St. Clair river occurs 800 feet and more below the top
of the Dundee beds.

A number of other wells by Fletchier, Moench and others do not go
so far, but go through the shale above into the Dundee limestone for
water.* :
AT SABLE AXD OSCODA WELLS. ,

These points are as much south of the county as Alpena is north, and
yet since there are no outcrops and but one group of wells to bed rock
in the county, we are obliged to take them into consideration. Some
11 wells have been put down here within a distance of a mile. We may
distinguish in order from north to south three groups, which we may
call the Pack group, the Smith group and the Loud group.

Unfortunately, we have no detailed log of any of these wells, but from
various recollections, letters and allusions in reports of the salt inspect-
ors we may compile the following account, upon which we may rely
with some confidence:

* Which has been analyzed. U. 8. (. 8. Water Supply Paper No. 31.
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The Pack wells are 20 to 25 feet above the lake, the Smith wells abont
15, the Loud wells from 6 to 8 feet.

There are 90 to 100 feetr of surface deposits, nainly sand. Then down
to some 200 feet is n series of sandstones and shales, which yields in
the less elevated wells of the Louds a flow of slightly saline water con-
taining from 145 to 1 per cent of salt, at o temperature of about 457 to 5.

Then blue shales, and occasionally ved, predominate, and toward the
bottom black shale, the Berea shale, until at 950 feet in the Park wells,
960 in the Smith, and quite likely a }lttle deeper in the Loud wells, they
strike the Berea Grit. This holds a strong brine, 90° to 937, of good
quality, as the analysis of Smith Kelly and Dwight's brine shows.t
But the sandstone is tinegrained and split with, and ;);1&:51115;* into,
shale and does not yield brine freely, though the gquality, in its low per-
centage of sulph.lt(*s and ratio of muﬂl\ (hlmldos, is that of the Berea
brines gencrally., According to Mr, J. F. Holmes, the .md\fmw in
going north runs out and vields less and less brine.

We find also in Alma, («m\lmu and western wells that theve is little
trace of the Bevea. Comparing the Osc ()(L\ wells and their elevations,
it is clear that the sandstone mast dip 30 to 40 feet per mile to the
south. Beneath this BBerea Grit one well of Pack’s was drilled to about
1800 feet depth, and is said to have been 17617, 17857, 18507 deep aceord-
ing to various reports, and dry all the way, encounfering oniy blne and
black shales with thin streaks of Hmestone. It is reasonabiy certain
that it could not have penetrated the Dundee (Corniferous) Hinestones,
whose hardness, light colors and mineral waters conld hardiy fail to be
remembered. Dnt it must have gone pretty near to the top of it, and the
black shale, in which Me. Elliott, the driller, says they left off, may have
been the Bell2 or Marcellus shale.  This, according to Mr. Grabau, follows
the trough of Grand lake north of Alpena, some 50 odd miles north of
Oscoda, and accordingly the dip thence to Oscoda wounld average between
30 and 40 feet per mile.

If the strike of the rocks is supposed to be 8. T, the Pack wells in
Sec. 34, 1. 24 N, R. ¢ B, shonld have the rock at about the same eleva-
tion above sea level as Sec. 34, T. 25 N, R. 8 E.,, near the south line of
Alcona county, and we have so (mqumod in constructing the seetion (Plate
11). According to this the dip from Killmaster would be.” measuring on
the top of the Berea Grit, abount 50 feet per mile to the south. But if the
strike is nearer east than south the true dip will be less than 50 feet,
but cannot be less than 26 feet per mile, which it is in the direction from
Kilimaster to Oscoda.

It is unfortunate that we cannot identify the tep of the (amilton)
Traverse in the Oscoda wells and thus be able to compare dips on this
horizon with Killmaster and the strata about Thunder bay.

1T, S (x §. Water Supply Paper No, 31-No. 291:

CaCOs tr.
CaCle 42.1
CaB0y tr.
MgCle 19.38
NaCl 179.3

241.9 grams per kilogram.
2 Defined by Grabau in his paper in this reporr.
3(670 — BT0) — (£5 - BSO -— 950) -+~ 8 = 395 - 8 = 0.
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ECOXNOMIC GEOLOGY.

