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INTRODUCTION.

[t is not as easy to summarize the section of Michigan as, for instance,
a compact state like Towa. For one thing the state is so spread out
that, turned around by its southeast corner on the map, it would reach
beyond New York into the Atlantic Ocean, and turned around by its
northwest corner, would extend to Hudson’s Bay and into the Dakotas.
Again it includes within its borders representatives of probably the
oldest land masses, which have been frequently, if not continuously, above
sea level ever since they were first elevated. The geological succession
may therefore be expected to be interspersed with beds laid down on
land and in lakes fresh and salt, and seas like the Caspian and Black, by
stream and wind, as well as wave.

Part T includes the pre'Trenton rocks which even the drill has not
reached in the Lower Peninsula.

In preparing these notes the state geologist had assistance from Pro-
fessor Seaman of the College of Mines as to the older rocks to such an
extent that it may be best expressed by joint authorship. Indeed what
e knows of the Upper Peninsula is so interwoven with what he has
learned from and with Professor Seaman that anything he could write
would be essentially of that nature.

With regard to the Paleozoic series he has had the advantage of the
constant assistance of Mr. W. F. Cooper, and of unpublished reports
by A. W. Grabau and N. H. Winchell to examine. Since, however, he
differs quite materially from Dr. Grabau, and Dr. Grabau has recently
given elsewhere® the essential features of his interpretation, no detailed
reference to these unpublished reports will be necessary. It need not
be said that there are many things and many divisions in the geological
column upon which further light will be thrown, and it is hoped that
before long the Paleozoic geology of the Upper Peninsula may receive
more careful attention. DBut it is well to be sure one is right before
going ahead in any change of names, since any such change renders
reports less readable even to the geologist, inuch more so to the teacher,
engineer, and others who make casual use of them. This is more the
case when a number, of new names are brought in at once. In regard
to the scientific questions involved, see the article, “The Geologic Day,”
Journal of Geology, 1906, p. 425.

One general remark should be made. The point of view of the state
geologist is largely that of a student of well records and of the drillings
returned from them, in which the fossils play next to no part. Not only
is the point of view of Dr. Grabau that of a paleontologist, but this
must also be remembered, that the study of the paleontologist on out-
crops is, in a broad and general way, the study of formations nearer
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their margins and more likely to be of some other

marine, and if marine deposits. more likely to be deposits of the littoral
and of extreme transgression. ' ) ‘

e
Sy o Formati Colur- o T o
System Serics Name on nar | Thick
7 r ickness
. Name Seciion cxness Character of Rocks
-_—
Orduvician 1 o to 75} Sandstone; white. waterbearing. in hollows of Calciferous dolomi Lseat
255 t0 180 § |~ Buff and bluish dolomites st il dolomiie whie s asest often
lish m n sandy, with dolon K o
) 5 200 Sandstone; white or light. wauerluaan‘ng.y vith dolomitic whize sandztones.
Nee-Cambrian & to x5
S amb g © 10 1500+ | Sandstone: red and brown and striped wit ks d iti
,l;‘;“'sgﬁ;‘n") 2 - (j:m ?)l v,vhcr}f i aps o o forma!igfl d with streaks of red clay shale. conglomeritic
{ 2 AW to] scale, the relation of the Freda to the Lak i i i
Caer ; robably ation of the T e Lake Superior Sandstone beiug uncertain,
Keweenawan, |3 Freda i iti
p an. (goo+)? Sandstone: red, with some felsitic and basic débris, and salt water.
N Shales: dark, fissi ; < basic .
Mio-Cambrian{ Nenesuch 350 to 6oo t‘;oens ofdal;&;g;?x;]?eer(}z’eyi?géad basic fragments, and products of decomposi-
Ou 1000 to Congl : i
glomerate: very heavy red, with large rounded b
- 7 eraie: very heavy. red, ounded bowlders of alf 1 -
5 3500 | tions, including jaspilitic iron ores. agate amygdules, gabbro aplizles 3&“ forma
5 , ete.
= |
o
- § Lakesh T 1800 ‘0400 ; Traps: basaltic lavas, and at least one—the * Middle”—conglomerate,
“Cambrian \ ore; |
(;A mor Uo b 200 O { Conglomerate: very heavy like the outer conglomerate,
Primordial }|Keweena \ reat 340
wa i i
n Eagle River] {2300 to 1417] Group of basic lava flows. with Jreguent beds of sediment, Marvine’s {o)
Lower K- i
: 456 to Group of basic lavas of the “ashbed” 3 i i
Ve Ashbed N ne “ashbed” type with scoriaceous sediment and on}
ernam A (so :;:go_t fect or 50 of conglomerate. Locally felsites” V5o
eo- ment) B
Cambrian Saat Group: mainly of lavas of the augitic ophi 3 ith i sedi;
% \ a f e phite type, with infrequent sedi 3
Central Mine 3823 ‘ro00 ¢ ;h\, 1og_l§'xhe Mesnard epidote™ and just beneath the hea\giest flow, n&i:;sx o:cf
(480 2ods, (]‘e! thick at times known as the Greenstone. ~Under thisis the Allouez con.
ment) glomerate. Marvine's No, 15. No. 13 is the Calumet and Hecla conglomerats
orlode. The Kearsarge Lode is shorily above o, o
? to gsoo+| Group: mainly of basic lavas. Iy ith § i H i
Bohemianks (o %8 4 main y asic lavas. but with intrusive and effusive felsites and coarse
P et apl’ites‘.)n e porphyrites; also intrusive dighose dikes and gabbro and gabbro
Animikean Michigamme ==L 1000 tc 4000 Slzt;é: (l;&aﬂcr% ;;g grap}[‘dlic, :nre]d gr(zi\yy/acke slates, passing into graywacke arkoses
oo Horon- 1 r 5 metamorphosed into staurolite, chi i ¢
fﬁ]H“ o od quartstes; phyliitcs.p‘ staurolite. chiastolite, garnet, and other
RijikiE= 300 o 800 | Iron Jormation or schist: slates with cherty carbonate and scit ore.
Goodrichf: w1210 300+ | Quartzite: with congl £ i
2 e: glomerate base, v S
r e With cong and above quartzite or red and green flags, also
Negzunee! fo00+ Iron formation: cherty carbonates, zltered to jaspili i i
+ 0 rot ! + al jaspilites, etc., with effusives and
stio Huron. intrusives altering to hornblende schists and amphibolites.
lan
Huronian Siamo[}. Slates: graywackes and arkoscs and volcanics,
Ajibik| Quartzite,
Wewey: Slate: black largely,
Eo. " Dolomite: with siliceous cherty and slaty (schistose) bands.
. onal N
Hurcenian
Mesnard] Quastzite: conglomerate and arkose.,
Keewatip
2 -~
iy Greenstone schists. amphiboli i ici
N 54 X - amphibolites, hornblende schists. sericite schists
(Marinescan)| b _..:v *\{1000+ {)ekntes._rarcly elhpsoxda! greenstones and slates and jaspilites, very‘l,;r;;‘i;’s}gg
vy ¥ granites, the Laurentian, and numerous other classes of injections.
il
I

Fig. 2. Geological Column. Keewatin to St. Peter.

In stl)ldymg and comparing well records it is a notable fact that certain
parts of the geological column seem to be persistent and easily correlated
fljom well to well. Others vary markedly, even in extremely short
distances. These ave the points where the unconformities come 1n )

_The columnar section is divided into two parts; on ditferent.smleq
since the thicknesses of the pre-Ordovician units :u,'e much greater 1('11.'1;;

type than simply

N

ANNUAL REPORT FOR 1908. 25

those of the later ones. The thicknesses in the column are those derived
from wells where the formation is as flat as possible and as far removed
from its source. An attempt has been made to draw the colqmn to
scale, giving each formation something like its minimum thickness
when not obviously cut oft by erosion, unconformity, or overlap. The
numbers placed along the side. however, show also the customary range
up to the greatest thickness of which we can be reasonabl)‘_sure. .Stlll
oreater {hicknesses may and often have been estimated, but in our judg-
wment may not have had due allowance made for faulting, initial dip, or
crushing.

The Keewatin-Laurentian.—These terms we take to have the same
stratigraphic meaning, since the relations are of intrusive contgct—
the latter being applied where the areas are largely feldspz}thlc or
eranitic and light colored, the other when they are mainly of basic 1;0(11{8,
o Klastic in a good many cases, of the nature of the volcanic tuff (the
“(Greenstone schist” or “Mareniscan”). In Michigan at least there is com-
paratively little if any of the commoner types of sediment and limestones,
either in their altered or unaltered condition. Many of the schists which
are fine grained and slaty enough to pass for altered sediments prove
really to be altered felsites. or voleanic ash, or something of that kind.
There is. however, a little iron-ove-bearing jaspilitic chert and ravely
genuine black slates. Early conditions of erosion before there was any
land vegetation would have led to the formation of arkoses and tuffs,
and there may have been less ocean of a very different chemical char-
acter, accounting for the scarcity of ordinary types of sediment. Gener-
ally speaking these rocks are more or less saturated with granitic mat-
ter, either in fine-grained aplitic or coarse-grained pegmatitic veins, but
the whole rock may be a gneissoid granite. These gneissoid granite
bosses generally occupy anticlinal areas, and are the typical “Lauren-
fian.” Around Marquette there seems to be a compound synelinal with
argillites in the upper part and some ill-defined iron-bearing beds whicl:
may correspond to the Vermilion Range below, and a great deal of
“Greenstone schists.” These latter consist of hornblende and chlorite
schist and amphibolites, inelnding rarely “ellipsoidal greenstones,” and
sericite schists altered from felsites throughout, but especially in the
lower parts next to the granite anticlinal bosses. The total thickness
oune can estimate not less than 1,000 or more than 35,000 feet.

By Bigsby, Maclure, etc., this formation was grouped as gneiss or
granite with the hornblende slate under the term primitive; by Houghton
and his assistants. as syenite, granite, gneiss under the term primary;
by Logan as Laurentian; by Foster and Whitney as granite rocks of
the Azoic period; by A. Winchell as granitic rock of the Plutonic group;
by Credner as the Lower Laurentian of the Iozoic; by Brooks and
Pumpelly and many other following them as Laurentian; by Rominger
a8 Huronian; by Van Hise and the U. 8. Geological Survey as Archean
(the basement and fundamental complex) ; by Wadsworth as the Cascade
formation. Yet a glance at the various geological maps of Lake Superior
shows that, however different the connotation, or meaning, and the
theoriex of the various writers as to relationships, the areas and rocks
denoted were mainly the same.

Of other terms the “Mona” series is referred to by Foster and Whitney
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(p. 35), in the IZuropean sense, similar, but probably not identical, with

“the sense of the term used in the Jlarquette MHonograph. That and
“Kitchi” are intended to be synonymous terms, but include some areas
of extra highly metamorphosed Huronian.

The term Mareniscan (Van Hise Monograph, 19, p. 473). appears to
be a later svnonym of Keewatin and it was decided by the joint com-
mittee to prefer the latter, but should further discoveries make a local
Michigan ferm needful, may be used, as Wadswortl's term Caseade is
later and included, we believe, disparate things. The “Palmer gneiss”
appears to be a sheared facies of some of the Huronian members up to
the Siamo slate.

It is only fair, however, to be ready in regard to so difficult a group
as the earliest rocks, to accept a term even though there be some slight
inconsistency or error made by the author, provided only that they are
not so great as to destroy its usefulness by making uncertain its general
application.

Huronian.—The name under which the pre-Cambrian rocks have been
assembled in this state has varied. Among the earliest writers who de-
rived their information from direct observation was Credner, then Pro-
fessor Pumpelly’s assistant, who published a paper in Volume IT of this
survey, and whose thesis for the doctorate was on Die Gliederung der
cozoischen (vorsilurischen) Formations-Gruppe Nord-Amerikas', which
is, as far as I know, the first original work published after that of Foster
and Whitney. Douglass Houghton’s “metamorphic” rocks were in the
Huronian. Foster and Whitney, in spite of themselves, divided the

.formations to be considered, classing them all as Azoic, into granitic

rocks (chap. iii); iron ores and associated rocks (chap. iv). Credner
calls them all Eozoic, and divides them into Huronian and Laurentian,
and the same divisions are used by Brooks and Pumpelly. As between -
the terms Azoic and Iozoic, Proterozoic, Archaeozoi¢c and Archean we
are not prepared to give a final decision.?

Published at Halle, 1869.

“A dual division of the pre-Cambrian is strongly advocated by Van 1lise and is widely
accepted. But F. D. Adams in the current volume (1909, Vol. XVII) of the Journal of
Geology, p. 115, suggests a triple division—mneo proterozoic, Keweenawan and Animikie or
Upper ITuronian; meso proterozoic, Middle and lower Iuronian; eo proterozoic, Keewatian
and Laurentian. See also Van Hise's article immediately previous in the same volume.

When a dual division is used the terms are either azoic and eozoic, (Credner and Daw-
son to W. B. Scott), or Archaeozoic and Proterozoie, (Chamberlin, Salisbury and Willis),
Archaean and Algonkian (Van Hise and U. 8. Geol. Survey), or Laurentian and Iuronian
(Dana and most textbooks twenty years ago).

As against the use of any ‘zoic” terms, Van Ilise objects that as the pre-Cambrian
is not fossiliferous any zoic discrimination is impossible. The factors upon which he would
mainly depend are as follows: Lithological character, the younger division heing more
largely ordinary sediments; widespread unconformities; relations to younger rocks; relations
to intrusives; deformation; metamorphism.

It has, however, been suggested in the Geological Magazine for November, 1908, that in
a_ world where there was no life or where the land was not clad with verdure or the
air or the ocean of different chemical composition, there might be such different conditions
of sedimentation that without fossils the work of life could be recognized and that in
this direction might uitimately be found the best grounds of division. Thus, Van Hise's
objection to zoic terms may not be quite so important. Perhaps all would agree that
at present the line between the two divisions of this pre-Cambrian is not drawn at exactly
corresponding points in various regions.

There has been much discussion of late of desert sedimentation, by Walther, W. M.
Davis, Barrell, ITuntington, and others. It seems to the writer that many of the peculiar-
ities of the desert are due, not to the arid climate per se, but to the fact that it is devoid
of vegetation. This we now find practically only in arid lands, but before the earth was
clothed with verdure, or moss or lichen existed, the land must have been bare, and even
though the climate were wet the sedimentation must have been very different. In par-
ticular, without organic life there must have heen little chemical denudation by organie
acids. This had an effect in two ways. In the first place, the attack by CO; must have
been limited to that in the air or supplied in igneous rocks. 'The streams must have been

i
|
!
|
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)
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. ively - in carbonates. In the second place the sediments found by mechanical ro‘ck
tl?lséiixg)t‘e?gll?atli%‘r‘l 1vl&}]iiccah is of much greater relative importance where the rock Is no:c dpm-
tected by vegetation must have been much richer in the soluble bases which are now.la{t ays
removed by the organic acids. Thus must have been produced the ancestors qf the hax osglsi
grevwackes, and sedimentary gneisses and schists, and the peculiar character of t ey eﬁn ly
:ed'iments upon which Chamberlin, Salisbury and Van Hise have commentgd, nlla)‘ axg
a ‘“zolc” meaning. More than this, many have thonght that the early atmosphere )&3}:
(free from oxygen and that the supply of this to the air is due to plant llfe and z_mae%obl.c
bacteria. The absence of organic disintegration would leave the other 1\‘11](! more puz{m-
nent,—the volcanic emanations of carbon dioxide, chlorine ang sulphur in ‘con.nec ion
with the enormous volcanic activity of the ‘‘greenstone schists, Keewatin, folmatlron. .
These acid radicals would tend to carry off iron to the sea, if t.hergs was not‘oxggteu 2
precipitate it by oxidation, though there might be some preclpitation as carbonate o
sulphide. ) . . Jation of
] re might then have been at the end of the really azoic time an accumula
di§ggﬁ'§(‘ chglorides of calcium, iron and other bases in the ocean, §1nd of sed.lmerlxts,fx‘fok
canic agglomerates and conglomerates, and _otherh_setdlments differing but slightly from
associa igneous rocks, arkoses, gneisses, mica schists. ) .
lq?J(‘)lqle:ltfea(z:tsgvs?ith regard to the earliest sediments and their included waters agree with the
rpotheses outlined. . . L
h“S)%tchstelTen, would be the Azoic, the earlier pre-Cambrian. Then as life came there vgou}d
be a development of more ordinary sediments and waters of rivers such as now _r_%m
granite areas, with sedium carbonate and silicate in solution, woul.d begin that precipita-
?ion of .calcium as carbonates and accumulation of sodium chloride instead of calcunln
chloride which has been the dominant factor in the chemical evolution of the qcean.h M‘('):ie
promptly, however, the sodium silicate and carbonate would react tpon the ferrous cl 101_1te
precipitating the silica as chert anld the iron as iron oxide, and the carbonate as siderite,
ing t sodium chloride in solution, X .
1%1'1“7}111111%, ttllllee ?ggn, unaltered, not enriched ferruginous cherts of the upper pre-Can{buan gx.asl;
have been formed. Decaying vegetation might also produce black muds flombw ic
graphitic slates might be produced,hand 1linclestlt)mes1 mllght Ii)e rgg(ried at any stage by pre-
‘ipitation chemieally or as in the chara limes by algal co-ope . o
“}The ocean may yhave remained relatively fresh and unfavorable to the .sec(ietlon of
shelly, and the rapid evolution of life into various branches of the animal king omdgone
on without hard parts, and without a body-cavity closed from thg oceanic vital dme lum(i
But with the steady accumulation of salts in the ocean, its waters .reached an txlmssef
the physiological optimum of eight parts per thousand. Numerous dlffere}lt branc estlo
the tree of organic life responded to this change of environment for the worse by secre 11%%
calcium carbonate or phogphate, at first as a pure physiological cr pathological necesm,\t
like renal calculi. But it at once was found to be of immense value as a skeletal suppo};‘
and protection. Only in some such way does it appear that we can account for the
appearance of hard parts in numerous branches of the animal kingdom at apqut the sam(ei
time. It must be due to a general reaction to some general change of environment, RI.II
this particular change, supported as it is by analyses of conn_ate Waters.and the genelil
drift of chemical evolution of the ocean, as well as by the physiological evidence so acutely
marshalled by Quinton, is by far the most plausible. This event marks practlcal‘l,v the
beginning of the Cambrian. The classification which.the wrlter.vyoulq suggest as ploba'bly
that of the future is tabulated below. The connotation or definition is very different flom
that of Van Hise. but in denotation or application the only changes needed w111vbe to
remove perhaps a small portion of (tih%tdgel}eral]ythrefi'&err?d to as Keewatian, as well as
Grenville Limestone and associate eds, from e Azoic. .
th('ll‘hz‘, eterms Azoic and Tozoic may then be reserved for the two divisions of the pre-
Cambrian, when one is trying to draw the line at the actual beginning of life. If so,me
unconformity, probably not just at that tir{_le, ;)%1 taken as a dividing line, then such terms
as Archaeozoic and Proterozoic may be preferable. .
S’l‘he line between Azoic and EoZoic may be provisionally drawn at the time whe_n the
supply of water to the ocean became alkaline rather than acid and hence the accumula-
tion of chlorides of lime, iron, and magnesia was checked. For if this was due to the
first great extension of vegetation and evolntion of oxvgen it would account for t!lfa faci:
that the first appearance of massive beds of dolomite or limestone, or chert and iron or
jaspilite, and of black slate is in the same series. L )
! S)uch a line as we have said would probably cut out from the lower division the Gren-
ville and the Soudan, but leave in it most of the Keewatian. Tpon the p}'acthablhty and
desirability of drawing such @ line will the permanence of such a classification depend.
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The terms Laurentian and Huronian have been used pretty continu-
ously in the Lake Superior region, and always with almost the same
practical application, so far as this state is concerned. Ve think, there-
fore, that we should in them follow Credner and Logan, though it may
be better to replace Laurentian by Keewatian. It is at present agreed
to divide the Huronian into three series. A question may arise whether the
lowest of these series, which is considerably older than the other two,
more eroded, and quite different in distribution, may not be the Grenville
or Upper Laurentian. There is, however, no local ambiguity involved, as
it has always been mapped with the Huronian in this state.

Fo-Huronian.—We use this term in preference to Lower Huronian.
as that was applied to the eo-Huronian and mio-Huronian until the three-
fold division of the “Marquette” series was recognized. The Marquetic
Monograph calls it Lower Marquette. We had always called it Mesnard
(formation or series).r The U. 8. and state survey now restrict this
name to the basal member.

@) Mesnard quartzite. Well exposed on Mt. Mesnard just south of
Marquette; finely ripple marked. About 250 feet of slaty flags. Toward
the base is a conglomeritic and arkose quartzite.

There arve also brecciation beds, slate, quartzite, and cherty quartzite
toward the Kona dolomite above.

It is at times much metamorphosed and sheared and may be confounded
with underlying beds, and is at times cut by granites, but by no means as
commonly as the Keewatian. We think, too, the granites cutting the
Huronian have a different character, being more inclined to a coarse
porphyritic facies.

b) Kona dolomite, 600 ft. This is a very well marked horizon around
Goose Lake, but is represented, we believe, on all the ranges and in
the original Huronian, being the Randville dolomite of the Menominee
Crystal Falls region, and the Bad River formation of the Gogebic Range.*
LExtensive erosion took place before the deposition of the mio-Huronian,
generally removing the slates above it and often cutting deep into the
dolomite.

¢) Wewe slates, 300 ft. The slates of Goose® Lake, rarvely left by the
erosion, but exposed on Carp River, Sec. 5, T. 47 N, R. 25 W., and on
Sec. 12, 1. 47 N, R. 26 W., black and gray slates.

Mio-Huronian—This we are inclined to believe is the main iron-bear-
ing formation, not only of the Marquette range, but of the Menominee
range as well. During this time began an epoch of extrasion of basic
volcanics at numerous points which continued into the neo-Huronian and
expressed itself mainly in intrusives altered to amplibolite (“diorite’),
chloritic schist, “paint rock,” and uralite diabase in the mio-Huronian,
and mainly in effusives and tuffs in the neo-Huronian.

This is Van Hise and Leith’s Middle Marquette; compare also Wads-
worth’s ““Republic” and “Negaunee” formations.*

a) Ajibik quartzite, 700 ft. Has often been confused with Mesnard
quartzite. Grades upward through slaty phases into b).

11892 Report, p. 65.

*Rominger’s “Marble” Series, Vol. 1V, p. 56.

*Wewe is Chippewa for ‘‘goose.”

“Though he was never quite able to agree with what seems to us the proper interpreta-
tion of the stratigraphy of the same, so that the order as given on p. 66 differs so mucl
from our views that we could hardly use it without producing confusion. See 1892 Report.
pp. 64, 66, 110, etc.

6
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Dy Riamo slate, 600 ft. Grits, flags, and graywackes. and graywacke
slates, with volcanic tuffs.

¢) Negaunee formation, 1,000 ft. The main formation of cherty car-
honates and siliceous beds \Vlﬂl “oreenalite™ readily altering into jas-
pilitic iron-bearing formation.

Near igneous contacts it also changes into griinerite, and other
amphibole-magnetite schists.

Neo-Huronian (Animikie) —The relation of this series around Port
Arthur on the north side of Lake Superior and along the Gogebic range
on the south are such, both as to the overlying and underlying rocks, that
there can be but little doubt that they are in general coeval, and the
graphitic slate horizon of the upper pdlt seems to be widely 1dent1ﬁed
We have no hesitation in adopting the term Animikie. There may be
some question as to whether it belongs in the Huronian at all. We be-
lieve Lawson considers the greatest and most profound unconformity’
to come at the base of this formation, rather than for instance, between
the Mesnard and the Keewatin or OJGenstone schists; Adams, too, em-
phasizes the unconformity below, and it must not be forgotten that the
Minnesota Survey has beld it to be Cambrian.? Were the Yogebic range
alone to be studied we might agree with Lawson, but there ’rhe uncon-
formity at the base of the Animikie represents the elimination of all of
the mio-Huronian and most of the eo-Huronian, thus representing a good
part of Huronian time. Without question the Animikie is much less
disturbed than the older formations, but we are not prepared to say that
any one of the breaks before the Keweenawan is the “essential break.™

The divisions are:

@) Goodrich quartzite, 400 ft. This is represented on the Gogebic
range by the Palms formation of red and green quartzose slates. But
there, as on the Marquette range, there is a conglomerate base, con-
taining pebbles of jaspilite and dolomite as well as granite. Basic tuface-
ous material is a sign of local voleanic activity, which continued from
mio-Huronian (part of Clarksburg formation, etc.) near foci of which the
formation may be very thick,

b) Bijiki formation, 300 ft. This is a cherty, iron-bearing member with
graphitic slates, on the Gogebic range some 800 feet thick, known as
the Ironwood formation and the main iron member. It was not con-
sidered in the M arquctte Monograph so persistent as we believe it really
is.

¢) Michigamme slate. A group of black, graphitic slates and gray-
wackes, quite wide spread—the Tyler slate of the Penokee-Gogebic range,
the Lake Hanbury slates of the Menominee Range. Usually not over
1,000-2,000 feet thick. On the Gogebic range apparently, 4,000 ft.

Keweenawan.—The term Keweenawan used as a technical name for a
rock series is nearly synonymous with Nipigon, which has a year or so
priority, but was introduced practically simultaneously in two slightly
ditferent senses; and the term Keweenawan has been so much more widely
used that the joint committee agreed to retain it. Douglass Houghton
included the Lower Keweenawan up to the Great Conglomerate under the

The Eparchean interval.

*But Logan and Hunt in the original introduction of Huronian—FEsquisse Geologique,
p. 28—considered Huronian as Lower Cambrian of Sedgwick. At that time, as in the earlier
editions of Dana, the P’otsdam was classed as Silurian.

