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TABLE NXVII—Conciuded.

Precipitation Departure - Temperature, Departure

Year. in inches. from normal. |  Iahrenheit.  from normal.

1902, ... S 35.53 | 48.8° |
190300 35 .88 48.1 !
1904 . ! 28,32 ¢ 46.1 |
. 32.00 47.8 |

| 33.67 | 49.7 |

i 30.62 | 46 .4

28 .59 | 49.3 |

40.65 | 48 .0 |

24 .98 i 48.5 )

indication of a temperature cycle that can be correlated with the
precipitation evele of Briwckner and this may be due to its prox-
imity to the Great Lakes, causing it to partake to this extent of
the character of his “exceptional coast stations.”

Brickner in searching for an explanation of his climatic cyele
considered the matter of a long period sun-spot variation, but ac-
cepting the supposed 55-vear period of Wolf, he was led to reject
this explanation (Klimaschwankungen, loc. cit., p. 242). Admitting
that the heat derived from the earth’s interior is practically con-
stant and so slight in amount as to have no appreciable effect
upon our climate, we must, however, look to the sun as the chief
source of energy concerned in climatic change. From a priori
considerations, we should expect to find there only the cause of
phenomena so completely involving the surface of the earth. Teri-
odic activity in solar energy might reasonably be expected to exert
some kind of periodic effect upon terrestrial climate. The times
of maximum sun-spots are known to represent such stages of max-
imum solar activity, the spots furnishing an index, as remarked
by Lockyer, but not a measure of such activity. Observations with
suitably placed thermometers have shown that the earth receives
at such times a great heat wave, with a period of 11 to 12 years.
With this recognized solar periodicity we need not be surprised
to find some corresponding terrestrial effects, as noted; shown in
rainfall, temperature, atmospheric disturbance, magnetic phenom-
ena and auroras. This, however, accounts for the minor climatic
waves rather than the Briickner cycle of about 35 years. It is a
very suggestive fact that this cycle is approximately three times
that of the recognized sun-spot period and the remark of Hubbard
(previously quoted) assumes significance. The real explanation
sought may be furnished in the discovery of Lockyer (W. J. 8.) that

GEOLOGY OF WAYNE COUNTY. 181

1here existx a long-period sun-spot variation of 33 years, controlling
the tervestrial, climatic evele®™ He says, “Having found that, in
addition 1 the well-known eleven-vear period of sun-spot fre-
gqueney. theve is another cvele which extends over abont thirty-five
years, and which is indicated clearly, as has been shown. both by
the changes in fthe time of the ocenrrence of tlie epochs of maxima
and in the variations in avea imncluded in consecutive eleven-year
periods of both sun-spot and magnetic curves, it is only natural to
suppose that this Jong-period vaviation is the effect of a cyde
of disturbances in the sun's atmosphere itsell (p. 296). Ruch a
exele, if of sufficient infensity, should cause a variation from the
nornial circulation of the earth’s atmosphere, and should be in-
dicated in all meteorological and like phenomena.”

As to the economic importance of a knowledge of the existence
of such weather cycles, much might be written. The old adage
“forewarned is forearmed” applies with great force and shounld
lead to the conservation of food supplies in those regions in which
the reduction of rainfall, or temperature, means suffering and loss
of life. The planning of hvigalion projects in advance of their
need, methods of agriculture by which moisture is conserved and
the infroduction of special crops requiring a minimum of moisture
may prove to be the solution of this serious problem. But even
in this region where the oriental type of fanine is unknown. these
weather cyeles mean to the farmer added labor. expense, annoy-
ance and often complete discouragement. If we have actually
entered upon the wet phase of the longer cycle, about which there
may be some reasonable doubt, we may expect a succession of
moderately cool summers, snowy winters, freedom from excessive
drought and considerable precipitation. Land that ix low-lving
should be well provided with effective drains, and old drainage
channels opened so as 1o provide the best possible flow. Wells
now put in should be deep enough to allow considerable lowering
ot the ground water level and still supply sufficient water. If this
i« not done, the next dry phase may require a deepening of the
well and added expense. When this phase arrives, and if is certain
to do so. sooner or later, the farmer who has learned the method
of ~dry farming” will be well repaid. In the vicinity of Detroit
River, schemes for the small scale irrigation of truck farms would
be found feasible. Tf other factors could be eliminated. it would
probably be found that the prices of farm lands fluctuate with
the precipitation eyeles and hence with the sun-spots. In closing
his discussion of the subject Hubbard in 183G wrote.

27. The Solar Activity, 1833-1900: Proceedings of the Royal Society of London, LXVIIT,
1901, p. 285. Nature, LXIV, 1901, p. 196.
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“The new century, though opening with cold and wet, gives
promise. in its first cyele, of returning general prosperity, inau-
gurated by abundant crops, and if the nation be wise—hy freer
trade, restored commerce, satisfied wages, and solid wealti.
Blessed be the sun-spots!”

Weather prediction. The forecasting of the weather for from
one to three days ahead of its actual arrival may now be done
with congiderable satisfaction and many practical results. The
principles employed may be readily mastered and should be taught
and practiced in all our public schools, rural and urban.?® Ivery
rural home and school should have a weather-vane, rain gauge.
simple barometer and a reliable thermometer. Where there is
free rural delivery service, the daily weather map may be obtained
from the Local Weather Station, at Detroit, and will be found
of great service in individual forecasting. Upon these maps, the
“high” and “low” arveas may bhe noted, often several days in ad-
vance of their arrival, and their course across the country watched.

The lows, or cyclonic arveas, are preceded by a drop in the ba-
rometer, indicating less atmospheric pressure, a swinging of the
wind into the south, a rise in tfemperature, moist atmosphere.
clondy skies and generally rain or snow. With the passage of
the area divectly across the region occupied by the observer, the
wind dies away and springs up from the north, with a cessation
of precipitation, clearing skies, lower temperature, and rising
barvometer. Should the center of the area cross the country far
enough to the southward, there appears a southeast wind, accom-
panying a relatively slight fall of the barometer, which wind moves
around to the east and then northeast. In case the center of the
area pasces to the northward, there appears first a southwest
wind, swinging to the west and then the northwest.

A relatively rapid drop in the barometer indicates that a storm
of considerable intensity is approaching with corresponding veloc-
itv. A slow, gradual drop suggests a storm of slight infensity,
moving slowly, or one of greater intensity with its center to the
north or south of the observer. The key to an understanding of

28, ¥rom the U. S. Weather Bureau, Department of Agriculture, Washington, . ¢, the
following bulletins may be obtained gratuitously:

Bulletin No. 184, unon the use and care of instruments.

Bulletin No. 191, “ Weather Forecasting.”

Explanations of the Weather Map

gge also “Weather Bureau and the Public School,” Weeks: Yearhook of Agricutture for

“Meteorology in School,” Davis:  Schocl Review, vol. IT, p.
“Our Heralds of Storm and Flood,” Grosvenor: Vatmn‘ﬂ Geographlc Magazine, vol
XVIII, 1907. p. 586.
C“tormc and W eather Forecasts, Moore: National Geographic Magazine, vol. VITI, 1897,

Ahout the Weather, Harrington, 1899. D. Appleton & Co.
Weather Folklore and Local Weather Signs, Garriott: T S. Weather Bureau.
Elementary Meteorology, Waldo, 1896. American Book Co.
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the behavior of the winds is furnished by the statement that there
exists about such an area of low pressure a great whirl in counter-
clockwise direction, the winds moving spirally in toward the cen-
ter and there rising, well illustrated in miniature by the small
whirle often indicated by dust, leaves., ete. In the case of these
small whirl-winds, however, both the clockwise and counter-clock-
wise movements are represented.

In the caze of the so-called high, or anti-cyclonic areas, regions
of higher barometric pressure, with a descending current at the
center and a clockwise, outwardly directed spiral, the above con-
ditions are exactly reversed. Such an area very generally follows
a low, being nshered in by the north wind of the latter, the two
working together like great atmospheric wheels geared together.
Cooler temperature, higher barometer, fair or clearing skies, dry
atmosphere and absence of precipitation are accompaniments, to
be followed upon the western border by the southerly wind and
probable approach of the inevitable low. When the weather map
is available, the procession of low and high areas across the country
may be watched; their course, velocity and intensity noted and
their final approach indicated by the barometer, wind-vane, ther-
mometer and condition of the sky, along with the ordinary weather
signs.  Without the weather map, less satisfactory work can be
done but the intelligent farmer may obtain from the meteorologi-
cal reports of the daily press more or less information of what
to expect, and with the help of his instrumenis need not often
be taken by surprise. Although he can not as yet control the
amonnt of precipitation, it is a mafter of much interest and some
importance o measure and record the amount of rain and snow,
10 inches of the latter being regarded as equivalent to one inch
of the former. The time required for such weather observations is
so small as to be neglectible, the instruments will pay for thew-
selves many times over, there is satisfaction and profit in betfer
shielding one’s self, family, stock and crops against sudden or ex-
treme changes and intellectnal pleasure in thus pitting ones wits
against the elements.

DIAGONAL SYSTEM IN WAYNE COUNTY

Struck with the frequency with which the directions northeast.
southeast, sonthwest and northwest entered into descriptions of
the physical features of the state of Michigan, Alexander Winchell.
in 1878, read a paper before the American Association for the Ad-
vancement of Science entitled “The Diagonal System of the Physi-
cal Features of Michigan.?® This diagonal characteristic is shown

29. American Tou—ma,l of Science, 3rd series, vol. VI, 1873, p. 36.
Michigan (extracted from Walling’s atlas), 1873, p. 32.
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very strikingly in Wayne Couniy in practically every natural
feature and has Jeft a strong impress upon those forins of con-
struction: for which man himself isx responsible.  Some of the
original causes have no apparent connection hut they have all con-
spired to bring abont the same result.  Subsequently to the for-
niation of (he great rock strata:—shale, limestoue. dolomite and
sandstone—that undevlie the glacial deposits of southeastern Mich-
faan o great foree disturbed their horizontality and established a

=light dip to the northwest. This gave their onteropping edges a

northeastouthwest treud, permitting the formation of a By
temof parallel troughs in the softer strata by weathering and
stream erosion, The harder, projecting ridges formed nobeast-
southwest divides and Detween them Iay belts of preglacial soil
devived divectly from cach type of rock.  Along these similar belts
uf soil the vegetation of previous geological ages must have secnred
its distribution, and to a greater or less extent, also the animal
tife dirvectly, ov indirectly dependent upon if.

The passage of the great Labradorean ice sheets across the
region, from the novtheast to the southwest, very nearly coincided
with the strike of the rock strata and cleared out the troughs,
deepening and broadening them to an extent. ‘Owing to the direc-
tion of ice movement and the comse of the iee marging, the mo-
vainic ridges and boulder belts were located as described in chap-
ters 1T and ITI, with a general northeastsouthwest trend, with
parallel depressions between the surface slopes to the southeast or
northwest.  This general surface slope gave direction to the main
streams and their tributaries as also described. The only ones
following the chief points of the compass being the North Branch
ol the Rouge, deflected from its natural course by the Detroit
moraine, some of the tributaries of Brownstown Creek. similarly
detlected by the Grosse Isle moraine, and the lower half of Detroit
River.  The higher morainie features of the county gave direction
to the shore lines of the series of lakes whose history was iraced
in Chapter 11, and (hus determined the dirvection of the belts of
gravel, sand and c¢lay. These types of soil in turn determined the
direction of the belts of natural and cultivated vegetation and the
distribution of animal forms.  The belts of artesian waler, of
natural gas, underground water flow, economic materials; also of
cqual femperature, prevailing wind, and of rainfall have a diagonal
distribution in the county. The direction of ihe sand and gravel
vidges still further determined the course of many of the Indian
trails, as it did also that of a number of the early highwayvs, which
the rectangular survey has been unable to completely efface.

In the days of early French occupancy, cach c¢laimant of govern-
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ment land was allowed any amount, up to 640 acres, for the sur-
veying of which he was willing 1o pay. With no system of roads
yvet established the sfreamis were the main highways and each
farm must have its waterfront, As g result, the claims were laid
out at right angles to the larger stream courses, extending back
as narrow strips and thus partook of the same diagonal features
as of the stream conrses.  This arrangement brought each claim
into harmony with the natural distribution of ihe soil and per-
mitted equable tillage and crop management.  With the ecabins
facing the water and the patehes of culiivated Iand arranged with
the elaims, it <o happened that the varions farm and household
activities, as well as those of the neighborhood, were either parallel
with. or at right angles to the strewms. This was frue also for
the private lanes, the roadways between claims and ihose cutting
across the claims, near the streams and a mile or more back. The
old lake beaches often determined the location and facing of
Farm houses, stores, schools, churches and cemeteries.  The city of
DBetroit is Iaid out on a plan fundameuntally determined by the
cowrse of the river and there are bul a few short unimportant
streets in the northeastern and northwestern corners of the city
that run with the main points of the compass.  The arrangement
of the streets and alleys has, of course, determined the direction
of the artificial drainage (gutfers and sewers) ; of the street rail-
ways; the facing of all huildings, with their internal arrangements
and multifold activities 1o the most minute details. The location
of the c¢ity of Detroit was determined by the moraine, upon the
erest of which it stands, and fo reach it there has been built an
elaborate system of diagonal steam and electrie railways.  The
steamship and ferry Hues move either with., or across the strip of
viver opposite the city. Tt thus becomes apparent that practically
all of the natural features of the county and many of the most
important artificial constructions and lines of movement, affecting
all of the people some of the time and probably B0% of the people
all of the fime, are traceable back fo certain geological forces that
operated diagonally across the county long lefore the advent of
man.  These 90% arve still eating, sleeping, being educaied, being
transported. working. taking recreation, worshiping and will event-
aally be buried upon the Hivs. There is no reason to believe {hat
it will be different with future generations. The farreaching fac-
tors, whose influence we have thus traced, are but single links in
the Tong chain that reaches indefinifely backward as well as for-
ward and are now bevond human ken.
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CHAPTER VI.
HARD-ROCK GEOLOGY.

MISSISSIPPIAN SYSTEM,

With the progress of geological knowledge in the United States
it has been ascertained that the long recognized, but poorly named
Carboniferous system, consists of three distinet groups of strata.
These have been variously known as:

1. Subcarboniferous, Mountain limestone, Carboniferous lime-
stone, Early or Lower Carboniferous, Mississippian.

2. Carboniferous proper, Upper Carboniferous, Coal Measures,
Pennsylvanian.

3. Permian. Upper Barren Coal Measures,

The term “Subcarboniferous” was first used by David Dale Owen
in 1838 for an extensive series of sandstones, shales and limestones
Iying below the Coal Measures, but including also Devonian and
Silurian strata.! The terin was soon restricted to include those
strata only of later age than the Devonian and constituting the
hase of the Carboniferous series. As thus restricted, it was known
to have a wide distribution in North America, attaining its maxi-
mum thickness in the Appalachians but also well developed in the
Mississippi region where it consists largely of limestones. The Term
Mississippian was proposed for the formation by Williams in 1891*
and has come into quite general use in the more recent literature.
Thig is a slight modification in form and usage of the terms pro-
posed by Alexander Winchell, some 12 years carlier, the “Mississippi
limestone series ovr Mississippi group.”® In their recent Geology
(vol. 1T, 1906, page 508) Chamberlin and Salisbury proposed ad-
vancing the Mississippian to the rank of a distinet system. co-
brdinate with Devonian, Silurian, efe., and thus separating it from
the Coal Measures or Pennsylvanian.

Within the limits of the state of Michigan the Mississippian com-
prises four sets of strata, which in ascending order are,

1. TReport of a Geological Reconnoissance of the State of Indiana; made in 1837; 1838,
.12 and 13. o )
ppz. Correlation Papers, Devonian and Carboniferous: Bulletin No. 80, U. 8. Geological
Survey, 1891, p. 185. To this bulletin is referred the reader who is interested especially in the

nomenclature and correlation of the various formations described in this chapter. =
3. The Marshall group: Proceedings of the American Philosophical Society, vol, X1, 1879,
p. 79,
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1. Berea sandstone.
2. Coldwater shales,

3. Marshall sandstone.

4. Grand Rapids group; dolomite, limestone, shale and gypsum.
Of these only the first two. or lowest. cross the county of Warne
and hence fall strictly within the limits of this report. Thev gu‘@.
however, under a heavy burden of drift and are only verjv im-
perfectly known from well borings. ) L

Coldwater shales. Where exposed in Branch and Hillsdale coun-
ties the Coldwater shales (from their good exposures along Cold-
water River)* are seen to consist of light colored, thin-bedded.
shales, with occasional bands of limestone, becoming sandy towards
the top as they pass into the overlying Marshall. Oceasionally
there occur irregular nodules of brownish, kidney iron ore. often
mistaken by drillers for limestone or sandstone. /

These shales have been utilized in Braneh County in the mann-
facture of Portland cement and numerous analyses have heen
made. The following table shows their range in composition in
the vicinity of Coldwater.’

TABLE XXVIII—ANALYSES OF COLDWATER SHALE, NEAR COLDWATER,

MICHIGAN.
(Analyst H. E. Brown).

Silica, (S109).. ... 57.26 1 Y
Alumina, (ALQy).. | 111 1558 1 51 20e
Ferric oxide, (Fex09) ... ... ... ... ... .. .. 653 to 8.30%
Calcium oxide, (CaO). ................ ... . ... 1.25t0 1 A50‘/‘/0
Magnesgum oxide. (MgO)......... ... ... ... ... 1.49t0 2.31 ‘;
Sulphuric anhydride, (SOs).... ... ... .. .. .. .. .65to 1 '34‘70
Carbon dioxide, (CO»)............... . . .. ... 95 to 1.189
Pitanium oxide, (TiO2)........ ... ... ... .. .. ... 82t0 1. 1207"
Alkalies, (Na,0'and KeO). | .10 995 to 3.459
Loss on ignition (H:O and organic matter)......... 6.19 to 8:320//:7

According to Lane, the minimum thickness in the state is 600
feet, giving a broad exposure beneath the drift from Hillsdale and
Lenawee counties northeastward to Lake Huron, crossing the
northwestern corner of Wayne. TUpon the Lake Huron ShOl"(’j good
exposures of the shale occur at White Rock Point and Foresr‘;‘iﬂw.
Sanilac and Huron counties. As in the case of all the strata {o
be described the dip of the formation is to the northwestward.
giving a northeast-southwest strike. WWere the drift completely
removed from the Southern Peninsula. the outcropping edges of
the strata would be seen encircling the central (Saginaw) basin,
dipping towards and under it, suggestive of a nest of 'wmden

4. TLane, Thér('}Aei(r)iogical Formations of the Lower Peninsula and their E i 1 :
Geological Survey of Michigan, vol. V, pt. 11, 1895, p. 19. See also Ly lgam%()zgi?lgr];\gg(tﬂcg{
the Geological Section of Mickigan, Pt. II, From the St. Peters up: Annual Report of the .Qt&te
Bosard}%f Geltl)lo%ll(l:alI§urtx]/eydofclvhchxgan for the year 1908, p. 43. i

5. ussell, e Portlan ement Industry in Michigan: Twenty-

Oflgi]ees DCl]rector (&f qt}l]m} U. fSMGeIoIogical Survey, part ]'Hg, 1902, V]g Gé,&second Annual Report
, Clays and Shales o ichi s ir P rties ises: i ey fichi
gan wor VI e Fhikes of Mic igan, their Properties and Uses: = Geological Survey of Michi-
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butier-howls,  The yvounger aud geologically higher formations ave
hence found toward the northwest. the older and geologically lower
toward the southeast.  Originally the entire seriex was approxi-
mately horizontal and scems 1o have been deformed about the close
of the Palacozoic era by the pronounced subsidence of the Rag-
inaw area. Within 1he Hmits of Wayne County, there are no
well sections that penetrate the Coldwater series from which the
thickness could be determined.  In the village of Plymouth, a 280-
foot well (Alfred N. Brown. driller) showed 25 feet of grav shale
at o depth of 100 feer of drift. A stratum of sandrock yielded a
fow of fresh water which rose to within two feet of the surface.
Beneath was reported 10 feet of excessively hard “conglomerate
rock™ and 15 to 20 feet of sandstone, underlain by THmestone,
About one mile west upon the place of Dwight Berdan (NW. 1/
W, 1 mee. 27, a light flagstone was entered six inches at a
depth of 1225 feet.  The Plymouth record would indicate that
we are there near ilie ecastern margin of the sevies of lighter
colored shales.  Toward the northwest, more of them should be
encountered just beneath {the dvift and less and less to the south-
castward. wntil they give out completely. Tn the deep wells of
Ypseilanti and Ann Arbor. we have more complete dafa relative
fo the geological series of the commty. Four of these records are
Liere reproduced from the Ann Arbor Folio (1908, page 3).

TARLE XXIX-~—SECTION OF CORNWELL WELL, YPSILANTI.

On flood plain of Huron. Thickness | Total depth
Elevation of mouth about 680 feet. in feet. in feet.

|‘1Tlh clay, gravel, sand, etc. ,nmonkohd‘nwi e 109

“Slate” (nmhahl\ shaley........... . L 241
RN e o o 5
Sandstone. . ... . PR 38
Soft “slate’’ or saudstone (sdn(l\ shaled. . P 157
“Bedrock’ (hard limestone?).. T 200

S
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TABLE XXX —SECTION OF ATLANTIS WELL, YPSILANTI.

(From manuscript notes by Alexander Winchell))

Near Normal College Campus. ' Thickness | Total depth
Surface elevation about 785 feet. b in feet. in feet.
Sand, clay, gravel, etc., unconsolidated. .. .. P ! 185 185
Shale, soft. . ... 4 189
Sandstone, fine, slightly calca e 10 199
Limestone, fine; all dissolves in acid. ... ... .. .. .. e ; 10 209
Shale, dun, dark; lower 74 feet black.. ... ... ... F ! 83 293
Shale, sandy dun.. ... .. ! 64 357
Sandstone, very fine, slightly calcareous; v ields bromine water. 4 361

Lunestone pale, cherty..... ... . i 10 371

Shale, SANAY . . . .. e ! 5 376
Lnnestone, ranging from pale and cherty to dun and sparry...... ! 43 419
Shale, bluish to dun, in places gritty. ........ ... ..o : 22 441
L]mesfone varying from siliceousto pure............ ... ... ! 24 465
Shale. .. e | 21 486
Limestone, varying from pale to dun, with some shaly partmg I

poruons magnesian, others siliceous; contains sulphurous (Hv&)\

water 138 624
TUnrecorded ! 184 808

TABLE XXXI.—SECTION OF COURT HOUSE WELL, ANN ARBOR.
(Record of Dr. Carl Rominger.)

Thickness | Total depth

Surface elevation 835 feet. i1 feet. in feet,

Soil, gravel, clay, etc., (glacial deposits). ....... ... ... .. .. ... 153 155
(Accordmg to Winchell thickness of drift is 164 feet.)
Shale, blue, arenaceous, with seams of fine-grained sandstone... .. 150 305
Shale, black, bltummouq with gas and dropsof oil.............. 28 333
Sand&tone gray, with BIIDC .+ eooeveee st 92 425
Shale, blue, with sandstone layers, and seamns of pyrite. .. ..., ... 100 525
Shale, black, very bituminous, with pyrite. .......... ... ... .. 85 610
Shale, dark blue arenaceous, with Dpyrite, traces of fossils. ..., .. 22 632
Sha.le, black, bltummous with pyrite........ ... 68 700
Limestone, bluish, cherLy .................................... 70 770
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TABLE XNXXIT—SECTION OF CAMPUS WELL, UNIVERSITY OF AMICHIGAN,
ANXN ARBOR.

(Record by Dr. A. C. Lane, Dased upon drillings.)

: o ‘ Thickness | Total depth
“urface elevation S80 feet. i in feet. ; in feet.
| Lo
i

Quaternary: | . g

? (oarse, cross-bedded sand and gravel. ... .. o ]4)(% 23)(%
Biue, boulderclay........... ... . :

Coldwater shale: i 50 285
BIUE ShAlE. . i i 0 280
Pinkish shale .. ..o .. : i ; 229
Fine gray, sandy shale. ... ... ooy ] ¥ 1 392
Fine soft, gray and black shale............. T ! =0 : 252
Yine gray, sandy shale............... . . . \ 19 | et
Tine blwsh shale.. ... ..o i |

Berea sandstone: % 5o 415
Fine gray sandstone........ .. ... e ] 12 | S0
Fine sandy shale........... ..o e .. A ‘ 2 | e
Glossy black shale. .. oo oo I 2 ,‘ 250
Fine gray, sandy shale................ ... T ! |

(Salt water at 515 feet.) \1 }

Antrim shale: ‘i 530
Tine black and greenish shale............. PR ‘ %(_3 ; 21
Tine gray, sandy shale. ... oo = 1 ! 260
Very fine, black shale. .. ... e Y i 275
Black, bituminous shale. . ........ ... . e ‘ 2 1 2L0
Coarse, gray sandstone. ................ e o8 200
Black, sandy shale. . ... T i = 280
Black, bituminous shale. . «............. e ;

Traverse formation: \ 5 635
shale with pyrites. . ... oo - L oo s
Gray, calcareous shale... ..o e ‘

Dundee limestone: i 25 770
Gray, cherty limestone. ... | E 800
Light-gray limestone.......... ..o RIPEE 1o 830
Gray, argillaceous limestone................ e

Monroe formation: 40 070
Light-gray dolomite. .. ... ... s o0 1,050
Gray dolomite containing §:m(L e e 008 1235
Light-gray dolomite with Sylvania sand grains. . ... .. R
Pure white friable sand (Sylvania).......... e I 364+ ...

Wwell stopped at 1,326 feet in the Sylvania.

E
i
;
1
i
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The most satisfactory record of the series is that of the Univer-
sity well drilled in 1899-1900, the drillings of which were examined
by Lane, then state geclogist, with a detailed knowledge of the
various formations obtained from a study of the rocks in outcrop.
This record assigns 165 feet to the Coldwater and shows that it
is composed of pinkish, Liuish, gray to black shale; in places some-
what sandy. The Conrt House well gives 178 feet of shale, above
the sandrock. which appears referable to the Coldwater.

In pass-
ing

southeastward {o the Cornwell well in Ypsilanti, some T4
miles, the rock surface drops 74 feet, but theve still remain some
241 feet which are 1o be considered as belonging to this same for-
mation. In the Atlantis well and that of the Banner Oil and Gas
Company, the sandstone stratum. marking the base of the Cold-
water series, is not recogunizable with certainty. Lithologically this
formation is very similar to the Cuyahoga formation of Ohio, named
by Newberry in 1870.° and as restricted by Orton”™ and later by
Prosser® is very nearly its geological equivalent. The Berea shale,
or Sunbury shale. however, is separated from the Cuyvahoga in
Ohio while it is intended to be included in the Coldwater of Mich-
igan.® Lane in his lafest discussion of the formation (1909) makes
it the equivalent of the Sunbury. Cuyahoga, Buena Vista and Rac-
coon, of the Ohio seriex, and the lithological equivalent of the
Portage and Chemung of New York.

Berea sandstone.  Thiz formation was originally defined by
Lane® as the Richmondville sandstone and was regarded as the
geological equivalent of the Berea grit of the Ohio series. Since
then, however, he concluded that the “Richmondville” is not the
exact equivalent of the Berea “but a stray sandstone somewhat
higher up.”** It constitutes the base of the Coldwater series al-
though the two can not alwayvs be separated with certainty in the
well records because of the {requent oceurrence of sandstone sirata
in the Coldwater. TIn southeastern Michigan, the formation is a
coarse, gray sandsione, 100 or more feet in tThickness. Farther
north in Huron County and at Tawas and Oscoda this sandrock
supplies brine and in Wayne County what appears to be the course

6. Newberry, Geological Survey of Ohio, Report of Progress in 1869, pt. I, 1871, p. 22
Also Report of Progress in 1870; 1871, p. 469 R
Orton, Geological Survey of Ohio, vol, VI, 1888, p. 37. Vol. VII, 1843, p. 31. :
8. Prosser, The Nomenclature of the Ohio Geological Formations: Journal of Geology,
vol. X1, 1903, p. 519. See also The American Geologist, vol. XXXIV, 1904, p. 335, and Buile-
tin No. 7, Fourth Series, Geological Survey of Ohio, 1905.