Oil and gus possibilitics—The Fo-carboniferous series to which the
Ararshall sandstones and Coldwater shales’ belong containg a number of
“pil sands” in Pennsylvania, but the tirst horizon which seems hopeful in
this State is the Derea Grit.  This rarely fails to show some signs of oil or
gas. On the west shore the salt wells of Muskegon and Ludington
encountered more ot less gas at this horizon.  So did the wells at Bay City
(at 20907) and Blackmar (at about 16527,

It is a well-known oil sand in other states, and the Killmaster wells
show that it may vield oil or gas in the county if other conditions are
right.

The quality of the oil is much better than that from the Canada
horizons, which is a leavier oil with more sulphur. The Petrolea oil
geems to come from beneath the black shales in the limestone of the
Traverse and Dundee beds. The deep Killmaster and Oscoda wells
gseem to show that the Traverse is not only dry but free from oil or gas.
The Dundee or Corniterous, however, has not been struck in the county,
thongh the section shows at what reasonable depths it should be found.

There are other oil and gas hovizous underlying the county. The
Niagara has one and the top of the Trenton also is a well-known place,
which has a great reputation among drillers, but the depth is so great.®
and the chance of finding anything of value, unless something is found
higher up, so small, that for the present they may be dismissed from
consideration.

Hiustrating possible occurrence of gas or oil. Compare the section on Plate I1.

The source of oil and gas is supposed to be animal or vegetable mat-
ter buried with the rocks when they were formed, and slowly decom-
posed, very likely in the presence of salt water. The vegetable matter
is supposed to make the lighter oils, which are free from sulphur. The
same vegetable matter gives the dark coloring to the black shales which
we find both above and below the Berea Grit.

i There are beds of shale in the sandstone, and sandstone in the shale.

2Phe Niagara very likely begins not more than 200 or 300 feet below the Alpena rock salt
horizon, is liable to be K00 feef thick, and will be succeeded by a series of ved, blue and black
shales, 600 feet thick or so, beneath which will come the Treuton.
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Now the first place in which we might find oil or gas is in the surface
deposits. It may oceur in these in one of four ways.

{a) In the first place, fragments, stones and boulders of the oil and gas
generating strata may be scattered in the surface gravels or till, and
the oil and gas le\]\ collect in pockets or pools under beds of clay,
which may serve to hold it down. This may be in part the source of the
gas in Killmaster well No. 2. Such gas may occur anywhere in the
Lounh and is probably the source of most of the gas of the surface gas
springs, but is not lll\el) to be of much value.

(b) In the second place, a porous inclined bed which holds or gener-
ates gas may be covered by a gravel bed, and this in turn by clay, as

shown in the sketch just given.

In that case the gas ’md oil may work out from the outcrop into the
gravel bed. Part of the Killmaster gas might thus have worked out of
the little bed of sandstone below, and accumulated in the gravel.

Now it seems quite probable that accumulations of oil or gas of value
might thus have been formed beneath Alcona county. The coating of
surface deposits is thick enough to give a good pressure, and usually is
clayey and impervious onmwh to ho]d the gas down well.

In partlculm it would seem quite possible that, especially where the
Berea Grit comes directly beneath the surface deposns or the black
shales above and below it, gravels occurring at the base of the same
might be full of oil and gas under good pressure.

If we assume the dip southward of 38.4 feet per mile found above,
the Berea Grit will be as high as the rock surface of Killmaster at a
point about K6 miles north of Killmaster and should be at an equal
elevation along the line of strike, that is, a northeast-southwest line*
through this point. It is worth noting that Mr. Leverett has not found
the white sandstones, such as the Berea and Marshall are, north of a
point two miles south of Lincoln, though red sandstones resembling the
Potsdam sandstone occur all over the county. Wells along this line
would be desirable to test the possibilities of oil and gas in this way.

It must be remembered that the chance of striking moderate quan-
tities of o0il or gas enough to supply a few houses are very much more
than those of striking very large quantities, such as would warrant
starting a new town, so that in planning such wells they should be
placed where they would be of use.

(¢) In the third place, it is possible that there might be cracks in the
earth’s crust made by earthquakes, or otherwise extending down
into lower reservoirs of oil or gas and allowing them to work toward
the surface.

This is a very popular theory of the origin of oil and gas in springs
and has caused many thousands of dollars to be thrown n away in expora-
tions. There are no indications of such faults and fissures, however.
The gas springs around Killmaster are not in a line. The strata of
Lower Michigan are not usually much disturbed, and even if they were,
a leaky reservoir is no sign of great and valuable accumulations.

