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OFFICE OF THE STATE GEOLOGICAL SURVEY, |
Houghiton, Mickigan, August 28, 1893. {

1o the Honorable,
T he Board of Geological Survey of Michigan:

GrnTLEMEN—In accordance with your request, I have the
honor to transmit herewith a paper, prepared during the admin-
istration of my immediate predecessor, by Dr. Alfred C. Lane,
on the Geology of Lower Michigan, with Reference to Deep
Borings.

With great respect, I am your obedient servant,

LLUCIUS L. HUBBARD,
State Geologist.
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ERRATA.
Pawr II.

Pages 26 and 35, 3d and 15th lines, respectively, for ‘‘Petrolea’ read
¢ Petrolia.” '
11th line, for *‘ Mason” read ‘‘Macon.”
61, O6thline, for “R.R.” read “R'w'y.”
69, 12th line, for ““ 900 ”° read *“ 400.””
69, 23d line, for “H. W. Daw > read *“ H. H. Dow."”’
, for ““ Newberg,” wherever it occurs, read Newburg.”
‘71, 7th and 8th lines, 203> and 305" refer to wells Nos. 1 and 2
respectively.
71, 17th line, for ** 1130-1200"" read ** 1180-1280."
78, 7th line from bottom, for ‘*‘dips ” read *‘ depths.”
79, between 9th and 10th lines, insert, as first group in Hamilton,
¢4 230-250, Limestone.”
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The cross-references from one well-record to another, giving equivalent
depths, are meant for guides only, and the reader must not depend on them
for minute accuracy, which is in fact often impossible to attain., There are
soimme minor inaccuracies which are not here noted, because they are less
than the probable error inherent in the record, e. g., on Plate II, the refer-
ence “* L. R., 1300 >’ should perhaps more precisely be ““ L. R., 1293.”

INTRODUCTION.

THE ORIGIN OF SALT, GYPSUM AND PETROLEUM.

The material from which were derived, in great part, the data
used in the preparation of this paper, was gathered by Charles
F. Wright, deceased, late State Geologist, and consisted of a
large number of samples from borings; of about sixty diagrams
of salt wells, mainly complete; and of Mr. Wright’s note books.

To these data Dr. Lane has added a few records, and has
prepared six new sectious, a map, and other illustrative matter.
It is due both to the reader and to Dr. Lane to say that the
latter is not personally familiar with the surface geology of the
lower peninsula of Michigan. This paper, the credit for whose
preparation belongs to the administration of my predecessor, Dr.
M. E. Wadsworth, embodies what few facts the Geological Sur-
vey possesses on the deep borings of Michigan. No geological
report on a subject of this kind can be expected to be final, and
although the facts may be meagre, it has been thought wiser to
lay them before the people and to try to point out their signifi-
cance, in the hope that by so doing we shall furnish an incentive
to further researches, as well as, to a certain extent, a guide to
their successful prosecution.

These facts have been gathered from many sources during the
search for deposits of salt, gypsum, oil, and other useful products.
Before proceeding to their consideration, however, it may be worth
while to give a resumé of the principal theories that have been
advanced to explain the origin of the vast deposits of salt and gyp-
sum that occur in different parts of the world, and of petroleum,
which is often found in more or less intimate association with
salt in one form or another. This resumé aims to give a simple
account of the supposed processes of Nature. We shall see that
the same facts may lead to conclusions that in some respects
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X LOWER PENINSUZLA

are diametrically opposite. It would be foreign to our purpose,
nor would space and time permit us, to attempt to discuss at any
length the different theories, or to weigh critically their relative
merits, even if we were disposed to do so. The incompleteness
of human knowledge makes progress toward the goal of truth
very slow, and what may scem plausible today, may to-morrow,
in the light of new evidence seem improbable, or even absurd.
The duty of the investigator is to record observed facts and to
wait patiently until enough of them are gathered to explain the
phenomena about him. This is at least safer than to theorize
on insufficient data. When the geologist can account rationally
for the cause and method of deposition of substances that are of
economic value, he may be able to predict where deposits of similar
substances are likely to be found.

The primitive ocean of our globe is considered by some writers
to have been as pure as rain water, by others to have been salty.
Indeed, Schleiden says the ocean was originally a saturated
brine with 33 % of salts. The water of the ocean at present
contains in solution about 3.6 % of solid matter (2.5 % salt). As
pointed out by Ochsenius, * if we allow the ocean an average
depth of 3,600 meters, to restore it to a condition of saturation
(25 % salt) would require a crust of salt 300 meters thick for
the entire surface of the earth. G@. Bischoff thought that the
ocean was a million years in attaining its present degree of salti-
ness, and that it was the ancient, or crystalline rocks that were
the principal source of the different salts that now make up
this percentage. According to another writer, salt originated in
animals and organic growths; according to a third, it was orig-
inally distributed over the earth in the form of rain as a satu-
rated brine, which, beside enriching the ocean water, permeated
many of the rock formations. That smaller quantities were
brought by winds in moisture from the ocean and precipitated
on the land is a much more common and a better grounded belief,
By some, a salt-creating force in the atmosphere was supposed
to produce superficial deposits of salt-—certainly not a very scien-
tific theory, if we are to understand by it that something came
out of nothing. A deluge of brine in the early stages of the
earth’s history would have made the early formations salty to a
greater degree than we commonly find them, and, unless speedily
rChem Zeitung 97,10 Now et neq T T ————
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carried off, or diluted by fresh water, would hav.e ‘t.)een likely to
prevent the development of organic life. Salt, it is t1:ue, o;cur?
in formations as old as the Silurian, but now.here'm be 'smi)e
enormous thickness until we come down‘to Permian times. X
vaster deposits of salt appear in the Trias and fr(?m there utpthz
the Tertiary, and salt beds are in process of .formatwn even a he
present day. Different topographic conditions must hale P >
vailed in different stages of the earth’s developfnent. hgaéie:
says that the types of mollusks from the Devonian to ’;e -
taceous belong almost exclusively to .the ocean. Fres Wan
fauna are subordinate until we pass into the (?retaceousf. , ly
this time with the growth of sedimentary deposits and o v'o -
canic flows, the crumpling of the earth’s crust, atnd .tI;e 1;:—;1‘;
rangement of rock material, there were more basins in anf ﬂcl)e
the accumulation of fresh water and others on the border o’ ;
ocean that may have been filled with salt water, or alternately
i - ater and with salt water.
Wl:?\}fleflzzhf::’)m the foregoing that, however and from whatever
source salt may originally have been derived, the ocean ?ms bteert
one of its great repositories since the tin?e when the sedlrr;en a‘r)S
deposits began to be laid down, and while som‘e of t}f‘e ‘c1§0r21§t
already quoted may account for small or sporadic deposits o z i
in the older Paleozoic formations, no one of them accountshsa:[ 1~sf
factorily for deposits of such magnitude as, 'for example, t :)L od
Stassfurt, Germany, where the salt formatlo'n has been' or.e‘zE
into vertically to a thickness of 325 meters without reaching 1 i
foot-wall, or of Sperenberg where, although less purfe thal}r Z
Stassfurt, the salt has been found to be 1,194 meters thick. li
ocean alone gives us a safe starting point as a source of the sa
i f more recent geological ages.
de’li‘(:::tspr(;ncipal associatfs of salt in its solid form are fylp‘surr'l
and anhydrite, the hydrous and anhydrous‘ sulphates o 11n;;:,
dolomite, the carbonate of lime and magnesia; the more soluble
potash salts; as well as sulphur and petroleum. When we comz
to consider the two principal theories that }%ave bee.n advance‘
to account for the great salt deposits and their associated rock;,
it may be well to bear in mind that in sea 'water we find the
same elements that enter into the composition of the 'above
bodies. From sea water we can obtain rock salt (chlomdfe of
sodium, NaCl), the very soluble potash salts (KCl, etc.), lime-
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stone (carbonate of lim
e, Ca Co,) Ps : i
e Learbe , 3)y gypsum and anhvdrit
,lidr:;ll; (L‘r(;d anhydrous sulphates of lime, Ca So, (+2aq )}) r:ule 1(1“‘26
c o g ic . : .
e d:u;of ?dgnesm (Mg So,, Mg Cl,), together with’ brm};inee
ghnce; ; e salts of some of the foregoing, and organic Sub,
S ,C.O ar;(‘;hleidlagoratory we can get only a mechanical mix%ure;
4 gCo; but never a chemical mi
th:;:c corresponds to dolomite (Ca, Mg) CO e of the two
h . . s
) Hme two theo.rles Just referred to are the volranic and th
b,rqou,azfc. Accordmg to the one, dolomite, salt and gypsum w .
moub up from the inner parts of the earth, either (1 ,
! €l masses, accompanied by great heat and tyh e
2, g;tses, and with or without a display of violence
bds?hts, porphyries and other volcanic rocks: or (2
. M ’
ti};n efabctm'n of gases, either by sublimation or by the alt
o ady 1 i
o o 10(:'1€S z}lredd) i place, or (3), they formed in conceera
golid~ﬁ‘§ ut;on i hollows down in the earth’s crust, and 'thn-
s ifie ere after the manner of i er ed
e ‘ ] Ol granite, or were exuded
porp;m;f:ie through cracks and fissures, after the manneer :«;
Vi()len}cfc ;; :}1(?’ theyf* (gypsum and salt) were ejected with
> form of sli e
b e the slime, a phenomenon familiar to us in
The agenc i
y of gas in these deposi i
: y S posits—its acti c
) on
(p };vsm;usly existing-—was a favorite theory. Hydrogen 0511111 rzil{s
St(,);e » or fumes charged with sulphur acted directly on Il)i e
,(h d,m;)f they decomposed water, forming sulphuric acid gas
(C{) \ is (l)r anhydrous); the latter drove out the carbon dior){gigS
» ) 11 Iimestone and formed ;
forn For : gypsum or anhydrite. Salt
o ethby the action of Na (I gas, and dolomite by that of M “(IDaS
int., hese gases were concomitants of ‘“black porphy ”g "
rus101? of which followed fissures by which the vp " aconn
torgﬂe different rock strata above the o
it Zthg]k lenticular masses of dolomite and gypsum often met
re the masses to which the th bes -
e . ! eory of a sub-surface fo -
o as particularly applied. Hollow places below th (fae
t t:he earth become filled with liquids, h etraten
o the i u
o Chexincmlstel;cy of a paste. Sulphur fumes entering caused
oo ; changes above pointed out, and the formation of
Saﬁ Sepawtfjh often remained of the consistency of a pasto
rated out of the paste, and i y
oo s . . , according to the a
purity with it, formed rock salt or salt clay ’I‘herm\);—m't o
. arious

e development
, just like our
), they formed

) ained access
ir place of origin.

eated and concentrated
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mixtures were often ejected with violence, but as insufficient heat
was developed to melt, this phenomenon is more closely allied
to that of explosion- or mud-volcanoes.

The broad theory that salt deposits are formed by precipitation
from sea water in basins connected with the ocean, was advanced
as long ago as the last century, but not until recent years has
it been taken up in detail, by Dr. C. Ochsenius,® who by means
of some important modifications seems to have reconciled several
weighty objections formerly urged against it, and to have made
out a strong case in its behalf. This theory is particularly
applicable to deposits like that of Stassfurt.

The evaporation of sea water in the laboratory precipitated,
according to Usiglio, first (Sp. G. 1.05006, 1.1304), small quantities
of carbonate of lime (CaCQ,) and of hydrous oxide of iron; then
83.82 ¢ of all its sulphate of lime (CaS0,) (Sp. G. 1.13-1.22);
then 54.17 % of all its rock salt (NaCl) at the same time that
16.18 %, T the balance of its CaSo, was being precipitated; then
8.5 % of its salt (NaCl) without any admixture of CaSO,. The
remainder of its NaCl, together with the more soluble salts of
magnesia, potash, bromine, and iodine, which compose the bit-
terns, finally crystallized in various combinations.

If the same process takes place in nature, undisturbed by local
influences, such as inflowing rivers and rainfall, we can imagine
a basin of sea water shut off temporarily by some catastrophe
from connection with the ocean, its water evaporating under the
influence of tropical heat. This will correspond to what is called
a “salt-garden.” The bottoms and sides of the basin will be
coated with carbonate of lime, more or less colored by iron, on
which will be a layer of sulphate of lime, gypsum. The concen-
trated brine retreating to the lower parts of the basin, salt will
soonn begin to precipitate with the gypsum until the latter is all
thrown down, and the final or upper salt strata will be approxi-
mately pure. The bitterns retreating to the hollows of the basin,
their very soluble salts will be the last to crystallize, in part as
a thin skim on the sides of the basin, and if the basin receives

a slight access of water from inflow or atmospheric moisture they
-
Halle, 1877: Nova Acta

* See Die Bildung der Steinsalzlager
der Ksl. Leop.—Carol. d. Akad. der Naturforscher.
No. 56, which also contain references not cited here.

fThe total NaCl being to the total CaS0,=27.11; 1.
Almost all analyses of rock salt show at least traces of CaSO0y.

und ihrer Muiterlaugensalze.