9. Lane, Communication of Nov. 11, 1907, to George W. Stose, Editor of Maps, U. 8.
Geological Survey.

10. ~ Geological Survey of Michigan, vol. V., pt, I, 1895, n. 20. . . R
11.. Commnunication of Apr. 20, 1903 to Prof. Charles 8. Prosser. In his latest discussion
of this sandstone Lane uses the term “ Berea Grit”’ (Michigan Geological Report for 1908, p.

74) for the sandstone, regarding it as the base of the Carboniferous and the equivalent of the
Catskill of New York.
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of the formation is marked by a belt of hrackish to salty wells,
some of them so heavily charged as to be anfit for use. The records
of the character of the rock encountered by the farmers, in the
comparatively few wells available, are o incomplete and often con-
flicting that the stratum can be traced only with diffeulty, It
lies in Wayne County under a cover of 30 to 100 feet of drift and
is seldom penetrated ov entered to any considerable depth. In
the Ann Avbor Court House well, Rominger identified 92 feet of
coarse, gray sandstone, charged with brine. as the correlative of
the Berea and suggested that the overlving 28 feet of black, bitum-
inous shale would correspond with the shales found in Ohio above
the Berea.”™ These have been known varviously as the Waverly
black slate, Berea shale and Sunbury shale® In the Campus well.
Lane includes wnder “Berea sandstone” 15 feet of fine, gray sand-
stone and 115 feet of move or less sandy shale, above which are
recognized 45 feet of dark shale with the suggestion that this niay
represent the Sunbury. The not infrequent references to black
shale and “slate” in the townships of Canton, Naukin, Livonia
and Redford suggest strongly that this stratum extends across
Wayne County also, although it is difficult to distinguish between
it and the Antrim shale, beneath the Berea. The record of the
decp well at Pontiac, 11 miles north of the Oakland—Wayne
county line, shows the rather surprising thickness of 273 feet
(depth 3535 to 808 feet), for the Berea sandstone* above which
lie 35 feet of “dark brown argillaceous shale,” constituting the
base of the Coldwater and the probable correlative of the Sunbury.

DEVONTIAN RKYSTEM.

Antrim shale. Beneath the Berea sandstone in southeastern
Michigan, there lies a characteristic black shale formation, 150 to
275 feet in thickness™ which has been variously designated in the
Michigan and Olio Survey reports. In the Houghton survey, it
was referred to as the “black strata”, “black bituminous shale”,
“black aluminous slate”. By Winchell, it constituted the main
member of his “Huron Group” and wasx regarded as the correla-
tive of the Genesee shale of New York. Newberry in 1871 applied
the name “Huron shale” to the formation which up to that time
in Ohio had been known as the “black slate.” and this name is still
retained in the latest Ohio bulleting. Rominger described the for-

12. Geological Survey of Michigan, vol. IIT, pt. I, 1876, p. 92. X X

13. Hicks, The Waverly Group in Central Ohio: American Journal of Science, 3rd series,
vol. XV, 1878, p. 216. . .

14. Geological Survey of Michigan, vol. V, pt. 11, 1895, pl. XLVIT. N

15. 1In the Campus well, Ann Arbor, 160 ft. (Lane). Court House well, Ann Arbor, 275
ft. (Rominger). Pontiac deep well, 157 ft. (Wright). = Adrian well, 221 ft. (Lane).
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mation under the name “Dlack shales of Ohio.” Lane applied the
name “8t. Clair shales™ in 1893 and, finding this name preoccupied
for a Silurian limestone in Arkansas, in 1901 changed the name 1o
“Antrim shales™ from their typical exposure in that county.'” The
early names arve suggestive of the black, bituminons character of
the shale, so much organic matter often heing present as to permit
of their burning and to their heing mistaken for coall*® An analysis
of Antrim shale of Charlevoix County was made to test its pos-
sible fuel value and is given by Riex.’ Although they do not or-

TABLE XXXIIT.—~ANALYSIS OF ANTRIM SHALLE, CHARLEVOIX COUNTY.
(Analyst W. H. Johnson.)

Volatile matter. ... . 17.96
Fixed carbon. ... . . 6.49
ASh . .55

Total. .o 100.00

Silica, (SI0) .. . . .o 70.54
Alumina, (ALO; 15.33
Ferric oxide, (F e 5.31
Calcium nxlde, (Ca()) A, 2.38

Magnesium oxide, (MgO) . o o 78

A]kahes etc., by difference. . ... 5.66
Total. . o 100 00

dinarily support combustion, beach fires on the shore of Sulplhur Is-
land, Thunder Bay, are said to have burned for many months.
Upon the shores of this island these shales are black, very fissile,
crisp and sharp, approaching state when unweathered. They ave
finely laminated and very evenly bedded. Iixposed to the weather
they assuine a gray, or rusty brown color, from the oxidation of
the iron. Curystals of pyrite and nodules of marcasite ave of
common occurrence in these shales, which upon suffering decom-
position stain the shales with iron oxides and sulphur and imn-
pregnate the percolating waters. Spherical to ellipsoidal caleave-
ous coneretions, varying in size from an inch fo six feet in diameter.
are found embedded in the shale. Toward the center of these
there sometimes occur fragments of organic remains and crystals
of calcite and siderite. It was from such concretions in this same
formation that the remarkable fish remains of Ohio were ob-
tained by Rev. H. Hertzer and later described by Newberry (sece
reference below, page 157). Councretions similar to those in Mich-

16 '\Ilchlgdn (xeo)oglcal Survey, Report for 1891 and 1892; 1893, p. 66. See also vol. V'
pt. 11, 1895, p. 21.

17. Mlchlgan Miner, Sept 1, 1901. Also Report of the State Board of Geological Survey
for the year 1901; 1902, p. 209.

18.  YLane, Deep Wells and Prospects for 011 and Gas: Report of the State Board of Geo-
logical %urvey for the year 10601; 1902, p. 3
19(1)5 I{igs Clays and Shales of Mlchlgan Geologl( al Survey of Michigan, vol. VIII, pt. ¥,

s Do .

25
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igan have been described by Daly from Kettle Point. Ontario,
where the same formation is exposed by the waves. This author
calls attention 1o the deformation of the shale on all sides of cach
concretion and concludes that they were formed in situ, that they
antedate the period of joint development and final consolidation
of the shale and that the deformation resulted from the change
in volume when the original caleium bicarbonate was converted
jnto the monocarbonate.®®

Not infrequently these shales appear to be impregnated with
oil, have a strong bituminous odor and have given off consider-
able quantities of “natural gas”” When allowed to accumulate
ander a suitable cover of clay, “pockets” of such gas, under very
great pressure, have occasionally been struck in well boring. It is
likelv that by enfering the bed sufficiently morve or less gas could
alwavs be procured which could be ufilized in the homes situated
over the formation, but 1he expectation can not be realized that
any considerable flow can be long maintained. New wells could
be drilled, or the former ones deepened when the supply ceased.
The bituminous constituent in the shale is due very largely to the
presence of enormous numbers of minute disc-like bodies, with
relatively thick carbonaceous walls. These were discovered by Daw-
son in the shales of Keftle Point, Lake Huron, and described by
him in 1871, under the name Sporangites Huronensis.** Remains of
Calamites and Lepidodendron were found in association by Daw-
son and he regarded them as spore cases belonging to the latter
fype of tree. TFrom maferial derived from Brazil two additional
species of Sporangites were described in 1833 (8. Braziliensis and
8. Bilobatus) and the similarity noted fo the macrospores of the
floating fern of Kuropean rivers, Salvinie natans.®® The generic
name Protosalvinia was suggested to cover the former Sporangites
which he then regarded as macrospores with their envelopes lost.
Clarke found them abundant also in the Marcellus shale of On-
tario County, New York,” associated with immense numbers of
still smaller sub-spherical bodies which he regarded as the micro-
spores.  Newherry, as eavly as 1873, had called attention to the
difficulty of eonceiving of such widespread shallow water condi-
tions, capable of furnishing the necessary shore vegetation, but with

H d ' 5 Py 1
0. Daly, The Calcareous Concretions of Kettle Point, Tambton County, Ontario: Journa
nf%eologﬁy vol. VIIT, No. 2, p. 135. See also Newberry, Geological Survey of Ohio, vol. I,
nt, I, 1873, 1. 155, X . e  also Orton. A Source
91 American Journal of Science, 3rd series, vol. T, 1871, p. 256.  See also Orton, A+
of the Bituminous Matter in the Devonian and Sub-Carboniferous Black Shales of Ohio: same
i al, 3rd series, vol. XXTIV, 1882, p. 171. X i .
_oxgzr?a Dawson, On Rhizocarps in thX(z, Palaeozoic ;(‘93‘10(11 Proceedings of the American As-
sociation for the Advancement of Science, 1883, p. 260. X o .
so(;; mCla(rke, ()‘n Devonian Spores: American Journal of Science, 3rd series, vol. XXIX,

1385, p. 284.
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the evidence of the proximity of the shore so complefely wanting.**
He concluded his discussion as follows: “Waiting the demonstra-
1ive solution of the problem. which patient and exhaustive study
will doubitless sometime furnish, I offer. as a possible explanation
of the peculiar featnres of the IHuron shale, the snggestion that its
carboin was derived from vegetation which lined the shores and
vovered the surface of a quiet and almost land-smrrounded seal”
Aside from the fossils above referred to, which are not service-
able for correlating these shales with {the New York series, there
is little help that palacontology can render. Theyv rest upon un-
doubted Hamilton and are lithologically identical with the Genesece
shales of central New York. They have been so referred by Win-
chell. Rominger, Newberry, Whiteaves and Orton. Tane made the
Antrim the equivalent of both the Bedford and Ohio shales in
Ohio and these he correlated with the Tully, Genesee and Portage
of New York. 1In the report of 1908, Lane placex the shales “some-

what later” than the Genesee, based upon the evidence of a Naples

fauna at the base, bringing them info the Porfage of the New
York scale.

Although known that the general dip of the stratum is toward
the northwest, sufficient data are not available for the determina-
rion of the amonnt of such dip. Since these shales so nearly con-
forni with those underlying, it may be assumed that the dip is
practically the same as that of the Dundee and Upper Monree
and amounts to about 25 feet 1o the mile. Comparing the Ann
Arbor Campus well with that at Pontiae, it is noted that the base
of the Antrim at the latter place is 231 feet lower than at Ann
Arbor giving an average drop in the 34 miles of about T feet to
the mile, towards the northeast. In almost the opposite direction
and in approximatelv the same distance, Ann Arbor to Adrian.
the drop is 195 feet, or about 534 feet to the mile. Measured upon
the top of the Antrim, or what ix the same thing, the base of the
Berea, at Ann Arbor, the formation is 134 feet higher than at
Adrian and 234 feet higher than at Pontiac. This indicates the
existence of a great arch in these strata, what is known in geology
as an anticlinal fold, which might have been reasonably expected
to have vielded gas or oil. 'The sandstone counld have served as
a suitable reservoir, the gas or oil under pressure displacing the
brines and the overlying impervious shale acling as an ideal cover
to prevent the escape to the surface. In explanation of why no
considerable quantifies of these desired commodities were struek

. Geological Survey of Ohio, vol. I, pt. 1, 1873, p. 156.
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in either the Ann Arbor, or Ypsilanti wells, atiention may be drawn
1o the fact that the longitudinal erest of this broad fold is tilted
downward toward the northwest and this mayv have allowed the
oas and oil that were slowly distilled from the Anfrim shales to
waork their way npward and southeastward until a means of escape
10 the surface was found. In attempting to locate these shales
upon the geological map, help is furnished by the records of gas
in the wells and by the amount of drift cover. The greafest de-
depressions in the rock surface seem to correspond with the belt
of Anfrim shales. asx though it had suffered greater glacial, or
preglacial erosion, than the limestones beneath or the sandstones
immediately above.

Traverse group. The next member of the Devonian system, as
we descend in the geolegical scale. is the Traverse, originally
deseribed by Winchell as the “Hamilton group” in his First Bien-
nial Report (1861, page 69), and subsequently as the “Little
Traverse.” This Tatter name was shortened to Traverse in 1895 by
Lane® by which it is still known in the state reports. The for-
mation wasg quite fully described by Rominger®® under the name
“Hamilton group” and its fossil contents carefully studied. With
no outerops in the southeastern part of the state he did not recog-
nize its presence in the well records and denied it existence. In
northern Ohio, Newberry identified some 15 to 20 feet of highly fos-
giliferous Dblue shale with the Hamilton, which formation is now
regarded as the “Olentangy shale” of N. H. Winchell. In western
Ontario, the same formation is readily recognized in outerop and
well sections, showing a thickness of 225 to 350 feet. and. as in
Michigan, congisting of alternating lavers of limestone and shale.
During the last decade a very complete study of the Traverse has
heen made by Grabau, his paper upon the “Stratigraphy of the
Traverse Group of Michigan” appearing in 190227 These and sub-
sequent studies were made upon the numerous exposures in the
eastern part of the peninsula, in the Alpena region and upon those
on the opposite side of the state in the Traverse Bay region.

Lithologically congidered the Traverse Group of Michigan and
western Ontario is f{ransitional- between the underlyving Dundee
limestone formation and the overlying Antrim shale, in that it
consigts of alfernafing layers of limestone and bluish, calcareous
shale, often referred to in the well records as “soapstone In the
Alpena and Traverse regions, the thickness is Delieved fo be about
B e ey o Achigen: vob M1 Ph 1 1870, B3 o 6.

27, Teport of the State Board of Geological Survey of Michigan, for the year 1001, pp.
163 to 210,
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60 feet, diminishing to near 300 feet in the Sr. Clair River region
and to ]e&\ than 200 feet in the southeastern corner of the state.
In the-Campus well at Ann Srbor, Lane refers 635 feet of “gray,
calearesus shale”™ to this formation and it seems probable that
the Tast 70 feet of “bluish. cherty limestone” in the Court House
well may also be xo referred. The deep well at ,l'mm;zv gives the
1 Hu\\mﬂ series of Traverse strata:

TABLE XXXIV.—TRAVERSE STRATA, PONTIAC WELL.

Dark drab, coarse-grained, d’é,’llhl(’(,()\l\ Hmestone. .. ... ......... 25 feet.
Light drab, fine-grained limestone; 2% insoluble residue. . .. ... ... .. 10 feet.
Light r]mb, greyish white limestone; 8¢7 insoluble residue. .. ..., .. .. 7 feet.

Light grey limestone; 207 insoluble resi 8 feet
Sandy limestone, dark drab: 209, insoluble residue.......... . ... .. 35 feet.
Argillaceous limestone; 1047 msolub]e residue. ... ... i, 15 feet.
Light blue, calcareous clay; 9095 insoluble residue. ....... ... ...... 50 feet.

150 feet

In this section there occur 100 feet of rather impuve limestone
and 50 feet of calcareous clay, which throw light upon the Wayne
County records and show what may be expected in the case of
new wells penctrating the formation. In the case of the Milan
deep well (14 miles south-southeast from Ann Arbor) the Traverse
series s as follows

TABLE XXXV.—TRAVERSE STRATA, MILAN WELL.

Cherty HIMeEStOne . . . ... 30 feet.
Blueshale. . . .. . e 45 feet.
Bhue, shaly limestone. .. .. . 65 feet.
Ldmestone. . . 28 feet.

168 feet.
Although some of fhe limestone strata pass into dolomite, with
the introduction of magnesium, others are of high grade, as in-
dicated by the following fable of analyses from the Alpena region.?s

TABLE XXXVI—ANALYSES OF TRAVERSE LIMESTONE, ALPENA PORTLAND
CEMENT COMPANY.

Calciuim carbonate (CaCOz).. . ... . o ... 89.109% to 98.37%
Magnesium carbonate MgCOq) . ... ... ... .. .. . o 8.679,
Silica (Si0) . .. . 1.779%
Iron oxide (I‘L)()d) and alumina (M, 1.219,

The clays and shales of the swne formation in the Alpena region
show the following composition:

28. Tor fuller (ldm see Grabau’s paper, Report of the State Board of Geological Survey of
Michigan for the year 1901; 1902, p. 181.
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TABLE NXXVIL—ANALYSES OF TRAVERSE SHALES AND CLAYS, NEAR

ALPENA.
(1) 2) (3)
Sitlica (B1Os) .. o 55.80 54 .46 55.68
Alumina (AloO g o e 20.93 17.26 S o 68
Yerric oxide (FesO oo v 5.11 4.66 i
Calcium oxide (CaO). .. ... ... ..o oo i, 98 6.60 9.6Y

Alkalies (J20, Na.0)

1. . 64
Magnesium oxide (MgO) . ... ... . oL 1.23 2,82 2,35
5. 57 36
Loss by ignition T

(1)  Dock street clay; 5 feet below surface.
(2) ‘Warner brick yvard, blue shale.
3} Iletcher dam, Thunder Bay River, blue shale.

Irom the same locality, Riex (loc. cit., foot note 19) gives an
analysis of a shale outcropping to the north of Alpena, belonging
to the Alpena Portland Cement Company.

TABLE XXXVIIT—ANALYSIS OF TRAVERSE SHALE NORTH OF ALPENA.

Silica (B102) ... e 61.099%
Alumina (Al20 ). 19.19
Ferric oxide (FeOa) ..o o e 6.78
Calcium oxide (CaO). .. ... ... .. .. . . . 2.51
Magnesium oxide (MgO) ... ... .. . . . e .65

Potassium oxide (K.0) 1
Sodium oxide (NaaO) . ... oo 1.
Sulphuric anhydride (SO ... .. 1.42
Water (HoO) and carbon dioxide (COvy) 5

As used by Lane, the Traverse Group of Michigan includes both
the Hamilton and lower lying Marcellus of the New York series,
and hence is the western equivalent of the Erian of Clarke and
Schuchert. It carries an abundance of fossils which are often in
splendid state of preservation and easily separated from the shales,
In southeastern Michigan, these fossils are often found in the gla-
cial gravels and fragments may be obtained in well drilling.?”
The formation forms a belt from two to five miles broad, extending
northeast to southwest across the county of Wayne. It is covered
by some 50 to 150 feet of drift and has approximately the same
northwesterly dip as the overlying Antrim shale. The main body
of Traverse shale is separated from the Antrim by the layers of
limestone and is readily distinguished from it by its bluish color
and soapy character when wet. The conditions favorable for the
remarkable growth of marine vegetation that characterized the
Antrim had not yet heen established in the west during Traverse
time. Highly mineralized water is sometimes met with from this
formation but too impure to be utilized as & brine, in this respect
differing from that of the Berea sandstone. The relatively small
amount of organic matter preserved in the strata has given rise
to very little or no gas and oil.

29, TFor descriptions and figures of Traverse fossils see vol. IIT, Geological Survey of Mich-
can, 1876, pt. II, Fossil Corals by Rominger.
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Dundee limestone.  Under a heavy burden of drift, the preceding
geological formations are but imperfectly known in Wayne County.
We come now to a series of sirata which have been carefully
studied in onterop. were penetraied in the Oakwood salt shaft
and of which we bave numerous well records, based upon actual
samples of the drillings. The first of these is the Dundee lime-
stone, one of the first to be recognized in the stare and utilized
for building purposes and in the manufacture of lime. In every
direction from sontheastern Michigan, it extends persistently for
great distances and underlies hundreds of thousands of square
miles of the lake region, the Ohio and Mississippi basins. It rep-
resents the upper member of a group of strata found well ex-
posed in the Helderberg Mountains of eastern New York, to which
group the name “Helderberg” was given by Conrad, the early pal-
seontologist of the New York Survey. Under the names “Helder-
berg series,” or “Helderberg division,” these strata were described
in the Final Reports of the various districts prepared by Mather.
Emmons, Vanuxem and Hall (1842-3). It was soon found that
this and the other geographic names there used were entirely
arbitrary and ill suited for group divisions until they had been
subdivided upon the basis of their carefully studied fossil con-
tents. In his review of these New York reports, Owen suggested a
regrouping of the minor divisions and a renaming of the main
divisions. Aftracted by this work in the United States, the able
French palwontologist M. Kd. de Verneuil made a season’s study
of the formations with a view to correlating them with those of
Europe and suggested the grouping together of the lower strata
of the Helderberg series, found to be of Silurian age, under the
name “Lower Helderberg.” This placed the upper members in the
Devonian and suggested the use of the term “Upper Helderberg.”
In his transtation and review of the paper of de Verneuil, Hall
refers to the “upper limestone series of the Helderberg® and in
1851 uses the term “Upper Helderberg series” to include the Cor-
niferous limestone, Onondaga limestone, Schoharie grit and Cau-
dagalli grit.®* De Verncuil expressed the opinion that the Oriskany
sandstone should also be included in the series as marking the base
of the Devonian and, in this view, Hall promptly concurred (page
302). The French scientist also propesed to unite the Caudagalli
and Schoharie grits and the Onondaga and Corniferous limestones.
The Corniferous had been originally named by Iaton, “the Cor-

30. The American Journal of Science and Arts, second series, vol. VII, 1849, p. 230.

31. Report on the Geology of the Lake Superior Land District; Foster and Whitney, part
TI, 1851, p. 288.
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nitiferons Hmestone,” in alluxion to its content of lornstone, or
chert, and made to include both the Upper and Lower Helderberg
formations.®  The propriety of uniting the Corniferous and On-
ondaga Jimestones of the Upper Helderberg series, was early ad-
mitted because of their lithologic shmilarity, their content of horn-
~tone and the clese similarity in fossils.  As early as 1841 1Tall
had Araced the main Hisestones of the Upper and Lower Helderberg
groups info the middle west and had observed the disappearance
to the westward of many of the intermediate formations.® But C.
€. Donglass, assistant upon the early Michigan survey, had al-
veady recognized the Corniferous equivalency of the limestone of
Mongnagon township and subdivided them as follows :*

Limerocks of Lake e
a. Corniferous (Dundee).
b Silicions limestones, passing into sand (Sylvania),
¢. Compact gray or blue limestone (Monroe).
The term Corniferous for this limestone formation was very
generally used in the earlier reports of the Ontario, Michigan,
Ohio and Indiana surveys: “Upper Ielderberg” being sometimes
substituted.  In 1894, Hall proposed to revive the term “Onondaga”
for this formation® and this term lhas come into general use in
the recent geological literature. In Ohio, Prosser recognizes a
double division—the Delaware and Columbus limestones.” Owing
to the difficulty of establishing exact correlations across distant
areas, especially where gaps occur in the series, Lane defined the
Dundee in 1895, as “extending down from the Dbluish beds of the
Hamilton (Traverse) =o long as the formation continues to be
limestone, stopping with the appearance of dolomite or of gypsif-
erous shales” Although muceh better exposed near Trenton than
at Dundee and on the Macon, this name had lTong been preoccupied,
and the village of Siblev had not then come into existence. The
base of the Dundee (Deyonian) was thus intended 1o be placed
at the top of the Monvoe formation (Silarian), the uppermost
strata of which are so generally dolomite. The discovery of the

32. Geological Nomenclature Iixhibited in a Synopsis of North American Rocks and De-
tritus:  The American Journal of Science and Arts, vol. XI1I7T, 1828, p. 385. .

33, Hall, Notes upon the Geology of the Western States: The American Journal of Science,
vol. XLIJ, 1842, p. 51. See also Report on the Geology of the Lake Superior Land District,
Yoster and Whitney, pt. 11, 1851, p. 307. . .

34, Yourth Annual Report of the State Geologist (Michigan), 1841, p. 109. .

35. Thirteenth Annual Report of the State Geologist (New York) for the year 1893, vol.
I, 1894, p. 207, . . . .

36, Revised Nomenclature of the Ohio CGeological Formations: Geological Survey of
QOhio, fourth series, Bulletin No. 7, 1905, p. 4.

37.  Geological Survey of Michigan, vol. V, pt. II, 1895, p. 25. See also Annual Report
for 1908, p. 70, in which the occurrence of magnesian beds is noted near Mackinaw City, near
the base of the Dundee.
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Anderdon lwestone, of high grade and carrying Devonian fossils,
embedded in the Upper Monroe® and that the superposed dolomite
strata may Dbe absent enables the Dundee to rest directly upon
this Anderdon, or 1o he separated from it by a very thin stratum of
sand. Buch ix the case at the Nibley Guarry near Trenton and at
the Anderdon quaviy near Amberstburg, Essex County., Ontario.
where {he original definition of 1Le base of the Dmmdee hecomes
imapplicable and the separation between it and the Aunderdon can
be made only upon a paleontological basis.  As ihus defined by
Lane it was intended to cover the enfire time of {he Upper Helder-
berg: Oriskany to Corniferous, inclusive..

As seen in southeastern Michigan and western Ontario. the Dan-
dee ds essentially o pure Jimestone formation with occasional
nodules, seams and thin strata of chert, an impure varviety of
quartz. . The Ihnestone varies in color from light gray to drab,
butf to yellow, in some cases merging into blue. The purer varie-
ties show numerous cleavage faces of calcite, or ervstallized lime
carbonate, and are heavily charged with fossil fragments. The
argillaceous ingredient. abundant in the Traverse limestones, is
usually small in amount, generally less than one per cent but may
romoup to 6 or 7% in certain beds. The iron content is also small
but the silica and magnesium carbonate are subject to cousiderable
ariation.  With dilute hvdrochlorie acid, the Dundee always gives
vigorous effervescence by which it may be distinguished from the
underlying Monvoe dolomites. The beds not infrequently give a
strong odor of oil and show drops of thick, black, bituminous mat-
ter in the small cavities. In Ontario and near Port Huron, the
formation yields oil and gas where the structural conditions have
been favorablef® It is also the source of a highly mineralized
water, too impure for salt wanufacture bhut valuable for medicinal
and chemical uses.  The composition of such a “mother liquor”
from a deep well*' ai Tort Huron is shown in the following analy-
sis. The well is 730 feet deep and enters the Dundee 100 feet.

3% Grabau and Sherzer, The Monroe Formation of Southern Michigan and Adjoining

Regions: Michigan Geological and Biological Survey, Geological Series 1, 1910, p. 42.

39. Geological Survey of Michigan, vol, VII, pt. 1, 1900, foot note, p. 37.
40. Gordon, The Port Huron Oil Ficld: Geological Survey of Michigan, Report for ihe

year 1901; 1902, p. 260.

41. Annual Report for the vear 1903; 1905, p. 109.

—



202 GEOLOGY OF WAYNE COUNTY.
TABLE NXXXIN.—ANALYSIS OF DUNDEE MINERAL WATER. “DEEP SPRING:
MINERAL WATER,” PORT HURON, MICHIGAN.

(Analysts Dr. E. Ristenpart and Prof. R, C. Kedzle,)
Parts per 1000.

Sodium chloride (NaCl . oL o 66.6832
Potassium chioride (WCD ... oo o 2 8181
Ammonium chloride (NHClyoooo oo o 0.1431
Calcium chioride (CaClg) .. ... FE L. 5.2492
Magnesium chioride (MgCla)ooo oo oo 6.7846
Magnesiuin bromide MgBIo) . ... (1.0488
Magnesium fodide (Mglo). ., ..o e 0.0003
Calcium bicarbonate Ca(HCO2) o, .. .. oo i 1,7600
Iron bicarbonate Fe(HCOz) o oo vv i g).()140

Calecium sulphate (CaSOg).. . ... ... .. o
Sodium hyposulphite (NaoSoOu) ... e 0.0177
Sodium hydrosuiphate (NaoSOga. oo i o i 0.0136
Sodium carbonate (NaoCOg) ... .o e e
Lithium chloride (LiCLD .. ... e

AlUmIDA (AloO gt e e e s O‘()O%@
SHHCR (B0 0) o o vt et et e e 0.0085
Sulphuretted hydrogen gas (HoS). ... ... ... ... .. F PR O.§14§
Carbonic acid gas (COo) ... o o s (.714%

Studies upon the various layers of the Dundee as exposed in
the Sibley quarry, near Trenton, were begun by the writer 135
vears ago {June 1896), when there were recognized for commer-
cial purposes the following series of strata; which for convenience
of reference were assigned letters.