“Leith in A. 1. M. K. Trans.,, 1906, p. 128.
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general head “'Jmp rocks™ and understood that “strictly in their chron-
ologlcal order” they came after the “metamorphic” slates and quartz
rock. The Lake Shore traps were {hought of as intrusive dikes, so that
he could group the Greater and Outer Conglomerate together under the
head “conglomeraie” and the rest of the Keweenawan above as “mixed
conglomerate and sand rock.” Foster and Whitney followed his divisions
in their mapping, including them as the lowest divisions of the Silurian
{which, as in the early editions of Dana, was understood to go down to
the Azoic and include the Primordial) and as intimately associated with
the Lake Superior sandstone, so much so as not to need any separate for-
mation name. It has already been mentioned that the latter has been re-
ferred to various ages from Triassic back. TLogan called them the “Upper
copper-bearing” rocks; Brooks and Pumpelly the Latin equivalent “Cup-
riferous,” and considered the formation conformable to the Huronian,
but covered unconformably by the Lake Superior sandstone, and likely
to be more allied to the former than the latter. Irving mtroduced the
term Keweenaw (an), and in Monograph V, p. 24, recognized an uncon-
formity (disconformity) of the Keweenawan and Huronian, as well as
an unconforml’rv above, especially with the Mississippi Vllles Cambrian
sandstones. Neither of the unconformities do we doubt. But they ap-
pear to be with basal Keweenawan beds disturbed by coeval volcanic
activity and faulting, and seem to us quite comparable with inter-Kewee-
nawan phenomena, while the Lake Superior sandstone and the Upper
Keweenawan appear to us closely associated not merely lithologically but
stmtlo"mphlmll\ ' We prefer, therefore, for the pre%ent, to place the
Keweenawan in the Cambrian to express that fact. If we cauld but be
sure that there was indeed a universal cycle of sedimentation and rhythm
of geological activity, by which, all the world over, crustal rearrange-
ments and volcanic act1v1tv took place snnultaneouslv while at othel
times atmospheric conditions universally favored the dep0s1t of lime-
stones or black shales, there would then be more of a temptation to com-
pare our column with the type column in Great Britain and see in the

............ [ the correlates to the Ke-
. ) weenawan.

Longmyndian red szmdstone}
f the correlates to the An-

and volecanics

Longmyndian flag stones and l

shales and Russian schists | 77 ] imikie black slate and
» L eraywackes.
Bradgate, Beacon Hill and ) [ the correlates to the Hu-
Black Brook hornstones p -------.. ... { ronian cherts and jas-
of Charnwood Forest J { pilites,

The Keweenawan would then indeed be pre-Cambrian. But far-off
lithological correlations have too often proven a will-of-the-wisp.

Ther are practical advantages in grouping the upper part of the
Keweenawan which has no igneom intrusive or effusive rocks and no
copper, with the Lake Superior sandstones which are similar, because
then the copper bearing Keweenaw Range can be better broucrht out in
mapping.

'See Annual Report, Board of Geological Survey of Michigan, 1904, p. 143.



32 BOARD OF GEOLOGICAL SURVEY.

ARGUMENT TFFOR CAMBRIAN AGE OF KEWEENAWAN,

1. The main argument for the Cawmbrian age of the Keweenawan ix
that the Upper Keweenawan and acknowledged Cambrian are so closely
affiliated :

{a) Lithologicallv.—both red sandstones with much wmaterial other
than quartz and red shaly beds.

(h)  Structurally.—both faulted. not folded, except in a very broad
way, as part of the Lake Ruperior synclinal. Thus they were naturally
by the carly writers taken as the same, and the burden of proof rests
on the one who says they are not. It is probable that new observers,
eveir those who believed in the pre-Cambrian age of the Keweenawan,
who visited the Sault, Marquette, Jacobsville, Apostle Islands, Clinton
Point, (Fig. 3,) Freda, the north shore of Lake Superior, and the south
shore of Isle Royale, would be quite erratic in the points they assigned
vespectively to the Cambrian or pre-Cambrian.

2. No intrusives such as cut or are effusive in the Middle and early
Cambrian in various places cut the Upper Keweenawan,—but such dia-
bases and melaphyrs do sometimes most strongly resemble Keweenawan
igneous rocks.

3. It is improbable that a wery considerable interval should elapse

with no deposition, and that then it should begin again with o similar
rocks as the Lake Superior sandstone and Upper Keweenawan and with
so little evidence of erosion of the Upper Keweenawan, valley trench-
ing of the same, ete.

4. No basement conglomerate to the Cambrian against the Upper
Keweenawan has been discovered, whereas there is a very strong one,
containing a wide variety of pebbles of the intrusives as well as extru-
sives of the Lower Keweennwan at the base of the Upper Keweenawan.

OBJECTIONS TO CAMBRIAN AGE OF KEWEENAWAN,

1. The unconformable overlap of the Potsdam (Eastern or Jacobs-
ville and St. Croix) on the Keweenawai. :

Answer: This is against the Lower Keweenawan and is to be expected
if the later is an igneous and largely a land formation forming and
eroded during the Cambrian transgression.

2. The continuation of the pre-Cambrian peneplain over the Kewee-
nawan.

Answer: Ts it pre-Cambrian or pre-Potsdam or possibly Cretaceous?
And does it really so continue? Weidman, I believe, thinks not. Does
not the peneplain in question include the Niagara limestone of Limestone
Mountain?

3. The lack of fossils,

Answer:  This is true also generally of red sandstones and of land
and fresh water formations, and would be the more true in a wvolcenic
and arid region, and at « date when land animals are not known to
have existed.

4. The presence of pebbles of Keweenawan in the Cambrian along
the Keweenawan fault shore cliff,

Answeer: This is true «lso of most of the Keweenawan conglomerates

Geological Sarvey of Michigan. Annunal Report for 19038, Plate 11.

(a) In Gila donster.

(h) In dinmond dvill corve. i

(¢) In thin section.

ILLUSTRATIONS OF OPHITIC PATTRERNS. i
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See Bull. Geological Sociely America, 1908, pp. 644-648,
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and shows merely that the formation was exposed to erosion during its
formation.

3. The greater awmount of disturbance of the Keweenawan.

Answer: Too great weight cannot be laid on this in a voleanie series,
but it is noteworthy that the Keweenawan shows a steady approximation
to the Cambrian in such respects (freedom from faults, intrusives,
effusives, and from high dips) as one ascends in the series.

6. The lithological difference between the Keweenawan and the early
Cambrian elsewhere,

Amnswer: This is really entirvely in accord with our conception of the
Keweenawan according to which we should parallel the Keweenawan
contrast to the marine early Cambrian, Georgian and Acadian with the
new red sandstone and red Permian with their effusives in Germany,
contrasting with the Alpine marine Trias, and again with the Scottish
Old Red sandstone contrasting with the south of Ingland Marine De-
vonian,

[ think a eaveful study of the lithologic character of the nearcst carly
Cambrian and the intrusives cutting the same might even lead to strong
arguments in faror of the Cambrian age of the Keweenawan.

A trip in 1908 brought out this difficulty of drawing the line between
the Upper Keweenawan and the Cambrian sandstones.

On July 21st (1908) I visited the Houghton-Hancock section with
Leith and Martin. We saw the conglomerates dipping 50° to 60° back
of the Upper Range station, then walked to the abandoned Atlantic mill
crossing numerouns traps, toward the end more numerous and less steeply
dipping conglowerates, and at the end where the road turns up hill to
the Atlantic Mine exposures of red sandstone and shale where the dips
were still over 30°.

Then taking ferry to the Hancock side of Portage Lake we saw the
Nonesuch beds and the old quarry exposure near the powder houses,
black shales and fine grained conglomerate sandstones with dip of 35°
and less. We also saw similar sandy beds np Swedetown Creek.

That afternoon we visited Freda, finding a section of over 40 feet red
micaceous shales and impure red conglomeratic sandstones shelving, dip-
ping less than 10° to the lake. The Freda well showed over 900 of such
beds with a salt water-at the base.

We left that night for Saxon, and the next day, July 22nd, we walked
about 5% miles north to the Lake Superior shore, repeating a trip I
made earlier in the season. About two miles north we passed a heavy
conglomerate, well exposed both in the road and in a ravine nearby.
This is presumably the Copper Falls Conglomerate (outer conglomerate)
underlying the Nonesuch shales. After this the road descends rapidly
until about 100 to 200 feet above the Lake. Fig. 3.

Descending into the Orounto valley from this level we found a short
distance from the lake a considerable section of red impure sandstones
and shales dipping about 52° to the lake.

Taking boat tor Clinton (locally called Marble or Cemetery) point we
found a set of low ledges, lithologically similar, ripple marked and
mudcracked with a somewhat contorted cross bedding in places, but on
the whole dipping 9° to 15° and at times more to the lake. These Trving
classed as Cambrian.
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Thence we passed to the mouth of the Montreal river. This is crossed
by red shales and sandstones striking with the coast toward Little Girl
Point and dipping something like 63° and more toward the lake.

This rection continues to and above the falls for several hundred {eet,
after which a gap with no exposures occurs in which a fault, parallel
to that at Keweenaw Point, might pass.

Then at the log bridge begins another section of red impure sand-
stones and shales nearly vertical, dipping perhaps 85° to the lake, fol-
lowed after a few thousand feet by the Nonesuch shale group and the
heavy Copper Falls conglomerate beneath containing pebbles apparently
from the Keweenawan formations beneath, red rocks, porphyrites, ete.,
as well as of the jaspers and other beds of Huronian.

The exposures are not continuous enough to speak with certainty, but
so far as anything we saw, the Clinton Point series, which is lithologi-
cally similar, seems structurally analogous to the Freda sandstones and
might be included in the Upper Keweenawan, and yet Irving included it
as Cambrian.

There is no reason why there may not be some apparent expansion in
the thickness of these beds by repetitive faulting analogous to that on
the south side of the Keweenaw Point Range.

The information additional to that contained in Irving's AMonographt
is as follows:

(1)  The decidedly northwesterly dip at Clinton Point, the shore
here being very rvapidly retreating and probably not so well exposed
thirty yvears ago;

(2) The intermediate dips on the Oronto river;

(3) The lakeward dip of the Montreal river section and the interval
with no crposures admitting the possibility of faulting as suggested by
the coast. ,

Lower Keweenawaen.—The conglomerates which oceur at the top of the
Lower Kewcenawan and below the Lake Shore traps may perhaps belong
stratigraphically to the Upper Keweenawan. They contain a wide variety
of pebbles and large bowlders.

The main part of this formation caunnot at its thinnest point De put
down as wuch less than 15,000 feet. Its base in contact with the upper
beds of the Animikie formation has recently (H. L. Smyth) been found
north of the Gogebic range. Here its thickness appears to be near 42,500
feet, and I do not think it can possibly be reduced by any allowance for
repetition by faulting and initial dip to less than 29,000 feet. Some
such thickness of rock wiih the specific gravity of trap over against an
equal thickness of granitic rocks would be needed to produce isostatic
equilibrium between the bottom of Lake Superior and the Huron Moun-
tains. The general characteristic of the lavas which made it up is that,
while they run from silicious felsites and quartz porphyries to quite
basic rocks, there is nothing ultra basic nor ultra alkaline known.
Porphyritic crystals are mainly quartz and feldspar. These have norm-
ally crystallized earlier in the magma. A marked second generation of
augite is almost unknown. Of the thickness only a small fraction is sedi-
mentary and that of a type which may be rapidly accumulated, so that
the accumulation of the whole series does not necessarily mean great dura-

0. 8. Geological Survey, No. V.
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tion.  When we come to estimate how much is sediment, we find that
continuous diamond-drill sections indicate for the major part of it less
than 7 per cent. (5.65 per cent. in 8,500 feet near Dortage Lake, 6.65
per cent. in the 6,247 feet at Isle Royale.) The greater the thickness
probably the less the percentage. Making detailed allowance for the
Great and certain other heavy conglomerates at the top, we get 4,250
feet for the sediments alone—conglomerates and sandstones of very
rapid deposition for the most part. A detailed section is given in the
Black River Report, Annual for 1906, p. 400. Fairly persistent (Isle
Royale, Black River, Keweenaw, Mamainse) appear to be the following
divisions of the Keweenawan beginning from below:

1. Bohemian range group. {lrving’s (1) and (2), Plate XVI1I} chay-
acterized by numerous flows of labradorite porphyrite type and felsites
near the top and frequent intrusions of straight-walled diabase dikes,
of felsite, of gabbro and affiliated fine grained red rock, (gabbro aplites).
North of Bessemer, the thickness, igneous sills included, is ....9,500 fi.
There may not be 500 feet of sediment.

2. Central (Mine) group.—Including the “Greenstone group,” the
“Phoenix Mine group,” etc., but only a part of Pumpelly’s “Portage
Lake series.” Just about that part of the formation included and well ex-
posed in the workings of the Central mine on a crossfissure, exposing
a good section, examined by P'unmpelly and Hubbard, and more recently
supplemented by diamond-drill cores on the same property (sections 24,
25, 36, T. 58 N, R. 31 W.) This part has also been developed in the
Clark, Xmpire, Mandan. Manitou and Frontenaec, Cliff, Calumet and
Hecla and Torch Lake, Franklin Arcadian, Isle Royale, Winona, Lake.
Adventure, Mass, and Victoria sections. This is a new name we would
introduce and define as extending from the Bohemia conglomerate, Mai-
vine’s conglomerate (8) to the “St. Mary’s epidote,” a sediment (volcanic
ash) just above the “Greenstone” which is above Marvine's conglomerate
(15.) Characterized by very heavy flows of ophite.r some of them hun-
dreds of feet thick, so that, for instance, the “Greenstone’,” the one at
the top of the series, extends beneath Lake Superior, from one side to
the other; often proportionately coarse grained.

On Black River there are possibly 25,000 feet including flows. At
Portage Lake (5,913), say 6,000 feet.

3. ‘“Ashbed” group.—This group has been named from the Ashbed
Mine, or really originally from a lode so called by the miners, worked
at that mine, Marvine’s (¢) and (), Jrving’s (5) and (6). Including
conglomerates 16 to 18, characterized by frequent glomerophyrites, that
is relatively feldspathic and fine grained flows with less lime than the
ophites, and volecanic agglomerates of the a a type.

In the Tamarack shafts ... ... . ... .. ............... 2,400 ft.

At Iagle River according to Marvine (a) 925 4 (b) 618.

The amount of well-marked conglomerate is not over 50 feet but
the amygdaloids shade into beds of scoria mixed with red mud called
“ashbeds.”

4. “Eagle River” group.—Marvine's (¢), characterized by a waning of
voleanic activity shown by the numerous (10 or more) sandstones and
conglomerates, while the interbedded flows are more of the normal type.

1See Plates.
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In the apper 2,700 (1,417) feet Marvine estimates 860 feet of sediment.
On Black River it is given as 1.417 feet, at the Tamarack as 1,700 ft.

9, 6, and 7. Copper Harbor conglomerates.—The conglomerates north of
the Eagle River Group were grouped together by Douglass Houghton,
who considered the Lake Shore Traps as intrusive dikes. When these
were understood to be interbedded flows, the conglomerate was divided
into the Great and Outer, respectively, below and above the Lake Shore
traps. Hubbard's studies around Copper Harbor have shown that there
are at least thiree heavy conglomerates. 1t is not probable that the
lines between the Great Conglomerate, Lake Shore Trap, and Outer
Conglomerate can be everywhere drawn consistently. Together they
cover the period of decadent vulcanism, and it is not at all likely that the
flows from these last expiring throes filled the whole basin but more
likely they occur irregularly in the conglomerate series. It therefore
seems fitting to give a local term to the whole assemblage, treating the
Lake Shore traps as a lentil or lentils in the same.

5. “Great” Copper Harbor conglomerate.— Its thickness, not allowing for
initial dips, is say 2,200 feet at Iagle River and Calumet, but apparently
much less, 340 feet, on Black River. Tt has a wide variety of pebbles,
but mainly of Keweenawan rocks.

. Lake Shore Traps.—These are apparently thickest mnear Copper
Harbor where using Hubbard’s figures, they are about 1,800 feet thick.
They are near 900 feet thick at Calumet, but at Black River are only
about 400 feet thick. There is at least one well-marked conglomerate
in the group. Above this group the line drawn by Irving, between the
Upper and Lower Keweenawan marked by a cessation of voleanic activity.
There are also in general, less dips and a greater variety in detritus.

7. Outer conglomerate.With pebbles representing all the Lower
Keweenawan types, including intrusives, amygdules and agates, and alse
the Huronian jaspilites. Only 1,000 feet ave given at Keweenaw DIoint,
but to the Nonesuch shale on Black River it must be much thicker, not
allowing for initial dip at least 3,500 feet. Irving estimates 3,000 feet
in the Porcupines.

8. Nonesuch formation (from the Nonesuch mine).—Dark colored
shales and sandstones—owing their dark color to the basic material'—
a very significant sign of heavy erosion of Keweenawan traps at some
distance. This seems to be a very persistent horizon in lithological char-
acter, in spite of not being very thick, being 600 feet on the Porcupines,
500 feet on Black River, and 350-400 on the Montreal.

9. Freda sandstone. “Main body of sandstone” or “western sand-
stone” of Rominger (not Irving). This seems {0 need a local name and
may well take it from the new stamp-mill town on the shore of Lake
Superior, not far from Portage Lake Canal, near which eXposures occur,
and a well showed a thickness of over 970 teet of sandstones and shales,
The relation of this to the “Lake Superior sandstone” in general is a
mooted question. It was included in it by early writers. It is much
like it lithologically and structurally though less quartzose and felisitic,
and basic débris and streaks of red clay may be rather more common

lAnalysis of a sandstone from Point Houghton, Isle Royale, is given in the Minnesota
reports. Numerous analyses of the Apostle Islands (Cambrian) sandstone are given in the
Wisconsin reports. The Portage redstone anlysis is found in report for 1892, p. 157. They
are given heve tabulated.
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and the water more saline than in the Lake Superior sandstone around
Marquette.! The one mantles a granitic boss from which the other was

Lake Superior Sandstones.

b | (TR | 4 o
Silica S1 Qg oo 82.60 77.18 75.19 63.09
Alumina Alg Og.. oo i 8.32 9.69 10.78 18.58
Ferric oxide Fep Oge. oo i il 0.28 3.20 4.01 2.17
Ferrousoxide.. ... .. ..o o o 1.05 2.73
Magnesia Mg O........... ... oviui.. 0.18 1.48 0.95 2.67
LimeCa O.. ..ottt 55 0.26 2.86 {0
Manganese oxide Mn O................ 0.13 .. MnO; .22
Soda Nag O......ooiiiiiin .. 1 0.18 1.93 4.54
Potash Ky O..oovvvninnon o .. j 6.4 { 4.67 0.93 .54
Phosphoric acid PaOg.. oo oo oovo oL 0.05 0.21 ... ... ... .12
Sulphuric anhydride S Oy.............. 0.31 0.23 | ..
Water... ..o e 0.99 2.90 1.42 2.69

1 and 2, by F. F. Sharpless report for 1892, p. 157. These are regarded by everyone as Cambrian.
3, by J. A. Dodge, for Minnesota survey, has always been mapped as Keweenawan.
4, by C. R. Gysander (Cochrane Chemical Co.) of Nonesuch Shale. Thin section is much like that
figured by Irving. .
COCHRANE CHEMICAL Co.
Everett, December 13, 1907.
Analysis of Shale sample through Mr. A, C. Lane, Lansing, Michigan.

First piece of rock submitted.

Silica, ... ..o 63.09 .
Alumina.......oovnii i, 18.58 Copper, palladium
Ferricoxide,............ ... ... . ... 2.17 and sulphur
Ferrousoxide.......................... 2.73 large trace.
Titanicoxide........................... 99 (Cu found = .008 9,
Manganese dioxide...................... .22

IMe... .o 1.11 Calculating P2 O5 as
Magnesia.. .vviv e 2.67 apatite. Cl = .011
Soda (caustic).......................... 4.54 Fl, = .021.
Potash (caustic)........................ .54
Phosphoricacid. ....................... .12
Water......... o, 2.69

99.45

The copper had gone 'in solution with Ammon. Sulph, The insoluble residue from Am2S contained °
no Cu whatever but gave reaction for Palladium (too little to weigh). 10 grm. rock were used for the
determ. of Cu, All weighings throughout were made by the vibration method to 5 places of decimals
and with carefully standardized weights, The second piece of rock was not identical with this first
plece as it gave a copious precipitate with H2S which proved to be principally Palladium with a trace

of co and possibly some other platinum metal. I have been unable to find gold in it.
copper P v P C. R. GYSANDER.

separated, as the Nonesuch shale shows, by extensive exposures of Lower

Keweenawan.
Wells in unquestioned Lake Superior sandstone at Lake Linden and

Grand Marais show that it is over 1,500 feet thick. The dips are gener-

‘Analysis of a sandstone from Foint Houghton, Isle Royale, is given in the Minnesota
teports. Numerous analyses of the Apostle Islands (Cambrian) sandstone are given in the
Wisconsin Reports. The Portage redstone analysis is found in report for 1892, p. 157.
They are given here tabulated.

7
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ally less than those of deposition, so that we cannot make much use of
them. Irving estimates the thickness of Copper Keweenawan at 15,000
feet, but this is, we believe, based on the Montreal river section in
which as above said we suspect a repetition by faulting. We do not,
however, think, that the Freda sandstone will be decreased below 4,000
feet, even if we allow 1,500 feet to the Lake Superior sandstone and
make 8,000 feet for the whole upper Keweenawan. e repeat that
we are not at all sure that there is any other than an arbitrary dividing
line between it and the sandstone which we propose to call Jacobsville.
Lake Superior sandstone—This term was used by Houghton, and has
been customary since, the term Sault Ste. Marie sandstone being much
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Fig. 8. Outcrops near Oronto Bay and Wisconsin Michigan line.

later and less used. It is often and quite properly called the Potsdam.
It is necessary only to refer to the supposed equivalence with the “New
red” Triassic sandstones which was held by Jackson, Marcou, and for
a time Bell. DBut accepting its approximate equivalence and its con-
tinuity with the Potsdam, there still may be a quesion as to its exact
horizon, which can not be exactly the same everywhere, and might be
widely different. It is readily divided in outcrop and in wells into a
redder and lower portion and a whiter upper portion. The line between
the two may mark the epoch of submergence of the iron-bearing rocks,
only a few islands of granite and quartzite remaining exposed to erosion.
In view of the uncertainty of the relation of the three parts of the
Lake Superior sandstones, as used by Houghton, separate names seem
to us likely to be useful, and we propose not only the term Freda sand-
stone for that west of the Copper Range, but the term Jacobsville (from
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Jacobsville where the famous quarries of Portage redstone occur) sand-
stone for that east of the Copper Range, and we suppose this term may
apply to all the TLake Superior sandstone skirting the coast at intervals
to Grand Island, while the term Munising sandstone is to apply to the
upper 250 feet of Lake Superior sandstone which crosses the bluffs back
of Munising, dips southerly, and is white or light colored. Houghton
considered the upper “gray sandstone” (700 feet ?) to be unconformable
on the lower, dipping south to southeast, while the lower dips to the
north. ‘The upper part is well ripple-marked, cross-bedded, friable, with
Fucoides (?) duplex and Lingulepis prima, and L antigua. Dikeloce-
phalus mise (?), Dikelocephalus (Hall, Pl. XXIII, 3a-e, 4), and Lingu-
lepis primiformis occur at Iron Mountain in the Ptychaspis zone. At
Marquette Murray reports Pleurotomariae laurentina (?) and Scolithus
and beds similar at Campment d’Ours close under the Trenton. At
Limestone Mountain, below the fairly extensive- Trenton fauna, are

1RENTON
ST PETER,

R N C

i
TRENTOR P e e i B e e

ST PETER

CALCIFEROUS Huronian

LAKE SUPERIOR

Irig. 4. Tllustrates two possible interpretations of the gection from Rapid River to St.
Malf‘y‘s Eiver. In the one case a slight folding is assumed, in the other case a mere dis-
conformity,

some conglomeritic beds before we come to the main mass of sandstone.
Logan (followed by Grabau)? mainly on the strength of the (en)Camp-
ment d’Ours Island section concludes that the Lake Superior sandstone
may “represent the Chazy, Calciferous, and Potsdam.” Beside the Camp-
ment d’Ours Island section the Neebish well also indicates a great
thinning of the section below the Trenton to the pre-Cambrian along
St. Mary’s river. But the question remains whether it is by a disconform-
ity and erosion of the Calciferous and St. Peter’s down to the Lake
Superior sandstone, so that at least most of the sandstone below the
“Trenton” limestone is Cambrian and represents the Lake Superior sand-
stone generally, or whether this sandstone represents the St. Peters
sandstone, the “Potsdam” and Calciferous having been overlapped, or
the latter by a shoreward change of facies passed into a basal sand-
stone, whiclh might represent continuous transgression of the ocean.
The St. Peter sandstone is well marked at the Wisconsin line, with

*Bull, Geol. Soc. Am., Vol. XVII, nb. 582, 617.



40 BOARD OF GEOLOGICAL SURVEY.

a good 200 feet of Calciferous (Lower Magnesian dolomite) under it and
occurs also, at intervals along Green Bay, at least as far as Rapid River.
The Calciferous certainly continues as a thick, wellanarked formation
well beyond Calciferous station and creek, and according to Rominger
clear to T. 45 and 46 N., R. 1 W., and Neebish (Anebish) Rapids. More-
over a few scattered wells to rock as at Newberry in the center of the
peninsula do not record any St. Peter’s. All these facts favor the first
interpretation independent of the fact that it seems to fit better with
Berkey’s interpretation of the St. Peter sandstone, though to be sure
it implies a disconformity at Campment d’Ours Island." The figure just
above (4) shows the two view points, the upper diagram representing
the second interpretation which is favored by Grabau, the lower the view
taken here.

As has been said the total thickness of this sandstone and the extent
to which it is equivalent to the Freda and Upper Keweenawan sand-
stone are conjectural. As it laps upon the areas of older rocks its
thickness diminishes to nothing, and there is often a conglomerate at
its base. Its composition is largely quartz and feldspar of the acid
varieties sometimes up to 37 per cent. of orthoclase and microcline. The
absence from the formation, except immediately at its contact with other
formations, of much basic or even a large amount of felsitic débris which
is more abundant in the Upper Keweenawan, is one of the reasons why
we believe there can be no great discordance or time interval hetween
this and the Upper Keweenawan. It seems to mark the culmination of
the same general transgression, when only the granite cores were ex-
posed and finally even these were covered. The upper sandstone which
Houghton called the “gray sandstone” he estimated at 700 feet thick.
Wells indicate only some 250 feet.