Bd. XL, No. 4;: and Chem. Zeit., 1887, 11,

75, this amount is relatively small.
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will quickly redissolve, perhaps with a small
may or may mnot eventually be removed.

winter and summer, or even of night and d
same effect, and the bitterns would then se
of the basin, where they might recrystallize
space. Amnimal life in the basin when the ba

the latter and the ocean, would soon be u
concentrated waters.

portion of salt, and
The alternation of
ay, might have the
ek the lowest parts
in a more contracted
rrier formed between
nable to exist in the
Vegetable matter in the water would be
imbedded with the deposits as they formed, its position depend-
ing, of course, upon its specific gravity relatively to that of the
concentrating waters. ‘The desert of Sahara and the eastern
coast of the Red Sea furnish good examples of the processes
described above.
In a case of this kind the amount of solid
course, exceed the amount of salts in solution in the basin at the
time its barrier formed, supposing it receives in the mean time
no salts from other sources. This amount is only 1-60 of the
cubic contents of the basin. We can, of course, imagine a
disruption of the barrier, or the irruption
intervals. The new supplies of sea water
the basin might on evaporation give us a r
deposits, but not an immense uninterru
substance. Deposits like that of Stassf
accounted for, says Ochsenius, by su
in a closed basin.
an almost horizont

salts cannot, of

of the sea at regular
thus introduced into
epetition of the first
pted deposit of any one
urt can therefore not be
pposing them to have formed
We must presuppose a basin of sufficient depth,
al channel connecting il with

the ability to evaporate the inflowing water
received.

the ocean, and
as rapidly as it is

The continuous connection of the basin with the ocean is the
principal point in the argument f
thick deposits of salt, but is not ne
salt deposits.

or the formation of the very
cessary in order to explain all

Under the above named conditions, the upper layers of water
in the basin become heavier, as evaporation proceeds, and sink.
They come in contact with layers differently charged. Chemical
changes take place, which result finally in the deposition of

various salts, principally of sulphate of lime and chloride of

sodium, according to the varying specific gravity of the solution,

as already mnoted, and to other factors that will be mentioned
subsequently ; while in solution, the chloride of sodium (rock
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W (he magnesia salts
1 i1l tend to lie in the lower strata, and the magnesia s
salt ) wi <

W . water concentrates, the
between these and the surface. As the water conce
yetwee

i shest parts of the basin, and

e e Seek’ ﬁle u}‘lcli}fle?: anV%efrf:l}(;ebct)n?;aratively f.ew remains
e ﬁn%ny pdb‘t soalt beds. In the Caspian Sea, 'wh1c}.1 has1 no
o tllCl?ch lrrlldgil;faa great basin of which, the Adschl-DaIJatl,dlza:E t’lrlz
i i sh « in those parts F
Continu'auy form‘lflgs’ai:v (Z;aiszr:r;ozsimiin the hig}}est, less S:,d]t)i
o mnn(;a%;:fselrdﬁsh in the Adschi-Darja than in other parts
layers, &
e ot Ee‘;‘le Straits of Gibraltar forms an imperfect bAar

. bo’:xc;m;ﬂantic Ocean and the Mediterranean Seal.qﬂez
o o flows out of the latter into the former, w »
e o t}(:e Atlantic flows in at the surface. The Waf,(:/
e fro'fcn anean contains in proportion to its salt (Na Cly2 ;
O.f the Med! e;rd;ulphate of magnesia (Mg SO,) as the Watle_r ;)n
:E:eAst?zn?iT Cand the excess of this Mg SO, is S(;I?;(;S?:VZ? Ogethe

’ surfe ers afl

e 1ayers&‘fswvjzﬁe:hse?:;fd‘:}fe1?)2711‘ is relative.ly stagpant
R bzllr;tivel uniform temperature and chemical com}gl)’o;
il}lfi . dT}iz atemerature of the water under those layers tha
sition.

y S b q
€ dtfec:te(l b t]le un 18 e lld,l t() tl[e mean ()i t}le Wllltet

ar It

i Sea at the surface, 12.8°. .
P OE rtehe‘chl\:‘ce dri:c)zref erle‘?;le bue;per layers on concentrbatfon
S 'theredO ’"t that will enable them to penetrate' elow
e ol ot enslry They will therefore, as it were, glide ov}«ir
e o, aid giving way to the ‘feed water” from t z
‘::1 1:1);’::r vi(i)lrlle,pass out under it into the latter S)O(izs It is
sim(illar Z,LCtiOH that Ochsenius ap};::ehs :r(: rtnh:grsli‘;a :zlts wt up
‘ are . .

tereenere (‘zfaxatzivihgitdgf the basin unde1: the 1nco;n1r}§
et of sen ater. 'Thus there are constantly introdiced r%s
Currer'lt e W? ren' salt, etc., while the more soluble S'('th's cxr?c
SuPpheS Of' iy?sua7 ) It’ is evident that upon the r_ap1d;‘cyt };)e
belnirafzzlzean;wtge; consequent varying specific tgr?}\:ttyaze o
wate ‘ i i amount, the
“{a}?er Win' dep}fndb::slz Sagfs’t}lxr; i{rﬁ;i\: rild distribution over th%
Clpl'tated e setant a.r'1d uniform for long periods, and th;: 1331354
b'asm Wer'e Conere maintained steadily between 1.0506 and‘t}.l o
Clﬁcs}%(r)iﬁtyhzze a deposit of nearly pure limestone. Wi
we
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specific gravity between 1.1304 and 1.22, we should have sulphate
of lime (gypsum), and beyond the latter point salt would form
rapidly. Under favorable conditions this process might continue
until the basin was filled with precipitates, or until the barrier
was closed, when the salts of the bitterns would be precipitated
and lastly the anhydrite cap would form over them all. 'The
magnesian and potash salts, owing to their easy solubility,
might be carried off later in solution.

The occurrence of absolutely pure rock salt is therefore possi-

ble only after fresh accessions of sea water are rendered impossi-

ble, 7 e., after all the gypsum is deposited. A recurrence of pure
salt in different strata would point to the periodical closing of
the bar.

Salt and gypsum deposits are frequently impure from the pres-
ence of sand and clay. Both of these substances might be brought
in from the sea, or the latter might come largely from the sur-
rounding lands, being brought by the winds and scattered uni-
formly over the whole basin. In the last stages of desiccation,
the basin would be a ““bitter lake,” and under its influence the
shores would be likely to become ba
without protection from the erosive force of the wind. Hence we
should expect to find layers of clay or of sandstone over salt
deposits, some of them perhaps saturated with the more soluble
potash salts.

The annual rings at Stassfurt, to which reference is made on page
9 of the following text, are by Ochsenius ascribed to local causes.
According to Usiglio, sea water concentrated to one-half of its
volume (7. e., specific gravity = 1.0506) deposits a large part of
its Ca CO;, but between this point and a further contcentration
to 199 of its original volume only traces of Ca CO, fall down.
At the latter point, however (specific gravity =1.1304 ), another
large precipitation of Ca CO; takes place (4% of first precipitation).
The first precipitation begins gradually and ends abruptly, the
second begins abruptly and ends gradually. This is supposed to
be due to the mutual decomposition of NaCO, and CaSO, and
the formation of Na, SO, and Ca CO,. 'Therefore if there be any
substafice in the solution, that falls down when the specific

gravity of the liquid varies between 1.0506 and 1.1304, it will
lie between two layers of Ca COy, against which it will be quite
sharply delimited. Ochsenius thinks that from the known greater
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solubility of gypsum in salt water than in frftsh,' i,nd Offro;zutbkiz
L 2 formation, on concentration of the sea water, o Jouble
proveb s haps of the four salts, NaCl, CaCl,, Nds . a
e Or‘p(::l np and well marked deposits of Ca SO, might be
o bu’ ‘zdden dilution of the concentrated Water‘, or by the
Cau%e'd b}”c di: of Na, SO, or CaCl,. So also Ca S.O4 is 1nsoltfple
?ddltm’n (')ted solution of Mg SO,. The outflowing magnema‘n
and Sdturd'lts with the incoming sea water might proquce these
SO St;ers like them, and the return to the b'asm of t}{e
- 'Or O’ Its might be caused by certain periodic winds. Hence
result'mg o f tghe mouth of the basin with reference to these
th'e dlreCtl(i(ril (;)e the principal local factor. The fact t.hat only
e Wou] cality near Dieuze, shows annual rings, Whge others
Onjrogtlisfzrt do’ not show them, is an argurrie?t ?ga1nfﬁa£22
the i rite are due solely to a ¢
ffheorya tshua;r;};isiorzli:ir?tferarclﬁ}rfate, for in the 1at1ter tcastir ;};es};
o i locality at least.
Sho'uld' e 'm(;) rehfj‘:i:f’ H‘iyt;‘: erseto a recirrence of seaso.ns.
N e Wmnsc’e of anh;rdrite in connection with salt depos1'ts,
w};l;?ee g;zim might be expected, especially as a cap tod izet (f)rtl}t;
i alt deposit, has been explained by O?hsen1u§ as © o the
;11;*1 tshdat the hydrous sulphate of lime in sollu’;ozl Wfl pOZSh
; art of its water for sulpha eo ,
POT}?}: fiilrzsateiz;hjfni:yi;ite and other salts, alncl1 t;ms ei}cll;z?iz
e i rous sulphate, a
resulStSO ;n tlll)er fogzzsoﬁaso fobit:v:(rilhfgat manyp occur‘rencesl‘in
i\iciihig;.r; borings, generally taken for gypsum, ua:: V\lfr;thre(:)a:E ;e};
anhydrite. Unless this form of the Sulghate o'cc orher
dnl . in a solid state, it is of course impossible to verify
;(iis::)srove the accuracy of the above explanation.

A glance at a geological map of Michigan ar}d ne;iiﬂz)(;rit;i
territory will show a series of sedimentary form;t;o:sst, me ol the
lowest of which, the Huronian, rest§ on the no; \;vn ,The - and
northeast on Laurentian rocks, forming a great 'aljn. e
ent formations from the Huronian, or more stlrl M1e fs zfres et
Cambrian ( Potsdam sandstone) up to the C;)athiS e ot
son Coal Group) outcrop around the edges o ! ﬁo,ns PRI

rd a point, which for the 1ater‘of the forma e
gsrrllttg ;?V:ie basin, which lies near the middle of the lower pe

c




xviii LOWER PENINSULA

sula. These formations, consisting of limestone, dolomite, sand-
stone, and rocks nearly related to these, form approximately con-
centric shells that were laid down in past geologic times, the
lowest of them, up to and including the Monroe beds (Upper
Silurian ) as parts of a wide basin that extended from Wisconsin
to the east, as far as the Appalachian mountains in New York,
and south into Ohio, where it connected with the ocean which
then covered the lower Mississippi valley. From the Monroe
beds and up to and iucluding the Coldwater shales the basin
seems to have been more intimately connected with western
Ohio and Indiana. The east side of the Michigan basin shows
signs of having been elevated at the time the Berea was form-
ing. 'This lies just below the Coldwater. Beginning with the
Grand Rapids group, the great gypsum-bearing horizon, the
basin seems to have contracted still more, to have shifted its
center westerly, and to have been confined more nearly within
the present land limits of the lower peninsula of Michigan.
To explain the presence in the Michigan strata of deposits of
gypsum, of rock salt and of other salts commonly associated with
the latter, we are justified in assuming conditions that corres-
pond with the more probable of the two theories above considered,
that of an aqueous origin. In fact the ‘‘eruptive theory” has
long since been pretty generally discarded. The records show
deposits (30 to more than 100 feet thick ) of rock salt in or below
the Monroe beds, which probably correspond with the salt-
bearing strata of western New York. Below these salt beds
there should be expected a very general deposit of gypsum. In
the southwestern part of Michigan, and in Ohio, this gypsum has
been found, but as yet no salt has been found with it, so far as
we know. The latter thinned out towards the edge of the basin

and may also have suffered some erosion. The salt beds under

Monroe county appear to be underlain by limestone. To account

for the deposit of the salt of Michigan, in all four of the salt

horizons, the assumption of an uninterrupted connection of this

basin with the sea, for a long period of time, does not seem, so

far as the evidence goes, to be required. Indeed the intervening

formations between the different horizons, and the relatively small

amount of the salt deposits point to the repeated interruption of
this connection and to changes in the earlier conditions, among
which the contraction and disturbance of the basin by epeirogenic

o
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| movements were not the least important. Our chief
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basin, that occur in the : e yal Oalt
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With additional infor-
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the Monroe beds. ; . ‘
are meant to be of aid in this connection.

i i f new wells,
tion derived from the boring o ) 23 : '
fcr'que to be better able to define the various flexures dnq 1rr1ei111
i . -
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y

nature.

v i varieties
Petroleum, a mixture of hydrocarbon u)mpounds n
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undulating strat y miles west
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with one amnother, although they probably belong to the same
geological period. Miles of unproductive territory lie between
the rich intervals. The coal and ofl of Pennsylvania are widely
separated in depth, the coal being above the oil. In the Caspian
district the oil deposits lie in Cretaceous strata that extend on
cach side of the Caucasus mountains and along their prolongation
southeastwards beyond the Caspian Sea. In Galicia, petroleum
products are found in Tertiary strata along the line of the Car-
pathians; in South America and in California on the western
mountain slope next to the Pacific Ocean. In the latter case the
oil is in Tertiary strata which, unlike the Pennsylvania oil-bearing
strata, are highly tilted.

In Pennsylvania and in Ontario the oil occurs principally in
the Hamilton group of the JDevonian age and in the Corniferous
just below it. In Michigan what may be taken approximately
as the equivalent in age of the former of these groups embraces
the St. Clair shales and the Traverse below them, which have
thus far not shown oil and gas in paying quauntities, although
traces of these substances are frequent in each of them. The
Dundee in Michigan, the probable equivalent of the Corniferous,
has also shown more or less gas and oil.

So far as we are informed, no drill hole in Lower Michigan
has yet pierced the Trenton, the oil horizon of Ohio and Indiana,
except at or near Monroe, where some gas was observed,

The beds in which the great deposits of oil are now found are
most of them supposed not to be the place of origin of the oil.
The uncertainty as to which are the mother beds
positive evidence that might go far towards a sati
nation of the origin of oil, and geologists and che
the latter, are forced to offer their theories in
rather than as conclusions that cant be accepted

A theory that once found favor was that petroleum was a pro-
duct of distillation derived from vegetable substance during the
formation of anthracite. Again, it was thought to be the product
of dry distillation of vegetable matter with bituminous schists,

These views have been pretty generally abandoned, so far, at
least, as the vaster depos

leum is rarely if ever fo

deprives us of
sfactory expla-
mists, especially
a tentative way
as final.

its of oil are concerned, because petro-
und in coal beds or near them, unless
animal remains are also present. Oil occurs in beds of marine
origin, where comparatively few plant remains are found. In
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s beds, on the contrary, are often found many remains of‘
the'Se ) S”c and in close connection with them Saljt solutions
ammal’ m‘at‘er’ osition. The water of the coal deposits, on the
oih\:r?;r:dgzzgn‘gsv to the class of hard waters, and cannot asa
0
ml%eo:;z icrzll\l}eegi;i?;% have thought that petroleum V\;d% th;z1 p;od;ecz

) ( arl ioxi and sulphuric acid or hydro
Oflz)v}?i;eg \aac%c)frll‘;g C:r:bi(;roln(.ho'};sz theory sgems to be bgsed. furrizlry
o ’ 3 ces occiir in the earth’s inte ,
R, tga;teste}xfzﬁlti;;b;z?;fgum can be artificially prf)duced
e ;h;il: ::rri)bined action. Similarly, carbon dioxide act1n§ on
ii,katliemetals forms acetylides, these, 'inh:uriuﬁxth hydrogen form
‘ i dleum mi result. '
acetyle; else"eiior:ejvevc}z:? tfk)leetrcirganic thgeory; because petroleum ;

fMenf euan near the surface of the earth, hz-wm'g been broug
thore li) sirculating water, than which it is lighter; because
g‘e;efmfnc; chiefly in sandstones and. other porou§ rod;% v:ile;el
e ¢ rbonized organic remains; because 1t 18 fou ,
O r%zhctaline% or arcs of great circles rather than Scatt.ere.(
%marly Stl]‘?ﬂb‘chrou h different strata, as would be the case if it
1rregulary1 inr g;ace. Therefore, he says, it must have 'been
- for'me( me liwéf strata. These reasons, it may‘ be pointed
fOr‘cmf;ci) ;ri)tSZmlﬂict with the organic theory and are in _fac‘lc) g,:ielr;

(?u il accepted by advocates of the latter. ThE'Lt the va%ster 0 e

c? )17 re found in strata so low in the geological ho?mon, as 9‘

oxam 1a in the Hamilton in Pennsylvania, that sufficient organic

Ci(am'P : ’flor their production cannot be exp.ected to have ex1isted

1:111:?;:ta below them, is an objection of weight, but for a Cre;;o;
alres ; ed is not conclusive. Mende]ejeff' assumes an aru‘

(ll(:i?: 5;: t;tetals in the earth’s interior, especially of gzﬁc,sd;)vi;l;

as of carbon compounds of the metals. Water Vpene rate o o
;L'Stt(:ar and under pressure and a high temperatur.e au_ts og fom,l
‘f‘(l)rmi;g metal oxides and hydrocarbous. These rlmiv ;r;}tl :()nects
of vapors, are condensed in the colder strata to ho1‘, o omected
wherever it finds a suitable receptacle. It asrtd  opected
against this theory that, if oil formed at‘ such grea epths o
carth. hould find more evidences of its occurrence in volcanic
earg: ::xedsir? 1those rocks of the earth’s crust that lie nzareit tt}éle
roc ' ! "

tion of the oil. Besides, as ah.rea vy s ,
:1:) 11);:5:7 Sf}?;tOfrfrit;?;z of animal matter do occur in petroleum
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beds, and we may safely infer that not al] petroleum deposits
are mecessarily removed from their place of origin.

us organic bases, from which it
I bodies is nitrogen-bearing, while
The former is subject to rapid decom-
position, and in the earth’s strata its constituents may to a great
extent be carried off by percolating waters, while the fat remaing
as a source of petrolenm.