TABLE XL—STRATA OF THE SIBLEY QUARRY, NEAR TRENTON.
A. 6 foot top.” Yellow, brown to gray; thin-bedded; very fossiliferous.
B. 7 foot limestone.” Thin-bedded, gray to bluish.
C. “2 foot limestone.”” Compact, gray, rich in fossils.
. *5 foot limestone.”” Compact, crystalline, bluish where unweathered.
s, 6 foot limestone.”” Compact, gray to blue, fossil fragments abundant.
T. *14 inch flint.” Brittle, bluish gray chert, some fossils.
G. “6 foot limestone.”” Gray to bluish, more heavily bedded.
H. “2{foot flint.”” Very brittle impure chert, some fossils.
1.0 9 foot limestone.” = Compact, heavily bedded, blue to gray.

. <6 foot magnesian,” Similar to I but oily and fewer fossils.
K. *“8 foot limestone.” Gray, thin-bedded, fossiliferous.
L. *12 foot lower magnesian.” Light to dark gray, fossiliferous.
M. “7 foot silicious.” Thin-bedded, firm, poor in fossils.

Aside from the splendid exposure of the Dundee strata now
seen at the Sibley quarry, the only otber known locality in south-
eastern Michigan lies some 27-28 miles fo the southwest at Dundec
and the mouth of the Macon.** Four separate beds may be recog-
nized at the Christiancy quarry, the second and third of whicl are
separated by a thin stratum of chert, which from its fossil con-
tents agrees with that designated “Bed I in the Sibley quarry. If
this correlation is correct, and there is much opportunity for un-
certainty, the “2 foot flint” has disappeared and the four Macon
beds exposed represents beds D. L. G and I of the Nibley quarry.
Lithologically the beds seem to correspond, their combined thick-
ness is 21 to 22 feet on the Macon and 26 feet at the Ribley quarry,
and they seem to lie at about the same horizon. measured from
the top of the dolomite (Flat Rock?). The base of “Bed I at the

42, See author’s Geological Report on Mounroe County: Geological Survey of Michigan.
vol. VII, pt. I, 1900, p. 75.
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Sibley gumarry is some 48 feet (including the Anderdon) above the
dolomite while in the Christiancy quarry, the Nogard well record
indicates that the base of the lowest stratum 1here is about 38 feet
above the corresponding lorizon. These variations in the thick-
ness of the strata at these two localities Lharmonize with the ap-
parent increase in the thickness of the entire formation to the
northward. In actual elevation. the Riblev bed is about 1R feet
lower, this representing the drop in the direction of the strike.
The following amalyses will be of interest for comparison with
those of the Sibley and Anderdon limestones.

TABLE XLI—ANALYSES OF DUNDEE LIMESTONE, CHRISTIANCY

QUARRY.
(Analyst G. A. Kirchmeier.)

Upper. Second. Third. Lowest.
Calcium carbonate (CaCOs) . ........... 90 .80, 86809 77.60% 95.00%,
Magnesium carbonate (MgCO¥) ........ 6 .87 11.60 17.41° 3.86
Silica (8102) . ... oo 0.48 1.10 2.78 0.81
Tron (Fe O3, .ot 0.16 0.12 0.56 0.41
Organic matter........................ .69 ... 1.63 ...,
Difference ... ... .ot 0.00 0.38 0.02 —0.08

100.00 100.00 100.00 100.00

In a brief report upon the limestone of the Anderdon quarry,*
Rev. Nattress gives the following average composition of certain of
the richer beds, the analyses having been made by the Solvay
Process Company of Detroit. It seems very probable that the
samples covered both the Dundee and Anderdon formations, the

TABLE XLII.—AVERAGE COMPOSITION OF DUNDEE BEDS, ANDERDON

QUARRY.
(Laboratory Solvay Process Co.)
Calcium carbonate (CaCOg) ...t 97.509;
Magnesium carbonate (MgCOx) .. ..., 1.50
Calcium sulphate (CaSO4) . ... i i 0.03
SIHER (SI02) .. oot e et et 0.80
Ferric oxide (Fe;Oy) and Alumina (AlsOz) ... ..o, 0.09

latter of which had not yet been recognized and separated from
the former. In the case of the former, recent determinations of
the lime carbonate ingredient alone shows quite a wide range
in amount, depending upon the presence mainly of magnesium
carbonate and silica. The 76 analyses supplied by Rev. Nattress
give an average of 62.49% and an extreme range of 40.349; to
95.26%. The samples were taken from drill cores through the
beds believed to represent the basal layers of the Dundee, just
above the Anderdon, which is still richer in lime carbonate (see
Pl XXIITI for these beds now exposed in the quarry).

43. The Limestones of Ontario: Report of the Bureau of Mines, 1904, pt. 11, p. 41.
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In the summer of 1905 two drill cores were removed from the
castern and western sides of the Sibley quarry for the purpose
of discovering the nature and thickness of the underliyving beds,
“No, 200 farthest west, started upon “Bed 1.7 elevation about 583
feet above sea level, and extended 1o a depth of 83 feet. Through
the kindness of Mr. Sundstrom, the writer was permitted to study
these cores and wasx given the following set of analyses. which,
taken in connection with the series of strata in the quarry, bring
out admirably the essential nature of this economically important
formation.

TABLE NLITL—ANALYSES OF DRILL CORES, PROSPECT HOLE NO. 2, SIBLEY
QUARRY.

(Laboratory Church and Co.)

. | | :
sample, | Depthi. | Elevation. | CaCOs ! MgCO; | 8102 | Difference. emarks.
| z I
5 87.63 i 1.¢ 1.67 | Bed I.
10 87.26 1.¢ 1.82 ; Bed J.
16 83.99 2, 1.67 | Bed K?
20 | 81.08 2.5 1.89 | Bed K.
25 ¢ 03.26 0. 1.19 | Fossils.
i
[ S 27 81.81 14.02 2.21 ! 1.96
T 33 75.99 15.13 8.16 | 0.72
8 35 82.72 9.06 7.24 0.99
oo 40 92.54 4.17 2.63 0.66 | Base of Dundee.
10........ 42 87.79 2.49 9.50 0.22 | Anderdon.
i 45 15.55 2.89 1 1.57 ¢
48 7.91 4.95 ¢ 0.06 ‘
53 23.64 1. : 6.50 o
55 23 .49 Q. i 5.01 h
58 35.70 0. | 3.76 | Flat Roeck?
62 64,72 32.57 0.49 ' 2.21 e “
1 685 62,36 33.34 0.29 | 4.01 “ “
! 70 59.45 37.00 0.68 ! 2.87 e ‘
78 54.27 43.04 0.22 2.54 o “
i 80 59.15 37.88 1.05 ; 1.92 “ ”
) 83 58,09 40.04 l 0.31 1 .56 “ “
} i

The “differences” consisted mainly of alumina, iron oxide, and
organic matter and were not determined.

In Aungust, 1907, Prof. A. W. Grabau examined these cores with
the writer and was able to recognize the Anderdon character of
the fossils seen in the cores from depth (Hole No. 2) 46.5 feet to
about 51 feet. Trom a depth of 41 1o 42 feet, there occurs a light
brown limerock in which ave thickly embedded quantities of fine,
rounded, pure while, quartz granules, not to be distinguished from
those derived from the Sylvania. At what appears to be the same
horizon in the Anderdon quarry, upon the opposite side of Detroit
River, Rev, Thomas Nattress, found a few inches of sand, or an
incoherent sandstone. This occurrence is of interest since it marks
the horizon of the Oriskany sandstone of the New York series

[PU———
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and the base of the Dundee. Tt probably resulted from trans-
portation of Sylvania sand by the wind during a land interval be-
tween the Silurian and Devonian. In the table of analyvses above
given, the 15 fo 16 feet (elevation 341 to 5234 of Hestone lving just
beneath the sandy stratum ave to be referred to the Anderdon.
Beneath this lies some 25 feet of rock approaching normal delo-
mite in itx composition and presumably representing the Flat Rock
formation yet to be described. The strata of the Anderdon guarry
have been made the subject of study for a number of vears by Rev.
Nattress and reported wpon from time to time* During the past
summer and fall (1911), he has conducted a series of investiga-
tions for the Rolvay Process Company in the disfrict immediately
1o the west of the Sibley quarry.

The total thickness of the Dundee formation at the Sibley quarry
appears to be about 90 fo 100 feet where it has been pushed up to
form a knoll, across which the earliest ice sheet moved with con-
siderable vigor. HMow much was removed by glacial, or other agen-
cies we mayv only surmise by ascertaining the toial thickness at
neighboring localities. At the Oakwood salt shaft the Dundee was
found to have a thickness of 63 feet, but here again we have but
a partial record, since it lies next to the drift cover of 83 feef.
In Ohio, the maximum thickness of the formation is given as 100
feet, which thickness it retains for a few miles into Michigan. Tn
the Adrian well record the separation of the Dundee and Monroe
was not made but at Britton, Lenawee County, there were 100
feet of “white or brownish crinoidal limestone with water and
traces of oil and gas.” which ave referred by Lane to the Dundee.
At Milan, Monroe County, there occur 97 feet of the same forma-
tion. In the next dozen miles to the northward a rapid thicken-
ing seems to take place as indicated by the Ann Arbor and Ypsi-
lanti records, the Campus well giving 185 feet and the Cornwell
well at least 200 feet referable to this formation. The Pontiac
and Royal Qak records, unfortunately, are not complete enough to
be of service in this connection. At Petrolea, Ontario, the thick-
ness is about 200 feet, according to the Canadian records. Judging
from these records in the surrounding districls, the Dundee in
Wayne County would have to be assigned an original thickness of
about 100 feet, in the southwestern covner, to abouf 200 feet along
;()%éi;g%ﬁgﬁ@?s Exposure in Anderdon: ITleventh Report of the Bureau of Mines
Papers i the Anmual SEDGRS of 1ha Mickisan Achdeiny of Acience. D 1T AL Bes s
R;11‘)1(1)%‘(3?8‘{231%()27t‘he Sylvania Sandrock and related strata in the Detroit River Area: 12th

~ The Extent of the Anderdon Beds of Issex County, Ontario, and their place in the Geologic
Colinnn:  13th Report, 1911, p. 87.
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the northern border.  In the numerous wells along Detroit River,
the records ave either incomplete. or penetrate only a portion of
the formation. The Riroh Brewery well, on Gratiot Avenue, De-
rroit. shows 400 feet of “limestone.” from the hase of the Traverse
to the top of the Sylvania. two very well defined horizons. This
includes the Dundee and TUpper Monroe, the latter of which in
the Oakwood salt shaft has a thickness of 274 feet, leaving some
126 fect for the Dundee.

Jetween the outcrop at the mouth of the Macon. in Monroe
County, and that ar Siblev, the drift cover is relatively light, but
stll amounting to 30 to 80 feet. hopelessly covering a rock for
which there is now great demand. Towards the north, this burden
of drift jncreases wntil it exceeds 100 feet. The breadth of the
outerop, beneath this cover, ranges from four to iwelve miles (see
P XXYV) and the sirike of the formation is toward northeast as
it enters the county. curving arvound io the eastward and appar-
ently shifting the direetion of dip from northwest around towards
the north. At the Sibley quarry. the rock strata have been dis-
turhed and both the strike, amount and direction of dip are ab-
normal. At the time of their sfudy Dby the writer in 1896 the dip
as carefully determined by transit was found to be 5° south of
west and equal to 44 feet per hundred, measured along the top
of “Bed J.”7 The surface of “Bed 17 showed a drop per hundred
feet of 3.9 feet. In the old Christianey quarry upon the Macon,
the former foreman. Mr. T. J. Brandt estimated the direction of
dip as W. NW. and {he amount as about .45 feet 1o the 100 feet.
In the Dundee quarry it was found to be approximately 2.25 feet
to the hundred. The average dip of the strata for the county can
be determined only by an examination of the well records for
which we have reliable data. the base of the Dundee in the salt
shaft being known 1o have been reached at a depth of 146 feet
felevation of mouth 575.2 feet above sea level) or at an elevation
of 429 feet. In the Campus well at Ann Arbor the base of the
Dundee is 50 feet beloiw sea level, giving a drop in the 32.5 miles from
Detreit 1o Ann Arbor of 479 feet, or an average of 14.74 feet to
the mile. This is in a direction, however, almost due west and hence
does not indicate the real dip of the beds. From Detroit towards
Royal Oak, or Pontiac. would more nearly furnish the desired
data but. untortunately. the separation of the Dundee from the
Monroe can not be made in {he well records at these two places.
Dropping to the level of the top of the Sylvania, the dip from
Derroit to Ann Avbor is found to be 15.7 feet fo the mile. In the
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Pontiac well, No XW. from Detroit, there occurs an arenaceous
Hmestone which probably marks the horizon of the Sylvania. If
we make this assumption, the dip in this direction is abount 21.2
feet 1o the mile. The top of the Sylvania is much better defined
in the Royal Oak deep well (SW. 1) cee, 191, at a depth of 836
feet, but unfortunately the elevation of the mouih of the well is
not given with the record. If we take this from the topographic
map as about 678 feef above sea level, then we have an average dip
indicated in almost due north direction of about 22 feet to 1he
mile.  Until more reliable data ave at hand we may assume that
the average dip is not far from 25 feet to the mile and in a divection
aorth-norihwest.

In connection with the Antrim shales. attention was called to
an anticlinal fold with its crest near Ann Arbor and the economic
importance of such sitructural features was there poinied owut.
When the Dundee ix similarly examined it is found that the base
of this formation at Ann Arbor (—30 feet) is lower than at Milan
(--290 feet). or at Royal Oak (about sea level), iudicating the
presence of a synclinal trough in the surface of the Upper Monroe.
In private conversation DProf. 1. €. Russell called attention fo the
fact 1hat the production of the great basin-like depression over
central Michigan must have produced a sevies of sueh wrinkles
in the strata radiating from the center. The suggestion lhas value
in the search for oil and gas in that if a seres of test wells is
being put down their direction should be tengential to the basin;
i.e. northeast 1o southwest in sountheastern Michigan. TIf a success-
ful well is once reached a radial position for new ones is to be
reeommended with reference 1o the central basing ie., so placed
that the line will point toward the center of the bhasin.

A full suite of fossils was collected from the Siblev sirata and
these have been made the subject of study by Prof A. W. Grabau,
whose preliminayy report upon the same is found in Chapter X,
Dr. Carl Rominger had also collected extensively from the same
beds and his lists are given in Vol ITI, issued in 1876, with
photographic views of the corals. Most of tlie strata ave surpris-
ingly vich in fossil forms, often proving to be a solid, coquina-like
mass of shells, corals and crinoid joints. Tiven when the lime-
stone appears quite compact, the weathered portions reveal more
or less of this structure. The diseussion of the conditions under
which this material accummlated and resulfed in the formation
of limestone and chert will be found in the writer’s report upon
Monroe Comnty.*® Tt may be stated here stmply that warm, open,

45, Geological Survey of Michigan, vol VIT, 1000, pt. I, p. 40.
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shallow sea counditions prevailed. far enough removed from land
to escape deposits of mud and sand. Floating vegetation, so abun-
dant later. had not vet invaded the sea and the oil and gas were
probably very lavgely of animal origin. ‘The Michigan basin as
far north as James Bay was covered by this epicontinental sea
which communicated eastward with the Adantic and southward
with the Gulf of Mexico from which came a vich fauna of corals
and bracliopods which gave rise to extensive veefs, ’

SILURIAN SYSTEM,

The establishment of this workl-wide system dates hack to 1839
and was made by Murchison as the result of his extended siudies
upon the formations of the 1'0;:1'011 of Great Britain, formerly occu-
pied by the ancient tribe of Silures.®® Two main divisions were
recognized, an Upper and a Lower Silurian (p. 263). Almost im-
mediately, the system received recognition in thix conntry by Con-
rad who endeavored to corvelate the New York strata with their
English equivalents upon the basis of fossil similarity.* Owing te
the pronounced break between the upper and lower divisions, it was
proposed in 1879 by Lapworth to recognize each division as a SyYs-
tem, retaining Siluwrian for the upper and using Ordovician for the
lower, the name derived as the other had been from an ancient
tribe of Wales, the Ordovices.*® This suggestion has been largely
adopted in the recent English and American texts on geology and
has much to commend if. In Wayne County, the Silurian System
only has been completelv penefrated by the wells and only the up-
permost formations are to be seen in outcrop. The Ordovician is
reached in the deeper wells in Wayne and Monroe counties and
is seen in outerop towards Ohio River.

Wonroe formation. The formation to which this term is now
applied has been known in the state reports under a variety of
names, as an effort has been made to corvelate its strata with those
of the standard New York servies. It has recently been made the
subject of joint study by Prof. A. W. Grabau and the wrifer and
described in a special report*® to which those especially interested
may be veferred. Three main divisions are readily recognized; an
upper and a lower set of dolomitic limestones, separated Dy a

46. The Silurian System, founded on Geological Researches in the Counties of Salop, Here-
ford, Radnor, ete., with descriptions of the Coal fields and overlying formations. R.J. Murch-
ison, London, 1839, . .

47. On the Silurian System, with a Table of Strata and Characteristic Fossils:  Ameri-
can Journal of Science, vol. 38, 1840, p. 86. .

48. Lapworth, On the Tripartite Classification of the Lower Palaeozoic Rocks: The
Geological Magazine, New Series, vol. VI, 1879, p. 13. o

49, Grabau and Sherzer, The Monroe Formation of Southern Michigan and Adjoining
Regions: Michigan Geological and Biological Survey, Publication 2, Geological Series 1, 1910,
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stratun of incoherent sandrock known as the Syvivania.  Only the
upper member of the entive series is believed to extend into New
York. where it makes up the lower portion of the original Helder-
herg division and constitufes a portion of that which was set off
by Ile Verneuil as the “Lower Ilelderberg.” In hig wesiern frip,
taken in 1841, for the purpose of correlating the strata of the middle
states with those of New York, Hall referred certain limestones
in the vicinity of Mackinac to the Onondaga Salt Group and the
Waterlime.”™ The first recognition of Lower Helderberg strata in
the Lake Erie vegion was made by Chapman in 1864, who suggested
for it the name “Bertie dolomite.”™t The Waterlime equivalency
of the Lake Erie dolomites was announced by Newberry and Win-
¢hell in 1871 and recognized, more or less generally, in the Obio,
Michigan and Ontario survey reports. In Ohio, the term “Lower
Helderberg” was contracted to Helderbery, which was believed to
be represented by the Waterlime alone with a thickness of 100
feet. Rominger in Michigan nsed the name “Helderberg Group”
and extended its meaning to more nearly that of the early New
York reports, making it inciude both the Dundee and Monvoe and
not endeavoring to separate them upon his geological map. The
sandrock stratum (Sylvania) was supposed to separate the two
members and had been regarded generally as the correlative of
the Oriskany. In 1873 it was noted by N. H. Winchell that this
formation is embedded in the dolomites, instead of being at the top
of the series. which ‘observation was later confirmed by Orton in
Ohio and the writer in Michigan.”® Beeause of ifs exposure and
wtilization near the village of Svlvania, Ohio, Orton suggested this
name for the formation (loc. cit., p. 18). It must be regarded, of
course, as of the same geological age as that of the dolomites them-
selves.

Owing to the difficulty of separating this entire series, upon which
rests the Dundee, from the underlying Salina formation, it was
proposed in 1893 by Lane to use the name “Monroe beds” for the
series intervening between the base of the Dundee and the top
of the Niagara.”® The formation was not defined until 1895, “as
extending from the limestones of the overlying Dundee down to
the lowest gvpsiferous beds, and to consist mainly of buff dolomites

50. Geology of New York, pt. 1V. 1843, p. 512. Also Report on the Geology of the Lake
Superior Land District, Foster and Whitney, pt. 1T, 1851, pp. 162-3.

51. A Popular and Practical Exposition of the Minerals and Geology of Canada, E. J.
Chapman, 1864, p. 190.

52. Winchell, Geological Survey of Ohio, vol. I, 1873, p. 603.

Orton, Geological Survey of Ohio, vol. VI, 1888, p. 18, Also vol. VII, 1893, p. 17.

Sherzer, Geological Survey of Michigan, vol. VII, pt. I, 1900, p. 60.

53. Report of the State Board of the Geological Survey of Michigan for 1801 and 1892;
%:893, p. 66. This name was selected because of the excellent exposures of the strata in Monroe

‘ounty.
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and of calcareous and argillaceous marls, associated with anhydrite
and rock salt.””* Based upon the evidence of the well records the
thickness was placed at 1200 feet and the beds were believed to
have been deposited in an excessively salt interior sea, extending
from New York to eastern Wisconsin, exposed to a hot sun and
receiving little accession of fresh water from rivers. Shallow
water conditions prevailed in places, particularly in Ohio, where
there was a great bar, reef or flat, permitting the formation of
ripple-marks and mud-cracks.  In coutheastern Michigan. three
periods of dessication were recognized, the first and greatest of
which gave rise to the heavy beds of rock salt, aggregaiing in
thickness some 600 feet; the second preceded the formation of the
Sylvania (Middle Monroe) and resulted in the formation of gyp-
sums, or salty dolomites, and occasional beds of odlite. The third
period of dessication occurred during the deposition of the Upper
Monroe series. The name “Monroc Group” for this series was ap-
proved in May, 1903, by the Committee on Geological Names of
the Unitfed States Geological Survey.

In 1908 Grabau proposed to subdivide the Monroe into an upper,
middle and lower division and fo remove from it the Salina forma-
tion,”® which in the New York series had been known as the On-
ondaga Salt Group. In a joiut paper by Grabau, Lane, Prosser and
Sherzer, presented at the same time before the Albuquerque meet-
ing of the Geological Society of America and the Chicago meeting
of the American Association for the Advancement of Seience, this
subdivision and restriction of the Monroe was recognized.”™ The
upper and Jower divisions were further subdivided as shown in the
accompanying table, with the approximate thickness of each mem-
ber.

TABLE XLIV.—THE MONROE FORMATION OF MICHIGAN.

Dundee Formation.

—disconformity.
C. er Monroe {Lucas dolomite........ 200ft. 4+
7 upp or ,5‘ Amherstburg dolomite. . 20-50
c Detroit River ) Anderdon limestone. 35-60
& Series. | Flat Rock dolomite. . 40-100
“
fé disconformity.
° . . e
&= B. Sylvauia sandstone and dolomites. . ... ... ... 30-300
§ e s - - —disconformity.
& - N n b5
z Lower I > { Raisin River dolomite... 200
2 A Rower (I,\l/_I(mrot, § Put-in-Bay d()lolmitve. C lgg
“ ass Islands | Tymochtee shales...... ¢
Bdsgelrsi(lgl.)( ) | Greentield dolomite. . ... 100
. -~ - eeee—een—— (digconformity.

Saling Formation.

54. Geolg;;iic;iligllrx*ey of M i(Qiia\rf)iIvollf)Xs' 189?,2§)t. 1T, p. 27.

56. Science, new series, vol. X , 1908, p. 622. _— . .

55) Nomenclature and Subdivision of the Upper Silurie Strata ofrl\IYx(,h};,[()x(n, (,)h;(%.(‘and Western
New York: Bulletin of the Geological Society of America, vol. XIX, 1909, p. 555.
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In the typical locality, the Upper Monroe, or Detroit River
Series, shows a thickness of about 100 feet at Wyandotte, to 350
feet at Windsor, Ontario, including the series of dolomites and
limestone that intervene between tlie base of the Dundee and the
top of the Sylvania sandstone. Iixtensive erosion of these beds
seems to have taken place in the present vicinity of the lower Detroit
River region previous to the deposition of the Dundee. The Middle
Monroe, or Sylvania member, consists, in the main, of a pure, in-
coherent sandrock, not infrequently divided by a bed of silicious
dolomite, sometimes, by two such beds. In the upper Detroit
River region, the average thickness of this member is about 100
feet, but is found to be variable and to entirely disappear in some
well sections. The thickness grows less to the southward and
greater toward the northwest. The Lower Monroe, or Bass Islands
Series (from the islands in the western end of Lake Erie), ex-
tends from the base of the Sylvania to the top of the Salina,
which may be regarded in well records as the first bed of salt, or
first heavy bed of gypsum. A comparison of the logs of adjacent
wells, as for instance those of Wyandotte and Trenton, shows that
some of the upper rock salt strata are replaced to the southward by
deposits of gypsum. Without doubt, some of the strata lying above
these salt and gypsum deposits are referable to the Salina and it
was hoped that the record of the salt shaft at Oakwood would
enable us to ascertain the thickness of these strata for that region.
Unfortunately for this purpose, these beds proved unfossiliferous
and with no structural break that could be observed it seems neces-
sary to place the base of the Monroe at, or near the heavy salt
or gypsum deposits. Thus limited, the Lower Mouroe in the 17
wells of the Solvay Process Company, Delray, gives an average
thickness of 360 feet and the entire Monroe formation of south-
eastern Michigan and western Ontario has a development ranging
variously from 500 to 900 feet.

The best exposures, both natural and artificial, are to be found in
Monroe County of each of the three main divisions of the forma-
tion.  The Upper Monvoe strata in Wayne County have been best
seen in the quarry west of Gibraltar, now abandoned. and were
formerly exposed in the shaliow quarries on Stony Island and
Grosse Isle.  The Middle Monroe, or Svlvania member, may be
seen in the pit of the American Silica Company, just east of Rock-
wood, where it was covered by some 15 to 20 feet of glacial clay.
The Lower Monroe is not exposed in the couniy but a very good
section and suites of specimens were obtained at the Oakwood
salt shaft.
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Rev. Thomas Natiress has recently endeavored to show® that
the dolomites which constitute the bed of Detroit River. in the
vicinity of Stony Island ave of Lower Mouroe age and that the
Svlvania sandstone, or Middle Monroe. swings in a sharp, horse-
shoe shaped curve from the vieinity of Gibraltar, northward about
the head of Grosse Isle and back to Bois Blanc Island. opposite
Ambhierstburg; the respective exposures being upon “opposite sides
of the Cincinnati enticline” and with a possible distance across
of but about three miles at the broadest place. The conception was
that the Rvlvania represents a shore deposit about this very narrow
peninsula of early Monroe dolomite and the argument was haged
upon theoretic considerations of dip and strike and the supposed
absence of the Sylvania in the lower Trenton channel of Detroit
River. Against this view many objections may be urged; first of
which is that the crest of the Cincinnati anticline lies some 25 to
30 miles 1o the eastward; that it is not a narrow ridge, having
“Jittle or nothing of 1he character of an anticlinal or avch, * * ¥ #
no roof-shaped arrangement of the strata whatever, * * hut a
nearly level tract,” (Orton) that could not be set down in Detroit
River and still leave voom for the thick Sylvania deposit upon
cither side. Furthermore, the “Cincinnati anticline” was formed
before any of these Detroil River strata came into existence and
not between Lower and Middle Monroe time, as would have had
to be the case if the above arrangement held.  But, if not the “Cin-
cinnati anticline” could there liave been a similar, but younger
wrinkle in these sirata ibat would satisfactorily account for all
the phenomena? The Rylvania formation at Rockwood is 75 feet
thick, 90 and 180 feet thick at Trenton, 60 and 100 feet at Wyan-
dotte; and, although growing thinner to the eastward, unless we
assume that it possesses a very much greater dip than it, or any
contiguous strata are known to have, there would not be room in
the area assigned to have the formation deseribe such a curve about
a ridge of dolomite (see P1. XXV). Outcropping (beneath the
drift) at the mouth of the Huron with a breadth of two to three
miles, by the time the Sylvania reaches Trenton it has dropped to
a depth of 285 feet, while at Wyandotte its average depth is 213
feet, at both of which places we should expect to find the forma-
tion at, or very near the base of the drift. Furthermore, we should
expect to find some trace of the formation in the channel bed
passing either side of Grosse Isle, but pothing of the kind has
ever been noted. Near the southern end of Bois Blanc Island a

57. The Cont(‘;ur of the Sylvania Sandrock and Related Strata in the Detroit River Area:
Twelfth Report of the Michigan Academy of Science, 1910, p. 47.
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well betonging to Capt. Walter Campbell was abandoned because
of the great quantity of this sand pumped from it. At Elliott’s
Point, upon the Canadian mainland, there are reported 44 feet of
glacial clay, 25 feet of dolomite and then the Sylvania sandstone
entered to a depth of 14 feet. At the adjoining farm to the north
the depth to rock was 41 feet, with but a foot of “shale” overlying
the Sylvania, which was reported as but 20 feet thick. Many
reasons have been given for thinking that the Sylvania is not a
shore deposit at all but a wind blown and wind deposited
mass of sand, in which case it would sustain no such relation to
the peninsular fold assumed by Nattress 1o have been dry land at
the time of its formation. Its supposed absence from the bed of
the river, wheve it has been assumed to cross to the southward of
Celeron Island, where not still covered by till, may be readily ac-
counted for by the action of the present, or early Detroit River, at
one stage of which it flowed to a considerably lower level (560
feet above sea level). Furthermore, if the Sylvania is an aeolian
deposit there is no reason to expect that it must be continuous
from one point fo another.