Calciferous formation—This formation appears to have been called by
Houghton the sandy limerock, and was said to occur at several points
on Sailor’s Encampment Island (not Campment d’0Ours) near West Nee-
bish Rapids. On Foster and Whitney’s map of Lake Superior it was
called the Calciferous, a name which it has since generally retained
( Winchell’s map, 1865, Brooks, Pumpelly, and Rominger’s map 1873, and
the state survey since, U. 8. G. 8. Monograph 36, 1899, ete.), and has
indeed become imbedded in the local nomenclature of Calciferous Creek,
a branch of the Au Train river, and Calciferous, a station on the Mar-
quette and Southeastern R. R., so that it may be retwined even as a
geographic name. “Lower Magnesian limestone” has from time to time
been used as synonymous. The Hermansville limestone of the Menomi-
nee Special Folio and Monograph, pp. 81, 494 (Bayley, 1900-04) is this
formation, or some part of it. It is given as not over, but near to, 100
feet thick, and equivalent to the Chazy and Calciferous of the east on
Rominger’s authority. The wells along the Green Bay shore, however,
show a fairly constant maximum thickness of about 250 feet. Here flow-
ing wells reach the Lake Superior sandstone between 600 and 700 feet.
A late record from Marinette shows, however, 75 feet of white sand-
stone at the top which may be a trough filled by St. Peter sandstone.
The interesting record is in brief:

1Cf. Rominger, Vol. I, Part 3, pp. 64, 76, 77, 82, and 83.
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Quaternary sand ... e

Galena and Trenton ..................... [ERERTREEPE
Blue and brown limestones and dolomites.

Sand at 2607, red shale at 2027 (St. Peter horizon?)
gt, Peter (?)

White sandstone . ...t i e e
Calciferous

Brown dolomite ....... i e

White sandstone ........ ... i i

Dolomite (Hermansville) ........c.o.iviiviiioainen
L.ake Superior sandstone

Upper, white sandstone ........... ... .. oiennn

Lower, pink, shading into conglomerate of cherty

quartzite, base uncertain ......... ... ...

Huronian

Cherty quartzite? ........ . it

Another recent well is Rapid River well No. 2.
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69- 69

256-325

108-978

2. See letter of W. H.

1 3 Iver Michiony
Hobbs, Aug. 7, *07. Seven miles northeast of Rapid River, Michigan.

Owner, A. E. Neff. Clippings and record in Houghton.

Cisco, driller.

One sample dolomite with dog tooth spar crystal and “gum” near.

TRENTON.

Top limestone 12 ft. to 230. 1904
Dark, mixed, some sand.

LAimesStone .. .vuu ittt e e e s
Mixed brown and blue.
. ST. PETERS.
£ 4 X
Round quartz sand, white.
CALCIFEROUS.
80T =3 0 < JN U
Fine grained, white, massive.
£ 2 5+ 1 (O
Clean, white, quartz sand.
Sandy Hme ...t e i
White powder.
Band ... e e e e,
Clean white quartz sand.
[ 4 PPN
‘White dolomitic powder.
L 5 0 s
Quartz and white dolomite mixed.
1S 721 4 L PN

Sand cemented by dolomite.
Slate (cased 9 5-8 in. pipe) . ...t
Dull bluish.

400-420
420-430
430-450
450-475
475-500
500-530
530-555

LAKE SUPERIOR SANDSTONES, MUNISING SANDSTONE.

Gray, SANAY .. cver it e e e e
Round quartz and rarely other gr.

Red sandstone ...ttt it ittt
Light pinkish quartz grains.

White sand .. ...... ..t i i e
White quartz grains.

Red sand .........ciii i i e
Pinkish quartz grains. “725 grit.”
Water flow.

SaANA L. e
Mica, quartz, feldspar, etc., mixed.

SaANA . . e e
12-304 Land as here.
Mica, quartz, feldspar, chlorite. “780 red granite.”
Arbose? but not rounded.

630-675
675-710
710-725
725-750

780-830
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PRECAMBRIAN,
+875
Quartz and feldspar? a pounded aplite?
Mean 890

Feldspar, chlorite, mica hornblende.

[ #4900

Fine gr. dark feldspar, chlorite, etc
875-1000
Rusty, much mica.
“Wedged in bottom from description in gabbro.”

It looks as though thus close to the Archean land mass the forma-
tions were much broken by unconformities and sandstones (of course
allowance must be made for imperfect records), and perhaps the term
Hermansville will be fittingly applied to the lower 50 feet of ‘he
Calciferous. We may compare the triple division of the Calciferous, with
the Shakopee dolomite, New Richmond sandstone, and Oneota dolomite
of Minnesota.

i
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NOTES ON THE GEOLOGICAL SECTION OF MICHIGAN. PART
II. FROM THE ST. PETERS UP.

A. C. LANE.
Introduction.

The writer has the benefit of the work of Professors A. W. Graban
and W. H. Sherzer,' though we are not yet in entire accord
as to interpretation. Perfect accord can, however, not be expected.

In preparing the column, not only the records of borings given in
Volume V of our reports and the Annual Reports for 1901, 1903 and
1904 have been used, but also records of wells at Pickford, Grand Lake
near Alpena, Strasburg and others yet unpublished. The second, or
upper part of the Michigan rocks here described, including Ordovician
and Carboniferous. has peculiar interest in many ways. In the first
place it stands as the connecting link or field between the standard New
York and the Mississippi Valley rocks. In the second place it has not
been much disturbed. It is too much to say not at all disturbed, for
there is caught in the synclinal fold of Limestone Mountain on Keweenaw
Point the Niagaran, so that we are led to infer that notable disturb-
ances took place along the line of the Great Keweenaw fault after the
Niagara. There are in the Lower Peninsula also signs of slight fold-
ings between Dundee and Ontarian and before the deposition of the
coal measures (Pottsville; Lower Pennsylvanian).

But on the whole the strata lie in one vast little-disturbed persistent
basin, in a gentle embayment of the great pre-Cambrian boss or shield
which curves around them from Wisconsin on the west to Canada on
the east. It is possible that at the center of this basin was continuous
deposition, perhaps not always marine.

A notable feature is the general fineness of the sediments and absence
of conglomerates. These latter are extremely rare. If one overlooks
some perhaps autoclastic limestone calcirudites, occasional pebbles of
quartz as big as peanuts and in the Marshall a few narrow, thin bands
of conglomerate containing very little but quartz, he may say there are
none. The wide variety of crystalline and igneous rocks which lie only
a short distance northeast to northwest are practically absent until
we come to the glacial till, where they are abundant. These facts seem
strong grounds for believing that during all the paleozoic time this
great area was neither glaciated nor violently disturbed and uplifted.
We ought to have therefore in the Michigan section an ideal place,
were the strata well exposed, to study those universal advances and
retreats of the shore line which must have occurred as the ocean level
was raised the world over by filling in of sediments, or lowered by
falling in of blocks of the ocean floor. Ellsworth Huntington and others
have recently suggested that the progress of the earth’s history is marked

4E)Se(;%Grabau’s papers in Science, 1909, No. 789, p. 356; Bull. G. 8. A, 17, 567-636; 19,
540-553.
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not merely by simple cycles of climate but in a more complex way by
periods of fairly uniform climate and steady conditions followed by
periods of rapidly alternating conditions and extremes of climate.
l?urmg the relatively steady periods as Suess has remarked the con-
tinents would be base levelled, and as the products of erosion filled up
the ocean, it would trespass far upon the continental areas, rising per-
!mps one foot'ln 32,500 years. This would tend to produce relatively
insular, oceanic, equable warm climates. Plains of marine transgres-
stion would be added to those of peneplanation and denudation quld
be chemical rather than mechanical, and of fine sediments rather than
coarse, and the range of land plant activity and of oxygenation rela-
tively restricted. § °

_ The result would necessarily be chemical sediments, limestones, dolom-
ites, perhaps salt and gypsum, with fine muds which mieht. like "chose of
the Black Sea, be black. o

~ During periods of disturbance there would be uplifts and down sink-
ings, the waters would be drawn off, erosion be quickened, the sedi-
ments coarser, the field for oxygenation larger, and the rela;tive range
Of.plant activity extended unless glaciation or desert conditions pre-
vailed. Moreover such periods of disturbance would, Huntington sug-
gests, be periods of extreme climates, not necessarily hotter 31' cold(;‘

always but perhaps oscillating between one and the other, in any case

tending to greater extremes as do continental climates now. Would it
not also be likely that such periods would have an extra amount of
volcanic disturbance and outbursts? In any case an extra large amount
of }an(.l volcanics rather than submarine volcanics might be expected?
It is likely that we can recognize already the broad outlines of these
more steady and more unsteady periods as follows:

Relatively steady. Relatively unsteady.

Tertiary and Quaternary.

Jurassic an i
d Cretaceous. Permo Carboniferous and Triassic.

Upper Mississippian. - (New Red)

) . Upper Devonian. (01d Red)..
M.lddle Devonian. Lower Devonian and Late Silurian.?
Niagaran. Upper Ordovician Lorraine to Clinton.

Trenton-Utica.
St. Peter ss., minor.
Early Cambrian and Keweenawan.
i Palms and Goodrich.
Animikie black slate. Possibly an oscillation below.
Kona Dolomite and Grenville Keewatin.
Limestone.

(Ozarkian?) Calciferous.

We should not assume that these periods of oscillation should be of
uniform length or intensity. The unsteady period between the Trenton
and Calciferous appears to be much less important than the great per-
iod terminating in the Lake Superior overlap (which in Michigan any-
way may include a good part of Ulrich’s Ozarkian® as well as the Cam-
brian, and perhaps the Keweenawan) during which Michigan was out of
water or rent by {remendous volcanic outbursts. Nor is to be inferred
that in the rise and fall of the sea level the two occur at anything like
the same rate. The rise of general sea level due to erosion and sedi-

1Science, XXIX, 1909, p. 630.

i
i
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mentation filling up the sea basin must be gradual, and not very great in
range.® On the other hand the emergence due to great faults and drop-
ping of the sea floor may be very rapid, in fact we should expect it to be
much more so0. DBut emergence due to accumulation of ice on the land
and consequent shift of the earth’s center of gravity would be slow.
All these actions might well be complicated by local tiltings and readjust-
ments. Thus we are not safe in making any a priori assumptions. Still.
it would seem to me slightly more natural to suppose a gradual trans-
gression due to erosion and sedimentation, to be then followed by an
epoch of rather rapid but irregular uplift or withdrawal of the sea
for these regions.

An emergence sandstone will be relatively less extensive than a sub-
mergence sandstone, being replaced around the edges by an unconformity.
Its transition to underlying beds is more likely to be gradual, without
basal conglomerate of the same, as they were yet unconsolidated. Above
it passes into deposits from rejuvenated lands, and around the margin
it might lie under terrestrial, delta and fluviatile deposits, which might
wash over it, as well as be terrestrial itself. Its connate water may
be fresh at the margin. The sand itself being rebandled along a risen
coast is more likely to be uniform in texture.

In many of these respects, as Berkey has shown, the St. Peter sand-
stone is a typical emergence sandstone as compared with the Lake Su-
perior sandstone, and that is one reason why I do not think it extends
into the Lake Superior basin. My remarks in Part I that the view
poini of one studying drillings is different from that of one studying
outcrops in such a basin as Lower Michigan, must not be forgotten.
The gaps due to discordances and disconformities are liable to be much
greater, the emergence sandstones less at the outcrop. Both the St.
Peters and the Berea I take to be emergence sandsiones in Michigan,
and neither of them have been recognized as outcrops though distinct
in some drill records. The base of an emergence sandstone is prob-
ably a more definite datum plane than that of a submergence sand-
stone. '

But a change of sediments need not imply a change in sea level. A
change from a wet climate to a dry should make a great difference
in the character of the sediments. Most natural phenomena that come
in wave-like series have irregular waves of different lengths and in-
tensities, and this is almost sure to be so when, as in the case before
us, they are the result of a complex of factors. Of course if they were
a simple result of changes in the shape of the earth’s orbit or in the
inclination of the north pole to that orbit they would be fairly regular.
But if in addition to these factors, there have been cycles of change in
the composition of the air, of accumulated stress in the earth’s crust and
of yielding thereto, we should expect to find great irregularity, some
disturbances even in relatively steady times, and irregularity in the
length of disturbances.

But large disturbances as Suess, Heim and Chamberlin have em-
phasized, should affect the sea level and register themselves the world

At the rate of one foot erosion of a continent in 9,120 years found by the U. 8.
Geological Survey, the ocean would rise at about one-third of the rate at present, or say
one foot in 32,5600 years, which might determine ihe rate of growth of some limestone
strata. The total range would also be about one-third the total erosion so that one-third
of 1,000 feet would be probably its limit.

8
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over. For instance mountain making disturbances which separate the
Devonian and Carboniferous do not seem to have directly affected Mich-
igan, but they registered themselves in the chronology by the Berea grit
on the eastern side, and oun the western by exposing the shales to an
interval of weathering and erosion marked by a reddened zone.

I have prepared my notes on this part of the Michigan column with
the especial idea of helping students of such problems as these to obtain
the information they need. Dut while I have tried to give the facts
one must be on one’s guard lest I lhave read my interpretation into
them. In many cases one may still inspect the drillings.

11. St. Peters Sandstone.-—Outerops of this have never been recognized
in Michigan. It may have lLeen confused with the general mass of
Lake Superior sandstone. There is no lithological or paleontological
fact to prevent the sandstones which we are obliged to group with the
Lake Superior sandstone from being in part St. Peters, as Grabau,
1906, p. 583, suggests. In fact in view of the presence of the Trenton
limestone at Limestone Point on Keweenaw Point, there is a little reason
why there should be. Whether this sandstone would be an aerial land
deposit as-Berkey and Barrrell have suggested, or marine, is another
question. So, too, when we find the sandstone of the islands of Sis-
kowit Bay, Isle Royale, seeming to be unconformable to the Keweenawan,
and the Apostle Islands sandstone appearing to be an unconformable
later formation than the beds of Clinton Point, Wisconsin, which Irving
maps as Cambrian, the question arises as to their exact age. In many
respects they remind one of the unconformable “conoplain” sand deposits
of the arid west. Similar formations are also found along the east
end of Lake Superior but as no trace of the Magnesian or Calciferous
has yet been found beneath them anywhere the extension of the St.
Peters section as a land or marine formation over the Lake Superior
basin is purely hypothetical. Moreover as brought out by Berkey® the
St. Peter seems to mark a period of emergence and to be very largely
composed of wind-handled products of the beds so exposed. In some
places in Minnesota it is perfectly conformable to the underlying strata.
It is therefore not surprising if it does not extend so far as the beds above
and below, being replaced by an unconformity between the Calciferous
and Trenton. 1f a sandstone were found separating the calcareous beds
of the Calciferous and Trenton it might be basal Trenton, but Rominger
and otlers have described Trenton limestone beds lapping right up onto
the Huronian quartzites. There is no necessity for supposing a quartz
sandrock always to be present above an unconformity.

I would then recognize the St. Peter as marking an uplift exposing
Potsdam and Calciferous to erosion and producing an emergence sand-
stone. This was followed by submergence and transgression, but on the
whole emergence was dominant until the time of the beds here classed
as Trenton. This Grabau would class as the base of the Middle Ordovi-
cian or Chazyan.

The greatest thickness of the St. Peter seems to be to the southwest.
Just outside the state at Marinette, No. 2 well apparently gives 75 feet
of it from 325-400 feet. But how rapidly it thins and how irregular it
may be is shown by the fact that at Gladstone it was not distinetly recog-

Bull. G. 8. A, 17, pp. 229-250.
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nized and across the Bay (Sec. 8, T. 39 N., R. 21 W.) reduced certainly
to less than 40 feet, perhaps represented only by a red clay shale,—
the weathered surface of the Calciferous dolomite. It seems to fill hol-
lows in the eroded Calciferous quite as in Wisconsin. It occurs at
Rapid River.t! Farther east it is not known. The Pickford record is
imperfect, and in the Neebish samples if present, it is indistinguishable
from” the Lake Superior sandstone. But as I interpret the well there
are a few feet of Calciferous there and the St. Peter is absent, Trenton
limestone immediately overlying the remnant of Calciferous at a depth
between 186 and 205 feet. Fig. 4.

12, Trenton Limestone. Under this head have been grouped, as ap-
pears from Foster & Whitney’s map, and the text by them, p. 140, Hall
and others, equivalents to the Chazy, Birdseve, Black River and Trenton
in its narrower sense of New York. We are thus including all the
Mobhawkian and the Chazy. Grabau would include all up to the Black
River in his Chazyan or Middle Ordovician, and would combine the
Trenton with the overlying Utica. In a general way it is what Bigsby
referred to (1823, p. 195-6) as the “limestone of St. Joseph.,” He refeis
to its typical exposures on St. Joseph Island and describes and figures
(PL 26, Fig. 5, Fig. 9) the characteristic Orthoceras fauna, and Asaphus
platycephalus or A. barrandi hall and mentions the crinoids and corals.
He also gives-an excellent lithological deseription, mentioning the char-
acteristic “Birdseye” texture, or as he calls it “knotty” texture of some
parts. These exposures are described also by Hall in Foster and Whitney,
Logan and Rominger (I, 111, pp. 64-67, 83).

Pleading that neither at top nor bottom do our dividing lines exactly
agree in time with the New York column, Grabau would suggest a Jocal
name like Escanaba. But it is entirely unlikely that the dividing lines
are exactly the same at the two ends of the state, that is on the Escan-
aba and St. Mary’s rivers where alone it has been, or can be, studied.
Still less likely is it that where it was struck in deep wells at the other
end of the state, at Wyandotte, Dundee, Monroe, Blissfield, Strasburg,
etc., it is the same. Yet all over this vast area the upper line of change
from a black shale (Utica) to limestone or dolomite is a well marked
one, and of practical importance as it is the oil well driller’s goal. It
probably represents not very far from the same time. In fact why
should not a change in sedimentation at this point be due to diastrophism
involving an instantaneous or simultaneous change over a wide area, a
general retreat of ocean due to a large drop in its bottom somewhere,
both shallowing the sea and exposing the land to renewed erosion and so
muddying the waters. Or there may have been a rainier climate tend-
ing to carry in more mud and promote vegetation. Or a volcanic out- ]
burst may have furnished at once a lot of mud and a lot of carbon
dioxide® to stimulate plant activity. Why should not the response of
vegetation to any one of these actions be more immediate than the adapta-
tion of life to the change of environment. The change of fauna at the
top of the Trenton (thus defined) into the Utica, both Rominger (p.
691) and Grabau (p. 353) find slight. The paleontologist might not
draw the base of the Utica at exactly the same spot, but there is no great

:See records abhove.
“Compare the English volcanic Ordovician. How was the Mount Pelee outburst marked
on the floor of the adjacent ocean?
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faunal change anyway. To combine the Utica and Trenton in one sub-
division as does Grabau is entirely inadmissable from the point of view
of the practical stratigrapher and the oil man. On the other hand
if the base of the Trenton overlaps the Calciferous disconformably, with
the St. Peter present as a basal sandstone, no doubt the hase mas vary
in age a good deal. T quite agree with (;1abau that this Trenton time
lllﬁlk% a great transgression. The continent was base levelled, the sea
rising mechanical erosion low. There are no signs of disturbance. An
abundant fauna suggests counditions favoring marine animals until the
Utica.

For lithological subdivisions we may use the Wagner well, Sec. 8,
T. 39 N., R. 31 W., with the help of the wells at Marinette.

Galcna limestone, crystalline, grapular ......................... 83
Limestone, fossiliferous 55 feet, white 8 feet dark 9 feet . ... 72
Alternating blue and brown, crystalline, granular. With the

(glark base compare the Wisconsin oil rock ................ 225
an

Sandy Umestones, “quartz” 6 ft., limestone 44 ft., quartz 1 ft., lime-
stone 24 ft., compare quartz sandstone at Marinette at 260-
275 feet o e e 75
Wisconsin Trenton (Platteville?), blue shale and limestone. ... 41
Blue shale 4 ft., black limestone 14 ft., limestone 19 ft., blue
shale 4 ft.*

At Marinette too the sample at 290 feet and 300 feet to 325
feet are blue shaly, (Platteville) pvntlierous, and a well near ‘\Iaple
Ridge shows that this blue shaly base is persistent. Beneath it is a
marked horizon for water. In the Neebish well (Report for 1901, p.
2275 1903, pp. 138-9) the bluish shalier base is distinct between 158
and 186 to 205 feet, but other correlations can hardly be made. T do
not believe we can tell where to draw the line between the middle
and upper Ordovician on Grabau’s latest plan, his Chazyan, and Tren-
tonian—Cincinnatian—Nashvillean, nor do I yet grasp just the mean-
ing and value of such a line. It 1s qulte clear that the Trenton as it
has been used in Michigan and generally in the west corresponds closely
with Clarke & Schuchert’s \Ioha“ kian, including whatever there may be
of Chazy, which they subdivided into Lowville or (Birdseve) Black River
and Trenton.

The section on the Escanaba river is said by Hall to be less than
75 feet, p. 144, and to include 15 feet near the top, gray, meagerly
fossﬂlferous p. 146. Rominger estimated it at r00 feet. But a close
- correlation of the various outcrops with well sections has not yet been
made. Until it is, it seems well to be conservative in the matter of names?
and while Escanaba limestone suggested by Grabau is a euphomous term,
it is a question how it had best be used. My impression is that it would
be better to use Trenton, the old widely used term in a broad sense and
introduce the new term as applicable to some accurately defined sub-.
division. The triple division above suggested might perhaps be im-
proved for paleontological purposes by transfer of a few feet. T think,

By a numerical slip in the Annual Report for 1908, p. 132, it is given as 51 ft.
Chambellm puvate letter, April 16, 1906.
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Lhowever, that the occurrence of a sandy middle member, and especially
a blue shaly lower, will be found widespread.

It may be that, as Grabau suggests, the typlcal New York Trenton
in the narrower sense of Tlenton is represented in Michigan by what
we call in the column Utica black shale.. Even then it would be a ques-
tion whether not to drop the marrow use of Trenton and continue to
use it in a broader sense nearly as equivalent of Mohawkian since it
has been so widely used in that broad sense. But I do not think the
facts are beyond questlon The correlation of the Utica looks unques-
tionable. There was no uplift separating the Trenton and Utica. Why
should not the marked and sharp change whether of climate or other-
wise which produced the sudden change to the very bituminous non-
calcareous shales have been felt from Michigan to New York?

Tt seems then better for the present to retain Hall’s own and familiar
name and correlation. If not, Bigsby’s term St. Joseph would have had
very strong claims for recognition as a general term, but it has been
used for a Cambrian limestone in Missouri. His distinction from the
Niagara or, as he called it, Manitoulin limestone “by reason of their
difference in lithological character, in organic remains, and in geograph-
ical position,” is very clear for his time, and the only question is as
to the relation to the Calciferous, which in its dolomitic phase at least
seems to be absent or nearly so on St. Joseph Island.

The Trenton limestone marks the culmination of Ordovician depression,
when the land masses seem to have been fully buried far and near while
at the same time conditions for animal life were very favorable. As
Limestone Mountain on Keweenaw Point shows, the Trenton extended
much farther than shown in Chamberlin and Salisbury’s map, Volume
II, Fig. 129, and probably over the whole Lake Superior region, which
may also have been covered during the Niagara. The Archean island
was probably buried at the end of the Lake Superior sand-
stone, but hardly the Archean nucleus, and all was submerged again
during Trenton time. The thickness of the whole Trenton is best taken
from the Wagner wells (1903, p. 134), as 271 feet including the
Galena. This agrees very well with other wells along the Green Bay
shore and the Wisconsin section, and the records of the Pickford and
Neebish wells with the dip they indicate and the width of exposures
in the St. Mary’s river do not indicate that it thins much to the east.
Oil wells on Manitoulin Island at Gore Bay report it 250 feet thick. I
do not know any well in the lower part of the state that has gone through
it, but in wells in northwestern Ohio it is said to be over 780 feet
thick and in the Carmen well at Petfrolia 602 feet. While called a
limestone it seems in this state to be often dolomitic. Its regularity in
thickness and its uniformity in character all point to relatively stable
conditions. The transition upward is to a black shale which is in turn
uniform in thickness. Grabau reports cases where the Utica black shale
and the limestones underlying seem to be in reciprocal relation as though
one replaced the other.

In this state what we call Utica seems fairly uniform in thickness, sub-
ject to error in drawing the line between that and the bluer shale, the
Lorraine shale above. Grabau, however, does not seem to accept the
equivalency of the Eden and Utica, but it has been supported by Ulrich




50 BOARD OF GEOLOGICAI. SURVEY.

and numerous others! and one can not doubt that they are lithologically
continuous and homotaxial,

The line between the Upper (Bala and Caradoc) and Middle (Llan-
deilo) Ordovician is in Europe drawn just above Coenograptus gracilis
of the Normanskill, which according to Grabau is Black River or late
Chazy, i. e. somewhere in our Trenton.

13. Utica shale. (LEden of Ohio).

In many parts of the west geologists have consolidated all the shales
over the Trenten as Hudson River, Cincinnati, or Maquoketa. In Mich-
igan we seem easily able to separate a black shale? below, persistent and
fairly uniform varying in thickness from 50 feet at the north to about
200 feet at the south. Tt does not seem to be separated by disconformity
above or below, and the conditions which produced it, wide spread as
they were, we may well expect to be universal in the sea in which it was
formed. The correlation with the Utica or Eden of Ohio and Utica of
western New York seems perfectly satisfactory. The base is well de-
fined but the line between it and the Lorraine above is not sharp and
probably not consistently drawn, and may have been sometimes carried
up to the Waynsville, especially as none of the wells are represented by
samples every 25 feet or less. Generally the Utica and Lorraine have
been grouped together and mapped with the Richmond also as the Hudson
River (Cincinnatian or Maquoketa). The Wagner and Pickford wells
show the characteristic black color of the Utica and so do wells in the
south part of the state, in harmony (Prosser, p. 35) with what is found
in northwestern QOhio, but the Utica being a soft formation lying in a
valley of the bed rock between the Trenton and Niagara limestone has
not been recoguized in outcrop, though it may be plentifully recognized
in the drift near Newberry and Mud Lake. The very bituminous char-
acter of the Utica, together with its thickness, is matched only in the
Devonian black shales (Marcellus, Genesee and Ohio) and it has not
Leen uncommon for drillers to come up from Ohio, and starting some-
where in the Coldwater or Antrim, go down through the latter and
swear they had struck the Trenton. The parallel will be:

Marshall | Coldwater (Waverly & Cuyahoga) | Antrim ’ Traverse | Dundee, Lower Tren
Richmond Lorraine (Cincinnati) Utica | Trenton { ton or Caleciferous.