Ochsenius *

appears that the flesh of animg
the fat is nitrogen-free,

cites the decomposing action on one another of
marine sulphates in contact with organic detritus and the forma-
tion of sulphur therefrom ;

the occurrence of bromine and iodine
in the residue of petroleum

and of sulphur in petroleum; and lastly of salt and other chlorides
in petroleum water, and concludes that it js the mother liquors
from salt basins, that have not ouly caused the death
masses, of marine animals, but have
in their conversion to petroleum.

Therefore the occurrence together of gypsum, salt, petrolenm and
sulphur suggests to Ochsenius the probability that the two former

» Which on the one hand form
petroleum from animal remains, and on the other furnish the

, in large
also been the principal factor

The mother liquors here play the
ed for the artificial production of
petroleum. He mentions a locality in Alsace described by A.
Andrea, where sandstone strata were tound saturated with oil ;
salt water beneath them and marsh-gas above, The strata were
brackish and contained fossils, snails and plants. In the higher
strata were abundant foraminifera.

part of the great heat requir

The deposit of 0il was sur-
rounded by a zone rich in brown coal, and the sandstones bore
impressions of the leaves of land plants.

Ochsenius considers as corroborative evid
of his theory, does not seem to exclude vegetable remains from

being at least Co-agents in the production of petroleum, nor does
- e
*ChemikenZeituug, 1891, 15, No. 53.

This occurrence, which
etce of the correctness

xx1ii
INTRODUCTION X

it satisfactorily prove that a .moth.er 1iqu0r‘ with its magnesia
salts must be the chief agiznt 11; thlsvf;?fﬁsznd the process by
V'Vhateverl . t?: f(:if:;jdjv‘\e krr(lt)l\lv that oil deposits. occur Verzry
i petr? eunlo;ﬁe old shore line of a former ocean 11.1 mtlrr%dte
generan'y ) Ol?fh‘%ea water, in contrast with coal deposits, which,
‘70nne?t10r} 'Wl OAuct of land or fresh water vegetation, are Seldo-m
"Ssentlftn}' (tt'prate ;m%ociation with petroleum; that they occur 1ri
f(?ur'ld N lril lrfirlde e;;ient deposits for some distance throughou
dlSthF ant 11 thepsame stratigraphic zone, interrupted by unpro-
Z;szﬁilr?jt;zak; that these scattered deposits r?ayfripi}elzegzpio
- asi i ed receptacles fo po-
n'la'ny o lotr )z‘isrilnstljveh:vcie(;nz: i::r(l)cean frI;m which they 'w}eire
;lillont(;fa: at‘;e barren parts of these oil zomnes ;ep'rese;‘lc;teiez
e 3 m one another, basins th: '
e tl'mtd Si? Pralgltee dd;;?s?tzilz; f)rfo salt, or points t}‘lat were stratl};
2:;p111if:ily (:mﬁt for the retention of oil. 'I.‘his 18621.;1 1(;1;05 ;1(1)1;;-
n i cases above cited than in mor :
11:0 - ?geize?}ielllo;l:)egf;;zﬁ; ill) ?ﬁilt, as in Ohio, fofr exan}:pllle(; V:vhg:};
how i s > aters of a sha
e '(t)ﬁetlzmoece:tvn%o;rficer Sf)iih?v After the dep(‘)siti()n‘ of
B 'Wl‘ me cases, of mechanical detritus above it, owing
T SOe of %z;lts,of magrnesia (mother liguors) or t(.) Sf)lrlne
ner *presencetrole;lm was formed by a process of slow dlsjm z;—
O'ther o o panic remains, probably both vegetable and ammal.c
S Org;('n a higher level, either in the form .of gas o‘r 0
Nat?rauy Se(; 1 gtc: the temperature of the Surroundl'ng roc.ks, t?
R 1tn g hich it was subjected, and to the c1rcu1.at1on o
- Pressu;e *Otzvr near it, the petroleum lodged where it fou?d
. Ok* “ih an impervious dome-shaped or corrugated cap——‘.m
porf)uf e E‘W voi(r—and a more or less compact stratul'n belo\jv 11t.
;:1 ttll(ilemizrlrll;s:xfirou% overlying stratum was tilted, th: oil I;rfolzzzs)g
‘ il i ched the outcrop
I Cour‘f}?isu Exﬁiii; 1\1;1:;1 bltirizz under hardpan or glacial
Sltr'zfl‘:a.thzv :ifrfnight again be confined. Where the stratadof n:g;
:; ;Lre broken or disturbed, the (;illtetscafizsn;p;;ai(}ilea;st mey
issi il belt is
o A dls}?lpaterigmiilia;sniz (:Llslcribed to this catise. Thfxt 211111
4 the' Alieg :rr(l)}lleum in its different varieties were formed in t e
3251?1::'1(\)' iz)enot probable, nor is it impossible that some bitumi-
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CHAPTER L

GENERAIL CONSIDERATIONS.

: $ 1. The Geology of Lower Michigan is well worthy of
careful study from a practical as well as from a theoretical
standpoint. For underneath its fields and forests are buried
treasures of coal, salt and plaster, which are known to be of
great value, and it is more than likely that greater quantities
of these, and of building stone, lime, cement, marbles, gas
and oil still await development. But while this is true, the
surface of the country is so covered with gravels left by the
great ice age, and is so gentle in ifs relief, that outcrops of
rock are very scarce, and it is only by a careful comparison of
facts that we can form a true idea of the structure beneath our
feet.

§ 2. The mode of arrangement of the rocks is fortunately
very simple, and was long ago made out by Bela Hubbard,* and
has been since more carefully studied and explained by Alexander
Winchell and after him by Carl Rominger. I say fortunately,
for were it otherwise the geologist’s lot had indeed been hard,
as there are serious difficulties in the way of the investigator.
Some of them have just been mentioned, and others, which have
only gradually been realized, are the change in character, and
the great increase in thickness of the rock beds, in passing from
south to north.

Successive reports show a steady increase in the estimates of
the thickness ascribed to the beds of rock lying between the
Trenton and the Coal Mecasures, so that while the geological
column ( Plate LXXIIT) shows almost the mininum thickness
of the beds in the state, the thickness thus given is quite as
great as that given by any previous writers.

# 4th Rep. State Geologist, Sen. Doc. No. 16. 1841, p. 137.
See A. Winchell, Proc. A. A. A. 8., 1875, Pt. 1T, p. 27.
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For the causes of this misapprehension of the thickness, we
have not far to scek.  The states south of us, Ohig and Indiana,
which, according to the law just mentioned, have much thinner
beds than the corresponding  formations in Michigan, were
earlier and more carcfully studied by geologists, in spite of the
fact that onr mineral resources are more varied than theirs.
The published results of geological work done in these states
are, at least, more complete than ours; the Michigan State

Survey has been twice interrupted, and thus much materia] has
been lost or buried.

The geologist has therefore alw
records of the aforesaid states as  standards of comparison.
Moreover, the lower part of the rock series, if we may judge by
the exposures in the Upper Peninsula, does 1ot seem from al]
accounts to be very thick. Yet we are undoubtedly nearing old
shore lines in moving north, and for 4 part of the time Michj-

gan belonged geologically, as we shall see, rather with Ontario
and New York than with the states south of it,
Under these circumstanc

ays been tempted to use the

es it is ecasy to imagine how much
light may be given by the records of deep borings and how
eagerly it would he welcomed by the geologist.

3. Before we g0 on to describe these records and the results
we obtain from them, it behooves us to consider to what errors
they are liable, that we may know how far we can depend upon
our deductions from them.

A perfect well-record would show us exactly what kinds of
rock there were helow a definite point at 4] depths,

We do not find the Same kind of rock at the
different wells for some of the following
while the rocks remain the same
zontal, the points from which we bore are not ¢ the same
altitude, or (2) because the bed, though it remaing horizontal,
has changed its character, having, for ex
sandy, or (3, because the beds themsely
may be due to g tilting or folding of the rock series as g whole,
or merely to the thickening and thinning of one or more beds
lying between the bed under consideration and the strface.

Any lack of information which hinders oyr judgment, or any

misinformation which causes us to misjudge as to the matters

aforesaid, tends to spoil or render inaccurate our work,

Same depth in
reasons: (1) Because,
and unaltered, and are hori-

ample, become more
¢s have a dip, which
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of transportation, and the clevations and profiles of railroads arc
taken carefully and are referred to lake level or sea level.
Moreover in the “ Dictionary of Altitudes in the United States,”
by Henry Gannett,* the altitudes of the railway tracks at most
of the important stations through the state are given, and to
connect these with the head of the boring will ordinarily be hut
little trouble. In fact, even without direct connection, inasmuch
as the state is generally flat, and neither well-borers nor railroads
arce liable to choose the tops of hills, by substituting the altitude
of the nearest station, which T have given with cach well, T we
are not likely to make a mistake of over twenty feet. At the
same time, when wells arc near together, this crror becomes
important and hinders decidedly the finding out of these minor
flexures, which have great practical importance as accumulators
of gas.

(¢) A third error is in inexact measurements,-—a positive error,
whereas the previous ones were merely omissions. For a
description of the manner in which measurements are made, we
may refer to the Ohio report on Fconomic Geology,! merely
remarking that there are several chances of error in the way
that running measurements are taken, and there is evidence that
errors do occur.  For example, Mr. Charles I,. Davis reports that
when the Niles well was finished, it was supposed to be 1,140
feet deep, but proved on actual measuremcent to be only 1,099 feet,
Numerous discrepancies may be noticed in the depths of other
wells, when the measurements are derived from different sources
or when the sum of the thickness of the beds passed through does
not correspond with the total depth given for the boring,—dis-
crepancies which are doubtless in part due to this cause. 'The
records do not however give data to enable us to eliminate, allow
for, or know definitely the size of this error. From various indica-
tions I judge that the percentage of error at Niles (4% ) was
1ot commonly exceceded, but was often approached elsewhere; the
drillers are not likely to underestimate the depth of the well.
This error is probably large enough ecntirely to disguisc the
other, made by taking the clevation of the railway track for
that of the well-head, and seriously to affect our representation

# Bull. No. 76, U. S. Geological Survey. .

I These altitudes are due mainty to Mr. Ganunett, being tal
from unpublished material kindly furnished by hin.

£ Geological Survey of Ohio, VI, 497.

cei either from his dictionary or
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Jf the beds, when the beds are close together. Howeveri it 1i
( " Y 2 -
usual to take accurately with the steel tape the depths a
o ints -, where brines are struck.
important pomnts, ¢. ¢., W ' Strucke o
(la’) Another source of error consists in inexact dcscrlpt:lons
()fb many of the borings no samples have been kept, an v}:e
have to Jdepend upon the descriptions of those who attendfed the
¢ e n
boring. Now, it is not always an easy matter even or 1a
. , ‘ B
expert geologist to make much out of the ground u.p' par;ut;
1r£ught up from the boring,™ and it is not surprising 1 e
) .
drillers’ records are very deficient. o
i : mistakes:
I instance a few of the common e o .
Dolomite, [non effervescent (Ca, Mg) CO,], 1s cldss.efi :%o e
times under limestone, sometimes under sandstone, but 1s 1(‘1<Lre ¥,
- . [N s . . nv-
if ever, recognized as dolomite. Amnhydrite 1s never called a )l
thing T,Dut gypsum, is often overlooked entirely and called marl,
cte. Anhydrite (or gypsum ) in nature is alway:% found w?ei;:
salt is. Not so in the records. Kven geologists arehag
‘ " ’ i / : anhydrous
confound gypsum and anhydrite, the hydrous and ‘mt z r(‘zIS
i Is ¢ teworthy fact that at great depth
sulphates of lime. It is a no ! '
in %[ichigan borings the anhydrous form occurs almost 1f not
quite exclusively. B '
: “Qpapstone " is a loosely used term for calcareous shales and

argillaceous limestones. It is a favorite term to apply to the

Hamilton or Traverse Group. '
Coal and black shale are sometimes confounded. ' o
The term ““sulphur” (as well as ““sulphur water™) 1is applie
and smelling of rotten eggs, as well as

C e i i OS
to water containing H, S

: t deposits sulphur, and to pyrite. |
(t):h\:rdti;zl: Su(il as freestone (by which sandstone 15 m:(a)x;lti
although the material so called is not always San,dSt'OY::):le\ lewd
rock, flint rock, oil sand, oil rock, etc., whose mednm{b? Cir(h
upoﬁ circumstances.  Only those wells have trustwort nt rd Wiﬂ‘l
where the fact is noted that samples have been deposite
ﬂl(C :u: (;iyr;al source of error is in the intermixtu‘re of the sdlrnil:;
This may be in two forms, cither through acmdental\ elnc 0% Or\
from the caving of an entirely different part of the ,LO- umrlll, O;
if samples are taken but seldom, through the av?rixglni% tflere
perhaps a hundred feet of beds. In this latter case,

# Qee Rominger, Geol. Survey of Micl., 11T, 36, 117.
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appear to be two distinct varieties of rock, their mutual relations,
/. ¢., whether they are interbedded in thick or in thin layers,
may be quite obscure.

Considering all these errors together, it
hitherto they have sufficed to render v
tion of dip from borings in the s
that they render the depth of a bed uncertain by more than 50
feet, but that they do not obscure the larger features revealed
by the present borings as hereinafter described.

§ 4. Inasmuch as the material is thus
proper course to pursue is to put on record
obtained, quite apart from the
that future workers with more
and more exact conclusions,
expecting wel]
light.