As to the Lower Monroe age of the dolomifes of the Detroit
River bed and adjacent islands, structural and siratigraphic rela-
tions can furnish only a very uncertain guide. If fossils were
absent, we should be compelled to rely upon lithological charac-
ters and these all point to the Upper Monroe age of the strata ex-
posed in the Livingstone Channel (Pl. XXIV). But, unlimited
quantities of excellently preserved fossils, corals being especially
abundant, are available and will continue to be until the tremen-
dous pile of dump is removed from the river. A large box of such
material was submitted to Prof. A. W. Grabau, during the summer
of 1911, and he unhesitatingly pronounces the strata of Upper Mon-
roe age (Tucas and Amherstburg), which means that the Sylvania
underlies Grosse Isle. It should be noted that corals are entirely
absent from the Lower Monroe of southeastern Michigan, but are
so abundant in the Livingstone Channel region as to almost con-
stitute a reef. In the case of the Swan well, at the gsouthwestern
corner of this island, the owner Judge Swan feels confident that the
Sylvania was penetrated early in the drilling, the drill requiring
very frequent sharpening. While the drilling was in progress by
the West Virginia Drilling Company (St. Marys, West Virginia)
the well was visited by Forest B. H. Brown for the State Survey.
A depth of 785 feet had been reached (July, 1903) which gave 14
feet of clay. 300 feet of “limestone” and 70 4 feet of sand. These
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figures would give an elevation here of the surface of the Sylvania
of 266 feet above sea level as compared with 290 and 300 feet at
Trenton (Church and Co).

The fossils collected from the exposure at the southeastern corner
of Celeron Island prove to be of Lucas age. Deing so near the out-
crop of the Sylvania, we should expect these beds to represent
the Flat Rock division of the Upper Monroe, which was next in
age to the Rylvania. This indicates that the Amherstburg, Ander-
don and Flat Rock are either absent. or greatly attenuated at the
mouth of Detroit River. Instead, then, of a dolomitie ridge of
Lower Monroe age, as made out by Rev. Nattress, the evidence in-
dicates that there existed a sandstone basin of Upper Monroe age
in which the Detroit River beds were deposited.

In conformity with the overlying strata already described, the
Monroe strata have a general northwesterly dip, swinging towards
the north in the northern part of Wayne County, amounting prob-
ably to about 23 feet to the mile. In the lower Detroit River
region, local distarbances have rendered the strike and dip irregu-
lar. At the Patrick quarry, south end of Grosse Isle, the strata
were observed to dip 8. 30° W, and to range in amount from 114
to 2°. In the bed of Detroit River, opposite Stony Island, while
the excavation for the Livingstone Channel was in progress, the
average dip of the strata (seven determinations) was found to be
S, 50° W. and to bhe equal to 1° BR, or about 3.438 feet to the
hundred. 1In the northern part of the area exposed, the strata
showed a pronounced anticlinal fold, extending in an east-west
direction across the river bed. The strata dip rather rapidly
upon the southern slope of the fold, having been eroded along the
plane of the river bed and indicate that the fold is one of con-
siderable magnitnde. TUpon the eastern face of the channel wall,
Rev. Natiress and the writer counted 82 strata which had an
average thickness of 38.3 inches and a total maximum thickness of
102 feet. Bench marks in use in the construction of the channel
and located upon the surface ledges have elevations of 566.16, 568.61
and 568.69 feet, above sea level, respectively. In the Anderdon
quarry, upon the Canadian side to the eastward, the foreman,
Patrick Hancock, in 1907, reported the dip of the beds as 6 feet
to the hundred and about 8. 23° W. in direction.

Recurring to the geological equivalency of the Monroe formation,
it is believed by Grabau that only the three younger members of
the Upper Monroe are represented in eastern New York by the
Manlius, Rondout, Cobleskill and Rosendale formations. In west-

&

GEOLOGY OF WAYNE COUNTY. 215

ern New York. the representation is still more meager. only the
Amberstburg and Anderdon being correlated with the Akron and
Bertie dolomites. A rvather full discussion of these correlations
and description of the fossils of the Monroe will be found in
the bulletin cited in foot note 49. To this same report also may
be referred the reader interesfed in the lithological and structural
details of the various divisions of the Monroe. In the 1908 report
previously cited (foot note 37). Lane refers to the Upper Monroe,
or Detroit River series, as “Ilo-Devonian” implying a very close
relationship with the Devonian as indicated by the remarkable
fauna of the Anderdon and Amherstburg strata. To account for
these forms it is necessary to assume that a Devonian fauna had
already developed, probably to the northward, and migrated into
southeastern Michigan before Silurian conditions had been entirely
effaced, an avm fromn the Cordilleran sea giving temporary communi-
cation with the interior hasin. These forms began to arrive in
the Flat Rock. reached their culmination in the Anderdon during
the existence of normal marine conditions and some of them con-
tinued to exist side by side in the Lucas with typical Siluric forms
from the North Atlantic.

Saling formaetion. Orviginally known in the New York series
ag the “Onondaga Salt Group,” this formation is now very gen-
erally referred to as the Salina, on account of its large content of
salt, either in the form of rock salt, or in solution as brine. In
southeastern Michigan, it consists of alternating layers of com-
pact, brown to drabh dolomite; anhydrite, more or less converted
into gypsam and pure to impure strata of rock salt. In the deep
well at Royal Oak (Oakland County), there is indicated the sur-
prising development of 932 feet of this formation, of which 609
feet ave reported as salt,  Along Detroit River, the thickness is
considerable, although less and diminishes gradually to the south-
ward. ith the disappearance of the beds of rock salt in the
Church and Company wells, just north of Trenton, there is no
means of distinguishing the Salina dolomifes from those of the
overlving Monroe in the well records to the south. In the Ohio
scale, the formation is not now recognized as was originally done
by Newberry.*®

The wells of the Solvay Process Company, near Detroit, furnish
a thickness of 709 to 748 feet, and an average of 732 feet, but
with no certain knowledge that the entire series was penetrated.

58. Newberrv, Report of the Geological Survey of Ohio, vol 1, 1873, p. 132,
Orton, Report of the Geological Survey of Ohio, vol. VI, 1888, p. 15.
Prosser, Geological Survey of Ohio, Bulletin No. 7, 1905 p. 3.
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Similarly at the Oakwood salt shaft, the preliminary test well
showed 792 feet that should be referred to the Salina. The shaft
itself has thus far penetrated but 150 feet of the series and with
the drill cores of the preliminary test well, gives us the first definite
information relative to the stratigraphy of this portion of the for-
mation. The revelations of this difficult and expensive piece of
engineering are of such geological interest and of such economic
importance that a description and complete log of the shaft will
be given upon a subsequent page of this report. Reference to this
log shows a succession of dolomites, salt and a mixture of these
two materials, in some instances the dolomitic slime simply cloud-
ing the salt, in other cases with only a few disconnected crystals
of salt embedded in the dolomitic matrix. Exposed to the weather
upon the dump, the salt is soon dissolved and a honey-combed
mass of brown or drab dolomite remains. Thin seams of greenish
shale occur at certain horizons, becoming black and carbonaceous
at times. Whereas the Monroe beds are characterized by heavy
flows of water highly charged with hydrogen sulphide, the Salina
is absolutely free from such flows and the tunnels radiating from
the shaft are almost dusty. What are believed {0 be marketable
strata of salt give a total of 454 feet, the heaviest bed having the
enormous thickness of 369 feet. When entered, it will probably
be found that this bed is really divided into two, or more, by thin
layers of dolomife, as seen in a number of the Solvay wells. Care-
ful search of the rock fragments brought up from the shaft failed
to reveal any trace of fossils, plant or animal.

Passing southward from the Detroit region the deep well of
the River Rouge Improvement Company, shows, at least, 723 feet
of Salina, of which 378 feet are rock salt. At the bottom of the
series, two beds, 120 feet and 78 feet in thickness respectively, are
separated by 15 feet of a salty shale. Just above lie 125 feet of
what is described by the driller also as “salt shale.” The well
record of the lSureka Iron Company at Wyandotte is interpreted
by Lane as showing some 770 feet of Salina, but with the salt
strata aggregating only 160 feet. The lowest bed of the series has
a thicknesy of 110 feet and is the correlative, presumably, of the
very heavy bed to the north. Here it is underlain by 310 feet of
strata also referred to the same formation before the Niagara is
reached. If this reference is correct, the heavy salt bed lies near
the middle of the series and the wells in the vicinity of Detroit
give only partial sections of the Salina formation, although there
is. as vet, no means of knowing how rapidly these lower beds may
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vary in thickness to the northward. The series of six wells of the
Church and Company, just north of Trenton, enable us apparently
to mark the southern limit of the rock salt in southeastern Mich-
igan. The four wells numbered 1, 3, 4 and 6 lie in an east-west
line and show but a single salt stratum 26 feet, 25 feet, 30 feet
and 33 feet, respectively, in thickness. Well No. 2 lies 300 feet
due south of No. 1 and gives but {wo feet of salt, while No. 5 lying
1350 feet to the southwest of No. 1 gave no rock salt whatever.
Well No. 4 gives 650 feet for the entire Salina; gypsum {probably
anhydrite) very largely replacing the salt.

The frequent association of calcium and magnesiuvm carbonate,
calcium sulphate and the strong bitter brines with rock salt, as
in the region just described, gave rise more than a century ago to
the theory that they must all have originated from the evapora-
tion, under arid conditions, of detached arms of the sea. To ac-
count, however, for such extensive beds of salt, gypsum and dolo-
nite demanded depths for these inland seas which overtaxed ones
belief. Turthermore, the deposits alternated in succession and were
often interstratified with shale and sandstone, so that the simple
evaporation of such a sea could furnish no adequate explanation.
Laboratory experiments have shown that, when sea water is evapor-
ated, there are first thrown down the calcium carbonate (CaCO,)
and hydrous oxide of iron (2 Fe, 0,43 H,0; next ahont 84% of
the calcium sulphate (CaS0,) in golution. "There is next precipi-
tated upon further concentration ahout 54% of the salt (NaCl)
along with the balance of the caleinm sulphate, followed by 8.5%
of salt free from this sulphate. The remaining salt with the more
soluble compounds of magnesium, potassium, bromine and iodine,
finally crystallized in various combinations, or constituted the bit-
tern in case evaporation was not complete. As pointed out by
Hubbard (foot note 60), when such simple concentration of an
inland sea takes place, the bottom and sides would be coated with
calcium carbonate, more or less stained with iron, upon which would
be deposited a layer of gypsum or anhydrite. The concentrated
brine would shrink to the deeper portions of the basin and there
be precipitated along with more gypsum, the final salt layers being
practically pure. If the evaporation were not completed the bit-
tern, or “mother liquor,” would remain as a concentrated mineral
water, to be incorporated into subsequent deposits. To account for
a succession of the above series, for irregularities and for shale
and sandstone, it has been supposed that influxes of the sea took
place, as during storm. or exceptionally high tides, bringing in
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fresh supplies of sea water and incident:(ﬂ]l\' mud a’nd Sﬂnd.""’b 'J,]:(;
‘enorinous hickness of any single deposit, however can not be x¢
‘311’3]‘“]1?;;17‘ Ochsenius proposed a modification o.f this 11100%":3‘ b\ asi
suming a basin of sufficient depth which (:'onhnumlsly )nmllnhlnni
its (:o;nmcﬁon with the adjacent ocean, the Wfl{(’l‘r Of:l(’ >:3;111e
evaporating and allowing a constant inflow of 'SQ:‘I, t\ il):.(ﬂﬁ()r_
concentrated surface layers will sink, encou.n‘lermg ]d)t:l., frer-
ently charged and giving rise to the (10}'}0%111]011 ().f \'m";o;‘sc(or(r)lf
pon;'lds, chiefly salt and gypsum. Given sufiicient 1‘.11.ne, a 1)1.15111‘011‘
sufﬁcieilt original depth or in process of slow sgbsmem;e.r rxg c n
finuance of uniform conditions and an eixt(.ans.lve beid/(?f‘ \u\ o
the above substances might take place. T]l]».Si is the lhc.or) 1§((>}: v
by Hubbard as explaining most satisfactorily the mah’m} sr(,ltlc,1.h(ig
)iichiuﬂn.“"’ Grabau has recently peinted out 1.]’1:.1t :1Accm‘d’1.n;) Voimﬂk-
theor{r there should be found abundant }?en'mms of m:xrmu, <‘>1w.m
isms uin the strata enclosing the salt, and it would seem, ev\ (in .m
the salt itself. The constant influx of sea water \vo_uld S\\jq;h "
countless forms whose remaing would settle to the 1?0t,10‘m: W 17(3 (n
or not thev had been able to maintain themselves ah.\'(? for m;x Loql—
siderable time in the water undergoing lecenh’ai‘ml_& ]Iltv Idi‘r“en
ready been pointed out that the Salina strata are practica ; )r}l ﬁm}
of fo&ﬂh Grabau further calls :11'1'()1’11’%01.1 1’(.> the :xbsg{nfe 0 11:11(\:@“;
strata, outside of the Salina area of Mi(‘h]gﬂn}vOT(;“E)‘eniq“fand
York, which might be regarded as contemporary \\1 1 ,ﬂ ‘;(;1{111]01;
oypsum strata.®  The complete absence of SHC]]. strata, 1'11.‘ (f, oo
::)11\*111(1111,‘1137 argues, indicates a land-locked busuy:w Tm».]isloiieﬁ
in which the Salina beds are to be laid down. \\‘1(,1(35[)19;\( ‘“( e], Of
conditions with intermittent streams; long (*()nhnueg elo,s;mﬁm,l
pre-Salina strata containing imprisoned sea-salts; .1,}1§ SO,,“'.%O“;
transportation and final concentration of i’l’\(jsg salfs;n 1}];@@;1 (:,1“ ena
hasing, he believes most satisfactorily mq')lams all the ]l) R
of 1hé Salina. From computations, this author c'onc u tes e
the erosion of 400 feet of Niagara limestone from M]nn.e‘s’f) a, 70“{(}
consin, the upper Great Lake region and \\'esi‘eljn Qlltill;o :\ ove
be sufficient to vield 100 feet of pure rock salt distributed ove
area of 25,000 square miles. . o gifealt o
The very general absence of fossils makes it rather e e
account for the dolomitic strata which make up thg _bu k (3 -
series and the Lower Monroe as well. Some of this may

59, See Winchell, Geological Studies, 1886, p. 186, — o
20: ?febtx;%chgléblogggalgSurvey of Michigan, vol. V, part 11,1159(?“ rIi)ng $rdovice, Siluric
2(1) G;labau 'P};ysioal and Faunal E(j}roh}ltxon of1 N}({)Q&‘{x} A{é\&r) cp during 0T s The Mon-

] Devonic Time: Journal of Geo 0gy, Vol . 1909, . 245

?gg P}‘;z‘;gl}étgﬁ‘:mnf\?ﬁc};igan Geological and Biological Survey, 1910, p
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been originally deposited as dolomitic slime resulting from the
destruction of earlier dolomitic strata, but the fact that the oblitic
particles and brachiopods were certainly transformed from calcium
carbonate into the calcium-magnesium carbonate, known as dolo-
mite, makes it appear that the alteration was possible in the sea
itself or subsequently. In the process of dolomitization, there is
a theoretical shrinkage of 13.8 per cent. hut most of the Monroe
and Salina dolomites of this region are exceedingly compact, in-
dicating that the conversion took place either just hefore or at
the time of deposition of the slime. The theory which best ex-
plains the various facls observed in this locality is that much of
the dolomite resulted from the alteration of chemically precipita-
ted calcinm carbonate, this change occurring at the time of de-
position. The wunusual conditions which permitted this change
were attained in the land-locked basing of Monroe and Salina time.
During Anderdon time (Upper Monroe), normal marine condi-
tions seem to have prevailed and the organisms furnished the great
bulk of the calcium carbonate that was then deposited over the
sea bottom. There occurs one very compact stratum, however, in
the Sibley and Anderdon quarries, in which fossils are absent,
the rock delicately laminafed and which furnished an analysis of
100 per cent calcium carbonate. It seems quite probable that this
stratom was chemically precipitated from the sea water directly
from the breaking down of the very unstable calcium bicarbonate
(Call,C.0,), a change now known to be taking place at the present
time in connection with some of the Florida keys.

Niagara formation. This formation, named and well known be-
cause of the role which it plays in the production of the celebrated
cataract, is penetrated in the deeper wells of southeastern Mich-
igan.  The log of the deep Wyandotte well shows some 360 feet
of “limestone,” underlain by 10 feet of “slate.” which are referred
by Lane to the Niagara. The so-called limestone is in reality a
dolomite; compact, fine grained, light colored and hard. In color,
it is thus in contrast with the drab colored dolomites of the Salina
series and is not interrupted with seams of shale, salt or gypsum.
There is but little content of argillaceous matter, suggesting the
absence of ordinary sediment while it was forming and permitting
the inference of Lane that the arid conditions of Salina time had
already made their appearance.? This inference relative to the
climate receives confirmation from the very low percentage of iron
present in the rock, the occasional presence of apparently wind-

62.  Annual Report for 1908, p. 57. Alse vol. V, pt. II, p. 29.
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blown sand grains and the fact that the strata are overlain by the
salt and gypsumm deposits of the Lower Monroe.

In Ohio the Niagara formation is known in outcrop. giving an
opportunity for the study of its characteristic fossils and its sub-
division.®® Four groups of strata are there recognized; a sandstone,
two series of dolomites and a basal shale layer. The sandstone
(Hillsboro) has no representative in Michigan but the Guelph—
from the typical locality in Ontario——maintains a development of
some 200 feet across Ohio to the northward. Beneath the Guelph,
lies the so-called “Niagara limestone,” or Lockport, an even-bedded.
blue to drab dolomite which is best developed in southern Ohio
and thins out and is unrecognizable toward the north, even in its
outerop. Tor this reason, as well as from its color, it seems prob-
able that the Michigan representative is the Guelph. The lowest
member of the series is the Niagara shale, a mass of light-colored
clays with numerous calcareous bands, showing a thickness of
100 feet in southern Ohio, but thinning towards the north to but
a few feet, or being entirely absent. In the Wyandotte well, this
division of the Niagara is represented by 10 feet of “slate.” There
is reason for believing that the dolomitic member, or members, of
the Niagara underlie the entire Lower Peninsula and that it will
be reached in all wells that penetrate its horizon. Its outerop in
Michigan is seen only along the northern border of lakes Michigan
and Huron, in the southern margin of the Upper Peninsula, where
at a few localities it is utilized in the manufacture of lime. Un-
usually fine exposures occur upon Drummonds Isiand, affording a
choice series of fossils, especially corals. Rominger made the fullest
study of the group in this northern locality and recognized three
divisions, all dolomitic except a few thin layers, or irregular patches
of limestone.”* The uppermost division consists of a series of thin,
uneven layers, carrying seams and nodules of chert, and contain-
ing the greatest abundance of fossils. The middle division con-
sists of massive, highly ecrystalline ledges with casts or poorly
preserved fossils. The lowest division shows fossils but rarely. is
very regular and even-bedded, but composed of thin layers of fine,
crystalline grains. 'This author expresses no opinion as to the ap-
proximate total thickness of the group. The logs of two deep wells
at St. Ignace are now available giving two complete sections of
the formation.® TIn the older of the two, there is shown 300 feet
of Niagara (depth 504 to 804 feet) and in the second, which lies

63 7Ort0n, G(;ological Survey of Ohio, vol. VI, 1888, p. 13. .
64. Rominger, Geological Survey of Michigan, vol. I, pt. 111, 1873, p. 37.
65. See vol. V, Geological Survey of Michigan, 1895, pl. LXIII. "Annual Report for 1901
p. 228.
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about two miles north, a thickuess of 510 feer (depth 310 to 1020
feet). Rominger published the analyses of 10 specimens of the
Niagara dolomite, showing a range of 52 to 62% of calcium car-
bonate, 32 to 43% of magnesium carbonate. 1 to 3% of alumina
and iron and 1 to 9% of insoluble residue (loc. cit.. p. 48). In the
limestone lavers, the caleivm carbonate ran as high as 95%. in-
dicating & true limestone.

DEEDPER BEDS REACIHIED BY BORINGR.

Beneath the Niagara formation and between it and the much
sought for Trenton limestone, there intervene approximately 600
feet of sedimentary strata, mostly shale, with some sand. These
lavers arc believed to vepresent in part the Clinton and Medina
formations, often highly stained with iron and belonging to the
Silurian System.  In the Wyandotte well, which alone furnishes a
section of these strata in Wayne County, it is difficult to draw any
line of division between them. Beneath these lie the Ilndson River
and Utiea shales, grayish to bluish, more o1 less dolomitic, or cal-
careous, and passing below into black. These two, with the under-
lving Trenton, represent the Ordovician System in Michigan. Along
with the Clinton and Medina they are only imperfectly known in
outerop in the Upper Peninsula, skirting on the northward the belt
of Niagara. Over the Lower Peninsula they are deeply buried and
reached only in the deeper wells along the northern and southern
portions, outeropping again in southern Ohio. Southward the car-
honates become more prominent than in Michigan, indicating their
formation under off-shore conditions. 'The entire series indicates
a shallowing of the Palacorzoic sea in this region, and an increase
in the erosion of neighboring land areas and consequent sedimen-
tation, an intermediate stage between the open sea conditions of
Trenton and Niagara time. For a fuller discussion of these strata
in Michigan, the reader is referred to recent papers in the Report of
the State Board of Geological Survey of Michigan for the year
1908, pp. 23 to 105.

Notes on the Geological Section of Michigan for geologists, teach-

ers and drillers.

Part I. The Preordovician, by A. C. Lane and A. . Seaman, p.
23.

Part II. From the St. Peters up, by A. C. Lane, p. 43.
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CHAPTER V1II.
WATER RESOURCESR.

Rapid increase in the density of population of any section makes
the problem of a wholesome and sufficient water supply more and
more difficult of solution. This difficulty arises not only from the
relatively greater consumption but from complicated factors con-
nected with its distribution, disposal of sewage, protection from
fire, etc. To supply with water the army of people making up the
population of Wayne County, nearly one-fifth of that of the en-
tire state, there are four chief sources available:

1. Surface waters: streams, lakes, ponds, reservoirs and ecis-
terns.

2. Waters from former lake and river deposits.

3. Waters from deposits of the ancient ice sheets.

4. Waters from the bedrock.

As generally understood, the source of all these waters is the
atmosphere, from which the moisture is condensed and precipitated
as rain, snow, hail, etc. However, when subjected to various con-
ditions after precipitation, the waters become essentially different
and {ypical samples from each source may generally be readily dis-
tinguished.

SURFACE WATERS.

Reservoirs and cisterns. From data obtained from Prof. M. E.
Cooley, of the University of Michigan, Lane calculated that 38%
of the total precipitation of a region may be collected from roofs
and secured in cisterns and that with a rainfall of 32 inches, prac-
tically the same as that of Detroit, every 100 square feet of hori-
zontal surface may yield 100 cubic feet of water annually, or about
25 barrels. This is but a little over onethird of what actually
falls upon the area, the remainder being lost in wetting the roof,
evaporation, overflow during heavy rains, blowing or sliding of
snow, ete. Where limited quantities of practically pure water are
desired, simple precautions would enable one to secure a greater

GEOLOGY OF WAYNE COUNTY. 223

yield. In addition to the dust, coal dirt and organic matter de-
rived from the collecting surface and also from the atmosphere as
well, this water contains appreciable quantities of ammonia, nitric
and nitrous acid, sulphuric and sulphurous acid, nitrites, nitrates
and sulphates, along with carbon dioxide and other gases of the
atmosphere. For the laundry, and in some cases for full domestic
use, this type of water is collected in cisterns or tanks and utilized.
Where wells are especially difficult to obtain, these artificial reser-
voirs are connected with the barn and used in watering stock.
Excavations in the old lake clays for the manufacture of brick
serve as collecting basins for surface water and supply the neces-
sary water for the softening of the stiff clays. These and other
excavations made directly for the purpose often serve as ponds for
ducks and geese.

Ponds and lakes. In striking contrast with Oakland to the
north and Washtenaw to the mvest, the county of Wayne is sur-
prisingly deficient in ponds and Iakes. Aside from the small
bayous found upon the river flats, the only natural lakelet in the
county lies one mile east of Northville (Sec. 2, Northville town-
ship) and is known locally as Yerkes Lake (Pl. XXVI). It has
a maximum diameter of about 1100 feet and is drained at higher
stages than at present by a small stream into the Middle Rouge.
Oceupying a depression between the morainic knolls of the region,
it receives considerable surface drainage and is said also to be fed
with springs and to be well stocked with fish. Owing to its slight
elevation (below 800 feet), it had to be rejected as the source of
supply for the village of Northville.

A small artificial lakelet for ornamental purposes is maintained
at Eloise, an excavation having been made into the glacial clay and
supplied with water which is piped from the Rouge flats to the
north.  Although so poorly supplied with inland lakes, Wayne
County reaches Lake St. Clair upon the north and extends to Lake
Erie upon the south. The water of Take St. Clair is utilized to
a greater or less extent by the residents of Grosse Peint towi-
ship. Many of those who adjoin the lake, pump the water direct
by means of windmills and distribuie it over their grounds from
clevated storage tanks. Drinking water is ordinarily derived from
wells info the dvift, or exceptionally from the bedrock. The vil-
lage of Grosse Point Farms is supplied with water from the lake
drawn at a point about 134 miles from the shore, this distance
being necessitated by the shallow condition of the lake. The water
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flows by gravity into a setiling basin from which it is pumped
direct.?

Surface strecms.  Aside from Detroit River, the surface streams
of the county are utilized to but a slight extent as a source of
water, except for the watering of stock and sprinkling of small
tfruck farms. The very irregular flow of the Rouge and its usual
turbid condition have prevented its utilization as a water resource.
At Dearborn, the Arno Mills use the water of the Lower Branch
in their dyeing business and the main branch for a time furnished
water for the boilers in the power plant of the Defroit, Ypsilanti,
Ann Arbor and Jackson Railway. At Eloise, the Rouge water
is used for the boilers of the Wayne County House, for sprinkling,
in flushing the sewers, ete. It was originally pumped direet from
the Lower Rouge Imt is now obtained from the fiats of the Middle
Rouge near Pervinsville, 334 miles distant. A well 35 feet in
diameter and 18 feet deep has been constructed (1902), which re-
ceives the flow from the river along with surface drainage and the
latter necessitates a filtering plant at loise. The composition
of the water of the Middle Rouge is shown in the following table,
the analysis having been made by I. M. Gelston, then Assistant
Director of the University of Michigan TLaboratory of Iiygiene,
Ann Arbor.