A cessation of the depression that marked the Trenton and a slight
recession of the ocean giving a chance for some of the rivers that along
the Appalachians even in Trenton time had been depositing their deltas
to scatter their mud far and wide may have been enough te inaugurate
this formation. Or would not a change of climate producing floods be
equally effective?

14. Lorraine or Maysville. In this we must often include the Rich-
mond as well as the Maysville, which we can net sharply separate from
this or the Medina. The beds are abundantly fossiliferous, and their
correlation with the “blue limestone and maris” of Cincinnati and “upper
beds of the Hudson River” is attested by Hall, Winchell and Rominger.

6 ‘See 32nd annual report, Indian Department of Geology and Natural Resources, p.
16-617.

250 (201-250) near Escanaba; also at Pickford (475-525) ; 75 on Manitoulin Island;
South Bend, Ind. (1,400-1,585) : Strasburg, Monroe county, 224; compare Dundee, 300 ;
Nogafdé) 300 and Monroe (1,6565%-1,735): Petrolia, Ont., (3,010-3,175) ; Sandusky Bull. 4
p. 19 25215,
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The Wagner well shows for the blue beds 150 feet and more, the Pick-
ford well shows 215 feet, and the breadth Qf the belt assigned to the
Lorraine and Utica on the maps with a dip of 40 to GQ feet to the
mile would indicate 350 to 450 feet. They probabl;,: tl}lcken at first
rapidly to the south, as the Cheboygan‘well. would indicate ox;e'r 343
feet, while in the Gore Bay well on Manitoulin Island between Niagara
limestone and Trenton there is but 285 feet. At the south end (_)f'the
state the records indicate about 600 feet' of shaly beds to be d1v1gied
between the Utica, Lorraine, Richmond and Medina, sy 200 feet Utica,
250 Lorraine,® 150 Richmond and Medina. The Lorraine, therefore, ap-
pears to be fairly uniform in thickness throughout the Lower Penin-
sula except at the extreme north end, where it may have been eroded.
The fossils of the Lorraine and Utica are closely allied to tl’_lose of the
Trenton, and a change of climate, possibly to one of more rain, produc-
ing conditions more favorable to vegetation and to erosion and deposi-
tion of fine sediment, might well be held responsible for the change.of
sediments, though, since at the end of the Ordovician the Lake Superiov
island is said to have emerged extensively, the sea level may have begun
to shoal and the land to be eroded earlier, but even in that case probably
not so as to more than expose the mantle of dolomite, etc., of the
Calciferous and Trenton. The shales may be due to the W@:\iﬁhm:ing
of these limestones. The Michigan Lorraine is, like the Cincinnatian,
generally full of fossils. Elsewhere Grabau reports coarser and more
massive sediments. In Michigan, however, it is generally reported as
shale. A close examination will reveal calcareous layers, soft and argil-
lacecus limestones and more flagey beds. The Cheboygan well shows
largely limestone.? E. R. Cummings’ remarks* on the conditions for
alternate shale and limestone deposition seem just.

The line at the top is quite uncertain. I may have included beds cor-
responding to the Indiana Richmond. ) .

15 and 16. Richmond and Medina transition beds. This is the period
of deposition of coarser matter and residual red clays formed from
limestone during a periecd of continental uplift. Ulrich® would class
the Indiana Richmond with the Medina and the whole group not with the
Ordovician but with that above. T do not doubt that hLe is right. There
is, however, a convenience in grouping it closely with the shales below,
since it is often lumped together with them in oil well drillings. ‘If it
is formed in a period of continental uplift we need not expect it to
spread so far onto the continental shield. Except for a few (26_) feet
doubtfully assigned to the Upper Medina by Holt and Winchell, it h.as
not been recognized in outcrop, nor was the characteristic red facies
noted in the Pickford well. At Limestone Mountain the interval from
Trenton to Niagara is not exposed but small and no Medina has been
found. The Cheboygan well shows that though nearly absent along the

g4
outcrop it increases rapidly to the south, since Alden and Lane would

1 o < < o
2333 “f:(/t»gg{!?lllnbl-lend (1180-1400): 3272 at  Strasbare, 1348-1667: 227 at Dundee, with
300 Utica; 3434-? at Cheboygan.
33258t 2430-2432 Dark, ditto, not so much sand.
2432-2437 Ditto, fine. L
2437-2455 Angular fragments of dark coleored dolomitic limestone.
2455-2750 Dark colored, crystalline, dolomitic limestone.
‘Indiana Report loc. sit., pp. 680-681.
®Science, 1809, p. 630.
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assign from the beds pierced by that well about 142 feet (2265-2407)
of red and green shale (perhaps with limey beds) to the Richmond and
Medina. During this period Richmond to Medina and Clinton there was
a relatively ample supply of iron to the sediments, as the Clinton ores
(found in Wiscongin also) show. Very plainly there was also an uplift
so that these beds were not to any extent deposited along the outcrop
in the Upper Peninsula. The source of the iron may be looked for
{1) in basaltic debris, (2) in exposure and erosion of the underlying iron-
bearing formations, or (3) in a climate which at the same time furnished
vegetable matter to dissolve iron and Oxygen to precipitate it. I know
of no facts pointing to the first explanation. For the second there
are many arguments. The third explanation may also be true in part
and does not necessarily mean a wet climate. Reds are quite char-
acteristic of deserts and also of hot climates. Cummings hag recently
described the different horizons in southern Indiana very carefully' and
agrees with Ulrich that the later Richmond represents the Medina, the
culmination of an uplift. With this, Michigan facts are entirely in
harmony. :

My record of the Cheboygan well will be found in the report for
1901. Alden’s notes are as follows, showing an intercalation of Clinton
and Medina facies:

Dark, purplish, ferruginous material, reddish streak,

( = smaller particles in small lenticular disks, rounded.
16 4, 2265-2281 With this is some bluish shaly material, moderately
l caleareous. Some particles rounded.
[ 2281-2307  Fine, angular, gray, dolomitic material,
2307-2311 Ditto, dark grayish.
86 12311316 Dty |

| 2316-2367 Ditto.
8 2367-2375  Fine buff quartz sand.
[ 2375-2407  Dark purplish, shaly material in granular particles
! and lenticular disks ag above with blue shaly ma-

50 terial.
( 2407-2425  Bluish shale, moderately calcareous,
( Fine, dark brownish sandy material. Partly quartz
5 4 2425-2430 grains, partly dolomitic particles, Dighly caleare-
[ ous.

At Port Rowan, Canada, well samples show 140 feet of similar red
beds. From the Carmen well, Petrolia, 275 feet are reported. The
Strasburg well shows 40 feet and in the Wyandotte (190?), Dun-
dee, Monroe (140 ?), and other wells of that region near Ohio red
beds at this point of the column can be identified, but what is note-
worthy and significant, the records do not closely correspond. For
instance at Monroe and at Toledo 685 feet, respectively 675 feet, above
the Trenton is the last distinet dolomite sample, (Clinton?) with red
and green shales below, whereas at Strasburg a few miles off at (1350-
1884) 534 feet only above the Trenton is dolomite with a very red rock
beneath it. No such rocks are clearly identified in the wells in the south-

-—_ .
! Cummings, E. R., 32nd Report Indiana Survey, 1907, pp 621 and 687.
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. ‘o Medina Wi h restricted. rabau g
ol -t of the Medina was muc - ]
eon pfxlll(f a?lso Barrell) that these red beds are not marm(;} a{l(% ;I;lcqlili?oes
(COH;F(din‘l as Clinton. There seems, however, to be a gra ui 7 % :holl
oo tehe l;eds below, rather than sudden uplift. Moreover why, i “11ts Oyf
f1’01(111 beds, should they be restricted to the center an'd lower paj ts of
Eu; b‘l)sin‘; Tt should be quite clearly understoodlth.at %f th% t}llt)lrl)glup]ift
! the ' ician i ' the culmination
' f the Ordovician is takep at i |
‘(r)]fetll(frizzpoi? red beds grouped here will pl;oolbabﬁy be Sgll;c:o ng)r; mtlilfvo‘:};fi
he s s of . : o °
research near the outcrop will probably show  with
&aflfd(liglslelhange of fauna and these beds more or less absent. This dis
) ;formitv will be the place to draw the hnfe. famitoulin Tsiand
CONO red beds are given in the Gore Bay section on I\.anl ol R
the record between the Trenton and the Niagara being:

lue shale; perhaps Rochester or Lorlrame.
83 ]Ifi;:lestone ;’ I?GPhaps Clinton or L(')rralne.
29 Shale; perhaps Clintop or Lorraine.
1 Limestone; perhaps Clinton or Lorraine.
A disconformity may be looked for here.
90 Blue shale, Lorraine.
75 Black shale, Utica.

(Upper Silurian or) Ontarian. .
Some part of the formation just desc_ribed mf}j[ .be Ofnf;[a}xlxgafr; Ca}tz g{lfgl(lzil
b ings have said, with whose interpretation o :
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e Totmation am i f tl cords of wells we have to
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i hales below. )
Wl?Sl ?z)e Sfa Niagaran—Lower Ontarian. The pres.ent status of tl;g
term Silurian is given very clearly by Pross;ar.l .tII.l 1Itls0 tniziovvgﬁfeiinto
i i rep by Ontarian for it is
it may ultimately be replaced y On Mmes of Derode bt e can
‘use the term Upper and Lower Silurian as . t]’ s e can
ivi i her prefixes. On the other
not subdivide conveniently by furt 1 fon fhe other hand T
British terms we must have.'some regard for ge,
1‘5‘]712 I(Iezsiiliei'luse of Silurian still continued by Geikie included much more
i n. . . . .
th{fil‘rllleo‘ﬁ;arfllaNiagaran as used in Michigan includes 1;1 r)?appmg O‘tl(l)nj[[%];
i iv s the strala occur,
to Guelph, being exactly equivalent, so far as ' ¢ 7 L
¥ the lower Ontarian. In
iagaran of Clark and Schuchert and Grabau, : :
gzlci%grllgnit has been used also in a slightly narrower sense, not includ
i linton. o - .
m%lgls%wc 111823 used the term Manitoulin ll.m‘eston(? in an eqmval?ll.lt
sense glix,*ing i{s lithological character, orgam((;rgnlalqshaélditgtefg%ﬁpt ];g
iti learly, but while he, very clearly, istinguishe ;
Ié%s lggge;h-’l‘re}r’iton limestone: and the Mackinaw (Dundee-Monroe

1G. Also Nathorst, Geological Magazine, 1909.
9
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Helderberg in its original broad sense) limestones, he did not separate it
from the shaly beds immediately above and below, which are indeed far
from conspicuous in the outcrop. If we use the term Manitoulin these
limits may then be set to suit our convenience so long as the local equiva-
lents of the Guelph and Lockport are not excluded. Farther field work
before final delimitation of the word Manitoulin is advisable. The cor-
relations given are mainly lithologic.

As the Trenton marks the first so the main mass of the Niagara marks
the second paleozoic period of “epicontinental seas” of large transgression
over the continent. The fact that Niagara is found in Limestone Moun-
tain on Keweenaw Point near Hazel Station of the Mineral Range Rail-
road makes it highly probable that all of Michigan at least was covered
and the freedom from land detritus makes it probable that the sub-
mergence was widespread, and whatever land left low, and erosion
mainly chemical. We find the limestone (dolomite) extending with a
characteristic clear but shallow water fauna far and wide, in Canada
and all adjacent states. Elaborate subdivisions have never been made or
mapped of the outcrops in the Upper Peninsula. WWell records, how-
ever, show toward the center facies that we may parallel with the New
York, Clinton, Rochester (Niagaran) shale, the Lockport limestone
and the Guelph dolomite, and besides this at least one fairly persistent
sandy and water bearing horizon, the Hillsboro Sandstone.

18. Clinton.

It seems to have been well into Clinton time before that part of the
state where now is the Clinton outcrop was submerged. While all
writers recognize that the Clinton facies exists in the Upper Peninsula,
Rominger does not consider it worth dividing, and none have tried to
map it separately. A. Winchell makes it but 3 feet thick. On Mani-
toulin Island there may be 31 feet. Hall gives, p. 154, Sturgeon Bay, this
section :

5 Light gray Niagara with P. oblongus 10
. . 4 Thin caleareous and siliceous beds 6-10
Possibly Clinton { 3 Shaly and mixed beds Cythering 15 } 25
2 Heavy bedded greenish calcareous
Possibly Medina 1 iggui%ﬂlaceous limestone with chert 6
{ 1 Soft, brittle, greenish 20

At Pickford it can not be identified. The whole interval from Trenton
to Niagara limestone is given as only 265 feet, and no subdivisions of
this Manitoulin were reported and only one sample kept.

The Cheboygan well, however, shows (Alden’s notes; mine in report
for 1901, p. 231) some 60 feet which may be placed here.

2206-2236 Fine sandy material, buff, angular, moderately caleare-
ous.

2236-2245 Fine sand, slightly calcareous.

2245-2252 Dark grayish dolomite.

22522257 Greyish dolomite and bluish shaly material, mostly latter.

22572261  Ditto, dark, slaty, bluish.

2261-2265 Ditto.

A
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In the southeastern part of the state nearer New York the Clinton is
X rely identifiable. 1
111()1215}?651}1)105;:}7 Rowan well shows 75 feet under the Rochester.
The Carmen well at Petrolia, 90‘
Newburg, near Cleveland, 100 + ?
Toledo, 160 ?
)[onroé and Dundee wells, 60 ?
Strasburg near by, 130;
South Rockwood? 65. (1340-1405).

'vandotte wells, 130 ? ) |
XI‘)‘;;H&CQOHS dol(’)mite seems to be the dominant rock. Water and

o g n struck in it under the Rochester shale. The thlciknesis)
?ﬁlslsaifzelri(zzfstefronl 60 to 150 feet as in Ohio. At South Bend theuj,c a1i
argillaceous dolomites 1180-1300. In the southwest part of tthe sta 16720
D(?\\fagiac a brownish red carbonaceous .hmest.one at the bottom ( Py
feet) may represent it. At Kalamazoo is an interesting section as

lows:

Argillaceous limestone, brisk effervescence, residue.......... %8 tg g}gg
Dark gray dolomite, moderate effervescence ......... - Iegl

Li((ight buff dolomite, slow effervescence, clay and‘ qua1/ ' 10t 2200

L1
Buff dolomite, slow effervescence,.specky fragments......... %8 ‘ig gggg
Impure dolomite with quartz and ironore .................. a0 Lo
Tron or ferruginous dolomite, little quartz, more clay........ 2
170

is brown sandstone with quartz, angular .fel.dspar (mlcro-.chm_a)

anlgeigﬁite,bwhich seems to be the base and the limit of the Medina in
this region. hal

( ster shale. ) .

fl;ovfeioglfl: élinton a shale is general.ly identifiable in ’ghe recordsb,;
whether it is the Rochester shale or at times part of the Clinton may
! (Cll‘?leosl?g(ilnlpersistent (with a tendency.to be an argillaceousodgloinlte
rather than a shale) it is never very thick, but usually 5.30 to 8 ) (Ece - N

The Kalamazoo section of which there are samples, is very 1nfelesis_
ing, but lacks confirmation. There is always the possibility o in :
placed samples. It may mean that this part of the state was mgh o’
water at intervals up to Guelph time, and that ajfter* the Chnt'on i %I‘L
was a minor re-emergence as at the time of the R1ck.1mond Medlnzlx e %
The succession is on a smaller scale, the same, 1‘1‘mes,”co‘ne, shz(g ‘ejan
red beds. It is also worth noting that t].le shale is re_d in the st1 meal
well, Petrolia, that “red rock” occurs just above this slate at South

' 1245;

1 t Rowan, Canada....... 1220 or less to ;
Comparecg;)rlr;en, Petrolia, Canada. .. .2380—24403
Wallaceburg with Clinton.. ...1920-2035;

Wyandotte. ................ 1869—18705

So{;th Rockwood............ 1290A1?>?4Q,

Monroe. . ......c.ooiiveinn. (absent?); .

Strasburg. .. ....... ... ... ﬂgg:%égg,

Il%‘;ﬁ(zggiéd Il 20002040 with Ted sandstone on top;
Cheboyean. .. .............. 2123-2206; (83)

Gore Bay, Manitoulin Island.. 46~ 135 89 feet.
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Rockwood (1285-1295 feet deep) near Detroit, and the Strasburg sample
on top of the Clinton suggests emergence. The considerable faunal

difference also points to quite a break between the Clinton and Niagara.

That during the whole period Richmond and Medina to Rochester shale

the ocean was relatively low is also shown by the absence of anything
to represent these formations but mere remnants of Clinton in eastern
Wisconsin. Toward the end of the time of the Rochester shale then,
the shore line probably passed through Kalamazoo. This is the more
interesting because just southwest in Illinois* the Clinton is usunally
about as thick as in Michigan, and is followed by a long break in sedi-
mentation. Thus we may imagine that region emerging at the close of
Clinton and staying so until after the Guelph, while Michigan did not
emerge at Kalamazoo until after the Rochester shale and then at most
during the lower part of the Lockport and Guelph time only.

The peculiar feature of this time seems to be an oscillation or tilting,
the Clinten extending more to the south, the Rochester and Niagara
opening up to the north, and from the time of the Richmond-Medina
until after the Rochester shore lines seem to have been in Michigan, with
the continental shield fairly high.

20 and 21. TLockport and Guelph Dolomites (Manitoulin).

The Lockport and Guelph have different fossils but have never been
separated paleontologically in Michigan. The upper limit against the
Salina or Monroe is marked only in this way, that the Guelph is
peculiarly hard and peculiarly white. One cannot absolutely depend
upon the presence or absence of anhydrite as a dividing line. It is con-
venient at times to separate off the lower, less white and uniform part as
Lockport. The total thickness of the two at maximum seems fairly per-
sistent and uniform, across the lower part of the state 350 to 270 feet.

At Wyandotte from 1510+ for 350 ft. (Orton).
Strasburg from 800+ for 300 ft. or 370 ft.

Monroe from 550 or 700 down to 900 or 1050, about 350 ft.

Dundee from 1193 or less to 1473, 280 and more.

Nogard from 1269 or less to 1640, about 371.

Milan from 1545 or less to 1643°%

Britton from 1550 or less to 1643+ (white as sugar; Guelph water at 1600 ft, also
) at Blissfield).

Riga from 1165 or less to 1275+ white Guelph.

Coldwater to 2050,

Niles from 985 or less to 1145+ 2

Kalamazoo from 1730 or less to 2000, 270 (from 1875 to 2000 a sandstone),
Dowagiac from 11007 or 1325 to 1670, 335.
South Bend from 600? or 900 to 1180, 580 or 280.
The latter figure corresponds more closely with the southeastern part of the state and
is really better, continuing up only to the top of the very white limestone, but in thig
part of the state the overlying beds are relatively free from' salt and gypsum.

The Kalamazoo section is

White dolomite. ................. . . 145 1730-1875
Red sandy shale............ .0 00 1l 45 1920
White sandstone........... . .. 0l 150 1970
Red sandstone............. .0 0T 30 2000
Dark Rochester shale. ... ... ... 00 [ 1/ 80 2080
Dowagiac

Light dolomite with a little sand.. . .......... ... . 175 1100-1275

1670?

At the north part of the state it appears to be thicker. The well No.
_ISavage, Illinois Survey, Bull. No. 8, p. 108.
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0y F"_ S)
o St. Tenace gives just 600 feet, and at Cheboygan (1525-2123) the
[Nl =
fioures are ¢ st exactly the same. ) '
figgle&e?]llg \r\l']lili]t%jess of the upper part, occa'smnal grains (1_% (;r ]?%)s) gff
ﬁ( as though wind blown in the dolomites, and occasional be
Sjlrrlldsténe are characteristic all over the state.

At St. Ignace we have: 60 At CG}Eeboygan,
White dolomite. .. .............. 60 65
Water bearing sandy dolomite.. ...
Hard cherty dolomite............

i i 220 . .
‘Vhlt'e . sorgeg&aé%sgg&};n(%g?@}??.:: g‘)&g 185 (Coral beds + Wisconsin Byron)
Ilfirl?l‘(;vsr}cc?r?e ...................... 90 71 (Lockport?)

600 576

i I i It forms the shore of
is exposed only in the Upper Pemnsgla. forn
Lﬁj[e ]:Iiﬁlxl?gan and Huron in a continuous1 rldrg% 3‘711}12}[1 ‘:(;Silsleton;[i];: nf(l)};‘ig
most at i ich is about 50 fe ,
almost at the dip of the beds, \yhl( , o s 10
; level 580 feet A. T. in somewhat less th 1
Slﬁfi?i%?l of" about 800 feet A. T. Here and there it outcrops and very
’ il over it is thin. _ ] .
Oft‘illlliﬁleieazozl whole it is dolomitic there are horizons, nptab]y :{)hatat(;f
the Fiborn and Rex quarries which run nearly pure calcium carbonate.
Thév probably occur in the lower part beneath the Gue_lph. . oot
This and the absence of sediment and the absencq of. iron ( odr ?17 B (a
tion brings iron into solution) and the fact that it is .su?cee ed by
salt serieg suggests that the climate was not a very rainy one.
22, Salina (or Lower Monroe). ) 5
The ;(erm Monroe was introduced by me in 1893t to 1890,d3nvd ?s
at first used without definition did not 1nciugeﬁal'}('the (l{f(ﬁ(ﬁllsumg\w‘r;) ;
iagara. In my later and more formal definition (° 7)
Itrllla?del;I li{’jclgiariglude praZtic:ally all the Silurian above tlhe bN(llagaﬁa, hav%rli§'
’ it i i Salina from the beds above. 3
found it impracticable to separate the : v v
iffi i i It bed is not always at the same
difficulty still remains. The last sa ys 21 the same
rizon. According to Grabau there should be a mar : us_and
ggslég;)l?ormity betw%en the Niagara and the' next overlying beds in Mono
roe county. The thickening which is rapid ang Eegy gI;eaEth bngtogm
- . L a2, . a
iorth would then be practically by agdltlon of beds otto
;(?r{médwduring this disconformity.? Now C(émparlr.lg wel]'s Oatth]?clkl;[lte%l;,
i ; 4 find an increasing S,
Milan, Romulus and Wyandotte we do L s
[ i to be almost directly above
and five feet of rock salt at Milan seems ove
i re, as i / there are 275 feet of dolomites
the Niagara where, as in Wyandotte t ] ‘ 0 e
; Y dolomite. The rock salt a
bel the rock salt and above the white ) '
Meﬂoa‘:l is 717 to 722 feet below the base.of ’.che Sylvania, and 181111%188
continuous with a bed 790 to 900 feet below it at V\’yandotte}() 0—1
or 1235. Again as we go north the salt beds seem to occur lughgl 11p£
Gypsum (arThydrite) certainly occurs above th(ta Syévamg,r Jéu(l,? tlltl‘elsl\II(l)(I)L
1y easy, though it may be possible, to separate o ap
:isoyas S)z;’lina. t,The thicknesses given by Grabau for the Monroe bel(l)lx\:
thé Sylvania add up 500 feet. Salt occurs below the Sylvania usually

within 450 feet.

1Report for 1891-2, p. 66.
Bull. G. 8. A, 19, p. 554,
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The Salina would then be about as follows, as to thickness: Britton,
1180-1550 (370); Milan, 1025-1515 (520) ; Strasburg, 0-485 (4854) ;
Trenton, 720 or 850-1341 (491) ; Wyandotte. 730-1510 (780) ; Romulus,
925-16034- (6784 ) ; Edison, Ft. Wayne, 646--; Royal Oak, 1543-25024-
(959+) ; Stroh, Detroit, 1150-1815-+ (665-+) ; Goderich, Canada, 916-
1517 (6014-?). At Carmen well, Petrolia, there is 895 feet from the
upper salt to the Niagara.

Back up to the southeast on the Cincinnati anticlinal the salt dis-
appears. For instance at Wallaceburg (not far from Petrolia) only 320
feet of gypsiferous dolomites are reported; no salt. Nor was any
struck in 1720 feet at Pt. Lambton, but at Algonac, Marine City and
Courtright it was. At Sucker Creek, Anderdon township, about 4 miles
L. and 8. E. of Ballards Reef, Detroit River, a well which had the
Sylvania, T presume, at 440 feet had no salt down to 1125 feet, though
there was gypsum at 667-683 feet, and salty water at 1075-1080 feet.
The six Church wells at Trenton show the exact edge of the salt pro-
ducing area there as it occurs in only one of them, and the Monroe,
Dundee and Britton wells do not show it. The Milan well shows five
feet only.

It is difficult to tell where to draw the top of the line of the Salina
in such case where no salt exists, and that is the excuse for considering
the Salina as perhaps Lower Monroe. We have only lithological
grounds to identify it with the New York Salina, and it is altogether
unlikely that the top can be drawn consistently on such grounds. One
can only go 400 feet below the Sylvania sandstone if present and then
take the top of the nearest salt or gypsum bed. This gives fairly con-
sistent results.

The Carmen well record runs between 1210 and 2105 feet as follows:
Salt, 65; dolomite, 20; salt and light streaks of dolomite, 170; salt, 90;
salt and dolomitic lime, 50; salt, 25; gray dolomite, 10; salt, 67; dolo-
mite and salt, 40; salt, 138; dolomite and lime shale, 130; salt, 90 to
2105. There is usually quite a gap without salt above the lowest and
largest salt beds. Compare Wyandotte, 970-1080, and the Edison, Ft.
Wayne well, 1292-1400 feet. Along the St. Clair river we have numerous
records given in Volume V, and the Diamond Crystal Salt Co. found
in well No. 5 below 1630 feet, 30 feet to 1660, 20 feet to 1768, 10 feet
to 1783, 24 feet to 1883, 10 feet to 1903, 252 to 2165, the latter prob-
ably the next to the first salt, since there is no large gap above. DBe-
tween was “lime,” i. e., dolomite and anhydrite.