But on a subject like this, where
being accumulated, a report
than final, showing merely the state of knowledge up to

date; having for a main object, to point out where further
promises reward, and thus to

is probable that
alueless any determina-
ame immediate neighborhood ;

imperfect, the only
the data thus far
conclusions that I have drawn, so
and better data can draw further
Even as I write this report I am
-records which promise to shed some much needed
new facts are constantly
must needs be journalistic rather
soe

work
lead to discoveries. Thus the
more useful it is, the sooner will it become behind th

If those who are connected with well-sinking  will
samples are taken and kept on file (in the office of the Survey

or elsewhere), that the depth of the well is accurately measured
(at least when the boring is ended )

running measurements, and the location
head are known, for the determination
barometric reference to the nearest railw

e times.
see that

and compared with the
and altitude of the well-
of which pacing and a
ay are enough, we shall
soon be able to prepare a much better report than this. And if
ever the time comes that the drilling is done so
cores, and we have also a record of
rocks and of streams encountered by t
will be of far greater value,

as to bring out
the temperatures of the
he drilling, such records
Blanks for records and bottles for
keeping samples have been furnished gratis by the Survey.

I have arranged near the close of this report an alphabetic
list of all the towns in Michigan (and of a few of
ance in adjacent states),
This arrangement is the
wells most readily,

al
special import-
from which we have boring-records.
simplest, admits the insertion of new
and makes it easy to look up what there

-

7 7
CLASSIFICATION

may be from a given town. In seeking to grou{()‘by dls:;$CtiSr;
nce is sure to encounter some wells that belong (1? };_)tro’p v
:ne (iistrict as in another. Moreover omne may Sect.an;i {fn e
by reference to our map, whereon every town m}fn 1?11 e
]ivs‘t is underlined, under just what town-nan?es ehw\1 Véug the
b<\>ring3 of a given district, which is C(')nvement \%vt L(r;l ;ir ri;vers.
S s as they are about the Saginaw ar.ld St.
Y Rterring is stails, we begin then a gemeral
Referring to this part for (.it'tdl 8, gin I iy
account of the rock series which will be pierced by

(Hld we natuIdlls’ take t}lenl 11 the ()I‘del n VVhth t}ley Wlll be
]

1 . . * St. 8% urs t 1 lll W'll
3 2. € 3 € ppe mo s B [¢] coO e 1€ 1
l(f( 4 ll TN g‘t 'ﬁ t t f ~ . ] ]

trike in at different points of the series in differen;cﬂyx);irtsa(r)i
:hrc1 state. Accordingly, on the map (Plate LX Ou)ld e
placed lines which show in g:eneraé V\lhztivii)l;p;;(i)z;Wbetween
* some of the importan S ines ‘
fl}ilfefe:ef: rlci)ipnd(;f of rock, if the soil and gravel 'Iz};idﬂsngﬂarniici;agl
or recent deposits were. strippe@qzwa{s;ce He:lsoneycan e
bet“feen w}‘liCh Ofvhtehriseirllmtcliedgf(l);:)gicil scale he will .begin, if
he lfeftsaz t;)orf;g The same divisions are made, w1t}}11. s}(l)mli
sta . . : :
}?‘fhesrs, in the engraving of the §Q(>izf;cz:n (;O:;n;/?c"nr; ;C oy
e Comiﬂedsi(fireoncl)fth(fu:Veillisv;tiondsL ‘Lhose made by previous
Pla'ce ‘by t(ziewe shall discuss the differences as the.)i come up.
:7[‘7‘;12:?;1:;1 howex;er, two different principles 10f g?ss;i;atls;, ‘:112
i i rical, or classifica

paleo_ntolf)gliil ?jdtht: eroi;:h:lli(()ié1classiﬁcati(>n by the ch‘emical
r:za;?rsuifur'il echaracter of the rock itself, concerning which we
\ L i e outset. '
Wi§h~ * ’;‘(;1}6 SﬁO:tets}‘lcle?)g iit tl;lhec s\’zigy of the earth’s history, ash.1‘f
is §W:r).it‘cen on tables of stone, was taken by \Ve;ner: ;)trh’z:bglil:t();:
t\ime under the idea that different 01)()?hs o'f t‘ e fu;OCk; Thus

> i ked by the formation of peculiar km:is of r a s
ve ¢ n‘ZdZuch names as Old Red Sandstone, (Jarbonlferm:m, L
;N'(:dg;andstone, Cretaceous, to denote pe.rwds o'f ieolzg:;i‘::n(e).f

The second step was taken unde.r the idea that yharz.lcterized
creations, rocks formed during a given epoch,‘ }Vlvere lcife aeterinel
by remains of a life peculiar to that ep?Lt , 1asm -t e
swept away by some terrible upheaval or catacly

of the epoch.




LOWER PENINSULA
The third step in advance was taken when geologists began
to realize that even as now in different places different kinds of
deposits are forming,—in swamps, peat; at the mouth of the
Mississippi, mud; on the coral reefs, limestone;—so it has always
been. Hence the Old Red Sandstone in one pl
to a limestone elsewhere.

The fourth step in advance has just
realization by the paleontologists that
kinds of animals and plants found in a given place or buried in
a particular epoch vary, and depend uot only upon their
environment,-—whether fresh water or salt, warm water or cold,
muddy water or clear, shallow water or deep,—but also on more
remote causes. Thus there arc and
provinces, in which, under like conditions, very diffcrent asseni-
blages of living beings have existed at the

Australia, South America and South Africa
present instance.

ace may correspon d

been taken in the
» a8 now, so always, the

have been zoological

same time.
may serve as a

Thus we can rely blindly neither on the physical ch

aracter of
the rocks mnor on fossil-lists.

In either case we must also have
an eye to what we may call paleogeography, and any classifica-
tion we make will apply first and foremost only to a certain
district. A final and universal classification
rocks according to time of deposit we can e
use of both kinds of data, linked, if poss
astronomical cycles,

It is certain that the 700l
are much larger and more
which there is a likeness in

and correlation of
xpect only from the
ible, to a chain of

ogical or paleontological provinces
permanent than those districts for
deposits.  Yet within its confined
district a classification by this method is as legitimate as one by
that. Now, we shall find that the Lower Peninsula not only
now belongs, but always has belonged mainly together in one

basin, and that a distinct parallelism can be iraced i

n the
sections on the north, south, e

ast and west sides of the basin,
although, as has already been said, the

re is a great difference in
these sections, due to an

approach to a shore line on the north-
erly side. Of these sections we shall use as our type that
farthest from the shore, for deposits along shore vary rapidly
from time to time and from point to point, whercas any change
that affects the deposits further from shore is likely to be
wider-spread, and to mark a more sweeping geological or climatic

LOCAL VARIA 7TITONS
hanges which may take place 11
e the rorks, t‘hinbeh;:j]iﬁt:je“I}:)tnd inﬂ practice to be
y nd may also in theory be cxp.cctcd
usly local and variable,
dei)osit to that of' a sea
¢ the Mississippi, may

‘hange.
:llulcd ;haracter of the rocks,
farther-reaching than others a Y
Conglomerates are 10torio
s the change from a clear.sea—hk
supplied with the silt of a 1arge Jr1; reer‘l

be expected to affect an extensive .

to be so.

wherea

ate salt
sts between deposits of fresh water, of sa

So too the contra over the whole bhasin

. ter will extend ’

ater and of very salt wa . th: . part of a
Wdtcz ((1111 It can hardly be expected as a rule tz;a; (mco tg)l o part
affected. . 1 gite fresh and the ar
sea basin will be permaneﬂgo}’ t}?at if there are marks of deposit

ar saturation with salt. apic remains, and
near sd ant

the scarcity of org ns
o er limestone, or of precipitated
t, etc., these will be widespread.
mber be local

from very .
the prevalence of dolomite ov

limestone, siderite, anhydnt:, seziember e s
AL e e :)Vstﬁ??)sf urnimportant rivers bringing in f;‘estl(l)

§ t'h e mh'le the condition of being concen"cm‘te o
e tation haracterize a sea for a long time, very
t}cxe dcold of winter or the spri'ng ,ffeShe:;’
f dry years or some shg}rxt curre :C
actual deposition. The grea

Cxc@ptiOl’lS

near precipitation may
slight causes, such as ‘
the heat of sumimer, a Series o

- to start fos of
. ffice to check or T by a series 0O
ey :Stu ; salt at Stassfurt in Germany are divided by
deposits of s -

m. thick, each supposc.zd

e n’lt : 113‘2(\71\78’:1?0“\;\73@ tgnlc{) tt any rate in therbas1]1i
. represent'a y'ear 5tl%at while the general assemblage of nfn -
o dre COnsIde'fm%ri’olomites, marls, anhydrite and salt, for:njbl;
fogfllhfer:kueii iéﬁies all over our district, we a;e dnot as yet @
b trace \ ifferent beds.
to trace a'ny Closl? pd;iﬁi; :;Z?;QHI: 1fgffeneral, a flew‘ assenlblz’xiz

WC'nOhCC ﬁna }ifll‘l work their way into a district. 11 t(he‘ }:VL; ;
I formf ::ic or climatic change that gives tl.l(ll‘ll ng (L,Lﬁé
e the b vious occupants. 'This geograph‘lc or‘c'm}(‘ter
o repmce' ot leave its impress on the physical gh‘ar‘du ‘
e s Often"l? thus mark a division line on both systems
o ﬂlle b'iids t?:j Wz)ften,\however, the change takes the form
of classifica .

itions and the old
the old conditions a ‘
§ bt it d the new life, first one side,

point. Thus we may find
taining the new life,

of a prolonge ot

life, and the new conditions an
’ .

then the other victorious at a given o

beds of the mew physical character ¢

2




10 LOWER PENTNSIIT A
alternating  with

beds containing the o1 phy
and the old ife,

Again, we may find severa]
the new physical conditions before the
the new, or, on the other hand, we
entering with the first
ditions, anq pe
state of affairs,

sical character
incursions of
old life gives way to
may find the new ljfe
occurrence of the new physical con-
rsisting in spite of partia] relapses to the old

Such phenomeng give rise to v
problems, that may  puzzle both the
paleontologist, and may lead them with equal justification to
draw their dividing lines at different points, We find, for
example, at Goderich and Monroe (¢. 2.) an inroad of the Upper
Helderberg conditions and fossils before the
of the TLower Helderberg dolomites,
Traverse or Hamilton Group
conditions of the limestone

ery complex
stratigrapher and the

final disappearance
We  find again, in the
anera of struggle between the
formation below and of the shale
above, and in the Berea shale above the Berey or Richmondville
sandstone we may perhaps see the last expiring effort of the
Black shale to maintain its ofice extended dominion, Ip fact,
the whole Waverly (in Rominger’s sense ) i
between two periods, which, at their highe
casily contrasted. It is natural to find,
epochs of strife

S a transition serjes
st development, are
as we do find, that these
show the greatest variety of conditions at different
points, provokingly enough, just where
of division. A good
mondville or Bereg

we wish to run our lines

illustration is the variation of the Rich-
sandstones in various wells. Tt should
therefore pe remembered, that while the great body of the
formation above a given correlation line may quite certainly
correspond  throughout , given cross-section, there ig quite a
chance for error in the beds that immediately overlie it,

It may also happen that minor physical diff

erences may oceur
quite independently

of the general conditions of life anq deposit.
We  find, for example, in the Silurian series beds of sand or
sandy limestone or dolomite, like those of Sylvania, Ohio, or 1da,
Michigan, composed of angular grains of pyre silica, very free
from alkalies, and hence admirably adapted for g]ass—making
and of considerable practical valye. This sand does not seem to
have Dbeen rolleq along, but actually transported by ocean
currents.  Now it ig quite conceivable that a current like the
Gulf Stream might slowly shift its course so as ty deposit a

sandy layer in the Atlantic, now on the American side, and

11
CORRILATIONS

i i+ changes of life and
ard the Furopean side, while ()thLT fhdizl’;;ica. e e
e ading from KEurope tm\uu.d y poriea, 1 we
e e camtito ‘brecorded in the Silurian, either . ‘,hi(ranl
et Saniisjume‘\Bend Indiana, and Kalamazoo, I\‘f‘u :f(n;
e betwe?n b(;)u)ti}lllt% in i\Ionroe county, we must assum
or from various nts | -
e Ongl*n.‘ continuous from point to pomt,y (L;lc(lj
If such a bed proves county, it is proper and.of prac e
e 10 o M(mro'et evenv though this correlation lme’ nl i)c
ol C()rrela}fe tl ’) éorrelation lines will mark geographic
The twc

Seent
. t :
::)I;:rsome Othe'r. rted the order of occurrence of the beds 1n
‘hanges that inve .
:11;1;:;%5; parts of the be«lsnll' ist of Missouri, has recently,” in

M. Winslow, tStat;iifoloil;ﬂl have occasion 'tg r(’{é;ijfdi}:é
o le paper, to W ‘ in coal formations, .
(\1‘\::]?)01 I:d Siﬁlﬂ? rt(})hgizmiej Oj)lurmC:z):ll M(;rzi‘lures. The coal is
may also expec

in a

1 e t < 1 l l” as a swan l) t 1 l’dlld d,]ld tO fOHOW
rom C
(0] S b ) 9 ‘ ’ .
‘ l (b) h’ 31 (l)Z( :1 td.)l Lll)[)e] le V 61 Qf t}l(, W (LtCK 5 W llll(/ a var 1(,(1 ().1 t(;] Ildtl 1
()t S 11(211 (ltld 1 nm St() 1 1¢ d [)( 3 ¢ botto d l d C
c e e 18 (& S te(l O H ) i 1T LY1( 1 ik(’%

i1l appear to
: »ds will appear
tle curvature. 'Thus the coal beds
of its gen

nasmucin N ] CCOT 11 iaracier O1 acCtic alue a
S QO e S10 pr’ N 1 | Of
cCO1no ¢ C C
l 1 A tl e - ~ chHare ~t o wt ~ 4 .
as C as y

- the the
i1l depend more on its physical Ch'EL‘I‘ZtCté‘:I t:;:p;l;g ‘
i ae'puzl in it, we feel quite juﬁtmed in dopting
- C(mtz'tme hicalt ’division of the series; but a dvistons
D e oty 1 nuﬂi] value, we should not lay too m‘u, ’I;his X
i (ml):i ihl(());?d use f;)r them only 1;)(:;}1 n?\mef: .
upon them and s ¢ O
hIZ)‘VC e, %:;ij?glgzivgver, in parall‘el'c'olumn:, :‘:ifui
e e >" ptj rrei;(mding names and divisions o ‘g of the
e tr‘le L((r)h()uht the text, for the greater ea: o
e thl(:rllt:ﬁng the older, more or less nearly eq
reader, often appe )
T ¢ ical column, the column before ﬂ? m:vw»icith
o geo}ogmd' s that I use for the forr.lm‘ 1¢ ‘,thiCk_
P ]Oc'al ndm'e robable maximum and minimum
figures indicating their p

5 10
. " samples o
14-121. e r without . .
: Buil. Geol. Soc. A, 1892, III.Id qli L\ witl dritlers’ records, m“”] saved, fossils are
U e i in dealing w hiave been sa
. fact, in ‘here samples lia

T Lhis we must do, n 13 yossible, and even where samy

ical evidence 18 poss :

sontological ev

paleon B

often Se scanty, or interpre e only by an expert
al expe
ysent, scanty, or interpretable only by T
ten absent, s s
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ness. The next ¢ af ]
e ¢ next column after the woodeut shows the names
Se¢ - : io Surv ‘ T
et oy the Ohio Survey and largely by €. 1. Wricht. Tt

urd column shows thos v Rominger he n

‘ ¢ 108¢ used by Rominger
A 1ger and the f
those used by /i . o
. S v AL Winchell,
A . and the fifth the pr i

' srobable o
e probable grouping

CHAPTER 1L

THE  GEOLOGICAL FORMATIONS  OF  T'HIS LLOWIR
PENINSULA AND THEIR ECONOMIC PRODUCTS.