TABLE XLV. ANALYSIS OF WATER FROM MIDDLE RIVER ROUGE.

{ Parts per million).

Inorganic matter ..... 732 Free ammonia ............ 0.13
Organic matter ....... 96 Albuminoid ammonia ...... 124
Chlorine ............. 37 Total residue by evaporation 828
Potassium ........... 1.5

Reaction neutral. Algae, protozoa, and bacteria present.

In a suit brought agaiust the infirmary in 1898 for the pollution
of the Lower Rouge, ihe following analyses were made by Drof.
J. E. Claxk, M. D., of the Detroit College of Medicine. It was
then legally decided that the Rouge was being seriously contami-
nated, and the institution was required to put in seitling basins
for its sewage. A series of such basing is now in use, the sewage
being treated with alum and lime and then filtered through gravel.

2. Statistics relative to the various village and city water supplies of Wayne County, as
well as the water powers, were collected by the writer and published in Water-Supply and Irri-
gation Paper No. 182, 1906, which the reader may obtain by application to the United States
Geological Survey, Washington, D. C.
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TABLE XLVI. ANALYSES OF WATER FROM LOWER BRANCH RIVER ROUGE
SHOWING CONTAMINATION.

(Parts per million).

250 to 300

Above sewer. From sewer. ft.below sewer.
Inorganic ........... 280 740 720
Organic matter ...... 150 380 370
Chlorine ............. 3 105 95
Free ammonia ....... 302 48.8 1.512
Albuminoid ammonia. . .366 32.58 1.44
Total solids ......... 430 1,120 1,090
Bacteria ............ 10,900 325,000 12,500

The table is of especial interest, since it shows the normal con-
dition of the stream water as well as those substances indicating
serious sewage contamination. The amount of chlorine, combined
to form common salt, has been inereased 19 fold, while the am-
monia has not risen in proportion to the amount actually present
in the sewage itself. A complete analysis of the water would have
shown that much of this had been oxidized into nitrites and ni-
trates, which, along with the chlorine. furnish an index to the
probable amount of sewage contamination. A comparison of the
amount of inorganic matter in the waters of the Middle and Lower
branches shows that the former is considerably harder, due un-
doubtedly to the fact that it is more abundantly fed by springs
along its course.

Aside from the incidental use by the farmers along its course,
the water of the Huron is utilized only at one place—French
Landing, for the disposition of the garbage colleeted from the city
of Detroit. Before entering the county., it has already received
the sewage from Ann Arbor and Ypsilanti, with a combined popu-
lation of 21,047. Owing to the rapid and tortnous course of the
river, it is likely that this contamination is rendered harmless be-
fore entering the county, although none of the villages have thus
far cared to utilize this supply. The following analysis of the
Huron water has been very kindly supplied by Mr. Roy W. Pryer,
of the Hygienic Laboratory of the University of Michigan.

29
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TABLE XLVII. ANALYSIS OF HURON RIVER WATER.

Sample taken at Ann drbor, Mich., June 22, 1911.
Analyst Roy W. Pryer, Ann Arbor, July, 1911.

Parts per million).
7

Color .o slight yellow.
Odor ... fishy.
Reaction ....... ... ... i alkaline.
Hardness .......ovviiiiiienee .. 162.8
Total solids ........ ... 390
Loss on Ignition .......... .. ..., 192
Inorganic residue ................... 198
Of this
Sodium chloride (NaCl) ......... 15
Calcium sulphate (CaS0,) ....... 72.3
Jaleium carbonate (CaCO;) ... .. 41.3
Magnesium carbonate (MgCO,).... 694
Parts potassium permanganate reduced
by organic matter .............. 16.95
Free ammonia (as NH,;) ......... 25
Albuminoid ammeonia (as NH;) ... 38
Nitrates as N,O, ..o 2
Nitrites as N.O, .. ... o oot 01

Water powers have bheen developed for grinding purposes at cer-
tain favorable points along the Middle and North branches of the
Rouge and along ihe Huron. Owing to the irregular flow and
great reduction during the summer months, the water power must
be supplemented with steam, or the turbines operated but a portion
of the time. The heavy fioods in the spring, often with the help
of the jce, occasionally lead to the destruction of the dams. Both
of these difficulties will be obviated by establishing great storage
reservoirs by which the surplus water may be held back and dealt
out as needed.

At the Yerkes Flouring Mill. upon the Middle Rouge, at North-
ville, there is a head of 16 feet and an available horse power of 40.
The Argo Mills at the same place have 12 feet head and 20 horse
power available. TUpon the same stream at Plymouth, there are
also two mills in operation, the Phoenix and Plymouth mills, each
with a head of about 16 feet and developing 80 and 45 horse power
respectively. Between Northville and Plymouth, at Waterford,
there is an abandoned mill and power. At Pikes Peak, the Nan-
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kin Mills have secured a fall of 14 feet and have developed 53 horse
power, available the year around except during very dry. or very
cold periods. Upon the North Branch of the Rouge, two powers
have been developed—the Du Bois Mills, near Redford, with an 8-
foot head and 42 horse power and the Dearborn Mills, north of the
village, having 9 feet of head and 44 horse power available. Under
favoring conditions, there is thus heing utilized some 324 horse
power in eonnection with these two branches of the Rouge. Higher
and stronger dams, and more of them would pond the water more
effectually, increase the head, regulate the flow and greatly increase
the available power. The system of storage reservoirs, planned for
the Huron can notf be so successfully applied to the Rouge because
of the absence of the natural bagins.

From Rawsonville to Lake Erie the fall in the Huron is about 71
feet, or measured along the valley, at the average rate of about
2.9 feet to the mile. With high banks favorable for ponding and
with an average mean flow of 670 cubic feet per second, this means
that much energy is going to waste within the limits of the county.
If converted into electrical energy it could readily be delivered and
utilized in the city of Detroit. At four places only have powers
been developed for milling purposes—Flat Rock, New Boston, Belle-
ville and Rawsonville. The last of these had a head of 7 feet and
furnished a horse power varving from 150 to 175, but the dam was
destroyed in 1899, has not been restored and the mill is abandoned.
The dam at Belleville was built in 1836 and held for nearly 60
vears, but finally gave wav. The new dam gives an S-foot head,
creafes a reservoir of 25 aeres and yields 400 horse power. One-
half mile up from New Boston is located the New Boston Flouring
Mills, with 6-foot head and 125 hovse power available. At Flat
Rock the head is 8 feet and the power about 100, at ordinary stages
of the water. Of the 71 feet of fall {heoretically present, there is
thus utilized but 22 feet and only a small percentage of the actunal
horse power.

Over nine-tenths of the entire population of Wayne County de-
rive their entire water supply from Detroit River, naturally one of
the most magnificent streams of potable water in the world, when
volume, purity, temperature and constancy of flow are considered.
Opposite the city of Detroit, the breadth is 2200 feet, the average
depth 37 to 38 feet and there is maintained a rather constant
velocity of two miles per hour. With the level of Lake Erie at
its normal, it is calculated by the U. 8. Engineers that there flow
by Ft. Wayne, in the western part of the city, 209,900 cubic feet
cach second. In the American channel, opposite Belle Isle, the
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maximum velocity is 244 miles an hour, and the average somewhat
less than 2 miles. During July and August, 1897, detailed measure-
ments of the flow were made by Clarence W. Hubbell, engineer of
the Detroit waterworks. Float methods gave an average flow of
63,000 cubic feet a second and current meters one of 53,000 cubic
feet for this channel. When the channel is covered with ice and
the Canadian channel is open, the flow is reduced to 36,000 cubice
feet a second. The temperature of the water ranges from 32° to 70°
F., aud the greatest vertical range between the top and bottom
has never been observed to exceed one-half degree. Between shore
and midstream, the temperature of the water may vary as much as
8° or 9°, and this fact may be used to detect possible contamina-
tion from tributary streams. Lake St. Clair, which extends prac-
tically to the city, has served for many centuries as a great settling
basin, as is evidenced by its shallow condition and the delta at its
head. The turbidity of the water is low, except immediately fol-
lowing storms, when the bottom of Lake St. Clair becomes more or
less disturbed and the tributaries bring in sediment. The follow-
ing analyses, made some eight years apart, are of interest in show-
ing the nature and amount of mineral matter contained in this
water. The total solids is thus seen to be small, well adapting
the water to use in various manufacturing plants, a matter of great
importance to such a rapidily growing city.

TABLE XLVIII. MINERAL ANALYSES OF DETROIT RIVER WATER.
(Parts per million).

Calcium (Ca) ........ .. ...... 224.610 423.800
Magnesium (Mg) ............. 7.440 5.400
Aluminum (Al .............. 1.800 Ve
Iron (Fe) ... ... .oiint. Trace e
Alumina (ALQ,) and Ferric oxide (Fe,0,) 11.100
Sodinm  (Na) ............... 2.760 2.910
Potassium (K) ........ .. ... Trace 0.0576
Chlorine (Cl) ................ 2.990 4.550
Rilica (810,) ..o 1.590 7.500
Carbonate radical (CO,) ...... 50.850 CO, 30.120
Sulphate radical (SO,) ........ 7.620 ‘ 8.630
Organic and volatile matter .... 36.390 38.540
Total mineral matter ...... 101.240 Total solids....109.640

3. Twenty-first Annual Report oéthia Mic?iégan Boa),rd of Health, 1902, p. 63. (Recomputed
to ionic form by the United States Geological Survey. . 3

Ai Twenty—grighth Annual Report of the Board of Health of the City of Detroit, 1909, p.
97. TFor other analyses see Lane, Lower Michigan Mineral Waters: Water-Supply and Tr-
rigation Paper No. 31, 1899, pp. 18 and 19.
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The city of Detroit, with its population of 465,766 souls (1910)
and area of approximately 42 square miles, is supplied with this
water from a single pumping station, believed to be the largest in
the world. This station is located in the extreme eastern part of the
city, opposite Belle Isle, and the water is taken from the head of
the island through a tunnel of recent construction.” In addition
to the city itself, this station also supplies water to the suburban
villages of Hamtramck (population 3,559), Highland Park (4,120),
River Rouge (4,163) and Oakwood (781); with a combined popu-
lation of 12,623. This water is all metered and double the city
rates are charged. With the system of direct pressure, it has been
found impracticable to force the water to all parts of the city, por-
tions of which are 60 to 70 feet above the river, and to the upper
floors of the taller buildings. Accordingly, in 1898, a double system
was installed each with its own set of pumps and mains, one
operated under low and the other under high pressure. However,
buildings over five stories high are provided with their own private
pumps.

Although naturally of most excellent quality, this abundant water
supply is subject to more or less contamination from surface drain-
age. Not far from 400,000 people reside in the St. Clair drainage
basin between Detroit and Port Huron. There are many truck
farms, rich in compost, the drainage from which in the early spring
and after heavy rains is a menace to the city’s health. Prof. Gard-
ner 8. Williams, lately of the University of Michigan, has demon-
strated that the dredging of the delta of Black River, Port Huron,
by the United States Government in 1892 was responsible for the
outbreak of typhoid in Detroit during June of that year.® Com-
pared with many other cities, the city of Detroit has a very low
death rate from this disease, averaging during the past five years
87 deaths or from 4 to 5 deaths for each thousand inhabitants. In
view of this low rate, there is little reason to suspect that the
germs are ordinarily derived from the river, although there is the
possibility that they may be at any time. A number of local out-
breaks during the past two years have been traced to the milk
supply, the contamination occurring in the dairies and, un-
doubtedly, numerous cases each summer are contracted outside,

5. Detailed data relative to the Detroit Water Works will be found in the annual reports
of the Detroit Water Board. An interesting article appeared in the Engineering Record, vol.
47, No. 25, 1903, p. 650, by Clarence W. Hubbell. See also Water-Supply and Irrigation
Paper, No. 182, 1906, p. 53.

6. Williams, Typhoid Fever and the Water Supply of Detroit: Proceedings of the Sanitary
Convention, Detroit, 1897, p. 90.
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and imported into the city. The officials of the city Board of
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solutions are in sight—a municipal filtering plant for each. or a
single one for all; the extension of the Detroit mains to Trenton;
the use of deep wells such as that upon Grosse Isle for household
use, the river water still being used for manufacturing, laundry,
fire and Jawn purposes. In the Free Press of June 11, 1911, the
suggestion of Richard P. Joy is worth consideration by those in-
terested. This involves the construction of a canal, or aqueduct.
from Port Huron to Lake ILrie which would furnish the entire
series of cities and villages with a wholesome and adequate water
supply, well adapted to the various uses. TUntil some feasible plan
can be devised, it is the height of wisdom for all people using the
river water to either boil, or thoroughly filter, all water used for
drinking, or that in any way comes in contact with rood or utensils
used in its preparation or serving.

That the people of this region are being aroused to the seriousness
of the matter is indicated by the demand for bottled spring waters,
two varieties of which are now available. One is shipped in from
Rochester, Michigan, and is delivered for 10 cents a gallon; the
other is known as “Maple Spring Water,” from a bored well upon
the place of J. H. Vreeland, NW. 14 NE. 14, sec. 12, Mongnagon
township. The well is 65 feet deep, entering rock some 5 feet, and
flowed up to about one year ago; ceasing, the owner thinks, owing
to the great amount of drainage at the Livingstone cut or Sibley
quarry. The water contains some gas when first pumped, either
carbon or sulphur dioxide, which is allowed to escape when it is
bottled and delivered to customers for 5 cents a gallon.

WATERS FROM LACUSTRINE AXND RIVER DEPOSITS.

In Chapter III of this report, there has been described a series
of beaches, terraces and river deltas formed during the closing
stages of the Glacial Epoch as the result of wind, wave and
stream action. These consist of hillocks of sand, or gravel and
sand, attaining a thickness of 25 to 30 feet, resting upon the un-
derlying clay. At times, the deposit is of the nature of a thin
sheet which serves as a veneering over the glacial clay and often
covering many square miles of territory. These loose, unconsoli-
dated deposits are very porous, 30% of their volume sometimes
being pore space, and readily absorb a large percentage of the rain-
fall unless the ground is frozen or covered with snow or ice. With
a precipitation of 32 inches and a run-off of 25% there would be
an average daily absorption of 132 210 cubic feet over every square
mile, or nearly 1,000,000 gallons. This sinks until stopped by the
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impervious clay beneath where it is either held in depressions, or
slowly works its way along the slope of the clay surface.

Shallow awells. The absorption of this vast amount of water
often takes place faster than it can escape and the level of the
groundwater rises and often lies quite near the surface. easily
reached by shallow wells, ranging from 5 or 6 feet to 20 or 25
feet, a very common depth being 10 to 15 feet. From the way in
which this water is held, it is obvious that it would possess no
“head.” As a rule, these wells are dug, although sometimes driven,
and cased with barrels, planks, brick, stone or erocks. The water
is obtained usually either by suction or chain pumps, the wind mill
being occasionally used. In some cases the bucket, with chain,
rope or pole, is used for dipping up the water; even the old-
fashioned sweep being occasionally seen. It is not ordinarily neces-
sary to strike clay in sinking the well, unless the supply is scant,
when an excavation into the clay becomes desirable. Generally
the supply is reported to be sufficient for domestic purposes,. and
is often abundant. It however, fluctuates with the season and
after prolonged drought may entirely fail. In sinking wells it
is desirable to reach the level of ground water at the time of a
prolonged dry season in order to secure a permanent yield. The
principle involved is shown in the accompanying figure.

A B

- -_water _ U_L_ el _||-in ordinary_ years .
--Water _ _ level ||_in__dry_ _years __

Fig. 17. Diagram showing relation between depth and perma-
nence of wells. " A. Well sunk to ordinary water level, but failing
in times of drought. B. Well sunk to level of water in dry years
and never failing (From U. S. Geological Survey Water-Supply
Paper No. 255).

In one-third of the wells from which data were procured, the
owners report the water as “soft” and suitable for laundry use, no
cisterns being required. This indicates that but little caleium or
magnesium carbonate has been dissolved from the sand or gravel
because of the absence of these materials originally, because they
have been leached out or more probably, because the water has not
had time to get these substances into solution. In the remaining
two-thirds of the wells, the water was pronounced “hard,” par-
ticularly those which approach or reach the clay. In a few in-
stances, the water was reported to have changed from soft to
hard, or zice versa. Other mineral ingredients, so commonly pres-
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ent in other types of well water, are either absent or only very
sparingly present. The temperature of the water in these wells
fuctuates more than in the deeper wells, as would be expected,
being affected more by the surface temperatures of the air and soil.

This type of well is obtained with the least difficulty and expense,
the work being usually done by the owner himself with what little
assistance he can command. Water so obtained. however, is es-
pecially liable to contamination, unless carefully guarded, since
gravel and coarse sand do not make an effective filter and because of
the eage with which foreign matter may enter from above. Dupnits’
experiments in France have shown that the area drained by a well
is in the form of an inverted cone, the radius of the base of which
may range from 15 to 160 times the depth of the surface of the
water in the well. This means that, if it is 10 feet from the surface
of the ground to the level of the water in the well, that this well
may receive drainage from barns and outhouses 150 to 1600 feet
distant from the mouth of the well. It bas also been found that
o shallow well heavily pumped will drain a larger area than a
deeper well subjected to moderate pumping. It thus becomes a
matter of great importance to the users of the well water that it
be located in the safest possible place, even if somewhat incon-
venient, and it would be wise to first ascertain the probable di-
rection of underground flow: by discovering the slope of the clay
surface and of the ground water. The danger of pollution is shown

oubiful well
House
sspool
Unsafe well

[y
O

Leve/ of ‘
—

%—: Safe well

(1] Unsafe well

Fig. 18. Diagram showing ordinary location of farm well (From U. 8. Geological
Survey Water-Supply Paper No. 255).

in the accompanying diagram. It is a mistake to suppose that
the surface slope of the ground controls the direction of under-
ground drainage, the reader being able to easily construct a dia-
gram in which the surface slopes in one direction and the surface
of the impervious clay in the other. Heaping a mound of earth
about the mouth of a well to keep out surface drainage from a
barnyard is a very ineffective safeguard. In comparison with the
dug well, the driven well is much the safer but gives a smaller

sy
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vield. The relative advantages and disadvantages of these two

t)plcs “of shajlow wells are set forth in the following table, along
with fboredl and “punched” wells. The former are made Ib\' the
use of augers of various types; the latter by dropping a steel

cy hnd.el, carrying a slit upon its side for holding and lifting the
material to be excavated. 7 )

TABLE L. SUMMARY OF ADVANTAGES AND DISADVANTAGES OI DIFFER-
ENT TYPES OF WELL.7

Dug wells.

Advantages. Disadvantages,
Ease} odf construction; can be lo- Limitation to soft materials;
cated, sunlk, : y lability i i ing
ated, i, and cased by liability to caving while being

owner. dug.
Only hand power required.
No outfit required.
No expensive materials required
for curbing. .

Cheapness in soft material. Costliness in hard rock

Wood curbing often used affords
favorable conditions for the
development of bacteria.

Slight depth to which it can be
sunk.

Ease of entrance of polluting
matter through and over top
of curb.

Water, not being replenished, is

o often stagnant.

Utilization of small seeps. Fails frequently in time of

Quick response to rainfall. drought. l

Must usually be at distance from
house and from barns, privies,
and cesspools to insure safety;

Necessity for frequent cleaning;
danger from gas while clean-
ing.

Short life when curbed with
wood.

Iase of entrance of animals and
refuse through open top.

7. TFuller, Underground :
States Cooloaion Su?ve;,nml‘g,agrgﬁfor Farm TUse: Water-Supply Paper No. 255, United

Ease of entrance of water.

Utilization of all water strata.

Large storage capacity.

Accessibility for cleaning.
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Driven wells.

Advantages.

IZase of construction; often sunk
in a few hours; only hand or
horse power usually required.

Outfit is inexpensive, can Dbe
quickly put up, and does not
require skilled labor.

Tubing is readily obtainable and
inexpensive.

Cheapness.

Safety; can be located mnear
sources of pollution if sunk
through impervious bed pre-
venting access of contamina-
ting matter to water Dbed;
nothing can enter at top.

Permanency of supply as com-
pared with dug wells.

Cleaning seldom necessary as
compared to open wells.

Disadvantages.
Limitation to soft materials.
Utilization of a single water
stratum.

Usual limitation to moderate
depths.

Restriction to open porous water
beds due to absence of storage
facilities.

Slow  response to rainfall as
compared to many dug wells.

Corrosion of pipes or well
points.

Incrustation of pipes and well
points.

Entrance of quicksand through
well points.

Taste of water due to solution
of the iron under certain con-
ditions.

Difficulty of cleaning in case of
clogging.

Short life as compared to some
dug wells.

Absence of information as to
minor water beds or materials
penetrated.

Bored awells (Arkansas type, 2 to 12 inches in diameter, tight
casings).

Advantages.

Itase of construction; only hand
or horse power usually re-
quired; skilled labor not es-
sential in shallower holes.

Cheapness for moderate depth.

Deeper wells little affected by
drought.

Pollution shut out if properly
cased.

Gives good records of materials
penetrated and water beds en-
countered.

Disadvantages.

Limitation to soft materials,

Not adapted to very deep wells.

Utilizes only one stratum in
most places.

Other disadvantages similar to
those of drilled wells.
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Punched wells.

Advantages. Disadvantages.

When provided with pervious Similar to those of open wells
curbings the advantages are and the larger type of bored
similar to those of open and wells.

Towa type bored wells; when Difficulty of operation; liability
provided with tight casings, of crooked holes. '

the advantages are similar to TUsual limitation to depths un-
those of the Arkansas type der 50 feet.

bored wells. Timitation to soft yet stiff ma-

terials, which are generally of
local distribution.

In addition to safe guarding the well in every known way, great
precautions should be taken in the disposition of garbage, kitchen
and chamber-slops, manures, etc.; these being disposed of only
at safe distances from the well that supplies the water for do-
mestic use. The United States Department of Agriculture issues
gratuitously a Farmer’s Bulletin (No. 43) bearing upon the sub-
ject of Sewage Disposal on the Farm, and the Protection of Drink-
ing Water. During outbreaks of typhoid, it is wise to apply to
the Michigan State Board of Iealth, at Lansing, for their pam-
phlets dealing with the subject of the control of this expensive
disease. The importance of sanitation is not generally appreciated
in the rural home and should be clearly and forcibly presented in
all rural schools.

Seepage springs. Around the margins of the sand dunes; wher-
ever superficial beds of sand and gravel thin out, exposing the
clay; or where these deposits are cut by surface streams to or near
the clay, the water “seeps” out and gives rise to one type of springs.
The flow may be slight and simply moisten the surface, or it may
be concentrated into a single flow of some volume. Most of the
springs of this type are seen along the banks of the Rouge and
Huron rivers where they have cut into the old beaches and deltas.
The conditions under which they exist are shown in the accom-
panying diagram.

Fig. 19. Spring fed from unconfined waters in porous sands (From
U. 8. Geological Survey Water-Supply Paper No. 255).
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.Iu Van Buren township, some of the strongest flows are being
utilized by the farmers, the water being pumped into tanks by
means of hydraulic rams. These waters show only small quanti-
ties of salt, gypsum and calcium carbonate, with a lit{le iron.
The largest spring noted from this class of deposits is located
upon the place G. L. Barlow, sec. 29, Livonia township. It has
yielded a strong flow for many years and at the time last visited
was still discharging through a 214-inch pipe with considerable
force (see Pl XXVIII, A). Field tests showed that the water
is hard, containing both calcium carbonate and sulphate but gives
no reaction for salt. 1f this spring were fully developed, :ﬁong
with others upon the neighboring Rouge bank, there might be
found sufficient water for sach a village as Wayne, from(which
it is 7 miles distant. The amount of fall to this village. some 14
to 15 feet, would carry the water but could not furnish sufficient
pressure. This village has been unsuecessful in securing a mu-
nicipal supply from deep wells and even, at one time, seriously con-
sidered extending the Detroit maing, but the expeﬁse prove;l pro-
hibitive. Recently {est wells have been located to {he west of the
village, have been found to vield a sufficient quantity and the vil-
lage was permitted to reject by ballot the question of bonding for
such a water supply. At the Wayne County House, TEloise, the
inmates are supplied with drinking water from a ]m"g;e sand dune
one-half mile distant, the water being collected in small reservoirs
and fiowing by gravity throngh 3-inch tiling. The wafer is abun-
dant for this purpose, pure and soff. although not making a free
lather with soap.

Flowing steadily from loose deposits, spring water i more liable
to be free from injurious impurities than that derived from wells.
Furthermore, springs are generally more favorably situated at dis-
tances from sources of pollution than are the wells. Where build-

cesspool

Fig. 20. Diagram showing manner in which springs may be polluted
by sub-surface drainage (From U. S. Geological Survey Water-Supply
Paper No. 255).

ings occupy the higher ground in their vieinity pollution may
occur, however, as indicated in the accompanying diagram. If the
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spring water is allowed to collect in a basin this should be care-
fully protected from stock, surface drainage and wind blown refuse.

WATERS FROM GLACIAL DEPOSITS.

Origin of deposits. The great Canadian ice sheets made at least
three advances across this section of the state, as noted in Chap-
ter I1, from northeast to southwest, reduced much hard rock to
flonr and spread it over the bedrock in a sheet varying in thick-
ness from a few feet to over 200. This deposit consists of tough. un-
stratified clay, generally of a blue color, with sub-angular to
rovnded rock fragments. and is technically known as till.  Stony
portions of it have bhecome much compacted and are popularly
known as “hard pan.” owing ta the difficnlty of penetrating it in
sinking wells. While this great ice mill was at work reducing the
rock to powder, streams of water beneall the ice, resulting from
surface melting and rains, were assorting the deposits into gvavel,
sand and clay. The pebbles, rounded somewhat by mutual grind-
ing, and {he sand were arranged in layers in places favorable for
deposition, and these were often subsequently covered by later till
deposits. The finest sediment held in suspension by the glacial
torrents was carrvied forward to the quiet bodies of water into
which these streams drained forming the fringes of deltas, or being
spread as a fine layer of clay over the lake bed.  As has been de-
sceribed, beds of a similar nature resulfed from the action of waves
upon the till. the sand and pebbles during times of sform being
tossed upon the beach, while the clay was carried lakeward into
deeper and more quiet water. Although nearly the entire county
was covered by these waters, the only extensive deposils of these
glacial lake clays are found to the west and north of Detroit.