This same big 250-foot salt bed is struck in other holes by them, and
may be also the bed struck at Zug Island, 8. Detroit, as reported in
the Detroit Sunday Tribune at 1290-1528, but by the River Rouge Tm-
provement Co. at 1180-1573; in Solvay No. 17 at 1400-1599, and in the
Edison, F't. Wayne well at 1445-1636 feet. (Compare Royal Oak 2115-
2475.) We see a thickening away from the Cincinnati anticlinal.

How far this thickness would extend down the dip we do not know,
as the formation has not been followed beyond Royal Oak. In the
southwest part of the state no rock salt occurs, and all the Dundee
and Niagara together do not amount to what the Upper Monroe alone
is, on the east side of the state. It is possible that this part of the
state, as before at the time just before the N iagara, was more elevated
and more often exposed to erosion. The samples from 1490 feet to 1730
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feet at Kalamazoo represent the Upper and Middle Ontarian Aand lare
dolomites with more or less anhydrite and quartz and some red cvay.
The water as illustrated by the Benton Harbor and St. Joseph analyses

is very salty. The record may be summarized at Kalamazoo as follows:

Dolomite and anhydrite ................ 40 149041;55:12
Ferruginous dolomitic limestone ....... 15 1

A disconformity here perhaps. 570
Ferruginous dolomite .................. 25 N
Dolomite and anhydrite ............... 160

rays a large residue, insoluble in H Cl, of anhydritff,'especmlly aﬂt
]G?(}Wfaegets, ?11121?7 and red clay suggestive of disconformities and near-
shore.
119]S\§0;t‘? i; t(ilis was, part of the time, shore for 1and. southw?st, jve shou)][g
expect to find still less at Dowagiac. T am 1nchn‘ed. the1e1f0%$ r;(;v}c[r to
raise the Niagara at Dowagiac even more than I QId over 1 t111b 11 o
Volume V, to wit, up to 1100 feet or 1135 feet, taking in af tle 110% "
limestones. The Dowagiac Monroe wou}d then be only 10fO ‘eet,l ( o
1100) dolomite with 10 to 30% anhy:drlte and quartz. I s?,ﬂ 1exi\I fhe
Niagara would come in the white limestone at the base of the
well and the Monroe be between 625 feet and 985 feet. rered the
The Bridgman, Benton Harbor and St. Joseph Wells' en el(fif Musu-
Monroe without piercing through it. From Grand R‘apldsf an Jrus
kegon deep wells no samples were kept, f.md they are not Ob IIIHC | se
in this connection. The outcrops near Ml_lwaukge—th.e: Wau {;l]{eeh_ oo
mite of Alden—Lower Helderberg of ea.rher writers is proba ylt ig’ o
than Salina. At Ludington anbdtMam?tee, however, rock salt w
y apparently there is but one layer. )
StIXCI%e(?(E:[d g? a Lg’dington well put down by J. 8. Stearns, with
i ind in the appendix. . )
Sa\r’i‘lllljel:iz, ilss sf(;);l-e question zlljll))out ornitting from this section the ?un(it?eé
generally so persistent. But it is certainly not well marked 1lpless kle
%raversé has shrunk. And as we find over across the lake at Milwauke
the Traverse and Monrce (Milwaukee} and \Yal_lbakee of Alden)t repre)-
sented, and not the Dundee 01‘1 C(;rmfer(ms it is more natural to sup-
ee absent here also.

pozet tll\lfusll){:;(?nefrom 1700 feet, the base of the' black shal'e, down ]Jf)(()a
“gypsum and lime in streaks” is 650 feet. This latter p01nt2?12;17y N
the top of the Salina, which would then extend from 2350 toh‘)t . '
division between light and dark at 2100 feet would match the (;pﬂp)
the brown sandy dolomite at Ludington? and wmay be the base of the
Dli:td el&anistee are a number of wells. . Three records are glven%lél
Volume 'V, and many additional facts in the report fo1*‘1901, Il)l Z t
The records run 300 to 400 feet higher than in the Stearns_ WeA 31‘1‘?
given. For instance one of the recent Peters wells, of which A. W.
i‘arr kindly sent samples is about as follows:

1This is a radical change from earliest correlations.
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Pleistocene drift 614 614

Antrim black shale 346 960 Perhaps some blue; S. at 800 black.

Traverse 635 1595 At 978 caverous limestone; at 1350 bituminous lime-
stone and gypsum; at 1375 brown; 1400 and 1425
1450, 1475, 1490, pepper and salt color and black
and brown; at 1500 blue and at 1550 shale and
1595 shale and lime. There is probably about
95 feet of Bell (Marcellus) shale.

Dundee 50 1645 Brown, sandy and rusty, fiercely effervescent. i

Monroe 381 2026 Not effervescent 1650; very red 1668 and 1690; chert
and limestone at 1700; red 1720 and 1750; light
lime 1760; red and buff 1790; buff 1830; 1860; oil
and gas at 800 and 1900. Salt 1988-2026.

The irregular red and rusty character of the Dundee samples and the
way it varies in the wells suggests a near shore deposit frequently in-
terrupted by disconformities. The Canfield and Wheeler well XXXI1
of Volume V was continued below the record there given from 1947 to
2270, perhaps to 2500 feet, and no more salt was found, only a hard,
white lime rock which, from the samples, appears to be Niagara. The
top of the Monroe is between 1604 and 1705, So there is not over 242
to 343 feet of Monroe.

Of the Frankfort well no samples have been kept, but T am told that
the wells were put down deep enough to have reached the Niagara
(18007-2200") without striking rock salt and without reaching a very
strong brine. The strength lessened toward the bottom. So that it is
likely that this was just outside the Salina sea like Milwaukee, while
Ludington and Manistee were just inside.

St. Ignace shows the marginal or desert New York Salina red and
blue shale facies. These beds are (104-510) 406 feet thick; not much
more than at Manistee or Ludington. The Cheboygan well showed the
red and blue shale facies between S50 and 1300 with dolomite and brine
below down to 1525. Above appears to be all dolomite from 360 down.

We have, therefore, good reason to believe that at the close of the
Niagara or Guelph the sea level fell so that all of the southeastern por-
tion of Michigan certainly was above it. If the salt deposits were laid
down as a non-oceanic Caspian sea, we may suppose red shales like
those of St. Ignace were deltas of a stream that fed it, and that it ex-
tended to the New York Salina where were other deltas from Appa-
lachian streams. The bottom of the Salina sea should, however, have
been below sea level, like the Dead Sea at present, for the following
reason. We find just after Sylvania time and at the beginning of the
Devonian incursions of ocean water and animals. Now the top of the
Niagara below this is not less than 1200 feet at Wyandotte, and below
the top of the Salina 700 or 800 feet. If then, the top of the Niagara
at Wyandotte was above sea level after the Guelph, either the continent
was raised something like a thousand feet, or there was warping of
the crust during Salina. There was warping of the crust during the
Upper Monroe, and since, but not I think enough to alter the fact that
Lower Michigan has been permanently a basin. Any such large
emergence of the continent should have left traces in the sediments
derived therefrom, sandstones or red shales derived from residual clays.
No such beds are known to me. The Salina appears to me rather the
result of but slight emergence, which grew more marked but irregular
during the time of formation of the top of the Monroe.
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Ag is show  records at Wallaceburg, Canada, Ne\_vburg‘ngar Cleve-
lar?ds ]:1;(111 0’?11[«19 bﬂjlonroe county Wells,. the Cincipnatl qntlchnfll {1agi_
form,ed and was out of water and divided the Salina sea 1nt3 t“botp}e(; -
ably not entirely separate basins, connected through Canav a 5 A\ e
Goderich and Petrolia, north oihﬂrilll}alcgburg and Port Rowan, the o

vew Yor sin, the other the Michigan.

th’ei’l?ee:agi(é;ks;f}c be,ds appear to be heavier. For fairly compﬂlete rgcords
see Wryandotte and Royal Oak in Volume V, and pp. 217-218 Hfl 312
1'ep01“tb for 1901. More recent records Qf the better (‘,I?SSY are Od ﬂie
Strasburg well, Monroe county, the Edison Cp., Ft. Wayne, im fhe
Morton Salt Co. and the Ford well down the river. The Romulus w

" ’;‘lllséo glftéi}(gf)gesig the Upper Peninsula which he takes to be of the
Salina around St. Martins Bay, Carp River and the 1s1ands10ﬂ§ shorf
are described by Rominger, I, p. 30. Gypsum, h_owever, o?cms my (‘(;)ilg_
siderable quantity throughout the Monroe and if th_ere werﬁ tan?) tha;1
conformity at the top of the Niagarz} these beds might beH aflo» amn
Salina. A recent test near the Rabbits Back shows the following s

tion:
Record of drilling on what is called “Rabbit Back Point,” 3% miles N. of 8t. Ignace,
Mich., along the lake shore.

2 ft.
Softclaygft 2
Hard 7. 5 7
GYDSUID - et ! 5
I(“iré(ziyrock (so‘f‘t) R 6 in 10 6 in.
e LT e 19
GYPSUIL e 8 1 6
Red rock oo ¢ 1
Gray “ (soft) ... oo i ) 12
Red “ “ 1 i3
Gray‘(‘( ‘; S L 6 9 6
oty « 2 6 21
ray
Redy T TS o 1S e g 6 2 .
Gray “ ¢ S o 6
Red rock. .o oo ! 6 35
Light red tock. .. .. ..ot ! 3
Redandgrayrock.........‘...............‘.........‘:1 43
Gray TOCK ...t ! u
Red and gray rock. .. ... ..ovoiiiiiiiiie

Average Analysis,

............ 14.169
Magnesiumcar_b...,........A......‘........,........,.A.,: ............. 14.16%
Caloium carh . ..o 68.49
Oxide of siliea, .. .. ooverrrerr 9.58
Ironandaluminum....,4...........‘..........4...........: ............ 5.2
Organic matter. .. ... ...t

99.43

I had six analyses from different places in this hole_. .The six analyzes lergg'ﬁgg
considerably in the amount of magnesium carb., one giving only 6% and a

the above is an average of the six. .
24}%’0&“0. A. Campbell, Presi(?ent, Campbell Stone Co., Afton, Michigan.

April 27, 1907.

g -t ) i i top of “lime.”
A great many records report salt coming directly on :
Now garchis doesnzt mean much, for without samples and careful observa-

10
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tion one cannot discriminate limestone dolomite and anhydrite

(anhydrous sulphate of lime). In many Ca,ses where samples ]?zrllxhg (11)131611;
saved a good part of that which is reported as “lime” under the salt, is
really anhydrite. But in some it appears as if salt really did lie ’di-
rectly on dolomite. T have thought of this possible explabhation The
ﬂuc-knegs of salt deposited shows that the basin must have beén fed
from without. _Suppose that it was not only fed by straits from the
ocean, but partially or wholly by alkali waters drainihg from surround-
ing ijds. We know pretty well that in sea water of that day calcium
chloride and magnesium chloride were present beside sodium chloride
as they are today, but ecalcium chloride was relatively much more imj
p.ortant. Supposg to a more or less concentrated calcium chloride solu-
tion water containing sodium carbonate or sulphate like the alkali
water of tl}e western plains® were added. The carbonate would throw
dqwn calcium magnesium carbonate very promptly. The sulphate
mlghjg ﬂn‘.ow down calcium sulphate,® in proper condifions. But calcium
chloride is much more soluble than sodium chloride, and the replace-
ment of calcium by sodium in the base would tend to 1’nake the chlorides
!ess so}uble. On the other hand calcium sulphate is much more soluble
in sodium chlor_’ide solution than in a calcium chloride one, Thus the
ilddltlon of sodium carbonate would tend to retard its deposition.? If
.l}ep ‘rhere was a good supply of sodium carbonate, the order of re-
clpitation might be first dolomite, then salt, then ;’mhvdrite“ P

It' may be possible in this wise to determine how far tﬂis was a
marine salt 'deposit, how far isolated. It would also imply that th(e
ratio of sodium to chlorine in the connate sea water would be less
be'lm'v, as well as in the bitterns above left after the salt had beekn
ehnunat’ed, than in the salt series itself, while desert waters (compare
Bant.esons analyses) are high in sodium relative to chlorine

i‘?; Lower Monrog. dBass Islands Series. 365-500 feet.

15 18 a series of dolomites with beds of odli i y
Great.Salt Lake as Sherzer has shown.* The c:slslg‘ii;;lk?)fﬂ;glﬁg rirllla(ﬁﬁd
may simply show that the climate had so changed that there was enoual'gx
ofﬁa supply of water to keep the more soluble chlorides from for*minbﬂ.
'(1‘)ll t;heye .may'ha_ve been some light crustal shifting opening an outle?.
o a}ﬁlnea is In Michigan no sign of structural break between this and the

gralﬁlu. s'ub%ivides as follows provisionally.

d. haisin River dolomite, zone of thtfi@ldella rosseri, 200 ft.?
with oblite zones one (Plum er r L §
Jolomte. an s one g( 0I1:1m creek) 100 ft. below the top, Woolmith
dit({'ﬁ gi[;;l;[:m-Bay dolomite, zone of Gondophora dubia, 100 ft.4+ Leper

b.  Tymochtee beds? (Winchell Ohio), 100 ft.4 Relations un
{;gé)(x]\;?i ; quite likely equivalent to some other division, shaly and thin

a. Greenfield dolomites. Northern Ohio, 100 ft.-. .

1Or that indeed of rivers like the Ottawa
;A\‘Iagnesium sulphate is much more solub'le.
41(4;3?!25?11‘96 ntel}lceesgii of sogiltl_m carbonate in hoiler compound.
ornprer 16 0e IIfl%OE)?Og. lllé).ns see Van't Hoff Zur Bildung der Ozeanischen Salzabla-
5Vol, VIII, Part I, pp. 46-100.
8Bull. G. 8. A. 19, p. 554.
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The fullest lithological descriptions are given in the Monroe county
report by Sherzer, Volume VII, pp. 46-100. Fossil lists are given by
Grabau, Bull. G. 8. A. 19, pp. 545-549.

Oblite and sandy dolomites and dolomites with anhydrite which is
primary, acicular or gashed dolomites in which the hollows were, as
Kraus has shown for Monroe county, probably filled by (strontium sul-
phate) celestite, are characteristic rocks both in Monroe county and in
the Upper Peninsula. A continuous series of wells at intervals of but
a few miles at most have penetrated this series from the Ohio line to
Pt. Huron. It outcrops and is exposed again near St. Ignace and Mack-
inaw City and the islands north of Beaver Island. It probably touches
the Wisconsin shore near Milwaukee, and is reached by a series of
deeper wells along the western side of the state. Tt will therefore be
impracticable to give so particular an account of individual well sec-
tions from this point on. The following list of locations of the deeper
wells in which the Monroe has been struck may be of service. It con-
tains only those of which some decent record has been kept. Those
towns where a number of wells are located are underscored:

Toledo, Britton, Ann Arbor, Ypsilanti, Trenton, Wyandotte, very
many, Romulus, Fcorse, Detroit, Royal Oak, Mt. Clemens, New Balti-
more, Algonac, Port Lambion, Ont., Cottrellville, Marine City, St.
(lair, Courtright, Marysville, Pt. Huron, Harbor Beach (Sand Beach),
Alpena, Grand Lake, Cheboygan, St. Ignace, F'rankfort, Manistee, Lud-
ington, Muskegon, Grand Rapids, Kalamazoo, Dowagiac, South Bend
and Goshen, Ind., Benton Harbor, St. Joseph, Bridgman, Niles, Con-
stantine, Jackson, Osseo, Hillsdale and Adrian.

As the total thickness from the base of the Sylvania down to the salt,
shown in numerous sections, only runs from 337 to 400 feet at the out-
side, Grabau’s estimates of the thickness of the subdivisions are clearly
maxima. It is very often impossible to make lithological subdivisions.
A bed of sand rock often occurs under the main Sylvania sand rock a
short way. The Waubakee dolomite fossils in Wisconsin most suggest
the list of the Raisin River and Put-in-Bay beds, and I think there is
reason to believe this series more wide spread and persistent than the
series above or below. The salt series below certainly does not extend
so far either in Monroe county or to southwest or to north. To the
southeast down in Ohio and elsewhere where the Sylvania sandstone
is very thin and the overlying beds between that and the Devonian
limestones gone or easily overlooked it is still persistent. The fossils
reported from Milwaukee and from the Upper Peninsula by Rominger!
are Lower Monroe rather than Upper Monroe forms.

Finally as we trace the beds from the thinner “Helderberg” or Mon-
roe sections of Indiana toward the thicker sections, between Algonac
and Alpena, the addition seems to be additions of beds above and below
to a nucleus of Lower Monroe which itself remains fairly uniform in
thickness. But there is this difference as we trace the section north
along the Lake Michigan shore from that which happens as we go east
toward the Cincinnati anticlinal. In the former case the Traverse

(Hamilton) thickens, but very little is seen of the Dundee beneath—
between it and the Monroe—and in fact there does not appear to be

1Mich. Geol. Surv.,, Vol. I, & III, p. 28.

°
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much added to the Monroe itself though the section is puzzlingly irregu-
Iar.” Tlle ex.plan.ation would seem to be that for a good paft of the
gglréxei erosion intervals between Niagara and Monroe (Waubakee or
waukel elig) and again between the Monroe and the Traverse (Mil-
vas O}eewglltelzlam(lllton) trl%e east or Michigan side of Lake Michigan was
from sou(th Itoarllloriﬁe “Oljcgl?slﬁ'lﬁylsét giagar% Mheomns o ety umiform
, ¢ . ; e sou y g

to emerge (since there is more Niagara at th:z flii)elgcllf) tznl(liav‘tiebieég“ﬁlfsg
opening was to the north. The Salina sea was left to deposit sa}t( C([‘qllle
1=e7(?e8510n or submergence during the Monroe may have been un.iform
Whether the. next emergence began sooner at north or at south oné
cannot tell since there is so decided an erosion unconformitv:

A small percentgge (1 to 5%) of sand found in the Monroe dolomites
may h:}ve been wind blown from exposed beds of sand in Wisconsir.;

Passing northeast we find the Lower Monroe persistent. We have at:.

Milan * Britton
Shale........... 7-830 ° Gypsi .
............. ypsiferous d...... ... ... ... .. —
(]}?}?g{t d(.1 ..................... 15-845 Cherty d................ ... .. ’?g—ggg
o yd.oo.o.o.ooooo 45-890 Dolomitic ss............... 100-1000
B]ue and black d........... .. 100-990 Shale..................... ... 15-1015
ue shale................ ... 5-995 doooooo 65-1080
...... Geeeereeeeooooooo 30-1025  Dark blue at. ...
%nhydpte .................... 75-1100 Sulphur and salt............ .. ggg
olomite.............. .. ... 1o-1210 T
Anhydrite. ........... ... ... .. 90-1300
Romulus, Morton Well, Ecorse. River Rouge
Sandrock............. 45-545 Sand |
droc] ydol............ 10-
White lime........... 240-785 Cherty dol............ 50—2‘153 ggg h, d
Blue lime. . . . 10-795 Dovee. d............ 20-432 o &
White lime........... 75-870 Brown d........... ... 15-477
Brown shale.......... 12-882 Light d............ .. 15-492
thlte lime........... 43-925 Dark. ... .......... ... 40-527
alt rock............ (Iiight with black spots... 25-552
E— ypsum. .. ... ... ..., 45—
380 Oclite d............ .. 22—2%
Blue d. and anhydrite... 175-792 815
430 %

d. or dol.==dolomite

At Port Huron the Lower Monroe is 1215-1555) 340 i
a cons1derablq jump to Goderich, Canzgda, we ﬁzld Gr(ffgcsa?g Igfll({lm{%
befcween the limestone group and the salt 364 feetz.j‘ This persistent
’Ehlc!{ness Is a strong argument to my mind that we have a completé
i?CtIOU here qnfl that betv'veen Monroe county and Goderich was con-
;I‘HUOHS‘ d’eposmon. Jumping once more to Grand Lake. the Alpena
Land Co.’s well, we find the limestone coming down some’what farther
and very thick. From 1220-1265 is the top of the first limestone above
the salt.and the salt is at 1352. But comparison with the wells at
Alpena 1t§e1f would suggest that this salt is not the usual first salt
nor the‘ limestone that which replaces the Sylvania sandstone kThe’
whole distance from the top of the Monroe to the first salt is 10é7 feet.
Monxoe” seems o D ahant e Some heighe {1 8 100, feet Migher in Mian, but b

pre-Dundee anticlinal The difference comes 3
nal. . s Jjust about i
phenomenon appears comparing the Churchiil well and that z,tt éi};ndsg;l?:l%eayl‘gfpesgme
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in the Cheboygan well there was no salt, but from bed rock surface at
260 feet dolomite at first gashed, then cherty to 570 ft., and then dark
to 850 feet where red and blue Salina? shales began. The whole 490
feet may well be Lower Monroe. At Alpena the whole Monroe appears
to be only about 713 feet, but there are discrepancies in the depth at
which salt is said to occur at the different wells around Alpena that
T cannot explain. They may be due to dislocations of the Monroe before
the Traverse (which is more regular) was laid down. They may be due
to erosion or non-deposition of the salt beds. The Cheboygan well is so
much farther north that it ought to find the Alpena horizons 400 to 500
feet higher up. The red stuff from 800 feet down “dissolving” in water
at 1050’ should correspond to the salt horizon at Alpena.

Tn the Grand Lake well a very cherty horizon from 700 to 1000 feet
might correspond to the cherty top of the Lower Monroe much exagger-
ated. The distance down to the lower salt at 1284 would be not dis-
gimilar. It would seem to correspond to Group III of the Goderich
section and the 284 feet would then compare with the Churchill well,
Alpena, thus:

1256 Churchill with 1257 Grand Lake.
1048 1000 “ «

In other words there was a pre-Traverse dip, from Alpena north,
enough to counterbalance the present Traverse dip the other way, and
in that direction was limestone and the open sea.

On the south side of the state, comparing east with west, the Traverse
appears to be very thin with disconformities, but the white and yellow
limestones and dolomites below the Dundee take a great development.
In Jackson the Monroe may be (1870-2485-+) over 615 feet thick and
at Britton (with the Salina) 1050 feet, of which 680 is probably above
the Salina. We infer as the lithological character is similar that there
was more continunous deposition. Tn the western wells we find no lime-
stones or Sylvania sandstones Middle or Upper Monroe until we get
over to Jackson and Charlotte anyway.

To the east, then, the submergence of the Monroe was longer, the
emergence at the close delayed, and as we shall see, intermittent, and a
land mass formed to the south during the Upper Monroe.

24, Sylvania Sandstone. 30 to 440 feet thick as sandstone, 170 feet
as limestone. This, the Middle Monroe formation, is easily desecribed.
It has been found only along the flank of the Cincinnati anticlinal as
a well defined bed. Tt thins toward the outcrop where it is between 50
and 100 feet thick. It is thickest in a line through Milan (288 to 823,
pebbly at base), Ypsilanti (440? from 760 feet), Royal Oak (269 to
1105 feet). Tt probably skirts the Cincinnati anticlinal rather nar-
rowly, for it is relatively thin at Dritton, Ann Arbor, Mt. Clemens,
absent at New Baltimore though present at Port Lambton and Marine
City, and absent at St. Clair but present at Port Huron.

Grabau and Sherzer are inclined to consider it aeolian. But the way
the grains of sand occur in the dolomite or limestone as in Port Lamb-
tion, (and in a series of records like those at Marine City, Volume V,
we find it shading into the dolomites), its fairly regular variation in
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thickness, similar at similar situations® on the Cincinnati anticlinal,
growing thicker to the line of thickness above mentioned, suggest that
if they were wind transported they were water deposited. Of course,
near the outerop it may be more aeolian. Lithologically it is a pure
(99%+) quartz sand of the highest grade of glass sand as white as
sugar. The nearest like it of recent sands that T have found is one from
Florida. Its extreme freedom from iron is not characteristic of desert
sands. On the other hand it seems to have a characteristically fresher
water (stronger in sulphates), than the beds below.,

Grabau gives a disconformity with the beds below. This is not
marked, though there are red sandy looking beds at about that horizon
in a few wells (New Baltimore 1290-1300). But the disconformity above
is most marked and as Grabau has pointed out a new fauna appears
of puzzling affinities. The facts appear to be that in many places during
the whole time between the Lower Monroe and the Middle Devonian
the American continent was out of water, and the line marking this
period of emergence is the well defined and generally accepted line be-
tween the Silurian and Devonian. This is true also around Milwaukee
and in western Michigan. But the great basin of Lower Michigan was
not lifted altogether out of water, The warping which caused the em-
ergence lifted up the Wisconsin land mass and also the Cincinnati anti-
clinal and the Sylvania sandstone was formed as an emergent sand-
stone along a shore not altogether unlike those from Chicago around
to New Buffalo today. It was partly aeolian but T suspect that most
of the wind blown sand found its final resting place under the water,
building a sandy shelf out from the shore.

But the emergence this time was not a mere recession of the sea level.
There was an Appalachian warping and gentle folding extending clear
to Michigan, for as Grabau has pointed out not only is there a discon-
formity of the Sylvania and overlying beds, but both together were
folded and eroded before the Upper Helderberg was laid down, both
around Alpena and to the south. One result of this was to permit an
incursion from somewhere (judging by the thickening of the limestones
off Alpena way) of the first Devonian looking fossils known, as de-
scribed by Grabau. He tells me the same things come from the Sas-
katchewan.

It seems clear, comparing the Mt. Clemens, Wallaceburg, Port Lamb-
ton and Marine City wells with those at New Baltimore, St. Clair and
Port Huron, that to the northwest the Sylvania is replaced by a series
of limestones. Tven around Detroit where it is described by Grabau
and Sherzer fossiliferous dolomites and limestones occur immediately
above it, but they are there unconformably overlapping.