(a) THIE QUATHERNARY.

§ 1. 'The surface of the Lower Peninsula is, under the soil,
covered with a layer of unconsolidated deposits that is commonly
known in drill records as ‘drift” or “gurface.” This layer is
composed of gravel of various degrees of fineness, mixed with
boulders, and at times replaced by sand, marl, clay, ete. It 18
the product of the latest geological action, and is scarcely ever
preserved in samples, S0 that it is useless to try to separate the
parts belonging to the glacial, and those belonging to the terrace
cpochs. Nor are there data for discussing whether there arc
more glacial periods than one represented.  The fact, however,
that from a boring near Vassar, chips of beech-wood came up,
and that wood was also found in a boring near Paw Paw, may
be mentioned in this connection. ‘

This layer of drift is entirely unconformable with the rocks
beneath, and hence it is not possible to tell how far onec must
go to strike solid rock. This renders the exact position of the
outcrops of the underlying rocks more of less uncertain. Take
the Allegan well, for example. If there were only ten feet of
carth to begin with, instead of over two hundred, it is quite
possible that in the upper part of the well we might pass
through the Marshall sandstonc, which would thus extend some-
what further south than we are now justified in representing it.

(renerally speaking, the drift is rarely over a hundred feet thick
in the south and southcastern part of the state, but, as we go
north toward Manistee, Frankfort, and Ludington, we find it
much thicker.
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It is often more or less stratified,
are liable to yield good supplics of water,
At the very bottom there
“hard-pan.”  As the drift
formations, this layer, where

is often a layer of clay known as
lies unconformably on the other
it occurs, will form an impervious
covering on the edges of the beds beneath it. Hence it is, that
often on striking through the drift to the rock beneath, especially
if that rock be a black shale, we encounter flows of gas, which
have been slowly oozing out of the bituminous rock and
accumulating in any dome-shaped reservoirs that may be made
by this impervious sheet.

Before leaving the group of unconsolidated deposits we may
recount the different kinds of deposits known to be present, even
although we cannot separate them in the well-records.

On top we have the alluvial deposits recentl
rivers, or by the wash of rains, or, in the
state especially, the dumes of sand
We have also beds of mar]

y laid down by
southwest part of the
accumulated by the wind.
and peat formed in small ponds,
Then we have widespread terraces or beaches left by the great
Takes when they stood at a higher level. Then therce are gravel
plains, kames, ete., left by the ice in retreat, as well as clays of
about the same age deposited in lakes, and finally the moraine
material, unassorted and often coarse and full of

boulders,
deposited at the front of or under the ice.

(by rHI COAy, MEASURES —— THE JACKSON COAL GROUD.
The most  recent
materials, that will he
center of the state,

beds, below the unconsolidated surface
met by the driller, will be found in the
as might be inferred by what we have said
of its basin-like structure. They are the Coal Measures, in
which small beds of coal rarely if ever over four feet thick are
found. Very likely they never extended over the
of the state. They certainly were
not far from shore,
aries rapidly from

whole length
formed in very shallow water,
and in consequence the exact order of beds
point to point, as Rominger remarks.* Not
only that, but being so near the water love] any slight ]
of the latter would bring them within re
imagine them an old delt
plished by the main cha

owering
ach of crosion, or if we
a deposit, the erosion might be accom-

——

and then the coarser layers
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COAL 0

i se s we get old river
time might have changed its course. Thus we %,,1 e
. § 1 coal, such as arc s
‘hannels fiiled with sand cutting out the L(')d.]‘, S oo e
L] ( 1v described in the report of the Commissioner 01 Min .
Statiotics. i i striki such a rive
Statistics for 1881.%  Obviously a boring striking s;; (t e
el pre i 3 irely different fro
l( nnel might present a section of beds entirely d . o
e ‘ i is i e section give
that 200 feet away, and entirely misleading. }:I‘hc se h%nnel
o ; [‘hese river-che
such a nature. ese 1
g av be of such a ‘
from Corunna maj tature. se rven
wndstones are of common occurrence in coal 11? e i
e ‘ ck of practical importance 13
ides ‘oal beds another rock of p
Besides the coal ctieal tmporianee
fire-clay. Coal underlain by fire-clay, then by bLuk‘, al ohaes
hire-clay. i ' ‘ v
d limestones, or beds of siderite (carbonate of iron ,)t, fb] -
o : P wi 3 akes a set of beds
( lored shales and sandstones, with these makes up a 5 o
colo S s @ - the ke set of
parated by numerous unconformities. The Lomm]olx tt(r o
o the aces of vegetable matte
ies i ‘ ¢ es of vegeta
3 s lies in the abundant trac r
f these beds lies . ace . bl e
”h d in the generally rapid variation in their wmpos1 ,
ol » solor and always
though they remain black or gray, not red colored,
7 arks a shore deposit.
ep the marks of a . » o .
ke'IPh ries begins and ends with a sandstone often enoug .
s it i hese the main
are ese from
i it s 3 ; separation of t :
1S as it seems to me, the ; 8 ’
Ju“tlfy’_‘tz yverlying Woodville and an underlying Parma
group into an ove ' ( ' Purma
. dptone This has been done by Winchell, although R(,{ lt-) }
sands . S $ i | ugh e
1( bts its propriety.] The imperfections of the records, o wa .
T have ol nit any definite
3 é ar too great to permit any
T have alrcady spoken, are far g
decision on this point as yet. ' that e e
It has been suggested by certain authors, tha | 1w
1 occte ‘ ‘ 30 €Oz s would occur
uld occur along the edge of a sea, so coal beds wc " .
e X i coal basi ositions «
most often near the margin of the coal basin. The pﬂ. e
‘ M . avo 118 r 3
Jackson, Grand Ledge and Sebewaing rather favor o OwLi
and. pois , w mi i h argin of the coe
3 e margin «
int at a few miles in from t g :
and point to a belt a : i ol the cow
b inp indicated by the innermost line on the map, as R
o wev here coal has
i a, however, wher
C oal e ations. Corunna, :
able for coal explora vever, con b
been mined, is nearer the center of the basin, and the M‘dl‘ .
L five o i 11 at Midland,
i i 3 oal in the well @
re or six feet of soft co . .
A w i this could have
¢ 7 think that this
¢ t down. I hardly
only a hundred fee : > cowld T
w steps would hav
been more than coaly shale, however, or step { e b
3 d A O (> v as 5
taken to develop it. Midland is near the center o

# Page 24. C. Do Lawton. under C. E. \Vri:rlﬂ.A o 111 114, for <
S inslow's paper above cited, Geol. Soc. Am. 1892, . e B
o o \V'"'\EE’“ .1\11);[)11)%"( fd(f)eu]og\' 1885, p. 467, for a well worked out systent in

also Geikie's Text book of G vy

ses i Missouri, and

Dean. .
i eol. Survey of Mich., I11, 128, 129.
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and it will be scen that the coal of Michigan never lies far

below the surface. In fact one of the serious difficulties of

mining, one in which the center of the basin would have an
advantage over the margin, is the lack of a roof strong crnough
to sustain itself and impervious enough to keep the water out.

The bottom sandstone of this series, /. ¢., the Parma sandstone,
is charged with a brine at many points, e. g, at Bay City, where
the brine the sandstone carries is distinguished from the next
lower brine by a higher per cent of CaSQ,, cte., and a less per
cent of the carthy chlorides ( probably also bromides ),*

There is no reason to believe that the Parma sandstone itself
contains rock salt, and the brine may be supposed either to bo
the original salt water in which the sandstone was deposited or
to have percolated up from the underlying saline beds, as the
outcrop of these beds to the southeast is at a noteworthy eleva-
tion, and the water in the beds at the outcrop appears to be
fresh. It is thus the first-met or uppermost salt horizon of the
many which underlie Michigan. It varies rapidly in thickness
and probably is bounded above and below, at least at many
points, by unconformitics due to crosion. It makes a transition
from marine, intensely salt water deposits, to brackish or fresh
water formations.

The character of the change would be fully accounted for by
supposing the adjacent land to have been elevated so that it
would condense more moisture and pour it into the sea out of
the mouths of sand-laden rivers.  Such a change would also
account for the shoal-water deposits and rank vegetation of the
Coal Measures. It should be said, however, that in comparing
the well-records of Portsmouth and other points around Bay City,
it seems likely that the “upper salt-rock” is not exactly equivalent
to the sandstone in the deep Bay City well. At Portsmouth the
upper salt-rock appears to have nearly the same position as the
gypsum of the deep Bay City well.

(€) THE GRAND RAPIDS GROUPD.

We pass next into a group of rocks composed of dolomite and
limestone, and of gypsum beds with accompanying green shales,
which indicate a shallow basin, from which the water was often
evaporated faster than it was received. [ do not know, however,

* GGeol. Survey of Mich,, 11T

MARSIALL SANDSTONE 17

that rock salt beds have been found i'n this group, an? by'iliqoe;r
absence it differs from the lower gypsiferous (Salina ) o;milt al.l
Like most gypsiferous serics, it does not app‘eur t70 e a o
uniform in character and thickness. On Rommger's‘ maf e
breadth of outcrop varies widely, but t'hat map is c?rl(;;ilj)
inaccurate in some respects, as accordmg to theb lu) " ti
Sebewaing is on this formation, whereas it really belongs
tll’cl‘lt(e)aihz;j\rzlvness of the basin is shown, n(?t otilly by the g;eat
prevalence of ripple marks, but also by mm‘or unconfoinnlze;
such as one noted by Rominger on the Charity Islazdts. ‘e
probably unconformably overlain by the Parma r‘s[\z;n Sfol?(?;‘,{n
perhaps in some places eroded away altogether. e d0 be E_
however, appears as a common arrangement of the beds, beg
ning at the top: R
o - veined dolomites.

/;Zr:)i’m’],g IE;‘;];J[ colored sandy limestones or calcareous sand-
stones, often flinty, often veined.

st()'/n‘/f;;’fa/’(,)fRapid alyt:ernations of sandstone, gypsum (m(i gi«ldlgz
mostly light colored, which make 1'1p the .lower pdrM‘(?1 e
formation and were separated by Wl‘nchell . into the 1@: g
Salt Group. The objections to retaining t‘:h1s name zL.nill irc:;ﬁ
are, that no rock salt is known to' occur in the beds; ,Tldl e
brines, which he associated with it, are really ‘fromuoxl(? )z%lbf
and underlying sandstones; and that, as .V.Vlnche . TL .
remarks:T ¢ This group is a mere local condltmn. of t e (‘);:Ien
portion of the carboniferous limestone.”. Possibly V\?ln(c1 euC
grants too much in this, but at any rate in the well—reco; 3 1
does not yet seem practicable to separate the upPer, more limey,
and the lower, more shaly, part by a steadfast line.

(d) 'THE MARSHALI SANDSTONE.

Next beneath the group just described, which in its upper
calcareous and lower gypsiferous beds is so well exp(?sed ne’a;
Grand Rapids, occurs a series of San(.istones, very Wldespi?t
and usually very easy to recognize in a general way, ha
have been the object of more detailed study thz'm any otl;r
group in the state. The lower part of the formation, and the

e Geol. Survey of Mich., 111. 119,
b Michigan.” 1873, p. 69.

3




18 LOWER pg NINSULA

beds immediately underlying it, in the sense in which we use
the term, are rich in fossils and their casts, and have been the
subject of detailed paleontological and stratigraphical investiga-
tion by Prof. Winchell.  Prof, Winchell originally speaks of
two groups,* an upper, Napoleon group, and a lower, Marshal]
group, the two lithologically not distinguishable, but the upper
group non-fossiliferous. e seems later to have ab
subdivision and in his description and map made for Walling’s
Atlas, in 1873, as well as in the ““Geological Studies” and in
the chapter prepared for the American Greological Railway
Guide (1878-1890 ), the Marshall group is given as the sole
division. Romingert considers Winchell to have overestimated
the group by an error in the stratigraphy about Point aux
Barques, denies that the presence or absence of fossils is a
characteristic feature, and maintains that in fossils,
paleontologiczdly, the beds under consideration are ope with
those of the group below, next to he mentioned, and hence
refuses to recoguize this group at all. How far this is Jjustified
from a paleontological point of view we shall not pretend to
decide. Tt is g4 fact, however, in which all really agree, that the
gypsiferous formation or carboniferous limestone (that is to say,
what we call the Grand Rapids group), is underlain by sand-
stonte, which often graduates into the shales beneath. If thijs
were not admitted, the evidence from the borings would be quite
sufficient. Its thickness varies, but it is generally from 50 to
100 feet. In the only two wells from which we have samples
( Charlotte and Jackson) it is fine grained, — so that the individual
rounded grains of sand and scales of mica can be
the aid of a lens,-— calcareous, friable
in hue, and, in contrast with the Pa
and darker. This appears to be its common character, but at
Napoleon, Stony Point and elsewhere, it is thicker and coarser.

Winchell speaks of it as yellow and brown. This is probably
an effect of oxidation.

The upper boundar
than the lower.

Economically it is of importance
it furnishes building stone, flagsto

andoned the

/e,

scen only with
» and gray, slightly greenish
Tma sandstone, finer-grained

Yy of this sandstone is generally sharper

» not only in outcrop, where
ne, and the Huron grindstones,

* (Geol. Survey of Mich., 1860, DP- 80, 88, 138-141.
t Geol. Survey of Mich., IT1. 70-76, 86.
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COLDWATER SHALES

hut also in being under cover the source of the Saglinév? vileﬁ;
123111;§()f Bay City, Saginaw, Midland and other places.