Water supply. Owing to the fineness of its pore space, lake clay
and till usually contain much water but are so retentive that they
act as impervious strata, vielding up little or none, but are still
most valuable for confining the water hearing gravel and sand
lavers described. Owing to the distribulion of these latier strata,
the securing of a sufficient water supply is often difficult, mncertain
and expensive, cspecially seen in the northeastern part of Van
Buren, the northwestern part of Romulus and certain parts of
Dearborn townships. The following expressions of the farmers
indicate their varying success in obtaining water from these de-
posits; “dry as a powder-house,” “regular lake,” “oceans of water,”
ete. The rain water finds its way into these permeable lLeds of
sand and gravel, often quite remote from the place at which they
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are tapped by the well and often at considerably higher levels.
The result is that the water confined between two impervious beds
of clay enters the well under head, which may bring the level to
near the surface, or may even cause it to overflow. All such wells
are now spoken of as “artesian” in which the water rises by hy-
draulic pressure, whether they flow or not. As the water generally
comes from a greater distance and from a greater depth than that
of wells previously discussed, its temperature is more uniform and
the supply is more abundant and more constant. In general, also,
the water is more highly mineralized, owing to its better oppor-
tunities for taking the minerals it encounters in solution. Of all
those wells from whieh data were secured, 22 per cent were re-
ported by the owners as soft and 78 per cent as hard. Where the
water is drawn from just above the bedrock, it is sometimes highly
charged with minerals, such as salt, sulphur, iron, ete., which char-
acterize the waters from the rock itself, and the inference is that
the rock water has mingled with that from the glacial deposits.
Non-flowing wells. The non-flowing wells generally vary in depth
from 18 or 20 feet to 100 feet or more, 60 to 75 feet being a com-
mon depth. The shallower ones arve dug and lined with stone or
brick; the deeper ones arve driven, bored, or drilled. In some in-
stances no casing at all is used, the clay being firm enough to
maintain the necessary opening to the water-bearing stratum. Ow-
ing to the considerable depth, heavy suction pumps are generally
required and windmills are in common use. The deepest wells of
this type are located in the northeastern part of Van Buren, north-
ern Canton, northern Hamtramck, and southwestern Grosse Point
townships, the maximum found having a depth of 182 feet. Owing
to the nearness of bedrock to the surface in Monguagon and Brown-
stown townships, the wells of this class are necessarily shallow,
many of them stopping just short of the rock in a bed of gravel.
The height to which water will rise, with reference to the surface
of the ground, depends on the head and the elevation of the ground
at the mouth of the well, and each of these factors grows less
toward the southeast. Tn the belts immediately surrounding the
areas of flowing wells, to be next described, the water comes very
near or quite to the surface and drops back from it as we pass to
the east or the west. In the wells of this class from which data
were secured, 80 per cent were reported hard and 20 per cent soft.
When tightly cased to a level above ground, the wells are safe
from contamination. If the casing is too short at the top, or if
no casing at all is uvsed, they may receive surface drainage and
become a source of danger. The collecting areas of this water




Michigan Geological and Publication 12, Geology 9,
Biological Survey. Plate XXVII

A, FLOWING WELL FROM DRIIMT CLAY, CANTON TOWNSIID.

B. PRIMITIVE TYPE OF IFLOWING WELL, CANTON TOWNSHIP. FLOW GREATLY
REDUCED BY CLOGGING OR LEAKAGE.
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Michigan Geological and Publication 12, Geology 9.
Biological Survey. Piate XXXIX.

A. SWAN WELL, GROSSE ISLE, IN 1907.

B. SWAN WELL, GROSSE ISLE, AFTER SEVEN YEARS OF FLOW. CEMENT CURB-
ING DESTROYED BY FROST.



Michigan Geological and Publication 12, Gceology 9,
Biological Survey. Plate XXX.
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5 B. PORTION OF SIBLEY QUARRY, CRUSHER AND LIME KILNS.
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appear to lie in the high morainic regions to the west and north.
as shown from the general diminution of head toward the south
and east (see PI. NXV). In a strip of territory extending north-
eastward from southern Canton and northeastern Van Buren town-
ships, many of the deeper wells give much salt. which presumably
is received {rom the underlying bedrock. A few data are here
given concerning three of the most striking. It is likely that the
Barker wells peneirated the Antrim shale without the driller know-
ing he had entered bedrock.

The well of C. F. Bevernitz. NW. 1/ sec. 12, Nankin township, is
60 to 70 feet deep. the Antrim shale lying at a depth of 70 to 80
feet. The elevation of the mouth is approximately 635 feet. The
supply is good, but there is too much salt in the water to permit
its use: a tobacco pail full is said to have yielded, on evaporation,
a pint of salt. There has been some gas in the well. The water
Jacks only 4 feet of reaching the surface, its actual head being
about 631 feet.

Edward Barker. NE. 1/ sec. 27, Canton township, has two wells,
which were sunk to a depth of 108 feet in 1901. The Antrim shale
is supposed to be from 100 to 110 feet from the surface. The ap-
proximate elevation of the mouth of the well is 657 feet and the
head is —12 feet, giving the water level an elevation of 645 feet.
Salt water was secured from near the bottom, 6 to 7 quarts yield-
ing a teacup of salt. This water has been used for preserving
pork and for killing thistles. The well was plugged below to shut
off this supply and fresh water was used from a higher level in the
well.

W. A, Wallace, 8E. 14 sec. 32, Canton township, has a bored
well 70 feet deep. The Antrim shale lies at 80 to 90 feet. The
elevation of the well mouth is 695 feet and of the water surface
87 feet. The water is secured from just over hardpan and is
hard and salty, too much so to drink, but may be used for other
household purposes. Cattle will drink it and require no other
salt.

Some of these mineralized waters not so highly charged with
salt are being put on the market for their medicinal properties
and sold in Detroit by the gallon. One of these sources of supply
is on the Rouge flats at Plymouth. It is owned by Dr. M. V.
B. Saunders, of Detroit, and is advertised as the “Plymouth Rock
Mineral Well.” The depth is 74 feet, the first 25 feet of which were
dug and the remainder drilled. The elevation of the mouth of
the well is about 700 feet, and. as the rock surface here is believed

31
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to be from 630 to 640 feet, it is likely that the well penetrated
the Coldwater shales. The water was said to have been secured
from beneath an exceedingly hard 1%-inch stratum. It is reported
that 3,000 gallons are sold annually, and that it has been found
especially efficacions in cases of vheumatism. kidnev and bladder
troubles.  The following analysis, taken from the advertising cir-
cular. was made by Prof. John L. Clark, M. D.. of the Detroit
College of Medicine

TABLE LI. ANALYSIS OF PLYMOUTH ROCK MINERAL WATER.

(Parts per willion),

Potassinm (K ... ... ... ... . ... ... 11.58
Silica (810,) ... 57
Iron and alumina (Fe,0,: ALO,) ....... 29.76
Chlorine (CI) ........ ... ... ........... 149.43
Sodimm (Na) .......................... 124.01
Sulphate radical (80,) ................. 4.31
Jarbonate radical (CO,) ... . ... ..., 192.95
Calcium (Ca) ... ...................... 24.22
Magnesium (Mg) ...................... 14.36
Organiec and volatile .................... 2225

Carbonic-acid gas and carbonate of lithinm present. but not
estimated. A similar well near the above is owned by H. P. Peters
and has a depth of 80 feet, possibly also reaching hedrock. The
water is said to have originally flowed, and has been put on the
market as “Hydrocarbon Mineral Water.” Bubbles of gas, ap-
parently carbon dioxide, are continually rising to the surface.

IMowing awells. When the head or pressure with which these
waters enter the wells is sufficient. the water reaclies the well
mouth and overflows. Three disconnected belts of such flowing
wells cross Wayne County, being the continuation of similar belts
in Monroe and Washtenaw counties. One of these belts begins
in the northwestern part of Van Buren township (secs. 3, 4, 5 and
6}, extends northward across Canton, with a breadth of 2 to 3
miles, reaches into sec. 34 of Plymouth, and continues into the
western part of Livonia township. The belt is not continuous, and

. all of the wells that are still Howing lie to the east of the gravel
ridge formed by the waters of glacial Lake Whittlesey and known
as the Whittlesey beach. This is due to the fact that the water does
not have sufficient pressure to reach the level of this beach, which
is about 740 feet above sea level. The artesian head in Wayne

g he——
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County ranges from 680 feet above sea level to about 730, but
farther north in Farmington township, Oakland County, rises to
760 feet. A second belt of flowing wells, artesian head 580 to
600 feet, lies in the eastern part of the county, extending from the
vicinity of Flat Rock northeastward through Brownstown, Ecorse
and Taylor, into Springwells, where it is interrupted by the Detroit
moraine. In the northeastern part of Grosse Point township, the
belt again appears and continues along the lake shore into Macomb
County. Tt is this belt, especially that portion of it near the Huron,
that has suffered great loss of head and volume. Between these
fwo lies the third belt entering Huron township from Exeter and
Ash townships of Monroe County although most of the wells have
ceased to flow during the past decade. In looking mnorthward
for the continuation of this middle belt there is some doubt as
to its course. Probably the area immediately to the west and north
of Wayne continuing northeastward into Redford, across north-
western Dearborn, should be connected with those in the Willow-
Waltz district, although the head is some 20 feet higher about
Wayne and we should expect the belt to have a more northeasterly
course.

The average temperature of the wells of the county as measured
in May and June, is 52° F., or slightly less. but some show a rise of
1° to 3° in the fall, owing to the effect of the summer heat on
pipes through which they slowly discharge. Tt is probable that
if the bottom temperature were taken it would be found to be
more constant, especially in the case of the deeper wells and wells
with a weak flow. In these, the waters are either warmed or cooled
as they approach the surface, except at times of vear when the
surface temperature corresponds closely with the temperature of
the bottom of the well.

To the farmers, these wells are a great saving in time and ex-
pense of pumping (see Pl. XXVII, A and B) while the low sum-
mer temperature and constant flow are of great service in caring
for milk in the dairy. The tanks do not ordinarily freeze over in
winter and are thus available for the stock. The wells are about
equally divided between hard and soft water, some of wunusual
softness occurring at Dentons, where they take the place of cistern
water.

The two following partial analyses, furnished by M. O. Leighton,
of the United States Geological Survey, show the relative com-
position of drift and rock waters at Dearborn:
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TABLE LII. PARTIAL ANALYSES OF DRIFT AND ROCK WATERS AT DEAR-
BORNXN.

(LParts per million),

1. 2.
Color ... e 32 32
Tron (Fe) ... oot Trace 2
Chlorine (CIY .......... .. .. ... 19 15
Carbon dioxide (COQ,) .......... 87.94 97.61
Sulphur trioxide (SO, ........ 86 522

S, 0. Lewis, analyst. 1. A, Wagner; depth, 28 feet. 2. A, Wag-
ner (rock) ; depth, 115 feet.

These waters are said to produce only a very little scale in the
tea kettle, even after several years’ use. Simple tests show slight
traces of salt, iron, and lime carbonate, but no lime sulphates, or
but a trace. This condition of the water may be due in part to
continuous leaching, the result of which would be to change flow-
ing wells from hard to soft. The breaking in of new veins might,
however, suddenly change the water from soft to hard. The water
in the eastern belt is almost invariable charged with either iron
or sulphur, along with the other minerals commonly present, owing
to the nearness of bedrock. The pressure is generally low and
sufficient only to elevate the water a few feet above ground level,
but isx somewhat greater in the western district. In the Penny
well, see. 8, Canton township, there is a strong flow which will
rise 12 feet. thus having an elevation of about 727 feet above sea
level. Most other wells in the western part of this belt indicate
an artesian head of 710 to 720 feet, which, as a rule, drops to the
southeast more rapidly than does the surface slope of the land,
ranging from 6 to 12 feet to the mile within the belt. Most of the
flowing wells in the eastern belt are from the bedrock, and thus
belong to the class next to be described. The similarity in the char-
acter of the water would indicate that the western wells derive
their supply and head from the same source, and hence that the
eastern and western belts of flowing wells ave genetically distinet,
the western coming from the drift to the north and west and the
eastern from bedrock. Table LITT shows the chief characteristics
of this group of wells.

P———

T,

5

e

TABLE LIIL—FLOWINC WELLS IN DRIFT, WAYNE COUNTY.

GEOLOGY OF WAYNE

COUNTY.

g ‘g
g =
& =
= =
i =
% = S
2 S =
& B
: 3 :
< = = EL
= 2 = =
] z
= 2
= :'J—
E g
= e
? u§
= a
g o — Lo
=) R E S =S [=3=3=3
Bl PR R N ~DO
a 8
B =
=B
! - ~ 0 : o . : w =
i 2 O oI CIEAE N RN 6 AH . e Gied
2 8 : R :
3
N 2 = :
= ~ .
] :
S | T T T T : 5
fav] [ [ . .
3| 5 omeRg o3RIy Ll Tes e 7R
GE=l 3 ol N . 1
S E e L L e T4 .++
- ) N R s
5 . F : : g
ok = o
NS B <
R = =
=
s 00 . ) Lo
LB St 0 = e mpee e Qe it D oy e
EP r;‘lO\OIOlO E=d i uy MO MT DD WA ) AU D a0 ©y
E‘g o B .
(=4
B : SR I - I s
= = b= 2R = s g=d ==l g=la=2NN
E £E2< Bgggs BB g 1 igRs £5%s R
=4 BT R Tomnd BER @R BEAR date mE
. -
':S WSO SO f= oD e D faw Rl Ren e o R =] NN O O I= 00
%) =
[=] = 2 R e
..... FE e T T T A
A S R - S
SRR < R R R A - S
- I3 E - Ll s IV N
g ipiEE S BE o gE@c D i§c =2oCod
2 e RS -5 B~ t
g SEGES sggE Z2_ .05 238 £.5F mBs2
S e8EeE T2s2 38Eoh 4Eat . B¥c58 ToiE
zmgm ngzm Ma =2 Qg.gg ] €%8§
Lo T~ - . =1 = 3
BEEBC 80E «MSAM ASESE #7542 fEgd
HOMSHE Seuieam SO=SE<d J<4ERa OFdC QbR
. i TGS dddas £ da
k= < g8 £E585 8 : -]
=y = R O HELOEO & N E .
3 R 58 223358 Zdage EBEE - -
g ERE a@ AAAMA AEEY PERE
o .8
& =58 88 58588 8SxEk EESS
aSS P BrERE Bodan owRA
ey EE Ed HEuan HuzE @Eo
b ZEZ ZZ AZnmd AnnZ RARNR
o <H = <H S HWD D WO WO = 00O Hud
“uo130ag E ERE 2RSS
0 G0 G0 G0 0O 0 00 0O WO o 00 00 00 00 O 00 00 o0 00 00 OO — D
o sBuey jarporpun et
E=
=
g .
o2
3
[=
=

O e vt =t

245




246 GEOLOGY OF WAYNE COUNTY.

The village of Wayne recently purchased five acres of the Kissane
property, near the center of sec. 33, Canton township, and put in
a test well to the depth of 120 feet, without reaching rock. A
heavy vein of water was struck in a gravel stratum at a depth of
63 feet and a flowing well secured. The water is of medium hard-
ness and shows no especial mineral substance. The pumping test
conducted by Riggs and Sherman, engineers of Toledo, indicated
an available daily supply from this one well of 150,000 gallons.

The following partial analysis of an unusually soft water from
the parsonage well (depth 75 feet) near Denton, in the western
part of the county, has been furnished by M. O. Leighton of the
United States Geological Survey. The water tested is one of the
softest in the state,

TABLE LIV. PARTIAL ANALYSIS OF WELL WATER AT DENTON.

Parts

per million.
Color . 10
Iron (Fe) ............................. Trace
Chlorine (CI) ......... ... ... ooiui.. 8.75
Carbon dioxide (CO,) .................. 97.61
Sulphur trioxide (SO;) ................. 29 ()
Hardness ... . 56.1

The following partial analysis of the well water at the Commer-
cial Hotel at Wayne is furnished by M. O. Leighton, of the United
States Geological Survey.

TABLE LV. PARTIAL ANALYSIS OF WELL WATER AT COMMERCIAL HOTEL,

WAYNE.

Parts

per million.

Color ... ... o 19
Iron (Fe) ............... e Trace
Chlorine (Cl) .......................... 15
Carbon dioxide (CO,) ................... 99.81
Sulphur trioxide (SO,) .................. 88

8. J. Lewis, analyst. Depth of well, 14 feet.

Boiling springs. The western half of Plymouth and nearly the
whole of Northville townships are covered with ridges and knolls
of till, interpersed with similar masses of stratified gravel and
sand, giving a very rough aspect to the country. The features are
those of a moraine formed at the ice margin during a temporary
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halt in its general eastward retreat. The glacial lake waters sub-
sequently covered the lower knolls lying to the east, but elsewhere
the original roughness left by the ice has been very largely retained.
Securing water from these clay knolls and ridges by means of
wells is as difficult and uncertain as on the clay plains to the
east and at times becomes impossible. The deposits of sand and
gravel, however. serve as reservoirs for water. and. owing to their
extent and height to the north and west, frequently yield large
quantities under pressure. Along the hill slopes and in the val-
levs heavy natural flows occur, giving rise fo what are known as
“bold@” or “boiling™ springs. Theyv differ from the seepage springs
in that they have “head.” and a generally stronger flow, are sub-
ject to less variation, show a steadier temperature, and yield a
harder water. In numerous cases, the waters are piped to dwellings
and barns and yield an ideal supply, as on the Starkweather place
in the southwest part of Northville township, where a spring lo-
cated in the NW. 1/ sec. 8, is piped to the house, having a fall of
16 feet, delivering a l-inch stream and keeping 5 troughs supplied
with most excellent water for stock. This water contains consider-
able calcium carbonate, a very little salt, and gives no reaction for
calcium sulphate.

Two similar springs are utilized by the United States fish hateh-
ery at Northville (P1. XXVIIl, B). After cleaning in 1896, the
flow from the large spring was somewhat more than 500 gallons
a minute, but has been gradually declining since. In the fall of
1904, a second cleaning failed to increase the flow much. Accord-
ing to the earlier reports, the temperature was 47° F., but is now
48°, with only slight variation from season to season. This is the
coldest water observed in any part of the county. It is rendered
hard by considerable calcium carbonate, but gives no reaction for
salt or gypsum. Immediately beneath the hatchery building is a
second spring which has yielded 136 gallons a minute and has a
temperature of 48°. There are two flowing wells having a depth of
106 feet, which yield 114 and 2 gallons a minute, with a tempera-
ture of 50°, but the water contains sulphur and iron and is de-
structive to both eggs and fish.

The villages of Northville and Plymouth are favorably situated
for utilizing similar flows from springs sufficiently elevated to give
the necessary pressure without pumping. The water is cold and
pure; is rendered hard by calcium earbonate; gives no reaction for
gypsum, ahd only a slight one for salt. The supply is sufficient
except during times of prolonged drought. The water is not
metered and no estimates are kept of the amount used. Neither
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of the villages is supplied with sewers, the drainage being good
in both cases. The plants are owned and operated by the villages
themselves. Northville, with a population of 1665 draws its supply
from two springs in Oakland County, about 4 miles distant. The
springs are about 1,000 feet apart and empty into a small receiv-
ing basin, from which the water flows by gravity, with slight fall,
to a reservoir overlooking the village and 100 feet above it. The
village of Plymouth, with a population of 1671 has a system simi-
Iar to that of Northville, its springs being in the NE. 14 sec. 8,
Northville township, in the bottom of an old drainage channel from
the ice sheet. The village has here purchased an acre of land on
which an excavation 50 by 60 by 6 feet has been made, lined with
cobble, and surrounded by a high wire fence. From this the water
flows by gravity to a reservoir, which is located 2 miles from the
village and 103 feet above it. Both of these villages made the
mistake of first putting in vitrified crock instead of iron piping and
this had to be replaced with the latter at great expense.

WATERS FROM THE BEDROCK.

Geological formations. Beneath the mantle of clay, sand, and
gravel, resulting from the joint action of wind, water and ice,
there lies a series of stratified rocks. consisting of sandstone, shale,
limestone and dolomite (see I XXV). These have been described
in detail in Chapter VI of this report and only a brief summary
need be given here. Formed in the sea, in approximately hori-
zontal layers, they were early upheaved and tilted, so that their
edges have a general northeast trend in Wayne County, and the
beds themselves dip to the northwest at the rate of some 25 feet
to the mile. They still retain some of the minerals belonging to
the concentrated brines of the primitive seas, and others deposifed
at the time the rocks were forming, or subsequently. These beds
supply a limited part of the county with a more or less highly
mineralized water, much of which flows, but some of which must
be pumped. The youngest and highest of this series of beds in
Wayne County cufs across the northwest corner. It consists of
shales, with some sandstone, and is known in the state as the Cold-
water shale (Waverly and Cuyahoga). Beneath this lies the dark
Antrim shale (Genesee), generally vielding gas and faint traces of
0il. Next in order come the bluish beds of shale and limestone,
making up the Traverse group (Hamilton), and frequently referred
to as “soapstone;” beneath which liex a solid, light-gray limestone

o R e
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known in the state as the Dundee (Onondaga). Below this lime-
stone is a drab dolomite, the Monroe group (“Lower Helderberg”).
which drillers do not ordinarily separate from the preceding. Iim-
bedded in it and of the same geologic age is the so-called Sylvania
sandstone, a pure glass sand, cutting across the extreme southeast-
ern part of the county; this is the oldest of the formations reached
directly beneath the clay in the county. Still older and lower, how-
ever, and coming near the surface in Monroe County and bordering
parts of Ohio, lie, in order, the Monroe beds below the Sylvania
sandstone, the Salina, Niagara, Medina, Hudson, Utica and Tren-
ton, the last being the oldest hed reached by borings in the county.

Flowing wells. The wells of this class comprise most of those in
the eastern belt described above. They are heavily mineralized, as
a rule, and frequently rendered rank by sulphur and iron. The
average temperature is 51.4°, as compared with 52° for the flowing
drift wells, but rises slowly as the water comes from greater depth.
Theoretically the temperature should be still more constant than
in the drift wells, but it must be affected in the same way and to
the same extent as it rises to the surface. With reference to the
level of the ground the head is generally slight, ranging from a
mere rise to the surface to 15 and 25 feet above in exceptional cases.
At Dentons, in a well along the railroad track, the water is re-
ported to have reached the second story of a building, indicating its
rise to about 715 feet above sea level. The Swan well on Grosse
Isle is the easternmost of the flowing wells in the county and has
a head of 597 feet. Measured between these two extreme wells,
the average reduction in head toward the southeast is 5.6 feet to
the mile. Between the Flat Rock wells and those on the lake shore,
the average reduction per mile is 3.5 feet. Although the rock strata
are dipping to the northwest, these facts indicate that the source
of supply is to the west, as pointed out by Fuller in his report on
the failure of wells along lower Huron River (p. 37). In his in-
vestigation of the wells of this region, he found the average reduc-
tion in head of the wells about the Swan Creek-Rockwood distriet
to be about 3 feet per mile to the eastward.

Table LVTI gives the principal data concerning the flowing wells
from bedrock. The most wonderful of the entire set is the Swan
well described by Fuller (pp. 43-44), which flows 3,000 gallons a
minute, or 4,320,000 gallons a day—enough to supply several times
over the entire river front from Trenton to Detroit.

The following analysis shows the composition of this water.
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TABLE LVI. ANALYSIS OF WATER FROM JAMES SWAN'S WELL ON GROSSE

ISLE.
(Parts per million).
F. K. Ovitz, Ann Arbor, analyst, Jan., 1905.
188.00

Silica (810y) ..o e
Iron and alumina (Fe,0,, ALO;) ..... 14.00
Caleium (Ca) ..o 5,082.96
Strontivm (Sr) ... 317.00
Magnesium (Mg) ...........- e 730.57
Sodium (Na) oo 216.78
Potassinm (K) ..o i 79.68
Sulphate radical (80 ..o 14.245.21
Carbonate radical (CO,) ... 871.35

21,745.55

Tt was the original intention of the owner to market the water
under the trade name “Kathairo” but this was done for but a short
time. When the water is fresh, there is a pronounced flavor of
sulphur which does not appear in the above analysis. In 1905 a
strong flow of sulphur water (temperature 52.3°F.) was struck at
Dearborn, upon the River Rouge flats (NE. 14, NE. 14 sec. 21),
at a depth of 108 feet and penetrated 182 feet, the water rising to
a height of some 30 feet above the mouth of the well in the casing,
and indicating a head of 635 to 640 feet above sea level. The well
is capped but the casing is leaking and indicates no loss in pres-
sure, suggesting that the flow is truly hydrostatic and not due to
gas pressure as originally supposed.

-
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The deep wells about the mouth of the Rouge will flow if per-
mitted to do so, giving a type of water strongly mineralized and
rank in sulphur. Two samples of such water from the Oakwood
salt shaft have been analyzed in the laboratory of the Bureau of
Mines, Department of the Interior., Washington. The first is of
the cold water as it comes from the rock. before it has had an op-
portunity to become heated by mingling with the steam. The second
analysis is of the hot water as it flows from the pipe at the mouth
of the shaft. The depth of the first sample is not given, probably
between 480 and 533 feet, the latter depth being the greatest at
which water now enters.

TABLE LVIII. ANALYSIS OF WATER FROM OAKWOOD SALT SHAERT.
Analyst A. C. I'ieldner, Bureaw of Mincs.

(Parts per million).

Cold. Hot.
Total solids at 105°C. ......... 4785 9520
Loss on ignition .............. 389 933
Silica (SiO,) ..o, 16 14
Alumina (Al) ................ 5 9
Iron (Fe) ............ ... 3 9
Calcium (Ca) ................ 727 927
Magnesium (Mg) ............. 217 310
Sodium (Na, as alkali) ........ 502 1848
Sulphate radical (SO,) ........ 1990 1937
Chlorine (Cl) ................ 1117 3880
Hydrogen sulphide (H.S) ..... 249 43

The head of the combined flows here was found to equal 20 feet
above the surface, or about 595 feet above sea level. By the time
420 feet of depth was secured, the total flow into the shaft was
estimated by the engineer, Mr. Eugene Bradt, as 2,000,000 gallons
a minute, or about 147 of that of Detroit River. A more detailed
description of the various veins encountered in this remarkable un-
dertaking will be found in the chapter following. Compared with
the water of the Swan well, the salt shaft water is seen to be less
heavily mineralized. This may be due to the partial leaching of
the neighboring strata in consequence of the excessive flow from
them during the past five years. The first heavy flow in the Swan
well was encountered at 420 feet and a still heavier one at 450,
corresponding very closely to that of the salt shaft. The head of
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the water in the two cases is so nearly the same (3595 and 597) that
a close connection between the veins may be inferred. In passing
northwestward towards Dearborn. the head rises to 635 or 640 feet,
a gain of 40 to 45 feet, or somewhat less than & feet to the mile.
the water being encountered some 160 feet higher'in the rock series.
Whether we assume that these {wo flows are connected. or not, we
must look to the northwestward for their source. the most probable
collecting area being the high morainic strip of country passing
NE.-8W. across Washtenaw and Oakland counties. The rock sur-
face here rises from 700 to 800 feet. above sea level, and reaches 900
feet in western Washtenaw and ILivingston counties.® The water
may be assamed to find its way through the drift cover to bedrock.
entering through joints and fissures, and working its wav to lower
levels across the strata, dissolving minerals en route, is ready to
escape under great hydraulic pressure whenever an artificial opeu-
ing is afforded. Not being confined to a single, pervious rock
stratum, as ig generally the case, makes the obtaining of such ar-
tesian flows at any given point a decidedly uncertain maiter.

At the plant of the Murphy Power and Ice Co. corner Wayne
and Congress streets, Detroit, four wells have recently bheen put in
to a depth of 275 to 300 feet. Rock was struck at about 100 to
110 feet (about 490 feet above. sea level), from which a flow of
sulphur water was obtained. A much heavier vein was reached at
a depth in the limerock (dolomite) of 170 to 200 feet, rising to
within about 15 feet of the surface. where the elevation is about
595 feet above sea level, thus showing 580 feet as its head. Tests
relative to the amount of flow from the wells indicated a possible
1000 to 1200 gallons per minute. The temperature of the water
is 52°F., especially adapting it to use in the condensers.

Springs. In the Brownstown region of flowing wells, there are
numerous natural flows charged with iron, sulphur. caleinm sul-
phate, calcium carbonate, and sometimes considerable salt. These
are most numerous along Huron River, from Flat Rock to Lake
Iirie and northward to Gibraltar. The water is generally too rank
for nse and is believed to come from bedrock, having made for
itself a natural channel through the clay. Such springs are found
in Brownstown as follows:

T. 4 8., R. 10 I.; NE. 1} rec. 280 8W. 1/ sec. 30, SE. 1, sec.
31, NE. 1/ sec. 36.

T.5 8., R. 10 E.; 8SW. 1/ gee. 5. NE. 14 sec. 9, 8E. 1/ sec. 13,
NW. 1/ sec. 1, eastern and southern portions of sec. 24,

8. Geological Survey of Michigan, Report for 1907, plate VI. Also Water-Supply Paper
183, plate 11, U. S. Geological Survey.
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TABLE LX. ANALYSIS OF WATER FROM SALT WELL, WAYNE COUNTY IN-
FIRMARY, ELOISE.11

Parts per million.