Take the large group of wells at Marine City reported from samples,
in Volume V. In all of them at about 1,000 to 1,100 feet down, and
about 500 to 600 feet above the first salt, 300 ft. or so above a well marked
gypsum bed (which may be really the most fitting place at which to
draw the top of the Salina) we find from 60 to over 100 feet of sand-
stone, often calcareous and passing into a sandy limestone or arenace-
ous dolomite. The cherty character of this and the beds beneath like
the top of the Lower Monroe Raisin River is plain. The same horizon
is plain in New Baltimore 940-1275; St. Clair 1050-1270, and Port Huron

*Compare Dundee, 60 to 253; Morton Salt Co., 65 to 262; Solvay, 95 to 415 ; Wallace-
burg, 100 to 1100; Port Lambton, 50 to 1250,
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e it is more clayey) to 1215. There can be hardly a doubt that
(‘x‘yhel(flwletq];l)illlgglfo Ethe) G)r(zderich Group III of Hunt, and so presumabliy
th1slc q"fV'ania and part of the Upper Monroe. It w.ou.ld seem therefo;e
‘Eﬁattl?nkjthis direction away from the Cincinnati antlcl.mal the SYIYaniia
which at its outcrop is pure silica and perhaps aeolian, land fo;mef 2

sses info marine limestones, whiclh represent not only it .but the in em/qr
]Iigz;{og(f;z it and the next overlying beds where exposed in the Sylvgtr}m
(0.) quarry. As usual passing from the ou.torop the unconfom?tw_i
o‘I‘O’W less. In its limestone facies it is impossible to $0 surely gimarll 11
?1 thickness, but it seems to be about 170 feet.. F01j instance . s al
Lt 910 No. 2 or 900 No. 4 corresponds to Marine Clty' at 770 or 1§1et
gbouf and New Baltimore at 815. In each case there. is 270 to 290 z.ee
which may be called Upper Monroe, dolomite, dolomite and E;lnhydu’;ei
and dolomitic limestone, like the 274 feet of the Upper Mom(ﬁl?)tlf (;(L)
salt shaft. Then comes a variable thlckness it contains much (20 t- 3é0
—in one case it is 90%) quartz sand, making a tota! of abou}t 4 ft) 3
feet. The Upper and Middle Monroe at New Baltunqre are ?botu 1
to 480 feet, at Port Huron 565 to 525 feet, at Q'odefioh 5b4 ?e " %ed,v
Alpena (Grand Lake) they are (800 to 1000).——-26'0, 5oa and 1111101e.d bo:‘\)
of course how much of this should be attributed to a t111c<fer‘1¢‘1 7 a‘i‘:
of the Upper Monroe is a matter for farther research. The al(lJ lylur}r
form thickness for Middle and Upper Monroe 'from Lal;e St.S %iur (:
Alpena suggests that there is no appreciable dlsconfornmty__l ? ?lq i (;:3
one can judge the Upper and Middle Monroe are absent‘ on the ,“ esq R
of the state. Even around Mackinac and at Cheboygan there are no
indications of them known to me. )
111%1’3(? tUpper Monroe-Detroit River Series. .(275 ft.) 5 .
This series seems to have been deposited in a long Darrow I'OUDt
at the very end of the Silurian at a time when most of the (ilontmeln
was out of water and much progress hgd been made t.oward the he_V(; u:
tion of the Devonian forms. Just as in New York hlgl}er and 1gt1e11
horizons of the Eo-Devonian rest to the west on ‘ghe Salina and Wil el
lime, so in Michigan to the southeast and‘ south higher and hlghelC hori-
zons of this rest on the Sylvania. But it is also true.that the orni-
ferous or Dundee rests on various members of this. _The Corni-
ferous above is unquestioned Devonian. Below the Sylvania llas] been
classed with the previous period by genera]. consent. But the bv valt}a
has often been called Oriskany and the fossils of beds above are l?mali -
ably like Hamilton forms, while thfilver%r top .of the Lucas dolomite has
4 ken to be below the Devonian. ]
be?fl gx;}i]}c(lalm]lll?’ SJ[le Williams, we place the base of the Dpvoman at thg
Orisiiany and class the Lower Helderberg beneath as Sl}urlan as use
to be common (compare the 1892 edition of LeC(‘)nte with the; la‘cestir
we should then surely place the whole Monroe with the Silurian as
i -iginally. )
dl%u(zcllljgerlzeat{l the Oriskany comes the Lower Helderbt:“:rg series of New
York 300-400 feet* and Pennsylvania 600 feet, and in Europe stages
E and F, and the relation of these to the faunas is a complex probleim
of paleogeography. After the Salina (all up), was jchere a seesaw, *21815
the Michigan trough down (Upper Monroe) then it up and theil.efx
York Helderberg down? This is the view accepted by Grabau. Or is it

*Sch;mhert, Bull. G. 8. A, 11 (1900) 270.
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possible that at the time of the Sylvania the Michigan basin was so
separated from that of New York that the two could have separate
faunal developments, the New York receiving precursors of the Corni-
ferous, Michigan of the Hamilton at the same time, while somewhere
around there lingered relics of the Silurian faunas which when the old
anhydrite and dolomite forming conditions returned in Michigan re-
established themselves?

On the whole the greater break and therefore the one best fitted to
mark the beginning of the Devonian as well as most wide spread seems
to be that above the Detroit River series. For there appears to be not
merely a disconformity as between the Detroit River and the Salina
but an actual unconformity so that the Detroit River beds were folded
before the Dundee and Traverse were laid down, and this too in a wide
spread way. Such a folding is indicated by the fact that while at
Alpena there is' a dip of 42 feet to the mile to the southwest for ‘the
surface beds this does not seem to be the case for the lower beds of the
Monroe. The salt is as deep to the north. Again along the St. Clair
river in the Devonian there is an anticlinal near Port Huron where the
oil wells are and the base of the Traverse (Hamilton) 515 feet deep
there dips to 790 feet at St. Clair, then rises at New Baltimore to 690
feet. But the Monroe beds do not follow this fold. The salt runs more
nearly on a level. Again, around Detroit in Wayne and Monroe coun-
ties, Grabau has described how the Dundee of the Devonian lies on vari-
ous beds of the Monroe. For the present therefore it will be well to
keep the line between the Devonian and Silurian as heretofore, but re-
membering that with the line so placed, a very Devonian appearing
fauna already existed during the time of the Detroit River beds, and
that, as in New York, between the Helderberg and the Oriskany? there
is an unconformity and a more marked one prior to the Cobleskill
Rondout, so it is with the Detroit River series, which from a structural
point of wview are thus closely allied to the Helderberg (Coeyman’s
Lower Pentamerus New Scotland, Becraft and Kingston beds.

Structurally, then, the Detroit River and Helderberg are analogous,
but they differ widely in fossils. The subdivisions are as follows: -

At the salt shaft, and near by, according to Grabau.

146
180 1. Lucas dolomite (with Cylindrohelium profundum) (200
feet +) with sulphur and gypsum.
326
9 ¢.  Amherstburg dolomite (with Panenka canadensis) transi-
tion to Lucas 20 feet—
335
38 d. Anderdon limestone (with idiostroma Natiressi and a
fauna like the Hamilton.)
40 50
373
47 e. Flint rock dolomite (with Syringopora cooperi).
50
420 150 feet-; oo e

1Report for 1801, p. 67, and Plate VII.

28ee Grabau. Geology and Paleontology of the Schoharie Valley, p. 179, N. Y. State
Museum, Bull. 92.
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i« next 1o impossible to trace these largely paleontological sub-
<lii;<i:;i1sll(i;t the wélls, especially the difference betweefl‘ Aml}@;Sﬂ?uTg_
and Anderdon.  But the tendency to a dolpnnte top, with su p'un }e
zluwd from gypsum and anhydrite, and limestones lower down vaHl
he plainly followed. For instance we may cq}‘relflte as L.ucaf (“81)01-
\ndm-doﬂ perhaps), Mt. Clemens (620-855) 2?05 1\,6“: Bglt(;mo;gzo( :&t
1040) 220; Marine City (770-880) 110; St. (;Jlap* (900—1‘_5 ) ! 1;1 Al
pPort Huron LVII (800-920), from' 920 to 1150 is (1019111119 an_h ui h
Wack argillaceous marls that remind one of Black Seil ,.de%)[OSl, 'S, él;llt
mav represent the Anderdon and Amh‘erstburg. At)the Por t, ur ({n €
('o.. four miles south (nearer M;i(l)"ggs)'llle and the Bunch farm) the cor
0 ing fizon is from (835- .

”‘\I\}l())zwlge“]ﬁle]l?llr:(liglllbted Lucag, either as an extension _of the base of f[he
])ﬁndee or as a still higher member of_the Detrglt Rl:’(%}l’ serle?1 (\lw)'lncl)l
it would be interesting to compare with the Ne“.' 101_'k Hel .qer ﬁrg
was an intercalation of limestone in 1'1'1@ Lucas, which dlfi not reach as
farr as New Baltimore or the Detroit.Rlver, for we ﬁnd_ hm.estone sox(llle-
times just below the first thin dolomite that seems to lie d1}°eet1y u}} er
the Dundee. By the time we get to Alpena hmestqne occurs at Vauousy
horizons, as the well at Grand Lake shows. There is (‘1931*137 a tendgl}cy
to replacement of dolomite by limestonp toward thg north in the (}}1;3(}-
tion probably of the open sea from which the strata came. Thg Mic 11£
gan Monroe seems to have been like the Black Sea and Caspian bu
turned north side south. .
mi\ntuihgocltose of the Monroe the state was so elevated that slight fo}ds
which occurred at the same time could be planed off and the underlying
formation in numerous places from Mack.inaw to Monroe county, madg
into a dolomite conglomerate, “calcirudite.” So far as we know it
remained above water during the opening stages of the _Devorpan Helder-
bergian. There is distinct reason to believe that ¢his uplift was not
syinmetrical, a mere rise and fall of the sea strand prqduced perhaps
by disturbances thousands of miles away like the earlier changes in
Niagara time, but a tilting by which the west was more eleva’ged than
the ecast and a certain amount of folding took place. T}le Limestone
Mountain fold on Keweenaw Point may have taken place this early. The
Sylvania uplift seems to have been decidedly most at the south, open-
ir'{g up and depressing the land at the 1101"[!’1. By the close of the Am-
herstburg the effect of a new uplift made itself felt in cuttlpg off the
northward connections and the conditions for formation of dolomite
and anhydrite were reestablished and with them the Silurian fauna.
The same disturbance that cut Michigan off once more may have opezled
up New York to the Helderbergian, so that while the Coeymans, New
Seotland, Becraft, Port Ewen, perhaps Oriskany? ‘anfl Esopus? peds
were forming in New York 300 or 400 feet in all, .Mlchlgan was mainly
out of water, and not until the Schoharie (Ha}l in Foster & VVhltpey,
11, p. 225) did deposition begin in Michigan again that can be recognized
by its fossils.
'26. Devonien Dundee Limestone. 200 to 253 feet. )
(Corniferous, Upper Helderberg, Ulsterian, Onondaga anq Schoharie).
This formation has been found throughout the state. Beside the wells
already cited, one may eall especial attention to the deep wells at Bay
City, Assyria, Adrian, Hillsdale, Coldwater, Allegan, Muskegon and
11
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Grand Rapids as adding to our information regarding this formation.
Every where it is full of fossils, which have been described by Hall,
Winchell. Rominger, Schuchert, Grabau and others! Op the east side
of the state from the blue and black shales that may represent the Bell
or Marcellus to the first dolomite, which seems to he generally the top
of the Devonian (of course there may be a puzzling dolowmite conglom-
erate at times) the formation can he traced persistently. Tt is very
uniform in character, high grade limestone with only a few per cent
of magnesia, not infrequently over 98% Ca CO,, light colored, or brown
with oily matter, containing a water relatively high in sulphates, rela-
tively weak and strong in H, S, and generally hard, sometimes, not
always cherty, Beginning with ‘an even 100 feet (at Britton—97 at
Milan) thick in the southeast corner of the state it thickens siowly to
Port Huron (1434-), Petrolia (190), Tilbury (158), Port Rowan (250),
being evidently continuous to New York. Going west and north it at
first thickens until it gets its full thickness of about 250 feet as shown
at Jackson, Charlotte, Assyria (1875 or 1940 to 2040-), Bay City and
Alpena, then begins to thin being but 190 at Kalamazoo, 155 or more at
Allegan, not over 125 at Dowagiac and Niles, very likely much less, a
good part of the 125 feet being really Traverse ( Hamilton) or Monroe.
In northern Indiana (Goshen 60 feet, South Bend 65) it is less than 100
feet thick. The Traverse and Dundee combined shrink fast to the south
and east and as the Traverse (Hamilton) is known to extend to Mil-
waukee while the Dundee does not, it would seem likely that the Dundee
is the one that lessens,

For instance the Niles well on p. 280 of the report for 1903 may also
be interpreted as having only 12 feet of Dundee and then entering the
Monroe and that in Volume V as (having Oriskany at 540) having
only 40”.  All these wells in the southwest corner might also be inter.
preted as striking through from some part of the Traverse corresponding
to the Alpena limestone into the Monroe, the Dundee being omitted,
though against this is the occurrence of the Corniferous {Dundee) in
Northern Indiana.

As we go up the Lake Michigan shore, however, by Grand Rapids,
Muskegon, Ludington, Manistee and Frankfort northward it is apparent
that the Traverse expands to the thick 600 foot section found in its north-
ern outcrop while the Dundee does not increase so much. The top
thirty feet and other places are sometimes quite sandv? and often cherty.
It is not often sandy on the dividing line between it and the Monroe.*

Throughout my work in Volume V and the annual reports I have
considered all the Dundee as a limestone and this has given consistent
results. "Four miles east of Mackinaw City, however, T visited in July,
1902, a section exposed by a creek where T thought T found the Dundee
directly overlying magnesian limestones of the Monroe, But Grabau
found in the top layers of the magnesian beds a typical Schoharie fauna,
agreeing with Hall's determinations on Mackinac Island 50 vears earlior.

*Annual report for 1901, and Bull. G. 8. A 17, (1901) p. 719.

2 Allegan 1275-1300 top. Bay City 2822-2853, Benton MHarbor 663-700. Charlotte 2000-
2250.  Detroit 475 to 5807 Kalamazoo 1270-1310. Manistee, 1675. Rast Lake 1670 or
1600-1650, Peters, Luadington 2075-2175.

3 Farther north than Manistee Do wells enable us to know surely how thick it ig but
100-200 would seem to be enough at the outcrop. A Schoharie fauna 4 miles east of
Mackinaw on the creek must be near the base. The top is_found at the north end of
Beaver Island but the other islands, Garden Island, etc., are Monroe.

ol
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must then grant the occurrence of magnesian beds near 1’1136 bdxe of
' It would De strange if overlying a magnesian formation
The paleontological and structural divid-

We
ihe Dundee'. .
base were not magnesian.

l(l . - K R . . . . . . .
;1]10' Jine may be a few feet beneath the lithologic line which we have to
use.

The Dundee marks a period of general return of tl'le S(.%_zl‘ afltel‘ ;1 })21111(2(;
of uplift. There seems to have been no great ('1111}:1171( ](‘ g\l{bem:mﬂe
the beginning of the Niagara. The. continent must la.ax‘e 1_1(1‘ n(i‘mal( 1if§
of limestone and chemical denudation was still (10]1}11]4.1:{ drithout e
over vegetable. At the top of the Dundee we seem tof lpa;_s '“llow e
versal of change to a series of blue or b]ﬂ(‘k Pa’r.hel‘ 1a31 )ei o anh’
which seem to point to a wefter climate producing more ‘EI 0:. A
There may also have been some uplift starting t»e
streams info renewed activity. In the Hami'ltqn nﬁl"-e :q‘l)?allerr(lzﬁe)fs re-
minding one of the Dundee and Monroe, It is a 11<11%§1;lv10r§: gi 'hu}(-‘hel-r
27. Traverse (Hamilton and Marcellus, Evian of Clarke & Schuchert,
aware® of Ohio). 600 feet— ) »
”i]&(;‘ ’((Li; group is) much thicker and better eqused In ]thet}lgsrti:'hei[éﬁ
of the state and its very existence alo.ng 'ﬂle south line (zf ﬁ.le S‘df‘(t,'w‘u’-ds
seems indeed to be near where at this time an o]q shole) me'-til erlhe;e >
was, has been doubted, we bggin our description from .JE1>11L n(?l },1 ‘(\; o
outcrops on Grand and Little vaers.e Bays anqliglen.(e o _aness;
around to Alpena and Thunder Bay and is nearly umt_oun ‘mi ! {1 o
600 feet with a basal shale (Bell shale 80 feet) which corresponds
the Marcellus and is pevsistent throughout the state.

more vegetation.

Grabau gives:

_ 5-5 Naples goniatite fauna at top.
‘hert beds ..... ..... 45-50  Naples goniatite _ )
i;elféskev limestone. . ... 360  Stromatopora and buff magnesian.
Acervularia beds. ... ... 110  Bryozoa beds.
Bell shales............. 80

600

Around Alpena it is practically as thick, and 1\ foqnd tluclf in Alcona
county at Grayling, and at Bay City where it is thickest 660 feet.
(3061)01' nakes the divisions here:

3 imestone............ 10 ) ‘ )
" 8(‘1111(;1131”0(l)lxlxl;ezg(l)llzlesltone. R 5 25 } This is 100 in Plate VI of V.

Blue calcareous shale. . ... .. ?8 gg]

Jimest fossiliferous ... ... o ) .

Lﬁﬁg:’tgﬁg} g(l)‘f)sxlvilneg shaly... 16 1061 'This is 47 in Plate VI. T mistook

Blue calcareous shale. . .. ... 11 1‘1)7 { it for Marcellus.
2. Limestone. ... ............. 7 124

Caleareous sandstone, brine. . . ‘-’}() }/O

Sandy limestone............ 30 5(_)0

Dark brown sandy limestone.. 50 250

Dark gray sandy limestone ok

brine.................. ) . :3)13 328

Sili imestone (gypsum).. 35 é ) N
3 ?KlllxlfeeZglscélélelob;tso:}fafgg p S S 180 510—This is probably the Acervularia beds
” Shaly limestore............ 40 550 and Bell shales,

Blue shale. ............. ... 50 600

60 660

Black shale................
true of the base of the Columbus limestone, the equivalent of

!This appears to be also
the Dundee in Ohio. R »
2 Bandusky has been discarded.
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At Harbor Beach it is said to be 605 feet thick, with 15 feet of hard
rock 280 feet down. When we get to Port Huron nearer the Cincinnati
arch it seems {o have shrunk to (185-515) 330 feet or so0, and thence
down to the Ohio line it tends to shrink especially toward the axis. But
the marked blacl: or Dlue shale basc persists. There is no notable differ-
ence in lithology. Hence there is reason to suspect that the loss is
mainly by removal of the top. There is a fairly persistent division to
which the drillers apply customary names:

Cooper’s 2. Petoskey limestone. The “top lime” 85’ + (sometimes pyritie
at its top).

Cooper’s 3. The “top soap rock” 150" +

Acervularia beds. “Middle lime” 4-15. Never thick, but persistent,
the Encrinal limestone?

And Bell shales? “Bottom soap rock™ 65. Darker than the other,

These beds we can follow gradually decreasing through Port Huron,
Marysville, Courtwright, St. Clair, Marine City, Port Lambton,
Algonae, Wallaceburg, New Baltimore (230), Royal Oak (215), Ypsi-
lanti (229), Britton (190), Adrian (95), and Prosser’s recent investiga-
tions show a few feet of Hamilton, the Delaware Limestone (30 to 40
feet) in Ohio. Now turning west we find at Jackson perhaps 55 feet
(1715 to 1770) all calcareous shale, at Assyria (1810 to 1875 or 1940)
65 to 130 feet, at Charlotte 55 feet (1930-1985 ft.) or less, Kalamazoo
70 (60 ft. blue limestone, 10 ft. blue shale to 1270), Dowagiac T4, Alle-
gan (1095-1264) 169, Benton Harbor (475-665) 190.

We see that it is thinnest near Jackson and begins to thicken again,
toward Milwaukee, and that a blue or black shale base is persistent.
If we go to a group of wells around Constantine and White Pigeon® we
find irregular records and a red gritty shale at the top of the Traverse
(108 feet thick) which looks like an old erosion surface. There is good
reason then to suppose that during late Hamilton (Traverse) there was
some emergence, while the line between Dundee and Traverse does not
appear to be marked by a noteworthy change here in Michigan. We
find also in New York the closest affiliation in deposition between On-
ondaga and Marcellus. The supposed unconformity at the top and
maximum depression at the base of the Traverse is in harmony with
the description by the Wisconsin Survey (ii. p. 397) of the beds there as
early Hamilton. The paleogeographic map of the Hamilton by Schu-
chert should therefore probably be changed slightly, the Kankakee penin-
sula moved a little to the east so as to head at J ackson® and probably
running not far north, for passing north from Benton Harbor, the Trav-
erse thickens rapidly, is about 400 feet thick at Muskegon, and as thick
as ever at Ludington (1365-1962), Manistee (980-1600) and Frankfort,
with the basal shale well marked. It looks therefore as though the Ham-
ilton sea was persistent, (the land less elevated) to the north.

28. Antrim Shale, (Senecan, Genesee?, Portage and Chemung? of
New York, Ohio, Huron, Chagrin, Cleveland and Bedford of Ohio. 480
to 1404-.

There is good reason, as we have seen, in the thinning of the formation
and in the irregularity and reddening of the top, to believe in an eleva-
tion south of Michigan toward the close of the Traverse (Hamilton).

1 Report for 1903, p. 282.
! 2 Grabau Schoharie Valley, p. 282,

:
5
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‘hi : L see fit well with studies of some others.'  But 11%
;l(ki\l dft)gg, liL(l)lte ‘\[('(}:]11)911-01)e\'()ni:\n is said to be unconformable on the
b
Ml(i;'l]iile Dase of the Auntrim shales on Thunder1 Bay t?r?b{lﬁle foﬁi}[(llmz
o hles ooniatite fauna which would imply perhaps tha he Ax !
l?l..:}'}]l(cz]il(lnes though li’rhologically‘like the Genesce 'Slffllis “1331(131 aleétsléé
qo‘mmvlmf Jater, and the Genesee is 11101'e“ or less’mlisinbtl “taarou red
}'0 unite the Genesee with the Hamilton; Clarke and Schuchert groug
s Senecs ith the Portage. ] _ (
Elb'J:s]:ils}(lil((l)lll-i;:)llfhis“struck \?ide}y: At Bay City (Tluckuess 31:?); A'hl:l
(315?3 . Grayling (575) ; Ki]lmaster~(480) ; Manlstge‘(?;if)j—.) b]iﬂ%%fe
ton (200) ; Muskegon (135480 or 21:)) ; (?rzuldrl?gpfdlsn(dwto) R 1805 e
(2707?) ; St. Joseph (185 to 520—to 750==230 to ob?) ;A 4@8%{111 9() 014
syria (375?); Kalamazoo (200--4907?) ])Owagmg ( O+.2Z&0—|—75)'
Pigeon (322), and numerous wells southeast: .J il(‘?FSOH ) 2(6 SOB),-
Hillsdale (310 4+ 10) and Osseo (304? 4-1007?) ;- Adl:mnld( ]1_*;333-70()’
Madison OQil Co. (225--20); Ann tArbor 4(_1_40%1()013) ; 0 1\1(37_}_25%3)1
including Berea 367 ; Manchester Oil Co.(2(1+7) ; Pointmc ( Z*ous ;v‘el'lé‘
et ot Mo the ful hickness of not less than BA0 feet
southeast which do not show the fu rickness of n. s tha S
rder to get consistent results and tlnc:kness it 1s nene.ss@y ?, 08"
Iililz: lti‘;it thebtransition to the Berea Grit is gra.dual an({ a g1:[£iatc_1xthellisl;
ness of Berea Grit or strata ascribed )[here:fo is alway§ at ;ete. E) >
of the Antrim. Ulrich would transfer the Upper Dev_on‘i:}li ( {)11 ;’(13; -~
the system above. The Antrim consists of ('10mlnant 5'1.1 eis, h(;re <
pituminous at the bottom, then blue _sometnnes,.and a’f ) otp "\“tl‘r'atiﬁed
passes into the Bevea Grit, or the horizon thereof red or inters
ritl and gritty. '
" lgl \S‘in;lnsl‘igil epllt th% base of the Carb.oniferous.at the hase of the1 ])L::]l-
ford we shall have to split the Alltl“il‘ll in a very 1}111)1*act1ca] way, tllot},;, il
we could readily enough follow Ulrich’s Suggestlon'an'd place 1(’; to“t(lyl;
Another noticeable thing is that just as the Sylvania is copﬁne ) 1§ i }(
east side of the Dbasin and the Cincinnati anticlinal, SO is thcj tel({d
Grit, and when the Berea Grit does not appear, then ﬂ_le ulzpeﬁ 8 1{1‘(11.1.
of the Antrim have a red facies like; the B.edford of plllp, or the Rich
mond top to the very similar Lorraine, Utllca and Richmond. facies
This red facies® is, it seems to me, very likely a_land' or .delta a}zlgf,
the oxidation being due to exposure to atmospheric ‘0X1da‘t10n.ItV§[71 61?
the Berea Grit is well developed it is, I believe, never found. ! 1(%1196
fore may indicate some uplift; an uplift generall_y taken ‘fo n}ﬁtl ’<< h
close of the Devonian and beginning of Oarbonlferm_]s. 1‘!1e1]e3 :ff 113
question but that the Antrim would includg some of theyOljuf) eb101]v
if it is present. The upper part of the Antrim is b}?e yat'hvel than k ac;
and frequently there are beds of sand and grit. There is generg b}f a]
least 100 feet of the bottom black shale, but as there are lylue an o ack
shales alternating at times, the recor.ds may or may 110"[ show thle . eicxlre—
land, Chagrin and Huron as one solid black shale, Or may over (;O i%
Cleveland and count everything down to the Huron as blue shale. 5
Grayling, Ludington, Bay City, Jackson, and Ann Arbor, however, con-

N i . 430 : Schuchert, Grabau, etc. . ! .
;%E?n:ggrll‘}%ﬁf})ih Ifs ?wt :11\\}{1)'5 red. é(c Morse & Foerste, Jonrnal of Geol.,, 1909, (XVII

IT) p. 166.
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tinuous seis of examples were kept, and beginning at what we take to be
the base of the Berea or Sunbury shale we have the following results:

Grayling No. 1. Grayling No. 2,
Red and blue shale. ... . .. .. 50-1590 Rusty at. ... 1720
Dark shale. . ..... ... 210-1800 Dark. ... . 220-1980
Blue shale. ... . ... .. . -100-1900 Gray.. ... .. . . . . . 80-2060
Green and black shale.... . .. .. 100-2000 Black.......... . T 140-2200
Green and blue....... . . 125-2125 Gray. .. ... 40-2240
Very black shale.... ... . 40-2165 Black.... ... 7 40-2280
365 300
Bay City. Jackson.
Gray and white sandstone . . . -170-2265 Sandy shale. . ...... .. . . 75-1475
Blue shale.. ... ... 0 25-2290 Dark shale. ...... ... . . . 5-1480
Black, ollyt. .. ... 80-2370 Black shale. ... .. . . " -132-1612
Black, with signs of limestone. . . 120-2490 Blue shale. ... . ... ...~ " 12-1624
Black pyritie. . ... . . 90-2580 Black shale... ... .. " 61-1685
— Caleareous black.... . . | 20-1705
315 Black.......... ... 7 10-1715
235+
Ann Arbor. Ludington.
Gray sandstone.. ... ... .. .. 15-415 Blue green shale Coldwater. . .. -550-1200
Sandy shale. . ........ .. . | 25-440 Black shale. ... .. ... . " .200-1400
Black............. ... ... oo 445 No difference noted in samples
Gray sandy.... ... .. ... . | 75-520 taken every 25 feet,
Black and green........ . . . . .. 10-530
Gray......0..... .. ... .. 15-545
Black......... ....... .. ..~ 30-575
Sandstone. ...... ... .. . 5-580
Black sandy.... ... ... . . 20-600
Black................ .. ... 80-680
Harbor Beach. Alma., Manchester.
Blue........ .. 50 Black shale. .. ... 50-23007 . Red shale clay .. 2-399
Black........ .. 3 Blue shale. . . ... 60-2360 Blue shale... .. .. 12-341
Blue...... .. ... 133 Black shale. .. ... 260-2620 Black shale...... 11-3592
Black...... .. .. 270 - -— Blue shale.... ... 138-490
315 Black shale.... .. 110-600

The variability shown is that of delta, estuarvine or muddy sea de-
posits.  When a well marked Berea Grit hovizon iy wanfing as for in-
stance at Alma and Grayling, it must he lavgely guess work to draw the
line at the top of the Antrim.