: ¥ ZOT. '
thu‘s‘ thc,siti):r?ti:’ftpifrftugé view it marks the jtime at vsihlcl}
t }jl(()rlz)lig‘ical history of Michigan switches off\fr.orm th)f;:e)

v ent s ates and pursues its individual and Peguhar v e,
s St‘*l allels drawn must be paleontological rather than
" th'at Mll}' pldn Th\e Coldwater shales lying below the Marshz?ll,
Stmtlgmp‘tncla)e: n;entioned, are stratigraphically continuous with
o ne'xlt( jtolocrically {doubtless, at least in part temporally),
;md‘ letuit) to ‘Zc’he Cuyahoga shales of Ohio. The VLogar: Cf;z
C??;érate which caps the latter, corrcsponds, therefore, to
glomerate,
MZ’Lrs}lalj.f’ccr that is to say, for the rocks above jthis horizon,
‘chcr 111)::12% W’ere distinct, and we find .in neighbl(znglei:tates 1o
o the bed mext bencath the Marshall, there s 4 reserblance
ht]l theﬁif*{:ﬁi& bi;m(z;hio. This continues throu'gh all the
s s SL h‘ come to the surface, down to those which (?utcrop
I)Cds . 'L?;:it underneath which we find a closer likeness
1111 iftc)nrr(())fk;oof (})Tiltario, except that the extreme so.u‘cl'lerr::1 p?;;
o(f) Michigan belongs with the gre.ater' par‘; ;)'f ())111;)(,1 ::th e
extreme northeastern portion of Ohio with Ontario ¢

rest of Michigan.
(e) THE COLDWATER SHALES.

2 1 - ~ nd
This formation, which has numerous outcrops in Brangg.aer
\V ( ’ 4 iver,
Hillsdale counties, and is well exposed by the Coldw;tere e
s , . ‘ X )
f ic ave named it, is a very bulky oue, who
from which I have name , . ulk < © e
11 Oss geologists did not appreciate until it was refreldle mey
ness sts it R
borings. It comsists of light colored, greenish or blmstl some
times darker, shales, growing sandier toward the tog

4 in 7 S more
gradually passing into the Marshall. They are in zones
t=}

or less calcareous, and may have occasional ban('i?hoi()ilor:e:ﬁ?ce}l
although nodules of kidney iron ore, of a brownis < W,ith o
in the well-samples appear as brown fragments mn; i e
greenish shale, are more common, a.nd are Vei) dlz;)ne
z;nis‘cuken for limestone or even, by drillers, for Sdrolosfeejt .thiCk

The Coldwater formation is never less than 6 t_ . thé
ceven if we exclude from it the Marshall at the top

P




20 LOWER PENINSULA

Berea at the bottom. On account of its gradual transition into
the Marshall sandstone Rominger has not separated them, but
includes them both as Waverly, nor does he seem to have any
definite line to separate the Coldwater shales from the Black
shale beneath. That the top may be set at a brine-bearing
sandstone, the Marshall, we have already seen. 'The Berea, the
brine-bearing sandstone of Sand Beach, White Rock, Port Austin
and Oscoda, which was long ago recognized by Garrigues as an
independent horizon, furnishes an appropriate base, of which we
shall treat in its place.

The succession of beds between these two horizons is in
general quite monotonous. Traces of fossils are rarely if ever
discernible in borings, but this may be due to the fact that the
rock is very soft and friable, and so crumbles that the fossils
are obliterated.

Toward the west and northwest this formation undergoes a
change, which makes its lower boundary much less distinct.
We find no distinct sandstone at the base, but at two horizons,
one about 200 or 300 feet, the other about 500 feet, above the
bottom of the Black shales we find red shales which represent
sandstone, and are somewhat charged with gas, oil or brine,
according to circumstances.

(f) THE RICHMONDVILLE SANDSTONE.

This formation, which may as well be called Berea, as it is
much better developed in Ohio— at least so far as outcrops are
concerned —is nevertheless of great practical importance in this
state, as it supplies the salt wells of Tawas, Oscoda and of
Huron county. Tt is also reached by deep wells at Bay City
and Blackmar. It is thus the #47d salt horizon.

At Muskegon petroleum and gas are said to have been
observed at about 500 feet above the bottom of the Black shale.
This occurrence, however, is probably in the Coldwater proper,
as one marked feature of the Berea is its disappearance toward
the west of the state, where another zone some 200 feet above
it, grows in importance; north and south the Berea is compara-
tively uniform. The cause of its origin and greatest development
is evidently to be sought in the elevation of the east side of

the basin, while the upper horizon may mark a slight elevation
of the west side.

RICHMONDVILLE SANDSTONE 21

In the southeast part of the state it is'a coarse, grayh.s:;nd—
stone about 100 feet thick, and under ‘Pontlac appareniybt 1c( Se;
it was first (?) recognized by Rom1r'1ger at Ar.m rbor e
Ann Arbor wellrecord), and accordmg' to' Wright cropst
at Richmondville on Lake Huron. This is the only ou cro;z
recorded in the state that I know of, Iunless the outcrop a
Brown’s Station mentioned by Rominger* be sgch.' ; ;

This is the horizon of one of the Pfenr‘lsylvama% oil san ;, al.fx',
since at different points in Michigan, it is ove'rlam an«il un gr curn
by bituminous shale, it would surely be an oil or gas I;rci uceo;
if the right structure of upward ﬁexure.s for accumz a orst ;i
reservoirs could be found. As we _have s:a1d, (?ur rec'o:1 S greluie
imperfect to enable us to determine this point with a .soent
certainty, but the sections suggest as f:fworable for expe'zn(rin One,
a region near Tawas, one between Caseville and Romeo, an
) om Saginaw. .
50;::1?;:5 reserviirs, as previously meuntioned, are §omet1mez
formed where the line of outcrop of the formation is covere

i ial clay.
leoilgz'lctlli WeZt coast the red shale that 'marks the pla;e 1of
the Berea, is probably either the underl}img Bedford s1 ale,
which is often reported red in mnorthern Oh1'o, or the overlying
formation stained this color by chemical action. Red shales are

sociated with brines.

Oftf‘zeaskf;)cclimondville brine is at the greater depths, ¢ g, Po1:t

Austin and Oscoda, strong and rich in (Cfi, Mg) (Cl, Br),, their

ratio to Na Cl being about 1:3. 'This brine nearer the outcrop

at Sand Beach and White Rock is on the other hand exce;l);
tionally free from earthy chlorides, and forms an excellent sa

brine.

(g) sT. CLAIR SHALES.

This group represents one of the n?osF characteristic and most
widespread formations of the Mississippi Valley:

The name Huron shale has often been applied to the. same
series of rocks, but, as the table shows, WZ‘LS used by Winchell
in a much broader sense. 'The name Ohio shale also covers

* (eol. Survey of Mich. III, 83,

s
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pretty much the same ground.*
of dark shales growing darker
bottom. The bottom I

The group consists of a series

and more bituminous toward the
avers generally burn with an aromatic
smoke.  Pyrite occurs and readily decomposes, frequently yield-
ing sulphates of g puckery taste, like that of alum, and sour
smell.  This group is widespread not only within but without
the state.

On the shore of Grand Traverse Bay and on Sulphur Island,

in Thunder Bay, lying under the surface drift deposits of St,

Clair County and River, and pierced by many borings there and

all over the southern half of the state, it is easily recognizable

and tolerably constant everywhere, although, as Canfield and

Wheeler’s boring at Manistee shows, it appears
and bituminous towards the north
Berea shale is absent. It seems as if the conditions that
attended the immense luxuriance of vegetable matter which
characterizes this formation began to prevail over the whole
state at the same time, but lingered much longer in the southern
part of the state, even till after the epoch marked by the Berea
sandstone, and produced the black Berea shale, while in the north-
ern part said conditions were relatively transitory, so that both
the underlying and overlying shales gained at the expense of the

bituminous. This formation, with the bituminous matter in it,

is one of the great sources of gas and oil, which, if conditions

are favorable, may accumulate in beds overlying and underlying
it, and if the outcrop is covered with impervious cl
gas may accumulate there, producing shallow wells, I copy
from Mr. Wright’s notes some  entertaining accounts of the
behavior of such gas wells near the St. Clair River.

On W. H. Stevens’s farm one well was bored 250 feet deep,
when a large flow of gas was struck. Mr. Stevens noticed
something queer about the smel] of the well, though he did not
stuspect that there was gas, as he was looking for water. Ag he

struck a match to light a cigar he was immediately surrounded

by flames, into a barn. The
fire began to blow out sand and

to be less black
west, in which region also the

ay, oil and

The workmen ran away and went
gas from the well taking

e ————

* Brumell, Bull, G. 8. Am., 1893, IV, 227,
details as to wells in
Canada Survey. g. 7.
descriptions of wells

calls them Portage.
Ontario. and anuounces

It has been published since ti
and formations harmonizing v

This paper gives valuable
a forthcoming publication of the
his report was written. It contains
with ours from the Devonian down,

< 23
GAS WELLS

s two fists. As
. as large as a man’s
. e of the latter as ) L ed the
boulders SZ?shing through the roof of the barn they caus
they came
g ave it at once. ) roa
men 1o Jeare f mud, sand, water and gas shot uPW‘lrdth N
The stream Othe Wajtter from 50 to 100-feet, where the g

jong distance, ad ignite in a solid column 30 to 40 feet
=

cemed to separate a istance. A mnewspaper
5@@1;1‘8 sreter, reaching upward for a long d1std.n(;et
in dian y Tl : a dark night.
. read a mile away even on 1 succeeded in

conle bbt;e Ldb(jtulder% ceased to blow out, the mcndsuf“eeiﬁing

After the : . . ipe.” On the end of a ¢

‘vino a plug into the ‘‘casing pip iy . . After the
driving a pTg“ ith a cock on the horizontal branch. " and per

ine as a v . is cock ¢ -
Plpt- W 1L utlet was securely closed they‘ opened jch1s Lod iahted it
e tea ](:1 as to escape from the horizontal pipe an , gailroa d
mitted tTel . flame shot out 200 feet, passing over the r

he flz

oL ) . istled ‘‘down
dgdl}? In the evening the train came alof}g and ;Vthlsen% and the
trzul a ad did not care to proceed until Mr. Stevens

brakes,” a

he flame to see
; the track under t
rai n had walked along . 5 the gas was
tmm'tme as perfectly safe. In the spring (?f 18-8:;: beur; every-
thatt 1 ffwmr;d secureluy fastened for fear that it mig
shut off « T

. ing the dry season. Hes west of Marine
ngt d'lllirel IZI:alin had 2 farm two and a half nn;esd\"\(fiejoi cnell of

ntot 5, which di
. . 78 he struck gas, w .

Nity, and in 1877 or 1878 blew with
Ut};l‘litted hydrogen, in a hole 130 feet deefg tI;fter " veral
spe e and formed a cavity 15 feet ACTOSS, . little gas
great forbtiually weakened, and, though still yle]dmgbdt cen thé

eks gra s o etw
?Vuksdgdg a fresh water well. The gas came from :
1S used as

. . i
d the clay and blew out one stone eight inches 1
an e cle

rock e feet deep for 20 feet

i 3 hre
diameter, and made a pile of sand t

I h
il'f()uni- d it in his house for three or four years, althoug
He burne ;

C O g lle IOOf ()f }lls }1()use }10 was Vely
\\}1011 one I()Ck amnme th.I u }l t

l evl W ld
C 1 as dfter hlm, and wolul
nlu(,h fflghtened and thought t e d

o his farm.
have taken a very small price for d be heard

. coul
trembled for some distance around and the roar ¢
r
iles. sl i the same
for% twis:}n four and a half miles west of Ma.émekatfl,d e
DO A eek, a
ear Swan Cr ’
istance south of Port Huron, n have fur-
drtdnfns the neighborhood, wells down to the rock
places o
nished gaseous fuel for some yedr§.‘ -+ Detroit.
Another similar well is at Norris, near 1
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(/) THE TRAVERSE GROTUP.

This group of rocks may be said to form the transition
between the St. Clair and the underlying limestone. The change
from the black bituminous shales is gencrally well marked,
especially as the upper part of the formation is more calcareous
than the lower. Very frequently on striking through into this
formation a flow of highly mineralized water is struck, which is
too impure for a salt brine, A more markedly pervious horizon
is at the base of the group.  Lithologically the formation may,
in fact, be considered very well marked and consists of bluish

calcareous shales and limestones or dolomites, which lie below

black bituminous shales and above a yellowish cherty limestone.

While the formation as thus defined can be traced all over the
state, it varies enormously in thickness and is very possibly not
everywhere equivalent in time, [t Is perfectly conceivable that

the conditions producing this group lasted longer in the north

than in the south and that the black shale formation came

in later. Such reasons make a local name preferable to that of
Hamilton. Winchell used the name Little

Traverse, but it seems
to me that the prefix “ Little”

can be dropped, inasmuch as the
the names applied by the early voyagers to the short-cuts across
the mouths of the two bays which indent the northwest coast of
the peninsula, belong to this group. Its outcrops are unknown
in the southern part of the state, so that Romin
entirely omits it there. N. H. Winchell
Am. Assoc. for the Adv. of Science*

different views as to the boundaries o

ger on his map
, in the Proc. of the
gives an account of the
t the formations in that

region.
We find no difficulty in recognizing in the well-borings, at
least 80 feet of this group as defined above, and by the time we

have got as far north as the St. Clair River we find it has

thickened to over 300 feet and is subdivided as follows :

2 feet hard pyritiferous argillaceous limestone,
12 feet shale, ‘“soapstone,”

80 feet limestones, “top limestone,”
150 feet shale, “top soapstone.”
4 feet limestone, “middle limestone,”

often gaseous.

——————— e
#1875, 11. 57.

shales are calcareous, 4 {llaceous marls or limestomnes.
) N and argillace m

: alcareous shales a

ing calca

j
om

DUNDEE LINESTONE

- . ““lower soapstone.” ' Py as.
. fee; Stkllqaele’lzncter are light-colored limestones yielding g
Beneat

I e lll(ldle llllles t()ll(.. 18 IlOt dl WaySs Iec()g[llzed, d,Ild tlle

i hem as alternat-
so that we may consider t g

ither to have
4 feet of transition beds on top oftenhsezr'n ‘ailz(r)l eintO » top of
14 Ie absent, but the divis
ked or to be absent, ) hout the
o tO Verlozd a bottom of shale we can trace throug
limestone a

ation
s he time we get as far north as Alpena, the form
By the t1

Appears to be nearly 600 feet thick. ' dine
appes ation gives a case where, accor g the life of

This forma Winchell, hereinbefore mentioned, o
quoted by M. o e<ri11; its contintous existence before the
o

to the accournts

. Hamiltonn period b ; . ally routed.
o Hdimclonditizns of the Corniferous time are finally
genera

(7) THE DUNDEE LIMESTONE.
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ing it from the overlying

Hamilton shales
oil or gas.

It is supposed to yield the oil at Petrolea, Canada,
and yields oil in Michigan wherever we find the proper struc-
tural conditions. In spite of the strength of the brine (e. g
at Charlotte it has ga Sp. Wt. of 1.198) it is also so impure
that in the presence of so many better ones, it has no commer-
cial importance as a source of salt, but has importance from a
medical standpoint, and as a source of chemical industries,

This formation is wel] known in the outcrop, not only in the

Mason Creek quarries and elsewhere in Monroe County, but also
skirting the northern end of the Iower

Peninsula to Mackinaw
City.