Caleivm (Ca) ...................... 9,714.65
Carbonate radical (CO,) ............ 3,970.25
Magnesium (Mg) ................... 15017
Sulphate radical (80,) ............. 12.354.88
Chlorine (C1) ...................... 40,214.11
Sodium (Na) ...................... 25.354.54

Total solids. .................... 91,758.60
Hydrogen sulphide .................. 405.00

These highly charged mineral waters are used for bathing pur-
poses at two places in Detroit—the Clark Riverside Bath House
and the Detroit Mineral Bath Co. Along Detroit River from
Delray to Trenton, artificial brines are made by forcing water to
the salt beds of the Salina series, where they dissolve the solid rock
salt and flow to the surface. The salt is then secured by evapora-
tion or used in the manufacture of soda, soda ash, and bleaching
powder. The most promising horizon for securing a supply of
fresh water is the Sylvania sandstone, a porous bed of pure sand-
rock holding an abundance of water. Although fresh, it is liable
to contain sulphur and iron, carried up from the dolomites of the
underlying Monroe group. In the northern part of Monroe County
and the southern part of Brownstown township, this bed lies im-
mediately beneath the clay and furnishes an abundance of good
water. In the 7 miles to Trenton it drops to 280 feet below the sur-
face, or at the rate of about 40 feet to the mile. Toward Wyan-
dotte the bed thickens, with practically no dip, and in the Eureka
well it was reached at 230 feet, while in a well of the Michigan
Rock Salt Company, at Tcorse, it was reached at 220 feet. Bevond
Ecorse, it dvops rather rapidly again, having an average thickness
of 99 feet in ten wells of the Solvay Company at Delray.

WATER DECLINE IN LOWER HURON REGION.

Facts rclative to decline. During the past twenty vears, or more,
a marked decline in the volume and head of the well water of the
lower Huron region has been in progress, causing great annoyance
and much expense to the farmers of the localities involved. This
is in striking contrast with the belt of flowing wells in the western

11. Expressed by analyst in hypothetical combinations; recomputed to ionic form at United
States Geological Survey.
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part of Wayne County where the only reduction observed may be
reasonably ascribed to accumulation of sand and defective caxing;
difficulties that are rather easily remedied. In the lower Huron
region, however. from the vicinity of New Boston to Lake Ilrie, the
wells appear to have been flowing too near the level of their head
and. over a strip 5 to 6 miles broad, upon either side of the river,
have virtually ceased to flow. The loss of head during the past
ten vears averages from 5 to 10 feet and, in regions where flowing
wells could be counted by hundreds, scarcely a one remains (see
Tl XXV). To the south of the Huron in Monroe County a care
ful survey of the flowing well districte, made during the summer
of 1911, revealed the fact that not a single well now reaches the
general surface and but five still remain flowing upon flats from
3 to 5 feet below the general level. North of the river, very ex-
ceptionally a geuuine flowing well may still be found, but giving
only a greatly reduced flow under low head. The wooden casing
projecting above ground with its succession of holes tells the pa-
thetic story. Although the decline has been continuous over a long
period it does not appear to have been gradual. A very marked
reduction occurred in 1904 and led to an investigation of the
probable causes hy Myron L. Fuller, of the U. 8. States Geological
Survey.!?

Fuller's investigation. The data gathered for this report were
obtained in the main from Monroe County, adjacent to the Huron,
the region north of the river, between Rockwood and Detroit
River. then showing comparatively liftle shortage. Since then,
however, every well in thig section upon the general level has ceased
to flow, some of them as late as August, 1911. Evidently the
causes are still operative ‘and before discussing what these appear
to 1he writer to be, it will be of interest to the reader to learn the
conclusions of Ttuller as presented in his report.

“The general decline which has been going on for many years is
probably due to a gradual and far-reaching change of conditions,
such as deforesting of the land, improvement in surface drainage,
ete.. but the rapid decline of the last two seasons is doubtless due
to local caunses acting with special force in the region in question.”

Grosse Tsle well—“That the Grosse Isle well (see Pl XXIX, A
and B) is the cause of the special decline in 1903 and 1904 may
at first thought seem well sustained by the bhehovior of certain
wells, as J. . Brown’s of the Swan Creek and Charles Bancroft’s

12. See Water Supplies of the Lower Huron River Region. Flowing Wells and Municipal
Water Supplies in the Southern Portion of the Southern Peninsula of Michigan, 1906, p. 33.
Water-supply and Itrigation Paper No. 182, U. 8. Geological Survey, Washington, D. C. Also
Geological Survey of Michigan, Annual Report for 1904, p. 7.
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of the Rockwood district, which went dry when the big flow of
the Grosse Isle well first began in 1903, but returned soon after
the insertion of the casing, only to cease again after its withdrawal
in May, 1904, This interpretation, however, seems opposed by the
fact that numerous other wells much nearer Grosse Isle maintained
nearly their usual flow, those nearest, even those on Grosse Isle
itself. showing no decrease whatever. The condifions of under-
eround drainage would need to be very exceptional, which would
leave a mnearby district unharmed while seriously affecting more
remote districts, and belief in them would need be supported by
indisputable evidence in the altered slope of the water table. In
order to obtain light on this point the height to which water will
rise was platted for each well in the Swan Creek-Rockwood region.
It was found that this height showed an increase westward which
averaged about 3 feet to the mile, indicating a source from that
direction. The increase of head to the west or decrease to the
east was found fo be quite regular, with no local lowering or re-
versed slope that could be referred to a strong intake at a par-
ticular place. It was also found that the water level of the Grosse
Isle gusher is higher than that of the shallow wells around it, and
even higher than that of the wells of the Rockwood and eastern
portion of the Swan Creek area, being 25 feet above the lake, or
597 feet above the sea, while the normal level in many of the wells
which have been thought to feed it is several feet lower, in some
of them being less than 590 feet. It would appear, therefore, that
if any connection exists between the Grosse Isle well and the shal-
low wells in the Rockwood and Swan Creek areas the water would
be forced up in the shallow wells rather than drawn away from
them. The failure of such wells as the Brown and the Baneroft
flows in 1903 was probably a mere coincidence. The precise point
where the main water-bearing bed of the Grosse Isle well out-
crops and takes in its main supply can not be stated. On the
basis of the dip of the rock formations from southeast to north-
west, at the rate of about 20 feet a mile, it would seem probable
that the bed struck at 450 feet in this well will come to the surface
somewhere west of Leamington in Canada. The supply seems.
therefore, more likely to come from the Canadian than the Michi-
gan side of Detfroit River.

Newport quarry.—The underdrainage caused by the quarry at
Newport was, next to the Grosse Isle well, most commonly advanced
as a cause of the shortage along Swan Creek. A visit was aceord-
ingly paid to the locality and the conditions were investigated. Tt
was found that a few of the wells near at hand have been affected,
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but the decrease in water supply is not universal even within a few
hundred feet of the quarry. A quarter of a mile back no effect has
been noted. From this it appears that the quarry can not be con-
sidered a factor in the shortage along Swan Creek or in the Rock-
wood region.

Low stage of sireams.—The level of streams generally determines
that of the ground water in their vicinity, the latter subsiding as
the streams fall. During 1904 both Huron River and Swan Creek
were unusually low, and thus drew unusual gquantities from the
surrounding water ftable, which was thereby naturally lowered.
Huron River, being a longer stream, and one having its source in
a region of greater rainfall. was not so low as Swan Creek, the
entire course of which is within an area of low rainfall. More-
over, the latter, flowing over clay nearly destitute of water, re-
ceives in considerable portions of its course only slight additions
by percolation. It is probably for these reasons that the shortage
is most marked along its course rather than in any other part of
the region.

Early winter of 1903.—This appears to have been an important
factor in bringing on the present acute shortage. According to the
official records, the permanent freezing of the ground took place
on November 17, which was before heavy snows and heavy winter
rains had fallen. There was, therefore, little chance for the rain-
fall to soak into the ground during the winter and early spring
months. This was made manifest by the low water in manyv of
the wells during the winter, the result being that swhen spring
opened the ground water was at an unusually low stage.

CONCLUSIONS,

The low rainfall, which in the spring of 1904 varied from one-
eighth to somewhat more than one-half of the usual amount at the
stations in the tables, was, on the whole, even less in the lower
Huron River region itself. The deficiency of rainfall, following
as it did an autumn and winter during which little water was
absorbed owing to the frozen condition of the ground, together
with the preceding dry season of 1903, seems ample to explain
much if not all of the observed shortage.

Although considerable rain fell in July. and even more than the
normal in August, it came largely as short heavy showers, and the
water, instead of soaking into the ground, as in more gentle rains,
formed streams and ran off rapidly. The part that soaked into
the ground was entirely insufficient to compensate for the many
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dry months which had preceded, especially as the relatively wet
months of August and September were followed by several months
when almost no rain fell. In this connection it may be remarked
that, while the shortage was felt in the region under discussion
sooner than elsewhere, the drought became severe enough later in
the summer to be felt through all the states bordering the Ohio
and eastward to New Ingland, causing much shortage in wells.

If, as seems probable, the failure of the well is due largely to
the severe drought of 19034, the return to the normal rainfall
should result in an increase in the water supply, although, because
of the excessive dryness of the ground, the increase in the available
water may not be immediately noted. The full supply may not
return until a wet year, or perhaps a succession of wet years,
OCCUrs.

In some cases the return of the water may not bring restoration
to the wells, for water passages in clayey material when dried out
may, to a certain extent, crumble and become more or less clogged,
so that their capacity for carrying water is lessened or destroyed
even when the ground again becomes soaked. The return in any
case will probably not be complete, as the thorough ditching which
the region has undergone will result in a permanent lessening of
the water supply of the region.

The wells in the lower Huron River region obtain their supplies
largely in the upper few feet of the rock. The water, judging from
its head, is derived from glacial deposits overlyving the rock in the
region northwest of the area under discussion. It probably trav-
erses the upper more open and jointed portion of the rock, because
there is less resistance to its flow through the crevices and open-
ings in the rock than through the compact clavey deposits which
so generally overlie the rock formations of the region. The rock
tformations appear, therefore, to take in the water from the over-
lving glacial deposits, and, as shown above, a deepening of the wells
into the rock has generally met with at least partial success. The
great majority of wells now are exceptionally shallow compared
with those of large aveas in Michigan, where depths of 100 to
150 feet or more are common. Ti seems probable that wells of
such depths in the region under discussion would yield permanent
and abundant supplies.”

Present conditions. The exceptional climatic conditions of 1903-
4 held responsible for the decline of the water in the above region
have passed away but without furnishing any relief in the situa-
tion. So far as we may judge from the Detroit records, the amount
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of precipitation in this section of the state has about held its own
during the last decade. Deforestation, better drainage. cultiva-
tion of the soil over the collecting aveas for this underground
water, along with cyeles of climatie change, may be expected to
have operated equally upon the western belt of flowing wells and
upon the northeastern extension of this same eastern belt. Not
having done so. leads one to infer that some exceptional causes are
operative in the lower ITuron area. There is little doubt that the
large number of flowing wells and springs opened in the distriet,
with no attempt whatever to reduce their flow. would sooner or
later, bring about a marked reduction in head. The effect should
show itself first in the higher, western tract and gradually work its
way toward the lake, near which we should expeet to find some
wells still flowing. That these have also ceased indicates. either
that the collecting area has failed 1o receive the amount of water
adequate to maintain the regular flow, or that the water is being
drawn off at a lower level. In view of the facts stated above the
former of these hypotheses may be eliminated from the diseussion
and we may consider any facts relative to the latter in our search
for the probable cause of the water failure in this region. Our
attention is thus directed to the quarries of the region, the Living-
stone cut, the Grosse Isle lowing well and the Oakwood salt shaft,
all of which are instrumental in abstracting the water from the
deeper strata and delivering it at the surface.

Mr. TFuller has given good theoretic reasons for believing that
the Grosse Isle well of James Swan could not be held responsible
for the sharp decline which called forth his investigation. The
farmers of the district were thoroughly convinced. however. from
the behavior of their wells, that it was the immediate cause and
made up a purse in 1904, which was used in bringing about a con-
ference between Judge Swan and the supervisors of the townships
interested. As a result of this conference, the farmers were asked
to raise a fund of $300 for the purpose of reducing the flow of
the well to a 4-inch stream, when, if it should appear that the well
was really responsible for the loss of head upon the mainland, a
gross sum or annuity, to be decided upon later, should be paid Mr.
Swan. The proposition was not accepted by the farmers and the
well is still discharging into Detroit River some 4,320,000 gallons
daily. with no aftempt at utilization. As to the possible connec-
tion between this well and the sudden decline in the wells at Flat
Rock, Mr. Curtis L. Mettler, flour and lumber merchant, writes:
“In the summer of 1903, Mr. Swan was boring a well on his farm,
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supposedly for oil: and at about 400 feet below the surface, struck
a vein of water. So strong was the flow, that he was obliged to
case it in order to proceed drilling. During the time between the
striking of the vein and getting the casing in place, many of the
small flowing wells stopped running. When the casing was placed
in the well. it eut off the flow of water. and all. or nearly all of
the wells commenced flowing again. He continued drilling until
the well was about 2200 feet deep. and gave it up. (in the summer
of 1904) and drew the casing out. which allowed the water to
run again.  The wells on all the farms again ceased flowing, and
are still dry™  (Dated Nov. 13, 1911).  The heavy flows of water
referred to were struek at depths of 420 feet and 450 feet, consisting
of fresh water, the sulphur being intvoduced from smaller flows at
a greater depth. The casing was in position from August, 1903, to
May, 1904, It wight be urged that the response of the wells upon
the mainland was too prompt. but with subterranean passages in
the dolomitic strata perhaps this can not be urged against the
explanation given.

From the Livingstone cut in the strata of the Detroit River bed,
opposite Stony Island (see Pls. V, A and XXIV), there has been
a very heavy pumpage, estimated by Supt. G. P. Locker at 12
(00,000 gallons daily. Since the first steam shovel was started
Oct. 27. 1908, the flow from strata has gradually inereased and
although some of this comes directly from the river, the presence
of much sulphur and iron indicates that the bulk of it is directly
from the rock, to a depth of 24 feet below the river level, or an
actual elevation of 550 feet above sea level. Mr. George H. Cohoon,
a well driller of Trenton, of many vears’ experience, is convinced
that we have here the cause of the recent failure of wells in north-
ern Brownstown and Monguagon townships. Before this report
finds its way into print, the water will have been allowed to fill
this cut and former conditions fo some extent restored by water
pressure. Mr. Fuller considered the possibility of the quarry at
Newport being responsible for the shortage in that vicinity, but
finding that the drainage into this amounted to but about 43,200
gallons daily and that some wells near at hand seemed to be un-
affected, decided that this might be neglected. YWhen, however, all
of the quarries of the Detroit River region and the Oakwood salt
shaft are considered together there seems much more probability
that we may have here one of the efficient factors. An effort was
made to collect as definite data as possible from those in charge of
these industries relative to the average daily pumpage. In com-
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bination with the loss of water from other sources. we have the
following table which shows that the rock strata during the past
three years have been losing daily between 17 and 18 millions of
gallons. equal to the eutire flow of Detroit River for 11 seconds.
Or to look at the matter differently. this quantity of water repre-
sents the probable absorption over 17 to 1N square miles of the ¢ol-
lecting area. With these data before us there is little cause of
surprise that the wells of the adjacent region should have lost a
few feet of head.

TABLE LXI. ESTIMATED AVERAGE DAILY PUMPAGE.

Livingstone Channel cut ................... 12.000.0060 gallons,
Grosse Isle well ..o .o 0 o .. 4.320.600 gallons,
Oakwood salt shaft ... ... ............. ... 568,800 gallons.
Ribley quarry ... . o 350,000 gallons.
Anderdon quarty ... o oo 150.000 gallons.
Gibraltar quarry (now filling} ........... .. 144.000 gallons.
Rockwood sand pit (no estimate available).
Newport quarry (now filled) .......... ... .. 43,2060 gallons.
Total ... .. . 17.576.000 gallons.

Remedies.  As to remedies there is something to be said although
there may be little of practical value to be done. The Livingstone
cut is now filled, the Patrick quarry upon Grosse Isle, the Gib-
raltar and Newport quarries have been abandoned and now stand
full of water. the pressure of which will prevent loss from the
strata. The shaft of the Oakwood salt shaft will Le eventually com-
pletely jacketed with cement which will take care of the loss there.
So long as there is no attempt made to utilize the flow from the
Grosse Isle well, this should be securely confined. In this wayv, the
Toss will be reduced to 600,000 gallons daily, a rery small per-
centage of what it has been during the past three years. In closing
his report, as published in the Michigan Geological Report for
1904, Fuller calls attention to the desirability of legislation looking
towards the control and conservation of this very important re-
source, the necessity for such legislation becoming more and more
urgent each vear (page 29).

“Ground water is properly a commodity belonging to the public
at large, and is an asset of recognized value. The amount is not
unlimited at any point. and any decrease in its volume means a
reduction of assets and a permanent loss to the community. Tt is
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difficult to prove damages to surrounding wells caused by free flows.
but when it is remembered that the underground supply is limited
in amount, and that the avajlable supply is being constantly de-
creased by such flow. it is readily seen that the loss is none the
less real. A freely lowing well is in itself a proof of such loss, and
should be forbidden. except where reasonable use is made of it.

(1) An enactment should be passed making it unlawful to per-
mit water to escape where no use is made of it regardless of the
size of pipe or volume of flow, and a penalty shonld be fixed for
its infraction.

(2)  An enactment should be passed making it obligatory in
case of abandoning a well over two inches in diameter to securely
plug it above and below each water horvizon, or to fill the hole
with cement or other impervious material, with a penalty fixed for
its infraction as before.

(3)  An enactment should be passed requiving that wells, when
not in use, shall be closed down until not more than an inch
stream' is flowing. a penalty to be attached for its infraction as
before.

(4) Provision should be made for restraint of flows by injunc-
tion on application of parties presenting evidence of waste.

{5) The power of entering private property for the purpose of
determining questions relating to waste should be given to proper
officials.”

13. The writer would make this a quarter-inch stream instead, or perhaps prescribe a certain
measured flow per minute.
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CHAPTER VIIIL
ECONOMIC RIESOURCIEN:

MATERIALS USED 1IN CONSTRUCTION.

COlays. Although the bedrock of the county is covered with a
heavy burden of glacial clay, the occurrence of pebbles more or
less abundantly throughout the formation renders it unfit for the
usual forms of manufacture. In certain sections, the percentage
is relatively low and, by running the raw clay through a crusher,
they may be reduced to powder, the rock fragments too coarse for
the crusher being removed by hand. Another method for utilizing
such clay is to place it in tanks where it may be disintegrated by
water and the water, carrying the clay in suspension, allowed to
flow into settling vats from which it may be recovered. The in-
convenience and expense necessitated by either of these methods
prevent their use until the purer grades of sedimentary c¢lays have
been exhausted in this region. As pointed out in Chapter ITT, these
clays have already been subjected to this washing process in
Nature's great Jaundry, resulting in the removal of the sand. gravel
and boulders and the deposition of the clay along the river courses
and over the beds of the extinet lakes. The most important of
these deposits have been described in Chapter TIT of this report
and their characteristics presented.

When subjected to the burning process, as in the manufactuve
of brick and tile, the clay loses ifs original color and assumes a
pink, or pale red. The deeper red, commonly desired, is obtained
in the ease of the brick by dusting over them, before burning, pul-
verized iron oxide and in the case of the roofing tile a clay wash
rich in iron. The paleness of the burned clay is not due to an in-
sufficiency of iron in the clay itself but to its neutralization by
the alkalies present, and is a positive advantage in the case of the
roofing tile since this color serves as a better background for the
ordinary glazes than a deep red would do. The shrinkage of the
clay is ordinarily low and may be still further reduced by adding
sand in small quantity, too much giving a porous product. Data

1. ‘When the original data relative to the economic resources of Wayne County were col-
lected in 1902-3, detailed statistics were obtained concerning the various industries. Since
these are now out of date and the State Geological Survey has recently been assigned the duty
of gathering such statistical data, the reader is referred to the Survey for such information.
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relative to the air and fire shrinkage have been obtained by W. G.
Worcester, formerly superintendent of the Detroit Roofing Tile

Company. as follows:

TABLE LXII. SHRINKAGE UPOXN SIMPLE DRYING OF SPRINGWELLS CLAY.

Percentage Percentage
of water loss. of shrinkage.
2.0 1.0%

4.0 1.5
12.3 5.0
17.0 5.0

This table indicates that although the loss of water beyond 12.3%
continues, the shrinkage ceases at 5%. The fire shrinkage is indi-
ated in the following table:

TABLE LXIII. SHRINKAGE UPON FIRING OF SPRINGWELLS CLAY.

Cone ......... 016 .08 .06 .04 .02 1 2 3 4 5
% Shrinkage .. O 0 0 .50 .50 250 3.75 5.50 6.00 Melting.

o)

These experiments were conducted in a small kiln, “under com-

mercial conditions,” and indicate a fusing point of approximately
2246° . (1230°C.) for the clay. With long continued firing, as
in the actual kiln, Mr. Worcester thinks that the clay would fuse
at about cone 3, or 2174°F. (1190°C.). The following table shows
the composition of ordinary brick clays, giving the rapge met with
and the average percentage of each ingredient.

TABLE LXIV. CHEMICAL COMPOSITION OF COMMON BRICK CLAYS. (RIES)

Constituent. Range. Average.
Rilica (Si0,) .. ... o oL 34.350-90.877% 49.270%
Alumina (ALO,) ... ... ... ... ... 22.140-44.000 22774
Ferric oxide (Fe,0.) ............... 0.126-33.120 5.311
Calcium oxide (CaO) ........ ....... 0.024-15.380 1.513
Magnesium oxide (MgO) ............ 0.020- 7.290 1.052
Alkalies (K,0, Na,O, NH,) .......... 0.170-15.320 2.768
Water (IH.0) chemically combined... 0.050-13.600 5.749
Moisture mechanically combined ..... 0.170- 9.640 2.502

These lake clays are utilized mainly in the manufacture of the
common variety of building brick, some two dozen plants being
so employed, one of them making also drain tile. In general,
only the “soft mud” process is emploved, the brick being moulded
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by hand or machinery and ordinarily “burned” in the familiar
type of “scove kiln.” These kilus are loosely constructed each time
of thoroughly dried brick to be burned. are of rough. rectangular
form. crossed af the base with a sevies of parallel arches in which
the fuel is consumed and the heat generated. The top of the mass
is covered with a more tightly fitting laver of brick (“platting™)
while the sides and ends are daubed with mud 1o exclude the cold
air while the burning takes place. Wood. coal and coke have heen
used as fuel but are now almost entirely replaced by c¢rude oil.
The burning requires from 35 to 7 davs, depending upon the nature
and condition of the clay and the atmospheric eonditions prevailing
at the time. At a few of the yards. especially where the dryving
is done artificially in steam-heated rooms, the burning is done in
kilns more permanently constructed and provided with the “down-
draft”™ svstem, thus securing a more uniform distribution of the
heat. At the Clippert plant drvers are used with a capacity of
64,000 brick into which fhev ave introduced at a temperature of
160°F. and pushed along to where the temperature is about 212°F.
The air is heated by the fan system. drawn in over hot coils and
about 48 hours are required for the drying. Many millions of
brick have been burned here for vears, the shallower deposits of
clay nearer the city being gradually used up and the works shifted
westward along Michigan Avenue. The markets have been mainly
local, the product delivered by teams, but some have also Dbeen
shipped by rail to vavious parts of southern Michigan and northern
Ohio. Most of the yards are operated 514 to 6 months of the year,
closing down with the advent of freezing weather in the fall. Two

- or three of the larger plants, however, are so equipped that they

can operate the year round, the clay being bandled with steam
shovels and small cable-drawn earts.

The manufacture of pressed brick was attempted for a short time
by the Detroit Red Pressed Brick Co. but soon given up, the clay not
being well adapted to this style of brick. According fo the obser-
vations and experiments of Mr. W. G. Worcester, the clay has a
strong tendency to laminate, thus unfitting it for pressed brick, as
well as those made by stiff-mud processes. These clays were found
to possess very high cross breaking strength while in dry condi-
tion, permitting their use for thin section ware. A small plant is
in operation at Fifty-Ninth St., just south of Michigan Avenue, for
the manufacture of flower-pots.

Drain tile are manufactured at the plant of J. C. McDonald and
Son, Warren Ave. (SW. 1} sec. 4, Springwells), in addition to
the common brick. The local markets only ave supplied, this being
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the only tile plant within the limits of the county at present. The
southern part of the county. however. is supplied with drain tile
from the Johm Strong plant at South Rockwood, just south of
the Huron. The ehief demand is for 3 and 4-in. sizes but 2146, 6
and a few S-nch sizes are also manufactured. Only the circular
style is made, which burn to a pale red in down-draft kilns in about
314 to 5 days. The »stiff mud” process is emploved in moulding
the tile and about a week’s time is required for drying. The De-
troit Roofing Tile Co., one of but 13 now in this country, has been
in operation since 1905, located alongside the Michigan Central
Ry., halfway between West IEnd and Woodmere. Here they have
12 feet of clay well sunited to their purpose. overlain by 3 feet of
sandy loam stripping. After being thoroughly worked in the pug
mill, the raw c¢lay is allowed to “age” for 3 to 4 days by which
process it is considerably toughened. The soft mud process is
emploved and many styles and varieties of interlocking roofing tile
are turned out, most of which are shipped to the Atlantic coast
and south as far asx New Otrleans.  The local demand for this
product is growing and seems destined to greatly increase because
of its durability and artistic qualities.

Nome 40 to 50 years ago, the city of Detroit was supplied with
brick mainly from the vicinity of Leesville, Gratiot Ave., where
some 6 feet of a vellow c¢lay were available. The plants were lo-
cated from a half mile south to a mile north of the village and
some were in operation as late ax 1900. Although the clay suit-
able for brick was not entirely exhausied, the business has been
shifted to Michigan Avenue. DBrick are also manufactured at Dear-
born, in the southeastern part of the village, by Anthony Wagner
and shipped to neighboring c¢ities. The c¢lay is of a brownish yellow
variety, about 7 feet deep and said to extend over aboutl 28 acres,
about one-half of which has been used. It burns to a good shade
of red in about & days, the plant running from 6 to 7 months each
vear. Both brick and tile were manufactured in the S5, 14 N1, 14
see. 26, Redford township, up to about 1892, supplying the local de-
mand only. There is said to occur here some 40 aeres of suitable
clay, from 6 to 10 feet thick. Brick and tile have been manufac-
fured for many vears by Milton 1. Carlton, 8SE. 14 NE. 14 sec. 28,
Canton township, the clay being obtained from the Rouge flats,
brown in color and about 4 feet thick. Below this clay is a sandy
type of elay, utilizable for brick but not tile. Two down-draft
kilns are used for burning the product. DBrick were made some
35 to 40 vears ago at the NW. 1/ NW. 1} see. 5. Dearborn. to

—
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supply the demand for use in chimmneys when the old fashioned
stick and mud chimnexs passed out of date. Some drain tile were
also made here. only surface clays being available. For a time,
some brick were also burned in sec. 33 of Redford (NE. 1/ XNL.
14). Farther north in sec. 10 (SW. 14 NW. 14} 8. K. Burgess be-
gan making brick and a few tile in 1871.—at the #ime of visit,
the plant being operated by L. J. Burns. The clay is stratified,
4 to 5 feet thick and overlain by 4 to & inches of surface soil. con-
taining enough sand so that none needs to be added. Below the
clay is two feet of quick sand and then blue clay (“till”). The
stiff clay process was the one employed. In the village of North-
ville, along the Rouge (NE. 14 NE. 14 sec. 9), a small brick es-
tablishment was operated for a time by Walter Randall, the bricks
made being perforated at either end with a 9%-inch hole (stiff clay
process). The clay deposit was 4 to 5 feet thick and contained
some pebbles; burning very unsatisfactorily, to a yellow, then red
and sometimes a dark purple.