29, Berea Grit (or standstone?) 273 feet.

This is an Ohio formation and has never been seen at the surface in
Michigan, but may be traced very well along the flanks of the Cincinnati
anticlinal, from near Adrian? north. Westward it seems soon to dis-
appear and to be spotty in occurrence. Fastward it is persistent in
Ohio, but thin, about 50 feet or less and may well have been continuous
with its Michigan outcrops. Northeast it is continuous past Ann Arbor

and Pontiac and Birmingham, Romeo, Utica and Berville to the south-
_—

18ix feet of rock salt at 2304-2310°? (precipitated).

2 Compare Oneonta, Chemung and Catskill,

¥Madison 0il Co. 450-500.

4 Manchester 0il Co. 2 feet red clay.  Osseo, MTillsdale, Jackson, ete.

eaxt corner of Sanilac county.
past ¢

4 it may
yort! 1t maj ‘
{"1}) its brine around the Thumll))
< - . .1 N7 ; A ’.i‘.j(4e‘ 3
Columbiaville, Flint, Mor

=1
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Thence as shown in the H1]u‘0n ;0&111\:\1] 1'te(;
- ] - 4 - o - O ¥
be followed continuously in a series (?f wells p‘u down 1o
to Bay City, and it was also 8 ruck 4
lackmar and other wel]s‘betweﬁen(.)g(Il‘)ldolni
- jehh 2 TWaat T ras,’ Qe 4
City it mayv be traced north past Standish, La{st t.lllg\ll(néer qm’f.w,()
) ' i i ) 5 LR [¢ -
S Kilhnster” rrisville, near which it comes to
1 Ki arrisville.® near whic . nrfac
: (illmaster® to Harrisville, e
(n’ld'l Irlilrlif(f Tts thickness is usually about 100 feet, {;nﬁil()a?ezf el shown
o 1lllcm('-on éoun’rv, it thickens gradually ﬁ)l{';)&nfael;()m‘,vhere 1t e e
thicl its wester argin (over 2 feet S
ke el e e GS‘ETG.IH 111;111:‘11111 LVen near the surface, and the brine
¥ is exceptionally sa
suddenly. It is

e s ] se of the Trav-
‘« pnusually freé from sulpbates, much more so than tho
is unusuaally | |
 romeeali i a grindst and overlain by
“?et (1)1 oenerally fine grained, micaceous, a grindstone, a
Q b]‘nckk ~%ha]e (the Berea or Su}lglburg;;?ﬂlle;)d Gaseville wells and figure
SN if w Alma, Bay City ¢ as _ igur
r if we take the Alma, v Cuseville wells and T
Y f the Marshall as a line of level we shal he Bevea
o s B it) 3 ing off and thinner as though
Grit thick at Bay City and then tapering o X L fhin o e e whole
.’11)11101 the shore to the west of it, and in fa(-t‘{ v\:;e O e
('ll(' 'l?ne« from the Marshall to the top 0£ the '11:}& (,{ 1(;15 o, 1460
to the o «t. At Grand Rapids it is 1647 as agalnst ; g oha aposit
V ) ‘ C : \ . ' [ U . .
t(‘: t'L]’lfw“g/“i’rv 1840 at Caseville. Hence we have t'l]u? 1\'01}:11(1 S‘ e
(1 }%io‘lil’é/ ’G) formed along a shore running n‘(zm )LO {I;er o though
e cent ichi Tt is also true that it is coars ,
[ hig: s also true the t
e e not so e It1? o(f a fine grained grindstone, to the east.
i - 50 pure, mor b
thicker and not so pure,

-~ g d rd

¢

&

f
|
| |
|
| |
| [
f

I

12 K o 4 a it t 0 xt ids to uron
ection re. rit and adjacen ormations 1r an ap
Kig., 6 Sect f Berea G 4a o bi 1. from ( d R d H

. . hie ay as well be
L e rop in sea level which may a
This would point to a marked drop n ('ferom and Devonian. The
taken for the dividing line between C;ub;).m 10“; Sown. | In that re.
aK N = rer .
P e incli to draw the line . e s red
: ologists are inclined > 1t arises as to the re
11:(](@;)1&@ h?lve S(;mething like the sawme (11119:‘(1011;}(11:11(‘5 Id)igsgr—lifm but there
A < which A »or at the top o e
Yichir shales which are near . it we do not pass
hl(?ﬁﬁ?ﬁed difference here in that above the{ Bel]fa ']('}lillgfg Lb?ack sthlles,
in ’[L limestone like the Clinton limestonef, but va;jl The conditions
;l'i’ . the bkése of the Antrim, the Berea or Sunbury ?ld e‘r.he Red sea. The
\\l'gie this time more those of the Black sea 1*511the1 t lilr?ted for in part by
£ v perhaps be accou A
ax e saltness of the brine may j . : ‘ing the uplift.
;themi';;]tof the salt beds of the underlving Salina during the ug
1€ erosl =

1Vol. VII, Part f{, p. 28.
2Report 1901, p. ‘24. .
3Volume V, Part 2, p. 57.
4 Report for 1901, pn. 70.
Sikeport for 1901, p. 66.
S Report for 1504.
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The lowness in sulphates may algo be thus accounted for. The sulphates
might also be deoxidized by the associated black shales or the oil or gas
often contained, but the water is not notably charged with H.8, and
we must therefore assume that there was enough iron to precipitate it
as pyrite. But the hard pyritic crusts are not so characteristic as for
the sulphate brines of the Traverse and Dundee below. We are in-
clined to believe there was originally less sulphate, and that would point
to a less arid climate!, and with that the black shales and greater abund-
ance of mud are in agreement. At any rate the Berea Grit seems to
mark an episode apart from any great climatic change. Competent au-
thorities say that in foilowing it across Ohio into New York and Penn-
sylvania it becomes red Catskill.

30. Coldwater shale. Part of old Waverly, Sunbury or Berea shale,

plus Cuyahoga, which includes Buena Vista), plus Raccoon and part of
Black Hand, perhaps; Orangeville and Sharpville? 1,000 feet.

The next series lithologically corresponds to the New York, Port-
age and Chemung and is one largely of shales which generally make
valleys in the bed rock surface and in a state so heavily drift laden as
Michigan are rarely exposed. In well drillings it must be offen 2

- matter of guess work and correlation by corresponding thicknesses and
trifling distinctions to subdivide this formation. Tn Ohio there are two
or three distinctions clearly made. The thickest, most carefully studied
and best exposed section is that of Huton county,? as follows:

Blue and sandy shales of Willow river and Secs. 2 and 3

Huron township ........... . e e e e S 4
Black Hand of Ohio? in part
Light House Point conglomerate, Herrick’s T, large fauna.. 4 176

Directly under should come the Racoon, Herrick’s Way-
erly shale fauna. .
Blue shales with carbonate of iron of Port Hope, Harbor
Beach, White Rock to Fovestville, with Chonetes Scitulus
¢t pulchella, common throughout ............... .. . 7200 896
Black Sunbury shale with Lingula melie and Orbiculoideq
newberryi in Ohio ... .. o 103 999

The black shale hase is very persistent when the Berea comes beneath,
and continues as at Alma and Grayling and Killinaster, even beyond the
limits of the Berea. This is presumably the equivalent of the Sunbury
or Berea black shale of Ohio and like that it is a persistent and wide
spread horizon. A number of records give a few feet of red shale on
top, then a few of black below {Jackson, Grand Rapids and Killmaster).
The thickness is generally only 25 to 55 feet, averaging about 40, in Ohio
it varies from 30 feet down to nearl Yy nothing and may be traced clear
into Kentucky. It is clear that in well records there must be some un-
certainty as to whether we arve dealing with red Bedford or the red top
of the Sunbury in wells where the Berea Grit itself is absent. In the
extreme western part of the state, as at Dowagiac and Constantine®
(one well only) less than 20 feet of red shale has to do duty for Bedford
1 See analyses in Clarke’s Data of Geochemistry.

2 Volume™ VII, part 2, pp. 18-27, 26, 247-252, Plate 1.
3 Annual report for 1903, pp. 281, 282,
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i i i e ot har
0 Sunbury, and the Antrim beneath is thin. 1 have 1o ’(1111&‘?1(.)1‘(11];.(()6
t?; re )1"e{e;1ts a land surface, and 1 think the red shale is the \E‘egt ered
L;}l) of I’(he lower formation. It is conceivable that the Berea Gri :
O L1
further een eroded away. )
(tended further and has b 1 . L .
e}x:[fehere Lias been some question as to whether it would be beq_el 1;(: (1111] _
the Berea or Sunbury shale off from the Coldwater. But it was "
> C o o i . , :
<-111?ded in the original definition of Coldwater and }}bas tbegn 1?1(;2&1;,11{90.
in Michig r 1 ically. It would seem best for §
Michigan only lithologically WO seem ‘ he pres
glllt to kebetp the term Coldwater as Ol‘lgl(ililll) Elntl%(%l'lce?ertlﬁch‘uil)grv
i : Marshall, and use the Ohio G A
rval from Berea Grit to J , e texms Sunbury
111111?1% C ‘i]\"lhO""a Buena Vista and Raccoon for fitting subdivisions, so fa
< Y e o

as possible. o . "
TIhe Bay City section is, according to Cooper:

........ 1260
o e Shales 160-1750
Light blue shales......ooouvorinin S i%00
Darker shales. ... .. ..o  50-1800
Light shales . .. .. oooooeorr 20020
Red shales (salty’) """"""""""""" 20-1940
Light shales ..o oo 10-1950
Red sandy shale. ....ooouorc Lbo-1960
Blue shales. . . oo 90-2060
Sunbury black shales............... ... .

..... 12
See Vol. V (Hill's report as Salt Inspector, 1884).......... S 285
White shale ............... 106
Sandy ..................... %gw1530
| - D T RS

II—SIard limestone (probably siderite).................... S ol
Blue shale. ... ..o %
White shale. . ...oorrie 5
Black shale. .. ..o 3
Black Hmestone. .. .. oovvrni 6 013
Brine bearing sandstone. . ..o 1
White shale ... .or 70 033
Hard limestone(?)...........o i .
L.+ 15
Soft black sand.. ... 1
Shale. . .. 25 100

Black oily shale. .. ...

Bere: X [ some-
A Dbrine sandstone, not really at the B'ere.l E}%toyle\%l 1,)1:}1,118‘0(3:“
what above seems to appear at Grand Rapids 150-1’~ vo. ‘ Jon 1(bet“§eén
Kalamazoo at about 710 feet. The Befr-ezi pl;olll)abl) :f)lgg(s) oot qﬁd
ragiac at 330 feet; Allegan ¢ 6155 4
9007 and 1,000’. Also Dowagiac ¢ ! : ; and
Charlotte a’t 1460-1500 may be compared. .The Tall(%}{)(l)lé)lj}ggtllqitlﬁ) \:lebff)he
ity hat brine bearing, about 2 B t
1920 under Bay City, somewhat o900 ot Grand Ranids
i g 7i «andstone at 1175-1200" at G ,
base, may be compared with a sa . 2007 at Grand Hapids,
" [ t Richmondville. Brine bearing 88 y
and may correspond to that a : ne hearing sandsoner
i oar reported from DBayport, Case F:
in the Coldwater are also repo _Bay vl o
' T X ely guess work,
ighborl i as, but correlations are largely g
neighborhood of East Tawas, ons rgely guess worl
[ e readi rerlooked by drillers on th and, a
as all of them are readily over 3 k R
¥ ick, ¢ sandy salty streaks are w 7
none of them are thick, and ; Yy ks } tion
liable to oceur at various levels. Hard streaks are also liable to occur
10n the whole, however, it seems more likely that while the whole period Bedford to
n V. s . S

ury was one ol elevation, ere were two when nore line v ed farthes
Sunb 1 t times h he st > advanc he

5 e just before the Berea rit, one just ferr the Su shale, correlative to the
east,—or t G e atte he Sunbury shal

Buena Vista flags. Compare Bay City 1900/--19607 down.
12
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which are largely bands of iron carbonate, or they may be huge round
kidneys just such as ave known to exist. )

The outcrops of the Coldwater were described by the first Geological
Survey, Hubbard, and others, by Winchell in 2 long series of paperst,
and by Rominger* who calls it and the Marshall, the Waverly Group.
It covers a considerable area, ' )

On the western side of the state the Upper Coldwater (or possibly
the Lower Marshall) about 300 feet below the top or 700 feet above the
bottom becomes distinetly more of a limestone.! At least that is one
way to interpret the records at Squier’s well, Bridgeton Twp. Sec. 36,
11 N, 14 W., Ludington, Muskegon, Grand Haven and Grand Rapids.

Squier’s Well. Ludington. Muskegon. Central Paper Co,
) Lower Marshall

Drift to........ 305ft. Drift to........... 576ft. Sandy shale... ...... .. 77

Limestone . .. . .. 55 Limestone and salt Upper Coldwater?
I?ed sand ... ... 340 water......... .. 74 Dark caleareous shale... 315
Gray sand and Dolomitic limestone..... 35
searns of water Caleareous shale....... 185
.. 2nd casing at. 800 Yossiliferous limestone.. 25

Shale to.: ... .. 1400 Blue shale..... ... 550 Lower Coldwater,
Flags. . ............. .. 530
1090

Grand Haven. Grand Rapids,

Lower Marshall
Red sandstone and clay uncon-

formity...........0 . ... ., 13
Black shale with thin limestone Sandy shale............. .. .. . .. . 20
JStrata.ooooooo 278 Light blue shale............. . .. 280
Gray limestone............... 1
Dark shale with thin limestone
strata........ ... .0 L. 35 E itic 1i p
Light it 3 Dark dolomitic limestone. ....... ... 20
Hard blue limestone.......... 8
Sandstone and limestone, salty
water....... ... ... 0L 6-358

Sand and limestone, salty water. 30-388
Lower Coldwater...... . . ... . 800?

Alma has sandstone, black shale and limestone letween 1575 and
1740, i. e. 560 feet below the top of the Marshall, corresponding to Bav
City 1530” in the well of Volume V (Atlantic Mill) 1750’ in the South
Bay City well. This we may strongly suspect includes the upper part of
the Coldwater down to Herrick's conglomerate 1, the Black Hand and
Racoon. /

_ In the Charlotte well from 570-680 is sandrock, from 680-1150 appear-
ing to be shaly limestone, if the samples are representative. There are
350 feet below down to the Berea horizon. So at Jackson is a salty rock
at 660 which in Volume V T took to be the Napoleon, but I am quit'é sure
that I was mistaken. This would seem to be an appearance of the Michi-
gan Series, or rather a Kinderhook facies and an incursion of the west-
ern Carboniferous during the Coldwater. It looks as though the eastern

Diennial report 186G0. See also Weeks in Bull. 191 Mar
*Volame III, Part 1, Chapter VIII, pp. 67. 75. on Marshail
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«ide went up, the western down, at about this time (the Coldwater and
Marshall) and that corresponds with what is known of the continent
in o Jlarge way. This marks, it will be noticed, a shift in balance, be-
cause earlier the Berea, late Hamilton, late Monroe and early Salina
unconformities are all more pronounced on the west side.

The abundance of goniatites in the sandy beach-like beds of the Lower
Marshall suggests that they were open to the western ocean, and we
should expect an even more Kinderhook facies in the Upper Coldwater
and Lower Marshall of the western part of the state. Unfortunately
there is not the slighest chance of outcrops of this calcareous Lower
Marshall or Upper Coldwater, but possibly some {ragments of the fauna
might be identified in the drift back of Ludington.

The Coldwater gradually passes into the sandier facies of the Lower
Marshall and where to draw the line ix a problem not easy to settle.
It will be discussed in connection with the Marshall. The Coldwater
appears to be nearly as thick even if more calcareous to the west?, the
total for Lower Marshall and Coldwater being always a little over 1,000
feet.

31. Marshall Sandstone (Raccoon possibly, Black Hand and Logan
of Ohio in part). 560—

This formation was extensively studied by Prof. A. Winchell who
in distinction from earlier writers recognized the Carboniferous type of
its fauna. When he first introduced the term (report for 1860) he made
a heavy sandstone which he called the Napoleon the base of the Carboni-
ferous, and called the beds beneath, including the Huron county grind-
stone quarries, the Marshall, the top of the Devonian corresponding to
Chemung. Later® Lis investigations led him to include the Marshall
with the Carboniferous, and then he also united the Napoleon sandstone
with it as Upper Marshall, and finally concluded apparently that it
was 1ot worth separating but only a lentil. The whole matter is discussed
in full in the Huron county report. The Marshall is evidently a case of
emergence, micaceous sandstones becoming more and more abundant,
and bands of carbonate of iron and fossils, while blue shales still per-
sist in layers. At a number of places white sandstones occur and thin
beds of what I have called peanut conglomerate, white quartz pebbles
with a heavy cement of carbonate largely of iron, which weathers brown
and gives the color effect of peanut candy. The transition from Cold-
water is gradual, and it is not easy to fix the line consistently. In
fact there are some paleontological reasons for believing that the whole
southwestern Marshall may be older that the Huron county.

¥ Grayling, Lower Marshall and Coldwater, 540-1540—=1,000.
Grand Rapids, Lower Marshall, 400-15009=1,100 about.
Muskegon, 325-1200, 1400 or 1500, about 300 Lower Marshall.
Grand Haven, 197 ?-1400 %==1,200.
Allegan, 255-990—=735?
Asgyria, 320-1400—1,080.
2 See refere s _in Weeks Bull. 191, TU. 8. G. 8. p. 260 But add also Am. Jour. Seci.,
Vol. 33, pp. 852-356, and Proe. Acad. Nat. Sci., XIV, pp. 405-430,




80 BOARD OF GEOLOGICAL SURVEY.

The Huron county section is fullest, as follows:

Napoleon (Upper Marshall) sandst :
ﬁowir )Iarsha_ll (Original Marshall)One ........................ 500 300
Lfl‘.(ll(u:\l:l)()(l Pomt shll(’k fl']lfl' .Sja.n.d.}i .ﬂags, fossiliferous, *“typical Marshall”

Port Austin sandstone......... . [T 5 385
Sandy shale. . ....... .. . T 3 408
Point Aux Barques sandstone.. ... ..... .. T 68 476
Shales and flags with Romingerina Julia. .. ... .. ... . i %93
Grindstones with bands of peanut conglomerate and broken .g,;o.ﬁié{i‘té' shells éé 5%6

The facies with the batt : i

> Tacies ie batteved shells, chi [ ‘now coal)

and Tames Witk . ‘ > ¢hip pebbles, (now coal), Solens
e pranchs 1s a real shore facies. As we go toward the center

(?Spé é;}q})]d&lflll th? sandy facies of the Lower Marshall seems to disappear

) v 1e clear 1% 3 Q Y VT B & 1 »
e I o Hhe ¢ v( 1§} \\_hlte_,sandbton(?, nor is the upper sandstone so thick?

1e Bay City section is, according to Cooper :

Napoleon.
'{’op ..................................... 5
%andstonaA,..,..,......,.H......H.,A...' """""""" 20 p 850
Shaly . ... 20 10
(,oarsegrays:uulstone_,..A..,..4.“,,......AHH..-....:;.'.' 80 120 to 970
Lou‘clg Marshall. 120
ed sandstone........ ... .. ... . . . . <
Blue shale..... ... ... ... .. i e 2 50
Red shale. ......... . ... . . [ i ‘30 P
R_edsandstone...,,....,.,.......A.......' ............. g() 370
Light blue shale......... ... ... e i 238
Red shale............ . . . . e ? e
Red sandstone...... ... .. . . i 108 Zigt 1290
................ o 12
320

This may quite likely include the Coldwater down to the (Point aux
]}arque_s) Light house conglomerate, but a similarly varied section i
found in the older well. In Grayling we ecan iderftify one ;andstoné
Srlllll.i\/)’m(‘étff)-z”):i()]) and below_is all plastic blue shale (w'ith a little iron
1);1 o slﬂa(]e;)((ll tm{)gongzil) m kidneys occasionally) down to black Sun-

In Abna we have:
Napoleon white sandstone

Lomer M sand R I PN 85ft
Fog oo parshall 1e( sandy .S.h.{%le ............................................ 200
............................................. 20
305

At quckmfu- south of Saginaw ave 245 feet of red and blue shales
ben_eath ﬂlg Upper Marshall. At Owosso and Corunna there was such :
varied section that {here seems to be some reason to believe th(:lt dur’in:i
i’hg ]ate_Cold'\vater and Marshall there was not only a slight uplift bn?
a fold 1-1ghi‘f in Michigan, between Lansing and 'Owossg 80 I{'haf the
;ﬁil(;)re Illnzly nave run nlong in a wavy line projecting uort’h of Lansinz;
o ;1]e1ext;f(§(l1 .(.mmf,\, to Hillsdale, while the north part of the basin was

We ﬁnd. ii’_(lifﬁ(tult at St. Johus, Ionia and Lansing to recognize the
Marshall in imperfect well vecords. The Charlotte ?vell is ir?] ort t
though peculiar in that the Bellevue limestones near I;y do not shoI\)v Ii%lltllt
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he sandstones in it from 370 to 680 feet down (316) should almost cer-
tainly include some part of the Marshall, because their base is about
1.270 feet above the base of the Antrim, which agrees fairly with the
soction in Huron county (436 - 1061 =1517, though to be sure a more
exact equivalent would be the Light House conglomerate (1517-176 =
1341. Again correlation with the base of the sandstones in the Assyria
well gives a dip of 14.4 feet per mile, and the dip of the base of the
Antrim shale is about the same (15.6 feet per mile). Such a dip would
bring the sandstones between 370 and 630 ft. to outcrop beneath the
Kalamazoo valley along which the Marshall sandstone of the southern
part of the state outcrops. A somewhat steeper dip of 21 feet per mile
is indicated as the dip of the Antrim from Coldwater to Charlotte and

“such a dip would make the Charlotte well and the oulcrops agree

exactly. _ )
The record of the Assyria well, 917 A. T, is as follows, which we

may summarize as:

TOp At . o 240
Tpper Marshall . ... ... ... ..o i 80ft.
TLower Marshall -
Calcareous blue and sandy shale......................... 110
Gray fine sandstone.............. ..o 20
50 180 260

Gray sandy shale. . ... ... ..o

Winchell originally ascribed 159 feet to the Lower Marvshall.

A correlation of the deeper beds of the Assyria and Kalamazoo wells
leads to dips of about 24 feet per mile for the deeper beds. The upper
dips are always less so that the outcrops exposed in the Kalamazoo
valley about 100 feet lower and 10 to 15 miles farther southwest, must
be near the base of the section thus assigned also.

The Grand Rapids well gives a comparable thickness of sandy beds
from 128 to 400 =272 feet. The rise to Grand Haven must be 100 to
200 feet so that the corresponding strata there should be less deep. We
find red sandstone 197-205; and red clay to 210, then sandstone and lime-
stone to 600 feet, corresponding at Grand Rapids to 712. The Jackson
wells are varied and notl easy to interpret, but unless we imagine a
fold not in harmony with the strike of the Bayport Maxville limestone
at the surface, it should only include the sandstones down to 430 feet
and I made an error in correlation in V.

Now how is this thinner section in the southwestern portion of the
state produced? As the Marshall is an emergent formation it is casy
to assume that this part of the formation emerged sooner and was more
eroded, and less soon covered. The series that came after the emergence
should be less complete then also, and as a matter of fact the Michigan
Series here lacks gypsum and seemns otherwise less complete.

But may it not be that not only did emergence but the tendency to-
ward emergence indicated by the sandy facies begin sooner? There is
a faunal indication of this.