{d) A certain amount of illuminating gas, marsh gas, is often gener-
ated in swamps directly from the decay of recent vegetable matter, and
ig of no economic importance.

* Compare the line BB of Plate II.
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Attention was called to the possibilities of gas in the county by a
number of springs, which either yield inflammable gas continuously or
when stirred with a pole. The following notes on them are compiled
from notes by Mr. Leverett and myself.

Near the center of Sec. 26, T. 26 N., R. & E,, there is a boiling spring
on the land of the Gustin Land Company which has such a large amount
of gas that it led to the Killmaster borings. The gas will blaze two or
three feet high when lighted as it issues from the water, without being
confined in a pipe. It is at least 10 feet below the level of Killmaster
well No. 1, and the temperature of 44° F. one bitter, freezing cold day
in November is close to the probable mean annual air temperature, and
may indicate that the water comes from some depth. The water is
kard and has a little chlorine,® but not enough salts to affect its gravity.

In Sec. 14 of the same township there is a gas spring on B. Anger’s
land in the north part of the section and on Mr. Gunther’s land in the
west part. )

In Sec. 32 of the same township there is a gas spring on land of the
H. M. Loud Company. In Sec. 34 there is one on the land of Simpson &
Henry. In Sec. 15, T. 25 N, R. & E,, that is the township south, there
are two gas springs on the land of Ambrose Thompson. Aside from the
above noted springs, there are said to be numerous places along the
east branch of Pine river where gas bubbles up in the bed of the stream.

Mr. Killmaster has also noticed oil in the well of Angus Cameron,
Sec. 12, T. 28 N, R. 5 E.

The next place we might expect gas or oil is in the sandstones, and
particularly the Berea Grit. They would tend to accumulate in larger
quantity here:

{a) Where there is an upward bend or anticlinal in the bed. Of a
complete anticlinal or dome there is no evidence. In fact, as we have
seen, the indication is of a fairly steady dip to the southwest.

But in a basin like that which is formed by the rock beds of Michigan
there are liable to be flutings around the side, folds pitching toward the
center of the basin. In such case the strike would veer now to one side
and now to the other of its mean course. Now the fishermen bring up
on their nets about 7 miles off Harrigville, in about 14 fathoms of water,
fragments of peculiarly-honeycombed limestone, over the reef, similar to
ihat described by Bell.? If this limestone reef is a real outcrop of bed
roek, which is by no means certain, it would probably represent the lime-
stone at the top of the Traverse formation. But in that case the strike from
the reef to Partridge Point in Thunder bay would be north of northwest.

Again we may see, comparing the Killmaster and Oscoda walls, that
if the dip is no greater than that farther north the strike must be con-
siderably to west of northwest. Thus it is possible that there may be
such flutings. In order to find them out, however, it would be needful
to have more wells, put down to soine recognizable stratum and
arranged in a northwest to southeast line, so as to find out accurately
the course of the line of strike. Then the points where it is most to the

1(¢a is strong; S04 trace; Cl. low. Sp. Gr. 1.0061°7
% Ante, p. 65.

10
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southwest of its mean course will be the tops of bends which may collect
oil and gas.

(b) In the second place the gas and oil might colleet in the upper
parts of the oil and gas-bearing beds where they were overlain by clay.
This is also illustrated in the section of Plate 11, as well as in the sketch
on p. 71.

In this case we have practically one-half of the anticlinal, the rest
being cut away, and irs place taken and the escape of gas prevented by
the clay. The best places to test this would be the same as those to test
previous possibilitics,—a belt parallel to the strike and about where
the Berea Grit will lie directly under the surface materials. Just where
that will be cannot be told, for we do not know how deep it is to bed
rock; but if we suppose the elevation of the extreme limits of the Berea
Frit to be between that at Killmaster and that of the exposures and
wells north, the Berea Grit will extend 1o somewhere between Harris-
ville and Sturgeon I'oint, extending thence northeast and reaching as
far as a point about eight miles north of Killmaster. And near this
line explorations will be not only cheapest, for the depth will be cow-
paratively slight, but most likely to be fruitful.

Drilling may well be on low ground at first, and valuable flowing
wells may very likely be obtained, though of course any flows of water
would have to be shut oif temporarily in testing for flows of oil or gas.