Winchell has distinguished an upper
agatiferous and brecciated part, but
in the borings. Winchell has also b
in the assumption that this grou
southwest part of the state,
South Bend, Ind., show that ¢
of fossil brachiopods are comm
( See Allegan well )

oolitic and a lower
this division is not marked
een corrected by Rominger
P appears in the extreme
and the borings at Niles and at
his correction is just.  Fragments
on in samples from this formation
and the samples are more characteristic

other horizon except possibly the Black

The line between this formation and the one below it, being
one between limestone and dolomite, can be ascertained only by

the use of acid. Hence it is commonly overlooked by drillers
and cannot be determined in wells from which we have no

samples. in outcrop by a brecciated
reach dolomite before the

in Morley’s well at Marine

oes not seem to be always
have gypsiferous limestones.
to connect the gypsum is about
tops of the dolomites.

But it is very often marked
or conglomeratic zone, Generally we
formation becomes gypsiferous, but, as
City, and perhaps at Charlotte, this g
the case. We may In such a case
as justifiable as to connect the

(/) THE MONROE BEDS.

This name may well be taken to r
come to the surface in the Lower
100 or 200 feet of these beds are
borings reveal a thickness of even

€present the oldest beds that
Peninsula. Not more than
exposed at the surface, but
more than 1,200 feet, which

Wwe encounter frequently

j V]
N

WONROE BEDS

are not vet able to subdivide. It may be deﬁ.ned hth?;ogldcjiil
ot ng' .o from the limestones of the overl?'mg D}m Teef g
tL: Sc;xteull()lxlf;i‘c gypsiferous beds, and tl(l) cons1s‘inz?inliss(;Ciated
( ‘ 3 argillaceous S,
d(ihlnnil;e;vg:‘liie (;fn(; il(:lliei):l%t arll;ot;rff the latter are white when
with anh )
e is intercalation, in the upper part
i esting feature is the interc , ;
?A?_:nfif;;j;(;, both at Goderich and. at Monroe,tofina fg;(:llllz
N tﬁeﬁis which lithologically and, according to Hunt,
(,); ) résemble group (7)-—the Cormfgous. St and
’ io, dod of the Monroe beds is that of the © @ and
I icer f;elll(;erberg. At that time Michigan was ci)velr\Ie:W %Ork "
vl ich stre om Wisconsin to ,
R Za]; S e? Z:)iltcilricj‘:C(t)flhiiefrnorth and east, on t.he Wes:i:
. bounded 'n}V;fiﬂconsin (the edge of the Helderberg is fourzh
D e dl'n t(; just north of Milwaukee ), and on the Sotl
pure eXtenb1 gor ;eef or flat in Ohio, which seems tO‘ h(‘z;e
o g:fta twwzzllrsjh This’ is indicated by the prevallenceognmu;
2 b « b . X ) - e
‘())Ll;ll JHelderberg, not only of 1'1pplc—markrs;icbu;ca):ie :S‘ e
cracks and of brecciated and comglorrieraz1 e er this
i rine tides like those of the Bay of Fun y( hing gver the
11?1: élproducing this breccia and conglomegatfe atr;d ) n;:)rrlg X hgat o
i closed s and furthe
e Watflr ttz) ':Chlfo:n:ﬁl)dsejnze?e;ived but little accession
of fresh eXPOSef omtrivers—this latter is shown t?.be true by‘
e 'Waterf 1rnud and sand—we have the conditions ‘of ﬂ;e
;1;01 %:br:rl;y oor Mounroe deposits, conditions Whi};h az: evidently
vorab £ i [ a sea charged with salts.
s (J;O trh ebelz(c)lfsmj; 121;11(;: :ui%ceac;l(c;h fo% glass—ma.king, alrezz(}il);
111;1\111‘25)11}23 S(:ienl sometimes to be deriv'ed as a 1'es1du§ ,h:;r: e
ion { a siliceous dolomite. This sand shows ) o
A fect minute double ended crystals of quartz het
recryt O'f E’z'ern has gone on to a great extent. These siin :C
recrysmlhza‘ lorse o\f currents and perhaps also the re.st?\ o
1]]zr1i1dﬁ?§gtzlrl1d recrystallization of flint derived from siliceous
reha
Organisn%s‘ be drawn, leaving Muskegon and Wyandotte on its
y a' 1flzidee Monro’e and Kalamazoo on the southvs{est, we (;naixi
o t}; of this line no rock salt has been d1scovereh :
:g? tf};?‘;;(tﬂilon although concentration proceeded far enough to
S b
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1 d p b P

ead t() t]le € ()Sltl()n Of 5u1 hdte ()f lllne d]l(i the con ellt]atl()”
. . . . .

()1 bIlneS. []115 ]egl()]l th(}!] belOIlgS Wlt]] ()]l]() :

Y

like those deposits
the world’s chemi-

bei
ehmg}f1 most soluble, are latest to crystallize
which have made Stassfurt the storehouse 0%

cal industries. Such
. analyses as those of
st N of Sand Beach indj
coner gitw? of sea water nearly to the point of prelcn'dl'iat'e .
- <3 : 1
eten fisstlflrt salts. Such deposits, if they occurred wpl ;(;Clon
1 the upper part of the formation o be

and, in fact, just north

, , of the Straits i
do outcrop, while at St. Ignace a e mac
only 400 feet below the surface
1,200 feet below the surface,

thin bed of salt is reported
At Alpena they are about
Near Cheboygan they should be
stry will doubtless, in time, work

The u 5 ing i
g i?:iege(-ib outcropping in Monroe county are ash-colored
i some places, marked wi i i ;
: : with acicul ¢
(g)éf;s.u?), whhlch readily weather out and leave ca\fitiar sty
ick as this formation is y
we cannot sh ivide i
although, as I have said. i , e e bdivide it
aid, it doubtless i o
aihoug , ess includes th i
thsz111121, 1.n New York, as well as the Helderber ) ISIerles e
the sectionn between Monroe and Goderich we " o
1t as follows, in descending order: o
‘At the top a series of dolomites
jclme of desiccation, underlain b
into a calcareous sandstone :
b

in
Y perhaps divide

Of gypseous marls, marking a

b ¥ gllime;tone frequently passing

eneath this san

:zjs, i{frsesis or even salty, marking a second ti(xijzoélfe dse(:ilcl:e f’lore
: 0 hundred feet or more of somewh ferons

dolomites, a rapid succession of thick s o

and greatest period of desiccation.

at gypsiferous
alt beds, marking the first
The boundary line between

erlying it is far from well

this formation and th i
e Ni
o agara und

NIAGARA AND CLINTON 29
(£) NIAGARA AND CLINTON.

These formations are struck in well borings only at the extreme
south and north of the district under consideration. ‘The most

racteristic part probably belongs to the Guelph formation,

cha
grained and

peing a dolomite or dolomitic limestone, very fine-

very light colored. In fact the powder is almost white. The

description of this formation would answer well to that given by
Orton*, and, in accord with what he says of the change in passing
from southern to morthern Ohio, we are not usually able to dis-

tinguish between the lower part of the Niagara limestone and

the Niagara shale. The latter shale, however, we identify at

Wyandotte. Generally toward the bottom of the series the lime-
stones become more ferruginous. (I may remark just here that
from all the samples of the borings the magnet will extract at
least a small quantity of black magnetic oxide of iron which is,
I imagine, derived from the drill.)

From the horizon just mentioned we have ‘‘red rock” at Wyan-
dotte, but at Monroe it is very indistinct and at South Bend,
Indiana, it is no plainer.

This formation is at the bottom of and marks the beginning
of a great period of limestones and dolomites, formed in an era
when the waters of the sea were clear and deposited but little
detrital matter. Very possibly there was then a dry climate, for
this would not only check erosion on adjacent land but assist in
the evaporation necessary to produce those beds of salt and gyp-
sum which mark the Helderberg. There seems to be a certain
symmetry of arrangement, with this series of salt and gypsum as
a center, 7. ¢., dolomites above and below, next to them limestones,
then shales and black shales, which may indicate that salt and
gypsum represent the culmination or maximum in some great

variation either in climate or in geographical conditions. The
evidence points rather to a steady progression in geographic con-
ditions, and this renders the theory of an epoch of dryness at least
plausible. The facts to which we have called attention are, of
course, practically the same as some from which Newberry derived
his conception of cycles of sedimentation.
While the top of the Clinton and Niagara is ill defined, the
bottom is well defined. Only at Wyandotte does the drillers’ log

*(Gieol. Ohio, VI, 13-15.
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seem to give us alternatious between this formation and that
below it-——the Medina.

(/) MEDINA SHALE.

This formation is grouped generally and by paleontologists
with the formation immediately above it. In our state both
lithologically and in the drillers’ records, it is quite as likely to
go with those below it. It is really a transition bed. Its red
color and ferruginous nature link it with the beds
laceous character with those below.
farther east, in New York
with the Berea,

above, its argil-
We know that it occurs
, as a sandstone, and we compare it
which in the eastern part of the state is also a
sandstone, but further west is represented by

In northwestern Ohio, 50 to 100 feet of it
continues north unchanged, as

a red shale.

are reported, and it
a series of red and green shales,
as far as Monroe. From Wyandotte we have only the drillers’
record, which is not to be safely interpreted.

(72)  HUDSON RIVER SHALE.

When once we have fairly pierced the sh

ales of the Lower Silu-
rian, the color of the formation cha

nges to the more usual one
of green and bluish gray. 'The shales are more or less dolomitic
or calcareous. After descending three or four hundred feet they
become darker, and we may consider that they

are passing into
the next group.

(#) UTICA SHALE.

This is brown or black and is not unlike the St. Clair shale,
It is thought to be one of the great oil and gas producers of
adjacent states; the product collects on the under side (7).

In this state, however, the form

ation lies excessively deep, and
has been reached but once in the

Lower Peninsula. Unless the
signs of a favorable geological structure should be plain, the
large cost of exploring through it to the Trenton beneath would
not be worth while. One or two borings sunk in the north part of

the state to see how deep it really lies, would, howev

er, be of
great scientific interest.

(0) TRENTON LIMESTONE.

This formation reached in borings at Monroe and South Bend

appears as in Ohio, and is really a delomite; it is buff, shows
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traces of gas, and is charged with ?rine. It is th; grezix;c g:)l;‘:e;(r);
ine and gas-bearing stratum of Oh1o;.but even t erﬁ | LIt ot
mgd(;ce them wunless the other conditions are fa.\'()l]dbl(i. zs
- i is state, and there is little encourage-
1’”“‘[1?&1%)1;;:216 thzjf;efo l;eti: to the enormous depth mecessary to
o 12 d thcp only places where there appears as yet any hop.e
1;4;1:151112: the requlsite structure for the collection of gas and oil
0

reservoirs.

ECONOMIC PRODUCTS.

§ 2. Having thus run over the different formations, it fee;ris
et i ‘ 3 the valuable
i 3 néral remarks about
worth while to make some gfz . e e
ots disclosed. Building stones wi ,
products thus e oy
i aus ; can be worked to a 3
-onsideration, because they can ‘ '
:‘Onr; the surface, and require large samples to determine their
To surface,
ualities. ‘ ) .
! (@) Coal also must lie reasonably near the surfaceBtj)ref
available, and indeed in our state it lies only t(')o near. ‘dy e
;rence t(; the map it will be seen that there is a con;1 era r,
o s @ o
rea of Coal Measures in the state, not all of which Lan,hlofw.e‘z .
z ) . . .. A v - 1 “
be expected to produce coal in paying quant1‘;1;s, muc ropr()ven,
‘ never .
i lored. The seams of coal have
as yet, entirely unexp ' SRR
ic t there is enough coa
much over four feet thick, ye € | he stale
materially to regulate the prices set by outside corplordtlgns s
i i inous, 1 d not be expected below the firs
is all soft bituminous, 1t nee ‘ ‘ et
two or three hundred feet of rock, and 1s apgarcntly 1more 11; ¢
” 5. That is to say, if a coal seam lails
to ‘“‘wants” than to faults. u seam
int it is mc iable to be found at about the sa
at one point it is more liable . ’
L Othe po‘cher side of a channel filled with sandstone, than at
on
some higher or lower level. . . -
) (0) ilaster has for a long time been a staple arjmdc of flr:o
duction in Michigan. Our records show that there 1s eilou];g; o
' i ¢ n
i ' Grand Rapids and Alabaster Po
last for a long time. Between : | Alab
there is a strip of country that can furnish supplies of 1(‘; for agcts
C f beds come to
t. Ignace another set o .
Not only that, but about S  Deds come 0
i hole Lower Peninsula, a
the surface that underlie the w "
many places very thick, and can be worked whenever and vvh(;zre:hS
the éost of sinking to them is not too gréat. At.grea;c ieqpno\‘C
wells show the plaster to be in the form of anhydrite. S
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absolutely settled whether this is formed by precipitation under
pressure, or by exposure to heat.*

(¢) The mineral waters and sanatoria of Lower
while not perhaps world-wide in their reputation, hav
them, a more than Ilocal reputation.

Michigan,
e, some of
Many of these depend not

on real springs, but on wells or artesian borings.

Quite a
number of

analyses have been collected by Dr. Albert C. Peale.t
We can easily divide them into three groups,
apparent exceptionus.

The first group contain free H, S, are the «
and draw their water from below the St.
ably in most cases from the upper Held
almost always yields mineralized water
such water show,

with omne or two

sulphur” springs,
Clair black shales, prob-
erberg or Dundee, which
very freely. Anmnalyses of
beside the free sulphuretted hydrogen, some
salt, the other chlorides and the bromides in ver

y small quantities,
and the sulph

ates predominating over the carbonates. In this
group are the Alpena Magnetic, the Ypsilanti, the Mt, Clemens,
and the Wyandotte wells, and the sulphur springs in Ash town-
ship, in Exeter township, near La Salle, Monroe and Raisinville
Monroe county, and in Brownstown township,
Dundee, and Gibraltar, in Wayne county, and also at St. Clair.
These, as we see, all lie on the margin of the basin. The Sand

Beach deep well belongs in this group, but is unique in its large
yield of KCI and Mg Br,.

The second group contain CO
carbonates ;

and at Dearborn,

2, if any gas, and little else beside-
they are, in fact, common hard waters. They occur
mainly within the coal basin. Such are the springs at Hubbards-
ton, - Leslie, Otsego, Owosso, St. Louis, and Bay Port,i and
Warner’s spring at Albion.