That the clays of Wayne County have not been utilized in the
manufacture of Portland cement is due probably to the absence of
any very extensive beds of marl, or “bog lime.” An entirely suit-
able rock can be obtained from the Sibley and Macon quarries,
but is in great demand for the purification of beet sugar and the
manufacture of soda-ash.

Sand, gravel and boulders. Along the broad belts described and
mapped as the Wayne, Grassmere and Elkton beaches, almost un-
limited quantities of a more or less pure vellow sand are available.
Although heaped up by wind action. and with little sign of stratifi-
cation, a small percentage of clay is generally present. Many such
ridges and mounds are entirely free from pebbles. The most ac-
cessible deposits are those near Sand Hill and Romulus, but less
extensive ones can be reached along any of the steam and electric
roads leading out from Detroit. The Maumee, Whittlesey and War-
ren beaches contain poorly assorted patches of a sharper, gray sand,
interstratified with gravel strata. The kame hills in the north-
western corner of the county, although largely gravel, contain also
some sand which locally became separated from the pebbles. The
gravel in the kames is generally prefty well assorted but differs
considerably in different ones, as might be expected. The pebbles
are rounded to subangular and consist of 40 to 50% of limestone
and dolomite, with 12 to 20% each of chert, quartzite and igneous
fragments. The sandstone and argillites were largely eliminated
from the deposits, perhaps by stream action. In the case of one
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kame from which 200 pebbles were collected at random (NTV. 1A
SE. 14 sec. 11. Northville) and then classified, the limestones and
dolomites numbered but 9 (416%), with a corresponding increase
in the number of the harder fragments. If the sample studied
tairly represents the entfire kame such gravel would have much
higher value for road construection; since the limestones and dolo-
mites are more readily ground to powder and blown away. The
composition of the beach pebbles does not differ greatly from
those of the kames, being slightlv lower in the limestones and
dolomites and somewhat higher in the quartzites and igneous varie-
ties. The location of these beaches, especially rich in gravel, as
the younger ones are in sand, is shown upon Pl X. Nearly the
entive upper fwo-thirds of Northville township is dotted with
gravel deposits; especially sections 2 to 11, inclusive. Many of
these could be made very accessible by building short spurs from
the Tere Marquette Ry. and the electrie lines. Mueh of this gravel
has been already utilized in road building in Northville and Ply-
month townships, but comparatively little has been shipped outside.

The gravel for the system of concrete roads now being built
has been obtained from the neighborhood of Chilson, Livingston
County, where the deposit is more accessible to the railway. The
firm supplying the same is known as the Michigan and Ohio Sand
and Gravel Company. In geological reports, it has been custo-
mary to urge the importance of good roads, but this would be a
waste of effort so far as Wayne is concerned. The people of this
county are thoroughly awake as to their importance and have set
a splendid example for other counties to follow, who may well
send their officials here to investigate the working of the plan.
With some 57 miles of good roads already constructed outside of
the limits of Detroit and Wyandotte, the county voted upon Nov.
8, 1910, to bond itself for $2.000,000 by which it is proposed to
build 200 additional miles of conerele road within the next five
vears. This splendid work has already begun with most gratifving
results, the farmers estimating that fully 609% of the expense of
marketing their produece is therebv saved. This saving is in horse
flesh, wagon and harness vepairs, and in time; besides which are
to be considered the advantage of marketing produce at the con-
venjence of the farmer, or when the market is just right. instead of
when the roads happen to permit. The roads now under construc-
tion are built of concrete, 614 to 7 inches thick and 10 feet to 18
feet in width, and will form a net work over the county.

The field stone. or “hard heads,” were quarried by the old ice
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sheets in Canadian territory and transported for many miles to
Wayne County, being dropped as the ice melted from beneath
them. They mantle the moraines already described and arve ar-
ranged in three rather distinct belts across the county, from north
to south (see Pl X). They have been extensively gathered and
used as supports for sills, horse blocks, foundation walls for barns,
houses and other buildings, for chimneys; in some cases entire
buildings being constructed of them. TWhere especially abundant,
ridges formed of these boulders and cobbles serve as fences. They
are often utilized to prevent a stream from eroding its bank. or
to check the velocity of a temporary torrent in a side hill gully.
An examination showed that these stone consist largely of igneous
rocks (62%) and quartzite (29%) rocks; the softer limestones
and argillites being comparatively rare (3%). When crushed, they
form a much more durable material for road macadam, than
gravel, limestone or dolomite. Owing, however, to their relative
scarcity, the expense of collecting them and the abundance of
other road metal in the county, they are not thus utilized. Ocea-
sionally one is found capable of receiving a good polish, in which
case it may be used for a monument, corner stone, key stone, ete.
Within the last few years, several car loads of such cobbles have
been shipped from Michigan, as far west as Towa, to be used in
the grinding of portland cement.

Limestone and dolomite. The artificial exposures of these rocks
in the vicinity of the lower Detroit River region furnish three
types of material that may be classified under the head of con-
struction; viz.: building stone, macadam and lime. The various
localities in which such materials are available have been described
in some detail in Chapter VI of this report. Solid blocks of bluish-
gray limestone, of almost any desired size, may be obtained from
the lower strata of the Sibley quarry, just north of Trenton (Pl.
XXX, B). The drab dolomitie strata of Monroc age are not so
heavily bedded and still some massive blocks were obtained for
the refaining wall at the northern end of the Livingstone cut.
Buildings constructed of this dolomite in Monroe show that the
rocks remain intact but in the course of 36 to 50 vears a mealy
coating 1-10 of an inch thick has formed over the surface. In the
case of Trinity Church, built in 1868, the sandstone sills still
retain some of the tool marks, but the dolomitic blocks give con-
siderable evidence of surface decay.

The limestone appears to be more resistant to the atmospheric in-
fluences.  The above church contains a watertable of Sandusky
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limestone, of the same general nature and geological age as that
of the Sibley quarry, which shows much less evidence of decay
than does the Monroe dolomite. The present popularity of cement
for bridges, culverts, side-walks and curbing has greatly reduced
the demand for building stone of the type here available.

When run through heavy crushers, both the limestone and dolo-
mite are converted into road metal, for macadamizing purposes,
for which there has been considerable demand. Much of this has
also been used in providing a dustless and weedless ballast for the
steam and electric railways. The demand for such material seems
to have slackened, since the Patrick and Gibraltar quarries have
been temporaily abandoned and the two great dump heaps of the
Livingstone cut (P1. V, A) are to remain unutilized. The Sibley
quarry converts its rock, unsuited to other purposes. into ma-
cadam (Pl. XXXI, A).

When subjected to heat, the high grade limestone of the Sibley
quarry loses its carbon dioxide gas and is converted into calcium
oxide, or quick-lime (CaC0,—C0O,—Ca0). This has the well
known property of uniting with water (“slaking”). forming cal-
cium hydrate, with the evolution of much heat (CaO+4H,0=—=Ca
(OH).). In this form, it is sparingly soluble in water forming
“limewater,” useful as a mild form of alkali in medicines and
various industries. When a slush of calcium hydrate is mixed with
sand, to prevent shrinkage and to render it more porous, and ex-
posed to the air, the carbon dioxide of the atmosphere unites with
the hydrate forming lime ecarbonate over again and water (Ca
(OH} ,+-CO0,~CaC0,+H,0). The excess of water originally pres-
ent, as well as that newly formed, is evaporated and the mortar,
or plaster, is slowly hardened, adapting it to the familiar building
uses.  An excellent quality of lime is made at the Sibley quarry
in iron kilng of the “continuous” type, which are fed periodically
with suitable stone at the top and from which there is periodically
removed the fresh lime at the bottom. These are a great improve-
ment over the side-hill stone kilns in vogue a few years past.
The dolomites yjeld a different type of lime, which slakes more
slowly, develops less leat, capable of binding less sand and re-
quiring more time for setting. The chemical action taking place
is shown by the following equation, showing that magnesium oxide
(Ca0. MgO-+H,0=Ca(0OH),. MgO) is combined with the calcium
hydrate. WWhen once thoroughly set, however, the product is often
harder than that obtained from the limestones, partaking some-
times of the characfer of hydraulic cement. Owing to their in-
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accessibility. these dolomitic strata were not much used in Wayne
County in an early day, the supply of thisx type of lime coming
from Monroe County. Some 25 years ago, small quantities of lime
were burned at Flat Rock by James and William Breeland, father
and son, the rock being obtained from the bed of the Huron.

The impression has been held by different individuals that the
Monroe dolomites, upon being properly handled, should yield hy-
draulic cement which differs from ordinary plaster and mortar
in that it will harden out of contaet with air, us under water,
thus adapting it to many new uses. The rock employed which may
be either a limestone or dolomite, should contain some 15 to 35%
of clay and a little potash or soda. The presence of sand in the
form of grit is objectionable. The analyses of the Monroe County
strata and the few experiments that have been made upon them
have not held out much prospect of success along this line? An
artificial mixture of calcium carbonate (72 to 77% ) with a silicious,
but not gritty elay (23 to 28%), containing potash or soda, may
be heated to a high temperature (2900°F.) and reduced to powder,
forming Portland cement. During the so-called “burning” there are
formed tricaleium ortho-silicate (3Ca0, Ri0,) and tricalcium alum-
inate (3Ca0, ALO,).F which, upon becoming wet, are converted
into crystalline insoluble hydrates of calcinm and aluminum. Cer-
tain beds of the Sibley quarry could be selected, which with the
lake clays of the West Detroit area would give the right com-
bination for the manufacture of this much utilized product.

Sand-lime brick. Wayne County possesses two plante for the
manufacture of this type of huilding material, in which Michigan
leads all other states. The industry is but 12 vears old in this
country. having been introduced from Germany, and consists in the
monlding of brick from a mixture of Hme (Ca0)} and quartz sand
(Ri0,).  As carried out by the Sibley Drick Company, operating
since 1904. thoroughly hydrated lime of their own lndllﬂfﬂ(‘hl]"(‘
is ground to powder and mixed with sand, sucked from the bed
of Lake Frie, near Gibraltar. Any type of =ilicious sand may be
uged which is reasonably free from clay and not too coarse, but
those sands are preferred in which there is considerable variation
in the size of grain. The granules should be sharp and angular
to secure the hest results, so that the Sylvania with its rounded,
evenly assorted granules is not ideally adapted to this use. The
lime used sbould be as free as possible from any content of mag-

2. See Geo‘oglcal Report on Monroe County, 1900, p. 180. Geclogical Survey of Michigan,
vol. VII, pt.
3. Aloug wnh tricalcium aluminoferrite, 3Ca02(AlFe)0 5.

35
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nesia. TFive shovels-full of moist sand are thoroughly mixed with
one of the powdered lime hydrate, producing a mixture in which
about 95% is silica and 5% lime. The bricks are moulded under
a pressure of R.000 Ihs. to the square inch. placed in a boiler and
subjected to a steam pressure of 125 Ibs. to the square inch for
10 hours, giving rise to a chemical union of the calcium and silica
io form caleium silicate (CaRiO,). The bricks are then allowed
to stand for about three months before being placed upon the mar-
ket, during which an absorption of carbon dioxide gas from the
atmosphere occurs. The bricks thus produced are a very light
arav, perfectly formed., with sharp edges and smooth surfaces
and have undergone praectically no shrinkage or warping. They
may be colored to almost any desired shade. Subjected to pressure
tests it has been found that they show greater regularity than com-
mon brick and a crushing strength equal to that demanded for
brick of good quality. The average of 255 tests gave an average
of 2190 Ibs. pressure per square inch. The loss of strength through
the absorption of water averaged 14%. The amount of water ab-
sorbed amounted to 14.9% weight and 26.3% volume, less than
for ordinary clay brick, while the test with heat and sudden dash
of water shows that thev stand up as well as the clay. Mortar is
found to adhere slightly better to the sand-lime brick than to those
made of clay and because of their more nearly uniform size and
shape they can be more rapidly laid. In localifies where clay
is absent or searce and sand and lime abundant, this type of brick
is bound to come into favor. In addition to the plant at Sibleys,
they are also manufactured in Defroit by the Michigan Pressed
Brick Co., corner of Tawton Avenue and the Michigan Central
Railway, this present company having operated since 1908. The
lime is obtained from the Sibley Quarry Co. and the sand from
near Rochester, Michigan.

CHEMICAT, MATERIALS FOR DIRECT USE OR MANUFACTUREH.

Calcium carbonate. High grade calcium carbonate with very
little or no magnesia, and small percentages of silica and iron, is
in great demand for the manufacture of soda-ash (Na,C0O,) and
the purification of beet sngar. in both of which industries Michigan
holds a leading rank. The rock should contain from 95 to 99%
of the caleium carbonate and can be obtained from the “9-foot
bed” of the Sibley quarry, which averages 98% pure. The Ander-
don bed has been reached in the deeper excavations of the quarry
and will probably be found to carry a uniformly high percentage

!

Michigan Geological and Publication 12, Geology 9,
Biological Survey. Plate XXXI.

A, NEAR VIEW O SIBLEY CRUSIHING PLANT.

B. PLANT OIF PENINSULA SALT COMPANY AXND RIVER ROUGE.
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of this carbonate, as at the Anderdon quarry upon the eastern
side of Detroit River. One of the first steps in the manufacture
of the so-called soda-ash is to secure a quantity of ammonium
hydrogen carbonate (NH,HCO,) and this is done by saturating
water with ammonia gas and passing through it a current of car-
bon dioxide gas, obtained by heafing calcium carbonate as in the
manufacture of quick lime previously deseribed. The reaction that
takes place is indicated by the following equation:

(1) NH,+H,04-C0O.-=NH,I11CO,.

This product is converted into sodium ecarbonate. through the
ageney of salt in a way to be mentioned later.

In the manufacture of beet sngar, a high grade limestone is
also requived, a plant using 300 tons of beets daily needing from
35 to 40 tons of limerock. Both the quick lime and earbon dioxide
gas obtained by heating the caleium carbonate are utilized, the
two being again united. Too much silica, silicales and alumina
cause trouble in the burning, while magnesia and gypsum interfere
with the filtering and evaporation of the juice. The lime in the
form of powder, or in solution as “milk of lime,” is added to the
beet juice and wunites mechanically and chemically with the im-
purities presenf. The addition then of the carbon dioxide gas
brings abouf a union between it and the caleium hydrate, accord-
ing to the equation previously given:

Ca(0OIl) ;4 C0,==CaCO,-}-11,0.

The caleium carbonate appears as a flaky precipitate and settles
to the bottom earryving its load of impurities, being then readily
separated from the juice by filtering. At present this material is
carted away as waste and nsed as a land fertilizer by the farmers.
If some practical scheme for purifying it could be deviged the cal-
cium carbonate could be recovered, with some necessary waste,
and utilized over and over again. The exhaustion of the supply of
suitable limestone may eventually make this necessary. Lime is
still further used in recovering from the “molasses” its final con-
tent of sugar, forming with it tricaleium saccharate, C,H,,0,,.
(CaOH),. From this saccharate, both the sugar and the calcium
hydrate may be recovered. Were it not for the heavy covering of
drift the section of country between Sibley and Dundee would
supply a high grade carbonate for many years to come.

Deposits of marl occur only in limited amounts in the county
and wvsually in too impure condition to be used for the production
of soda-ash or beet sugar, but entirely suitable for cement manu-
facture, for quicklime and as a fertilizer. This form of calcium
carbonate is produced in ponds and swamps through the action of
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plant and animal organisms in secreting from the water the cal-
cium carbonate there held in solution. The mollusca extract this
substance for use in the production of their shells and, upon their
death. the animal substances decay and these shells may accumu-
late in quantity, before undergoing complete solution again. The
amount of caleinm carbonate (actually in the form of the bicar-
bonate Call,(CO,), held in solution is dependent upon the pres-
ence of the carbon dioxide gas in the water, and when this gas
is abstracted by green plants, for their use in securing carbon,
the calcium carbonate is deposited often over their stems and leaves
in the form of minute crystals forming an incrustation. One very
common plant of this character forms thick mats over the bottoms
of our ponds and is known as Chara. It secretes and deposits s0
much of the calecinm carbonate as to render ifs slender leaves and
branches quite brittle, suggesting that this material may be depos-
ited as the result of some physiological action on the part of the
plant. Upon the decay of these and related plants quantities of
the slightly soluble caleium carbonate collect upon the bottom
and give rise to a chalky deposit known as marl. It is evident
that shells may also be present in greatfer or less quantity and more
or less mineral impurity in the form of sand and clay* Under
favorable conditions deposits many feet in thickmess have been
formed since the withdrawal of the ice sheet from Michigan. TIn
Wayne County, however, owing to its long submergence by the
glacial lakes and the almost complete absence of subsequent ponds
and minor lakes no very extensive deposits were formed. Although
favorable conditions for marl formation and deposition occur about
the present marging of Lake 8t. Clair, Detroit River and Lake Erie,
the time that these present conditions have existed seems of foo
short duration. In the vicinity of the swamps, those still existent
snd those which have been drained, often in association with peat,
shallow deposits of marl are found; as in sees. 5, 8 NI 1/, sec. 28,
of Brownstown; secs. 9. 10, 15 and 16 of Sumpter; NI, 14 sec.
18 of Canton. This laiter deposit is estimated to cover some 10
acres, to be 2 to 3 feet thick and is overlain by 10 to 16 inches of
muck. These marl beds could all be utilized as a land fertilizer
and when mixed with thoroughly dried and disintegrated peat
would add very greatly to the fertility of the soil.

Glass sand. The Sylvania sandrock formation, described as of
probable wmolian origin, has all the qualities needed for high grade
glass manufacture. It i finely and uniformly grained, runs very

4. TFor a discussion of the origin of marl, its occurrence and uses see report in the Geological
Survey of Michigan, vol. VIII, pt. III, 1993.
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high in silica and is so incolierent that it is readily disintegrated by
water and pumped from the pit. Mixed with the fusible bases it
melts readily and yields a glass free from color. This sand has
been mined and marketed for a number of years in Monroe County,
where there was a natural outerop. The bed strikes northeastward,
with an outerop of two to three miles beneath the drift cover, and
crosses the southern point of Brownstown township, as shown
upon Pl. XXV. Just east of Rockwood, npon the land of Dr. Day-
ton Parker (NW. 14 SIE. 1/ sec. 15) a pit has been opened under
15 to 18 feet of a hard glacial till and is operated by the American
Silica Co. The deposit here is said to be 75 feet thick, but all
of this will probably not yield to the hydraulic treatment now em-
ployed. A sample of this washed sand was analyzed by Dr. John E.
Clavk, Detroit, and gave 99.70% silica (Si0,); .08% calcium ecar-
bonate (CaCO,); .22% magnesium carbonate (Mg €0O,). The Rock-
wood Silica Sand Co. acquired 82 acres of land just east of the
Grand Trunk Ry. (S, SW.14 sec.10), and three vears ago
sunk a well to the depth of 122 feet, through 15 feet of c¢lay. An
additional 15 feet of limestone (dolomite) was penetrated when the
glass sand was entered to a depth of 92 feet, without reaching the
base. A 6-inch casing was used to the rock and below a 4-inch,
through which steam under 60 Ibs. pressure ig forced. bringing
out water and sand. The sand is dried and screened to the amount
of about a carload a day, being shipped to Ohio and Pennéylvania.
The water from the well contains sulphur and when allowed to
do so rises to within 3 feet of the surface. In the Oakwood salt
shaft, the bed was reached at a depth of 420 feet, has a thickness
of 113 feet and much of it could be removed if it was desired to
do so, using the same hoisting machinery as that employed for
the salt.

Mineral woters. Although all natural water may be regarded as
a mineral resource, Chapter VII has been devoted to its discus-
sion and there has been reserved for this section only a brief dis-
cussion of those waters which are economically valuable because of
their mineral content. The waters which permeate the beds of
the Dundee and Monroe formations become heavily charged with
a great variety of minerals; chief of which are sulphur, salt, cal-
cium and magnesium sulphate and carbonate. When heated and
properly administered, such waters have undoubted medicinal value
for certain diseases and are in demand. By penetrating the proper
horizon, almost unlimited quantities may be obtained over the en-
tire county. Two plants are in operation in Detroit,

Riverside Bath House, Clarke Ave. and Fort.
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Detroit Mineral Bath Co.. Cor, 21st 8t. and Fort.

The various industries utilizing the salt deposits along Detroit
River (Pls. XXXI, B and XXXII, A) from Delray to Trenton,
prepare an artificial brine by forcing the water of the river to the
salt strata, where it becomes saturated and flows to the surface.
The salt is then recovered by the evaporation of the water and
marketed as such, or utilized in the manufacture of soda-ash and
caustic goda. As explained in an earvlier part of this chapter the
first step in the manufacture of the former product (Na,CO,) is
the production of wmmonium hydrogen carbonate (NIT,HCO,), by
the use of ammonia and carbon dioxide. When this solution re-
ceives a strong solution of salt (NaCl), two new substances are
formed: sodinm hyvdrogen carbonate (NaHCO,), or bicarbonate
of soda, and ammonium chlovide (NII,Cl), as shown in the fol-
lowing equation:

(2) NaCl4-NIH,HCO,=NaHCO,+NH,CL

The sodium hydrogen carbonate is but sparingly soluble and is
precipitated and recovered. This is the common baking soda which
is manufactured extensively at Ford City and formerly at Trenton.
Upon being heated in a retort, this compound breaks up into its
three componehts, according to the following equation:

(3} 2NaHCO0,—Na,C0,-}-H,04CO,.

Upon being treated with lime, the ammonium chloride of equa-
tion 2. is converted into calcium chloride (CaCl,), with the libera-
tion of ammonia and water.

, (4) 2NH,C14+Ca0—CaCl,|2NH,+H,0.

Tt is thus seen from equations 3 and 4 that all of the ammonia
and half of the carbon dioxide gas are recovered and may be used
~in the further production of ammoninm hydrogen carbonate, ac-
cording to equation 1. ~ The calcium chloride containing the cal-
cimm of the lime and the chlorine of the salt, form the by-product,
great quantities of “which may be seen about the plants of the
soda-ash manufacturies at Delray and Wyandotte. When heated,
ihis becomes a valuable drying agent because of its strong attrac-
tion for water. The soda-ash sought contains the sodium of the
salt and the carbonate radical (CO;) of the limestone, which has
been exchanged for the chlorine. This is known in the market as
sal soda, is used extensively for softening water, in the manufac-
ture of glass and numerous other chemicals. When dissolved and
treated with caleium hydrate (Ca(OH),), a recombination occurs,

(5)  Na,C0,-+Ca (OH) =CaCO,+2NiaOH,
resulting in the formation of lime carbonate and sodium hydroxide,
commonly known as caustic soda, or “alkali.” This is extensively

3

SECTION OF OAKWOOD.SALT SHAFT.

Elev i
SystevA Formation ﬁg‘s‘; Sectlon lDept Hon Character of Roc¢
Mo @ 51\7:5 Blue boulder clay,glaclal origin.
5% § Drift 83 492 10 foot sand deposit.
tz T High grade limestone with
23 Zg| Dundee 63 420 some chert nodules.
Qs =2 =5 =
Bluish to brownish-gray
2 dolomite, much of it finely
g Jaminated,with streaks of
8 Lucas 170 asphaltum.Small amount of
= gypsum. Poor in fossils.
¥ - 3 - T a1e 259
= I RN SR
2 T 336 [240 | Brownish Taminated dolomite.
& Amherstbur 18P High grade Timestone,rich in
o Anderson | 88 878|202 ¥ 1 lestites '
R Dark dreb dolpaleny Coneretions
Flat Rock ] 4 420 | 165 BRY'ES SSuRP
Snow white sandstone, more or less
2 g 118 crcr;ss bedded.Generally incoherent,
g d Sylvania compacted inta sandstone from
2% 538 | 42 | about 490 to 510 feet. |
Bluish gray or brownish laminated dolomite,
occasional oolitic stratajline of seperation
Raisin tween It and Sylvania very dlistinct.Some
i b:hert nodules and pyrite.Bed of breccla
§lg River encountered about 580 feet.
’g 4 657| -82] Some fossils.
R
|2 Put in Bluish to brownish dolomite with
Bay seams of fossils. Thin strata of breccia
and oolite.Some selenite,alabaster,
g 220 anhydrite calcite ,asphaltum,and pyrite.
g Shaly and carbonaceous {n places-
3 Possibly e = Dolomite shows gashed structure at
including L s certatn levels.Veins of salt encount-
Tymochtes Lada=tiadals -ered near bottom.
At 877 802
C salt and. dolomite irregularly
s3 - mixed.No fossils found.
10 ~895! GBait.
50O Salt ang dclomite.
= 10201~445 i _
20 104Q[-465| Salt slightly bloiched with dol, slime.
Moy e _ _ 1_ _ | Praesentbottom of shaft.
70 Salt and dolomite.
1110|-635
o 30 11407665 Sait.
2
T
]
w
S
§ 189 Salt and dolomite.
3
' Salina
o
c
o 18380|-764/
25 25 1364,.789| Salt.
” A z b ¥
=0 - )
5 73 T T Dolomite
@ T T 111487]-862
7]
Salt . When entered this will
probably be found to be divided
by roinor strata of dolomite «
869
318061231




	Publication 12. Geological Series 9. GEOLOGICAL REPORT ON WAYNE COUNTY (Cont'd)
	TABLE OF CONTENTS (Cont'd)
	Chapter V.  Physical Geography (continued) (Cont'd)
	Climate of Wayne County (Cont'd)
	Weather cycles (Cont'd)
	Weather prediction

	Diagonal system in Wayne County

	Chapter VI.  Hard-rock Geology
	Mississippian System
	Coldwater shales
	Berea sandstone

	Devonian System
	Antrim shale
	Traverse group
	Dundee limestone

	Silurian System
	Monroe formation
	Silina formation
	Niagara formation

	Deeper beds reached by borings

	Chapter VII.  Water Resources
	Surface waters
	Reservoirs and cisterns
	Ponds and lakes
	Surface streams

	Waters from lacustrine and river deposits
	Shallow wells
	Seepage springs

	Waters from glacial deposits
	Origin of deposits
	Water supply
	Non-flowing wells
	Flowing wells
	Boiling springs

	Waters from the bed rock
	Geological formations
	Flowing wells
	Springs
	Non-flowing wells

	Water decline in tower Huron region
	Facts relative to decline
	Fuller's investigation

	Conclusions
	Present conditions
	Remedies


	Chapter VIII.  Economic Resources
	Materials used in construction
	Clays
	Sand, gravel, and boulders
	Limestone and dolomite
	Sand-lime brick

	Chemical materials for direct use or manufacture
	Calcium carbonate
	Glass sand
	Mineral waters



	LIST OF ILLUSTRATIONS (Cont'd)
	PLATES (Cont'd)
	Plate XXVIIA.  Flowing well from drift clay, Canton township
	Plate XXVIIB.  Primitive type of flowing well, Canton township
	Plate XXVIIIA.  Natural spring from delta of Middle Rouge
	Plate XXVIIIB.  Spring of U. S. Fish Hatchery, Northville
	Plate XXIXA.  Swan well, Grosse Isle, in 1907
	Plate XXIXB.  Swan well, Grosse Isle, after seven years of flow
	Plate XXXA.  Stratified lake clay deposit, Springwells township
	Plate XXXB.  Portion of Sibley quarry, crusher and lime kilns
	Plate XXXIA.  Near view of Sibley crushing plant
	Plate XXXIB.  Plant of Peninsular Salt Company, and River Rouge
	Plate XXXIIA.  Plant of Solvay Process Company, Delray
	Plate XXXIIB.  Surface plant of Oakwood salt shaft

	FIGURES (Cont'd)
	Fig. 17.  Diagram to show relation between depth and permanence of wells
	Fig. 18.  Diagram to show danger of well contamination
	Fig. 19.  Diagram showing conditions for spring formation
	Fig. 20.  Diagram showing conditions of spring contamination
	Fig. 21.  Section of Oakwood salt shaft