{¢) The Berea Grit is rather an uncertain clement, sometimes present
and sometimes not, and if areas where it is preseut and porous arve
isolated by erosion with a covering of shale and clays, or merely pass
by transition into shalier and less porous beds, it is possible that the
more porous parts might become reservoirs for gas and oil.  For
instance, the Berea Grit around Killmaster seems to have been much
more porous than at Oscoda.

Areas of this kind might, of course, occur anywhere the Berea Grit
occurred; that is, anywhere except in the northeast corner of the county.
Here, as the new railroad cuts, for instance, of the “Stone Ridge” on
Sec., 35, T, 28 N, B. 9 ., show by the abundance of slabs of black shale
and fotal absence of the Berea Grit, the underiying rock is the Anfrim
black shale of the Devonian.

I would suggest as appropriate places for test wells for oil or gas,
Harrisville very particularly; some point in the Black viver valley near
the south line of T. 27 N., R. 9 E.; the neighborhood of Lincoln; the
vallev of Sucker creek, and the eastern shore of Hubbard lake.

It bed rock surface was found unusually high, and the backward
curve in the moraines which indicate the ice margin suggest the possi-
bility of such a thing, it might be worth while to explore farther north.
But a few wells in the regions suggested, not over 300 feet deep probably,
would be very instructive. In particular would I recommend the sink-
ing of a well at Harrisville, not only to see what the oil and gas prospects
were, but alse with a city water supply in view. It will not be safe to
use water from Lake Huron and let sewage go into it also.

Salt—There are two sources of salt manufacture, natural brine, and
rock salt, whicl is dissolved by pumping down upon. The disadvantage of
brine is that it is liable not to be so strong, and to contain so much
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earthy chlovides (Ca, Mgy Cl,, that a large amount of the bittern must
be thrown away. On the other hand, the Berea Grit is generally remark-
ably free from caleium sulphates and not likely to cake, and at 330 feet
and lower in Huron county, at White Rock, Port Huron, Port Austin,
ete., proved a satisfactory brine and made remarkably pure salt. The
sample from Killmaster is not as strong as could be wished, but way
have been diluted somewhat with rain water. No doubt south of Kill-
master it would be stronger, and if the DBerea Grit were porous enough
to yvield the brine freely would be very satisfactory for salt manufacture,

The brines of the Dundee are too strong of sulphur and other salfs
than sodic chloride to be good for making salt. But the vock salt at
Alpena onght not to be more than about 1750 feet deep at Biack river,
about the depth it is along the St Claiv river. 3loreover, if from the
salt one wished to make sodn—a great and growing industry of the
State—limestone, which is the other chief raw material, can easily be
obtained by rail or boat from Alpena county.

As the section shows, the rock salt would soon be quite deep as one
went south, and to fest for rock salt af Bilack river or north, one should
plan for a well 2000 feet deep.

Water and sineral waeter—The county is well watered at present, yet
some of the best farming lands arve the lands originally marked as swamp
lands. These often turn out to bhe fairly heavy clay lands, as around
Gustin and the fower valley of the Pine. Here deep wells will first be
needed,

The well water is havd and the stream water ig not very soff. The
character of the Killmaster water has been already described.

The drift is thick and usually ample supplies of water for domestic
use will be encountered in it. Water from bed rock will usually be
scarce or slightly brackish, except perhaps iu the southiwest corner of
the county, where wells into rock may strike the Marshall sandstones
and find plenty of goed water.

The slightly saline waters have a stimulating effect on the kidneys,
and waters of the same general type as those first struck at Killmaster
and Oscoda when well advertised, as the Apollinaris or Attapah, often
have considerable repute. It would be possible to obtain strong saline
and sulphureted waters, such as are widely expleited for bathing in the
sountheastern part of the State.

Pceat.—There have been a number of inquiries regarding peat in my office
lately. This is now compressed and manufactured into blocks for fuel
in Ontario. It has been used for pursery packing, and is the soil for
celery, mint, cranberries, etec. There were large areas of swamp orig-
inally in the county, but many of these have cleared up into good land
and the depth of the peat was not great.

One area not vet touchied, however, extends from just north of Alcona
in See. 2, T, 27 N, R. 9 K., and follows the Black river to the junction of
the two branches and up the other one. IHere ave extensive arecas of
cranberry bog and tamarack swamp with some sand ridges, which are
convenient to the railroad. I do not think the peat is very thick, but do
not know, and it would be convenient to develop.