Such wells will be classed as carbonated, chalybeate or calcic.
The third group consist of more or less impure brines, containing
mainly or largely sulphates or chlorides. This group are largely

wells, and lie nearer the center of the basin than the first group.
_——

* See Neues Jatirbuch, fir Geologie, 1887, II. P- 292,

tLists and Aunalyses of the Mineral
of the U. 8. Geol. Survey, pp. 145 to 149,

f Analysis by R. C. Kedzie, per imp. gall. =

Springs of the United States, 1886. Bulletin No. 32

70,000 grains:

Ca COy e 10.36
Mg COy T 1.14
Na Cloee T 50

Total Solids ______ ... >TZ—O;
Hy O

________________________________________________________ 99.98 per cent.

2
(3]

DRINES

Their composition varies a good dcjal, according ashc}il({rzifei;i
sodium, potash, magnesium or calcllmg,l'or t:llepssellponz;e:he Wecns
°1 agresium predominate. In this gr '
;cmgaii)nn;fgids, at %ruitport, at Lansing, at Midland, at Spring
Lake, and Butterworth’s spring at Grand R‘aplds. o the
Many of the waters of this last group might l')e use Jor the
manufacture of salt (although they are rather ‘1m;‘)utr'e T
purpose), and so they lead naturally to the consﬁelz% 10;11a
most important geological product of ‘Fhe Lower erlimSitg ;alt N
(d) Some kind of a brine commerc'lally valuable for t\ salt 1°
found in every porous bed which we strike at a depth gria relom ]i
to prevent its being leached out by descending curren S,S ot th)é
in the Parma sandstone at the base of the Coal Measures,

i i ina. 'The .
Marshall, in the Richmondville, or Berea, and in the Salina e

quality of the brine is different for the same horizon at f;fi:‘j‘r;t
places, yet not entirely without law, as we shall endeav?ir s .

In t};e first place the slow leaching out, due to 1esc Saltg
water, will tend to make the rock near the.outcrop. esso 1dze
This water will not go very far, -however, if .the.re’ 1S~naiom_
for it to go, to produce a circul.atmn.. As Michigan 1sfar o
paratively undisturbed basin, this action 'has not gone ; be
at low points in the outcrop of the basin salt springs may
{Ol.zlri;ther cause for the different composition of brines may tt:r:
found in the following considerations. .A‘column of Stea W';Lhis
will not have the same amount of salts in it at all par tsh e
is true of the sea itself. There will be a tendency for the

t .
to be more concentrated in the lower part. Not only that, bu

the percentages of the various salts will not bre 1‘:; tI;eOtsta(.)rrie
ratio, the heavier salt having a tendency to gather' dt e ﬁuence,
although the actual amount present ha§ a m.od1fy1ng 1r11 - ir;
Now, it seems probable that the same action will go on shoany o
a porous bed of brine-bearing sandstone, so that we s artsgof
the stronger and more impure brines fron? the deepfrth? o
the basin. If we look at the records of 'Whlte Rock, OG e. fg;*
horizon at Sand Beach, and of Port Aust‘m, as given by Narag Wiﬂ;
we shall see a steady increase in the ratio of Mg Cl;, to z O,SCOda
the depth of the Richmondville. So, too, Kast TaWE‘lS an " Sho“;
the lower horizon of Sand Beach, and the St. Clair wells,

#(Geol. Survey of Mich. IIT, 183, 184

S
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the same thing. If this is true, the brines richest in bromides
would be found near the center of the basin. Amnother thing
that may affect the brines is the original composition of the sea.
It is easy to perceive, for example, that inasmuch as gypsum is
first precipitated, a sea which has long been depositing gypsum
beds, but never got so far concentrated as to throw down its
salt, will have less Ca SO, than usual. The beds in which the
gypsum was deposited will have an excess, and those above will
have a deficiency, of Ca SO,.

Around Bay City the brines from the Marshall formation show

less gypsum than those above, from the gypsiferous Subcarbon-
iferous, as Garrigues long ago remarked. Undoubtedly, however,
the best brines come from beds of rock salt.  Such rock salt brines
are furnished by the deep wells of the St. Clair district, of
Alpena, Manistee, * Ludington, and the northwest coast. In
pumping all such brines, care should be taken either not to hore
down into the bed of gypsum, that always lies underneath, or to
stop off the gypsum, as well as to stop off any impure brines that
come from higher levels. Salt beds will probably be found by any
borings north of a line from Wyandotte to Muskegon,

(e) As we have already noticed, the brines of our wells and
mineral springs contain a good deal beside pure sodic chloride,
and the mother liquor left after the precipitation of the salt might
find a variety of uses, if it were economical to separate the differ-
ent salts. The only product which it has been found worth while
to save hitherto is the bromine. As this sells for 25 cents to 35
cents a pound, it has considerable value. Bromine and bromides
are heavy, and accordingly we expect to find them in the center
of the basin most richly. We are not surprised then to find that
Midland is the chief seat of the industry. Two new wells have
just been put down solely for the bromine. Bromine has also
been manufactured in East Tawas. The bromine at Midland is
derived from the Marshall group, which, as we have already noted,
is rich in Mg Cl,, with which the Mg Br, would be naturally asso-
ciated. I append an extract with an analysis from the Tenth

[*The following is an analysis of the Canfield and Wheeler brine,

by Albert H, Prescotd,
showing that it is an excellent brine for salt making;

Sp. Gr. at 60° F., 1.20054 |:
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Census Report®.  As regards the Fast Tawas work‘s,. we ha\;c n(;
dct";ilé The other waste chlorides have uses as d1s1nf?;tdn S, ad
wscs f ical i i fertilizers an
i harmaceutical industries, as

bases for chemical and p . S :
i)nL the various uses mentioned by Garrigues.t I have alre;u}i
suggested the possibility of finding deposits of these more s
sea salts. .
ble(f) 0Oil has been much sought for, but as yet with no'grf:z
ccess. 'The difficulty lies rather in the structure, than in :1
Su‘cure‘of the rocks. To be sure the Trenton, the great 31—
nzd g,a% bearing horizon of Ohio, lies buried so deeplly un el11'
) . it i c d, only a we
ichi 5 hardly at all explored, y
t of Michigan that 1t is : '
moiwo in the extreme south of the state having reached it. Ye't
r ‘ '
fhe horizon of the Dundee or Upper Helderberg 1st}rlr'10r.e i}cl(;e(s);l
c all over the state. Now this is -
le and has been reached a . : ‘
Eock of the (Petrolea) Canada oilfield, and almost 1nv;r1alzly vs;'re1
s and oil in it in this state. 0, too, '
nicounter traces of gas an .
;ennsylvania the Subcarboniferous has several oil sands, an((ii‘ 12
ith 1 ndin
i il and sand are met with in correspo !
this state traces of oil an " corn nding
i to be that oil and ga
levels. 'The real difficulty seems ‘ .
e:adually work their way out to the outcrop and escape, :;md1 not
follect in any quantity, unless there are 11tt1e' fol;i; or at iz;sl-
in th ta, in the top of which they may
terraces in the porous strata, . © .
lect. 'These do not need to be very prominent, as is shown by
in Ohio.
the way the gas occurs 1in ' . .
Nowythe general structure of the Lower Peninsula being thaitn Zr
® .
a basin’, we can expect oil or gas ounly where t%xere1As SOE:;;: -
i the general dip. Are
undulation, enough to overcome :
:uch'? I c;nnot say positively, but from the best evidence before

3 34 s taken
! 22. Rowland on the manufacture of chemical products and. svalﬁ.it f%:;n»[/)llie‘;gzaz
i >51‘€§8(;)1.;ri;:g1‘\-’/;ilclland Michigan, and analyzed by Mr. Ayers, at the university
in A s ¢ ; 1 . Y
resulted as follows (specific gravity, 1.2557): Pel;fgéllul PI;;)&;“.
5.5154 6.0801
14.3574  14.5859
3.9263 3.4019
4.8356 4 8356
0 0160 0.0160
63.3941 63 3941

Sodium chioride __ .. ooooiiiicais iiiiinn - __.__.:-_._::
Calciumchloride .o
Magnesiunt chloride __.
Magnesium bromide ...
Calcium sulphate . ________ ... ___.
T 92,1048 92 3136
:  about one ounce of bro .:.‘- s obt -- allon of bittern, or
ro'f'()tghia about oune ounce of bromine is obtmned.fm‘m ? tg,;:; rUUitEd o o
o POZ;"/ f;)x: everyy two barrels of salt made. The salt bxmz;; e aion Tare
Onel p()‘.ln bromine than those of any other part of the know;l\u -ice,umﬂ e profits of the
a ler'tl' es for exportation. Home competition has 10\\'0}‘0(1 t 1@) pr ot the mannfactire
‘l“a.“u ILvhave been reduced to a very small margin. Since th:1 celéle. Jear o
b;lsli:e:nsiue has been started at Midland, Michigan, with considera <
o o < :
1 Geol. Survey of Mich., III, 216.

-
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me, not having been on the ground, there appear to be minor

flexures running south from Point Aux Barques and about Tawas
City, and also in the center of the basin. To reach the latter
would require the deepest wells, and on the whole the anticlinal
indicated just west of Clifford appears to me to be the most
favorable position for experiment. It is known that the gypsum
and salt deposits are very irregular and it is not impossible that
underlying them in the northern part of the state may be pockets
of gasoroil. In any event, in view of the fact that heavy brines
are so frequently to be encountered

, it is necessary that they
should be cased out or -they will drown out lower seams of lighter
material.

(g) Almost the same remarks that apply to oil apply to gas,
except that it is worth noting how often gas collects in pockets
under the drift along the outcrop of the Black shale.

Such wells, not wasted, may last for quite a while and pay for
the labor of piping them. They will of course furnish only a
house or two with light.

I wish to emphasize the fact that with regard to gas and oil
wells, the occurrence of any particular bed is of less importance
than the structure of the beds, There are many horizons in the
paleozoic rocks of this and of adjacent states and of Ontario that
yield traces of oil and gas, and the horizon that in one region
is very productive is in another barren, as is also noted by
Brumell.*

§ 3. The State Geological Survey is anxious to secure samples
of all well-borings, and for this purpose will furnish the necessary
material in the shape of bottles, boxes, corks, printed blanks,
ete., for the preservation of such samples and their records, and
in return for samples sent to it will furnish a report on their
character. In order to help improve the records of the drillers
and to enable the latter to keep themselves posted, we append a
few hints on the determination of samples from deep borings,

hoping, however, that this will not lead drillers to neglect cor-
respondence with us.

(@) The tests suggested are the simplest possible and require
the use of material obtainable anywhere, namely :
A candle or lamp;

Some. strips of glass about an inch wide and three or four

_—
*Bull. G. S. A. 1893, IV, 234, et passim,
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inches long, such as are used by doctors to lay objects under the
inc , ‘
i ; -glasses will do;
icroscope; or watch-g ’ . |
mAcz'd' Citric acid, the crystals of which may be carr}ed barour;
dry and a small quantity dissolved when n'eeded, Wlﬁ de. very
cofwenient; dilute muriatic acid, or strong vinegar will doj
A pocket lens. ' .
(1)})5 The more important substances to be recognized areé N
Silica, SiQ,, in the form of quartz-sand or of chert. Cher 115
* bl 29 . )
a translucent, sometimes impure mixture of f:h'alcedzny o;{ o;())itn ,
, i f chemical origin. rock com-
and of quartz, of organic or o >
'L sed m(iinly ’of quartz-sand is called sandstone or freestome. N
O . . .
i rock contains merely a little sand it 1s cal%ed areriaceous
rock containing chert is called cherty (?r corniferous. Fe), €O
Carbonates, of lime, magnesia, or iron (Ca, 11\'/Ig, : e), if
’ lled, in general, limestomnes.
Rocks composed of these are called, e
i all amount of carbonates they
they contain merely a sma . : ' !
to I{e calcareous or calciferous.™ If the 11rfle'st0ne con;ams.tn;ii-
nesia it is said to be magmnesian, or dolomitic, and w er(1)1 o
sits of about half carbonate of magnesia (21.7;% l\gtg )OCcurs
i i unt of iron carbonate often
called dolomite. A certain amo . jate offer e
i i tes and is not mentioned, S
mixed with the other carbona : ' '
occurs in bands or rounded masses of kidney iron ore in many
shale formations. . . 3
i Zlay a chemical and extremely fine mechanical m1:c1;re of 5\;;123
! 3 . . eS'
i i 5 the main material of sha
ith alumina and water, 1s ' e
r;ere is only a small amount of clay in rocks, they are said
be argillaceous. ' ' . .
eg‘toag} in Michigan always more or less bituminous, is mallrlllg
’ i i i it is calle
ty, or ash, increases 1
carbon. As the per cent of 1mpur1‘ 1'
coaly or carbonaceous, then bituminous and 1ast1§'7 black Shi ; )
Salt, Na Cl, either massive as rock salt, or as brine; has w1 ,
(,‘rv];sum, hydrous sulphate of lime' (CaS O, 2 aq:), o‘r‘——laster §
A;z/zydrz'le, anhydrous sulphate of lime (Ca S O,), z e., *‘p : be(.is
These are not commonly distinguished from each ‘other, an
containing them are known as gypseous or 'gypsﬁe'zrous.z e o
Limonite, or yellow ochre, the hydrous oxide of iron ( 5 Os.
3 aq.); . ) i
]367)7;61&2‘6, the red oxide of iron (Fe, O;). Wh‘en rocks conta
a good deal of these they are said to be ferruginous.

he words corniferous and calciferous are, however, 11y re ted to particular
ous a e usually restricte to part
e d O

formations.
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Other substances, such as brassy specks of pyrite, shiny scales
of mica, etc., do not occur in sufficient abundance to be of
importance in naming the samples.

(C) TO RECOGNIZE THESE SUBSTANCES IN DRILL BORINGS.

Carbonates—Place a little of the meal from the boring (mnot
more than the end of a toothpick will carry ) on the eund of one
of the glass slips or on a watch-glass, and add a drop of acid.
If limestone is present, the acid will fizz and effervesce promptly
and freely; but if there is dolomite or siderite, it will not effer-
vesce freely until heated gently. Do not heat too much, or you
may mistake boiling for this effervescence, which is due to the
giving off of gas (CO, ). This begins at a lower temperature,
and coutinues much longer after the heat is withdrawn. Add
acid until no further effervescence is produced and then dry or
evaporate gently. The presence of gypsum may usually be
detected by the early appearance, near the margin of the drop,
long before the drop is dry, of tufts of needle-like crystals.
The pocket lens may be needed to see them. When the drop
is completely dry there will be a white coating left, from the
amount of which the proportion of soluble matter may be esti-
mated. If there is much iron in the rock it will turn yellow,
and then red, as the heat is continued. If the rock was
originally yellow or red the iron may have been in the form of
limonite ; otherwise it was probably a carbonate. A residue that
cantnot be dissolved, if harsh and gritty, harder than a knife, so
that if rubbed between two pieces of glass it leaves fine scratches
on them, contains either quartz or chert. Under the lens the
quartz can commonly be seen to have the form of translucent
rounided colorless grains. The chert is generally opaque, white
and angular.

Clay is not gritty ; it is cloudy, white or gray, soft and opaque,
softer even than gypsum, and settles slowly in water.

Bituminous and coaly shales smoke and give off an aromatic
odor when strongly heated. :

Gypsum and  ankydrite, being only slightly soluble, remain
largely undissolved. 'To distinguish them apart we must have
recourse to the microscope or to chemical tests for water. If the
meal farnished by the drill is reasonably coarse we can, by the

9
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mica. Anhydrite, unlike gypsum, cannot be scratched by

b nail, . ' L
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