Rumors of coal and lead.—Rumors of the existence of coal in the county
may be ascribed to the boulders of hituminous black shale, which will burn
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pretty well. In fact in Seotland a similar shale is distilled for the oil in it.
it has. however, no connnercial value. Iragnients of this bituminous shale
are abundant throughout the county in the coarser deposits. About a
mile north of Alcona the railroad makes a cut which exposes great
boulders of shale.

There are also reports of the discovery of lead in the county, but 1
was not able to find, either in the hands of anyone or in the drift, any
lead ore.

The fishernen off Sturgeon Point are said to have brought up lead on
their nets and used it in marking barrelg. Mr. Perley Silverthorne is
said to have done so. Native lead is hardly ever found and the ordinary
lead ores cannot well be used for marking, so that I am tempted to
believe that it was some substance hlxe black lead, perhaps a black clay,
which was thus found.

The Indians are also said to have found lead up the Au Sable river.
An investigation of similar rumors in Huron county led mc to imagine
that they might have sprung from the Indians claiming to have found
lead for bullets. for the honest possession of which they cou]d not other-
wise account. When later plied with liquor that they might divalge
the secret in their cups, they found the process so agreeable that they
kept up the illusion. But no amount of liquor could ever reveal the
secret, for the simple reason that there was none to reveal,
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ALPENA COUNTY.

In the summer of 1900 Mr. A. W. Grabau, then of the Massachusetts
Institute of Techunology but now of Columbia University, an accom-
plished paleontologist, whose “Scientific Guide to Niagara,” issued by
the New York State Survey, must make his name widely known, visited
Alpena for us. My object in sending him was in particular to study
and call attention to the high-grade limestones of that region. The
account of his field work, in which he was assisted by W. F. Cooper,
arrived too late for inclusion in my last annual report and was printed
in the American Geologist.

Last summer he spent another month on his way back from the sum-
mer school of Columbia University in the Upper Peninsula. Some sam-
ples collected by him were very thoroughly analyzed by W. E. Brady
of the Illinois Steel Co., and we have also a suite of analyses of the
Bolton quarry, for which we have to thank Mr. M. J. Griffin.

The results of his studies will be found elsewhere incorporated in a
preliminary study of the economic value of the limestones of the State.

Although Alpena county is very interesting in more respects than one,
we can hardly prepare an elaborate report until we have a better topo-
graphic base. It is, however, one of the best places in the State to collect
fossils, and a guide illustrating them for popular and school use should
be prepared. A good detailed county report would, however, be worth
all it would cost if the topographic base were ready.

KENT COUNTY.

As stated in my last annual report, I seized the opportunity offered
by Mr. Nellist’s interest to arrange for contour map of Kent county,
which would be of immediate service and could later serve as a base
for a detailed county report. Unfortunately, I have not had funds to
pay him enough to justify his devoting his whole time to it. The map
is, however, practically complete as to field work and will, I hope, be
ready for publication with this report. In the meantime his notes
have been of service to Mr. Frank Leverett of the United States Geolog-
ical Survey, who has been making studies of the surface geology. Miss
Emma J. Cole of the high school has recently published an elaborate
list of the plants near Grand Rapids, and Dr. Burton L. Livingston of the
Hull Botanical Laboratory of the University of Chicago, basing his
studies upon the work of Nellist, Leverett and Cole, has prepared
the appended very interesting study and map of the plant societies of the
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county, a study of the connection of the botanical distribution with the
soilg and surface geology.™ It is valuable in itself, for it is practically a
map of the soils of the county, but it is even morve valuable as an excur-
sion into a field Iving between geology and botany, agriculture and
forestry, and showing the problems which should be studied and solved
by judicious codperation.

Of great importance, if verified, to forestry is his suggestion that it is
chiefly the ecapacity of the soil to retain moisture that determines the
distribution of the ditfferent societies of trees upon the uplands, and that
in this respect humus accumulated by dead leaves, ete., may replace clay,
co that little by little even upen a light sandy soil, the jack pine may be
replaced by the white pine, and that in turn by the maple and beech.

It will however be essential to study not only the surface distribution of
the sand and clay, but also, as has been suggested, the depth of the same.

* This department has been quite active lately in studies of the kind to interest Michigan
folk. See the references which Dr. Livingston gives, and also, “In Urwald,” a lecture by I.
Desor, published in the volume of Oeffenttiche Vortriige, in Basel, 18%1. (Boston Public
Library.)
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