The Marshall is well exposed in Hillsdale county, and thence by way
of Allegan to the Waverly sandstone quarries near Holland, The well
of Dr. 8. Monroe of Grand Haven shows from 197 to 600 (403) feet
of varied red, sandy, shaly and limestone beds that may be lower
Marshall. The Waverly quarries near Holland gave Cooper a fauna of
the Raccoon shales of Ohio and thus would correspond to the Coldwater
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shales below 1] i . .
\qutf( b(,glmy t:jo. Light house at Point aux Barques,  This same fann
b H . K 3 . e NONg .
as tound at Verona Mills, near Battle Creek, at Marshal] bt
dale county’, - a4t Marshall and in Hills-
At Veron: ills the T+t
\\“'li‘il'\lfgglni;()Mlmdﬂ]elHl(uﬂe Creek water works wells show 150 feet of
¢ aring sandrock beneath? and wellx . arlin 1] I
state of wffaiie: and wells at Marshall show a similae
Thus thes . .
which c‘mebee l)te.(.lh;;((lllq clearly up in the Marshal] sandstone formation
Couhh- ¢ W "1(1(‘,L in a .hos:t of wells for witer all along to Huron
below the ]l‘l') Jl;edbona})]e dip indicates that they are not over 300 feet
llotrove‘r iy(})n{l‘(hmne of Bellevue (Bayport or Maxville) and most likely
) R Q 7 . / s <
for the \I;r 'I'G‘(ltl belon .““,3 top of the Marshall. Thus the total thickness
addine {he ls():)ato 01f~5h£s g)z}rt of ]rhe state of a little less than 300 fee?
: 2 QU leet Trom the wells agrees wi N !
‘ colle at (1a. ; : S with all we have f
lnr[“[]he W iz]]a at Grand Rapids and elsewherg At we have found
These beds ‘eover hav . AN
COUI)’[SL I:L(%s 11]101(30\61 have a fauna which has not been found in Huron
south%',estm).l ‘11;1\7(; ﬂle ]{Iuron county faunal zones Dbeen found in the
fauna 15 ‘rhlf 1 of the state ‘exacﬂ_y, But the Light house conglomerate
’\J‘u‘s(hqh ; € same (,m.rhat of Herrick'y conglomerate 1 , and thebqouthéui
M d P ‘ @ T - - I . *
dir-ecﬂ(v , auna 1s, said W inchell; the same as that of the Raccoon shales
coma ""})O)?:elctdgllthe ;‘Inme, and hence should be found in Huron ('kou(nt\h
2 et below the base of the Mapyl ; ’ Y
p se o] Marshall as there delimi
A s ¢ atural exr . @i as there delimited.
Werl('e/l’[l(l)]g;ie imfi natural explanation would be that the Marshall emer-
;Ile (]UGSﬁO]Il) alie (?arher to the southwest than to the northeast, and then
f al once arises, must we not rever - it
Lower Mareh: A LW reverse our definition of ie
equ\ivalgf;’lfl ]%111111{1, bringing it down to include the Raccoon shales and ‘rht‘lillc'
; uron county, down to Port [ nea ing ot
to the Huw ) o o g : 2 ope nearly, adding 200
feot Thilj:]"lonl ‘1(9}1111,_‘} vagctlon, ﬂ‘nd making the Marshaf] theregover 7?(,6(15
leans fo 1_]L- Bulfls 7111(11} be the future solution of the question. Coopeﬁ~
So we must ask ‘\‘\fl)litl 0]'111]1((111‘ bepas S asl bossible hefore making changes
' St & ‘ tations are there of a Iand p A D
rection? . . e et > a dand mass in this di-
umn to theu’fgpd;i? 121161\(31 an,ls ﬁldmuhons of a shortened geological (g]l
. ) e Marshall in this direction? 7 . o
tion the following table gives answer on? To the second ques-

Grand Haven
' . + Grand Rapi
215 base of Marshall. 128 top of ?\"(Iars}?z}l,)lllds‘
. ’ ) 420 base of Marshal
‘49(3 top of Antrim. 1500 top of AnSrlifr}]l?lL
i 1775
567 allowance for Antrim. EE
1752
Top of Mardia Assyria.  Charlotte, Jackson No. 2. Alma, Bay City. Huron (%o
Marshall.. ... 249 7 : . -
}%ase of Mavshall. . .. 500 570 5007 101 >0 fonon-
Top of Antrim.... . . .. 1400 - form-
1755 1950 1767 2640 2580 s
1515 1580 1467 1—(;2? ;‘E QBE

h er T ] 1 R+ - 1
y ’ql 1jtf}ihtﬁ?ngiunmng as compared with the center of the basin. There
8 4 Te ng as compared with the Hup : ion, ot
) ) : , aron county sect
o o it ning - npa Y section, but 1
gh, and we have besides to allow for a dropping out of Bérea bel((})i

0
! Paleoneilo concentrica a
1eo; ca and allenuata ar adi S
2Michigan Engineer, 1906 P. 136?“ethe leading forms.
3Volume V. ’ )
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and for the unusual thickness of the Huron county Upper Marshall as
oiven in the column, which seems rvery local.
" The limestone character of the western Coldwater is rather against
its earlier emergence, as well as the relatively wide spread of the west-
ern Kinderhook.
There is an alternative hypothesis (supposing the paleontological
facts to remain established) and that is to suppose that the I’aleoneilo
fauna of the Raccoon shales were immigrants northward that reached
Ohio earlier Lbut did not reach Michigan until later, until after the begin-
ning of the Marshall. This seems to me the more likely because the
fauna most like that of the southern Michigan Marshall that we find
in Huron county is way up in the Lower Marshall at Flat Rock Point.
32. Michigan Series. Lower Grand Rapids. Logan or pessibly absent
in Ohio? (380—generally about 200.)
The Marshall is Kinderhook of the Illinois reports. Following the
Marshall there was an emergence and an interval of erosion without de-
position of some time around the edges of the basin, but perhaps none
near the center, for the series there is of greater thickness and its de-
posits of gypsum attest its cut off character like the Caspian. In the
Mt. Pleasant well it is 358 feet thick (1050-1408), at Midland 330 (920-
1250), at Bay City 220, at the Saginaw Plate Glass Works 206 (616-
820), ILast Saginaw 236 (398-634), and in Huron county we could make
out but 197 feet. The Grand Rapids sections are also curtailed.
The Mt. Pleasant section follows and a comparison shows that it is
fullest of any in the state, and that always there is a gypsum or anhy
drite bed near the middle of the formation, and that with this is associated
dark colored dolomites and dark blue shales. Sandstones are thin and
irregular and in some cases there are dark limestones toward the base.
These dark impure limestones, are quite different from the Bayport
limestone. The section around the margin if at all full is something like
200 feet, but from Tuscola county south to the Assyria well are a lot of
wells in which it is hard to recognize this or the Bayport at all. Ocea-
sionally, as around Byron, very salt water near the surface may indicate
outliers of it. The water from the formation is salty and “bitter” full
of caleium and magnesium sulphate and in that rvespect very different
from the Marshall immediately underlying. The absence of the Michigan
series from the southeastern part of the state does not seewn to be wholly
due to erosion at top but to uplift of the bottom, the emergence of the
Marshall having progressed so far that this part of the state like the
corresponding part of Ohio was out of water, and so the Michigan basin
cut off, making a gypsum and delomite precipitating sea.

Mt. Pleasant section.

Top at 1025 feet. ’

Shale. . . .. 5
Sandstone. .. ... 20 25
Dolomite and shale. ... ... .. .. . . 75 100
Anhydriteanddolomit‘e‘A..4....4.“.................H.,H,.AH..»..1()0" 200
Anhydrite. .. .. .o 45 245
Dolomite, shale and anhydrite. .. ............ .. ... .. ... .. . ... ... .. .. 103 348
Sandstone. .. ........... e 8 356
Shale. ..o 5 361
Sandstone. ... 4 365
Shale. . ... 15 380
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The date of this emergence during which the Lower Michigan was
forming in the center of the basin is pretty definitely fixed on paleogeo-
graphic grounds as that of the Upper Augusta® or Osage and the interval
between Logan and Maxville of Ohio. The Michigan series seems to have
continued forming until a depression to the west opened connection with
the wide ocean at the time of the Maxville of Ohio, upper St. Louis or
Kaskaski and Chester of the Mississippi Valley, this elevation during the
Mississippian culminating between the upper and lower part. The sec-
tion seems to be continuous without disconformity to the overlying lime-
stone, which I have called Upper Grand Rapids, since both sets of beds
were well exposed near Grand Rapids and seem in many ways bound to-
gether. The Lower Grand Rapids must then include the Lower St.
Louis and probably the Keokuk and perhaps in the center strata repre-
senting part of the Burlington, the time Kinderhook-St. Louis including
an era of emergence in which all of Michigan but a central sea was out
of water. The exact date of the greatest withdrawal of the sea we can
not exactly fix,

The dark and sometimes even black slates and the blue and dark im-
pure dolomites, while the general association of dolomite and gypsum
is like that of the Salina, give the formation a more muddy look than
the Salina and ome is inclined to believe that some land waste and rain
erosion was still going on, though local conditions favored concentration,
and after all chemical erosion and deposit was much more important in
the Grand Rapids than at any time since the Traverse.

33. Maxville or Bayport Limestone, Upper Grand Rapids, Upper St.
Louis, Middle Kaskaskia. (235 to 50 usually eroded).

This formation marks the culmination of g transgression which closed
the time of the Michigan series. Generally it is only 50 to 75 feet thick
or less, and seems to be much eroded away by a heavy erosion and up-
lift that took place after its formation, But in this Mt. Pleasant well
there is 235 feet that may belong here, to wit:

Top at 790 feet.

Shale and red limestone (weathered)?................ .. ... .. . . 30 820
White limestone. .. ... I 30 850
White sandstone, very salt water... ... ... ... 0. e - 120 970
White limestone. ... ... ... .. .7 e 55 1025

Lithologically Dboth these white limestones resemble the Bayport lime-
stone, both effervescent, high grade calcium carbonate. The sandstone
between might be taken as Parma. But the pebbly character of the bed
above 790 feet is more that of the Parma. It may also le suggested
that the white limestone and sandstone should be considered Michigan,
but they are lithologically entirely unlike the Michigan elsewhere, which
seems to be amply represented below. However neither the Alma nor
Midland wells show any such thickness of even possibly Maxville. But
the whole formation exists merely in fragments, the subsequent erosion
was so heavy. ILight bluish hard limestones, with chert and white sand-
stones are characteristic. It is the typical old subcarboniferous lime-
stone. Faunally (with Allorisma, Lithostrotion Canadense, ete.) it is
also closely allied with the Upper St. Louis, the middle of the Kaskaskia,
and the Ohio Maxville an epoch of maximum ocean extent at this tinie.

“See TITuron counfy report, p. 13, but see Chamberlin, II, pp. 501 4.

S
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1 do not know any good reason for not calling it Mavxvillie..‘ O:va]gqt'(?
the heavy subsequent erosion there is no telling ho“v‘ fzu‘ 1}t 111%))g 1;l:d
extended, but it certainly extended into Huron and Arenac (;ounc(, h(ave
thence west. It also ex’g:nded lsou‘fh of Jackson, and may once
: rer i hio continuously.
goiliem:x(lzr Iillfoaol*egion, from Tuscola county south qround Durand,
Morrice and Howell, there seems to be an area Wheye 1t. doe.s not ntoz
occur and perhaps never occurred. An antlchnal‘ uplift e.ﬂfhel plc\(;aj ed
its formation or caused it to be e.roded away. I<119111 Jadﬁon tot q‘(}rr;g
Rapids past Bellevue and Assyria, however, th.ere are -;8(]1.15}111 qklyzr;v
of its presence, though the coal measures are laid upon it with a very
g rmity.
miiksgf;li?ffg I;fa(():ltlil()lf)at Bayport is g‘iYen in the Huron coﬁuntiy re‘z‘p(zrt‘ zulldv
the following section at Grand Rap}ds ].)1‘e.pared over 50 years ago hy
E. A. Strong for A. Winchell is of historic interest:

“Stratification at Taylor’s Quarry.

Subcarboniferous Limestone—Grand Rapids.

2° Soil—reddish with boulders................. e 3)
1° Soil, with thin flakes of limestone‘ ............ e, 2
Found everywhere above the lun(]est(f)ne.t 1 .
’ magnesian limestone, much fractured.. R 3
* Inz)u;t(}ratm; very like Nos. ’ 3 and 5 is foupd in the Dbed
of the river below the D. & M. R. R. bridge. .
4’ Do massive, of conchoidal fracture..... e - :
(i Like (3) .....ovovioan. e e R e B
2 Shale, very soft......... oottt i, i
6’ Like (4) ovevvniiiiiii i, e :
2’ Shale . ...... e e e e e e X
114° Massive lime rock ......... e e o
2’ Shale . PR SRS UREEIEEEE e e 1.1
115° Limestone—impure—‘red band’ ............... .. .. ...... .
Entirely local. "
3’ Shale . ............... N -
2° Fractured limerock ....... N 9
27 Shale . ........ e e e .
3146° Massive limestone . ........ PEE R e ¥
5 Shale, dark, with Cyathophylli, & ......... ... ... .o .. 18
6’ Like (15) .............. e e R an
’ Tke (16) vttt e e e 3
il/go lﬁas(;i\fe li)me rock irregularly banded with shale............ 19

. . . Ker
This stone is dark blue, blotched and veined mth Qal >
and has the appearaﬂce of the lower bed at Scribner's

quarry.
NOTES,
“(3) and (5) are quite fossiliferous, abounding especially in Allorisma,

i rer 7i 3 :onchifer. (7)
etc. The upper surface of (4) is covered with a sm_all. conc (
is like (3) g%ed (5) except in structure. In places it is so filled with

!See Michigan Miner, Dec, 1906. U. 8. G. 8. Water-Supply Papers, 182-183.
13
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lamellibranchs that I have designated it the Allorisma bed. (9, (15)
and (19) yield a very good lime. This stratum. spoken of at length in mv
notes of last year, is not found useful as a bililding stone. “?ithin the
compass of 40 feet it changes to an ordinary limestone, {(13) resembles
(3) and (5) except that fossils are rave. It Las the saine smooth rectan-
gular fracture and like them, though hard when fresh, crumbles quickly
upon exposure. ' '
The above section was taken early in August, since which the rock
hflS been penetrated to a depth of about 25 feet in stone mainlv like
7\x0' 19. 1 have exaggerated the color in my statement above (Noi 19).
Ulr(? stone however in the upper part is much blotched.
The strata vavy il . Chicgern, e Jopi st angle of the quarsy.
X A S8, e 3 shale. On the south
side a mass of sandstone containing carbonaceous particles is obtruded
throqgh Nos. (19), (18), (17), (16), and (15). It cleaves away from
the limestone on either side, keeping its structure quite up to the lime-
stoqe. Near by a bulging mass of indurated clay is thrust up from No.
(18)_ nearly through No. (15). The former is Vir-regu]ar, and does not
continue across the excavation, and is usually about 2 feet in thickness:
thg latter is a flattened hemisphere of about 2 feet radius. So far as obi
tained in the neighborhood Nos. (3), (4), (5), (7} and (16) are uni-
form and persistent.” ; ‘
Winchell divided it into:

(¢) Upper 10 feet

(b) Middle or red layer 5 feet

(a) Lower, arenaceous below 51 feet.

66 feet.

A thickness of 50 to 100 feet is very wide spread® but around Owosso
and -Corunna it can not be identified. At Lansing it seems to come in
from 442 feet down to 477 feet at the city waterworks, 319 or 412 feet
to 435 feet at the Industrial School, west in Merididn at about the
same depth, at a little over 300 feet under Mason and in some of the
Jackson wells, while it is cut out in others.

On the whole the climate was not one that favored the formation of
shales, but limestone, chert and clean white sandstone rather, and as
the continent was sinking, the rivers tended to aggrade and leave their
mud before reaching the sea.

At the close of the Bayport formation the state was quite likely lifted
ent{rely above water for quite a while, since wells in the center of the
basin as mear to each other as Alma, Mt. Pleasant and Midland show
very different sections, and the Parma conglomerate base of the coal
measures appears sometimes at one level, sometimes at another. The
Baypprt is apparently entirely gone at Alma.

T.hlS t'hen would be the line between the Mississippian and Pennsyl-
vanian, in this state the strongest disconformity since that at the bage of
the Devonian, and the first time that there is any evidence that the
whole of the state was above water. '

34. Parma Conglomerate. Pennsylvanian, Pottsville (170 feet—)
(basal member). \

"Saginaw Plate Glass Works, 75 to 81; East Saginaw, 65; Bay City, 70-80.
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The recurrence of deposits in Michigan ix marked by-a bed of con
olomerate. The pebbles are not always present and are rather smali
and very white, about like split peas, and the mass of the formation is
sandstone.r  The name is taken from a point on the margin of the basin
which is very likely contemporary with shales, ete., in the center. As a
term then, it ig, Tlike the Potsdam, not to be taken as of definite age but
as the underlying basemental and shoreward facies of the Saginaw
formation. As a very persistent horizon easily recognized by the pebbles
which are rare in the Michigan column and as an economically import-
ant water bearer it deserves a place in the column.” Compared with the
Marshall brine beneath it has less of the earthy chlorides, more of the
sulphates.

The wells of the Saginaw Plate Glass Works have a set of samples
which show the characteristic Parma and the strata above and below
and are given in an appendix.

35. Saginaw Formation. Upper Pottsville. (400).

This is the coal bearing series of Michigan. All the other formations
secem actually to dip and occur deeper at the center than at the margin
of the basin. Mr. Barnes, chief driller of the consolidated Coal Co.,
thinks that the marginal coal seams, at Sebewaing and Jackson, cor-
respond to the deepest seam at the middle. I am hardly inclined to
think it. Their chemical character is more like upper central seams
and the fauna and flora of the upper seams at the center and the flora
at the margin seem similar. No indications have been found of any
fauna or flora later than the Pottsville, the age of anthracite coal in
Pennsylvania, but a large part of the area is unknown. The series is a
succession of white shales (so-called fire clays) or sandstones, black
shales (called slate) and coal; and blue shales, with occasional thin
bands of Dblack band ore (siderite), and nodules of the same containing
zine blende and iron pyrites, and very rarely limestones with marine
fossils®, More commonly, but still rarely, in the black shales a Lingule
carbonarie ov mytiloides, and at Grand TLedge a little pelecypod like
Anthracosia occur, and this Lingula seems to mark a definite horizon,
that of the Upper Verne, the two Verne coals often occurring close
together and sometimes having & limestone between. The complete flora
and fauna which I take to belong to the Verne is as follows: (D.

White).
Upper Verne Roof.

Lingula (carbonaria or) nytiloides.
Anthracosia o Macrodon carbonarid.
Lepidodendron aculeatumn (early) like obovatum.
lycopodioides and obovatwm.
Lepidostrobus veriebilis.
Neuropteris n. s. (near desorii) fleenosa, and one like harrisi or
rarinervis.
Sphenophyllum cuncifolium Grand Ledge.
emarginatum,

!Still Mr. Barnes tells me this pebble facies is pretty persistent all over Saginaw Bay
and Tuscola counties, but it seems to also occur in Lansing in the body of the coal forma-

tion.
2Vol. III, Part 2, pp. 42, 43, 96, 203 : Report for 1907, p. 19; Report for 1905, pp.
185. 188.
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Cordaites borassifolius.
Cardiocarpon cuyahoga,
Diplothmena,
Mariopteris? muricata,
Lepidodendron clypeatum, Jackson.
Pseudopecopteris cf. avoldensis Star sp.
Sphenopteris (Crossotheca) n. sp.
P. Sphenopteris (Palinatopteris?) sD.
Pecopteris dentata,
Calamites rasnosus.
Bothrodendron minutifolium.
Stigmaria verrucosa,
Heterangium.

Letter D. White, Jan. 24, 1905.

Lower Verne Roof.

Lingula

Orbiculoidea (Discina).
Productus Prattenanus.
Productus muricatus.
Awvicula acosta.
Pleurophora oblongus.
Nucula ventricosa.
Trepospira sphaerulata,
Orthoceras rushense.
Nautiloid,

Fish.

This is Upper Pottsville (Reaver or Kanawha) near Mercer, compare
the Kanawha Black Flint, Mercer limestone and Stockton coal, and is
also near the top of the Saginaw formation. How much lower the base
may possibly go we have no means of knowing. But there is reason to
bellfzve that there was not continuous deposition even in the center of the
basin, and the Upper Pottsville is over 1,200 ft. thick in West Virginia.
_ As a whole the formation is composed of beds of rather rapidly vary-
ing thickness and character. This is true also of the coal seams. Tn one
mine they will rise and fall 20 feet and more, pinch out or pass into
plack shale. A curious feature is a local persistence of facies. That is,
n one township there will be a great deal of sandstone at many levels
at another there will be much shale at all levels, in one region ihany ot"
the coals will be prominent, in another none. Finding a good upper coal
is by' no means a sign that the coals below will be extra thin.

This points to a certain persistence of geographic condition. If a big
sand fiune or sand bar occurred in a point flanked by a peat swamp on
one side and muddy clay depositing waters on the other, while it ex-
tended more or less widely and shifted a little from time to time, yet it
tended to remain in the same general region, and even built up as the
general level of the water rose. We can see that this might be so by
watching the eflect of rises and falls in the level of the Great Lakes. A
rise of 7 feet may not seriously shift the location of a swamp and the
barrier beach that cuts it off from the main lake.

T —
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The writer made a list of some seven coal horizons, to which Cooper
has added seven more, making the complete list as follows: Reese (Zoal?
Cnionville? Salzburg Rider. Salzburg Coal, Upper Rider, Upper Verne
(oal with ILingula shale roof, Lower Verne Rider, Lower Verne
Coal, Middle Rider, Saginaw Coal, Lower Rider, Lower Coal, Bangor
Coal, Bangor Rider.

When we consider that the whole 14 occur within 400 feet, most pf
{lem too thin to work. and that one seam may vary 20 ft. or so in
elevation and thickness in a couple of hundred feet, but little stress can
be laid on any such series. The Verne bunch are, however, at a fossili-
ferous (Mercer) hovizon often quite close together, showing as a 7 to 8
foot wall with partings, (Compare the Stockton coal) and it is curious
that White gives 13 horizons in the W. Virginia Upper Pottsville.

I have an idea that they have a drowned river valley effect, on the
southeast side of the basin, the longest axes of the coal rupning nor_th-
westerly in a very irregular way, but the general shore line trending
southwéster]y from Huron county, something like the Carolina shore
south of Hatteras turned around.

Possibly Permo Carboniferous?

36. Woodville sandstone. 110 (Conemaugh?)

Winchell separated off above the coal measures a sandstone he called
the Woodville 79 feet thick. It was named from the exposure at Wood-
ville near Jackson. :

Now at Maple Rapids, St. Johns, Tonia, and Gladwin!, we find a
brown or reddish sandstone. This is not a normal color for a coal meas-
sure sandstone. It may be that this reddening is an effect of weather,
but I think not and we may as well call it Woodville until we know the
Woeodville does not represent it. ITonia would be a much better name
and is in commercial use. The Woodville exposure is not red but buff.
Still it is weathered, friable and over 40 feet thick. From the way these
red beds occur in some wells but not in others near by in the Saginaw
Valley, we may be pretty sure that they are unconformable to the series
below. T suspect, therefore, that it is not Allegheny but at earliest
Conemaugh, some land formed deposit of the late Carboniferous (Penn-
sylvanian) or early Permian. No fossils are known. The red formations
seem to be more abundant in the western part of the state and that part is
heavily covered with drift. And then the redness may be a purely sec-
ondary oxidation.

During the rest of the Paleozoic, the Mesozoic and the Tertiary, Michi-
gan was, so far as known, out of water, though there is reason to be-
lieve that at the time of the Cretaceous the sea reached nearly or quite
to it, and it was nearly wornh down to base level. At some time every-
thing from Niagara to Keweenawan around Lake Superior, was levelled
off, and even the harder felsites and granites did not rise more than
four or five hundred feet above the general level. As we find fragments
of upper Cretaceous not far off in Minnesota on the Mesabi Range and
westward (Dakota and Colorado) we are inclined to put the culmina-
tion of this period of levelling at that time.

On the other hand, deeply incised valleys and caves in the limestone

iVol. VIII, Part 2, pp. 158, 139, 164, 166. 195, 196, 197,
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suggest a period of high level in the Tertiary between that time and
the ice age. Some time someone may find in the prosecution of the
limestone quarrying, around Fiborn or Alpena or Monroe in the caves
upon which one comes, vestiges of Tertiary cave life.

37. Pleistocene and Recent Deposits.  1110-0.

Michigan is so near the center of the latest glaciation and that was
geologically so recent, the effects of ice blocking the St. Lawrence valley
having lingered so far as one can judge until within a few thousand
years, that it does not seem sensible to divide the glacial and Pleisto-
cene from the present. Mammoth and mastodon bones are found within
a few inches of the surface and where forest clad the topographic forms
left by the ice are almost as sharp as when left, with much less alteration
than 50 years of farming will make. However, beds of peat 30 or 40
feet® thick, of boglime2, lacustrine and alluvial clays® 14 feet thick and
perhaps more, have accumulated and formations like the delia of the
St. Clair flats* and Tawas Point™. So far as we can estimate® none of
these post glacial deposits need have taken over a fraction of 10,000
years.

The greatest thickness of these Pleistocene deposits we may estimate
to be 1,110 feet near the N. line of Osceola county, 8. K. of Cadillac.
But the greatest thickness actually measured is in the deep wells near
by on the Lake Michigan shore at Manistee and Ludington, where the
rock surface is below sea level. The Canfield & Wheeler well is the deep-
est, with the drift section as follows:

(Perhaps due to present lake) Lacustrine.

Sand with gravel streaks ........ e 9% 95

Reddish gray clay ...................... ... ... ... . . 2 97
Due to early lakes?

Sand . ... oo e e 1056 202
Probably till, Late Wisconsin

Gray elay . ... oo 94 296
Interglacial, compare Lake Superior clays

Dark reddish clay .................0 ... .. ... ... . 2 298

Quicksand . ... oo 3 301

All shades of clay, some sand ........... .. .. .. ... 54 355

L 3 358
From the Keewatin center?

Till (clay, sand and gravel) ............ ... ... .. . . . 36 394

Reddish clay, gravel and some sand ....... ... ... .. . 181 575
Ground moraine of local material

Dark clay and gravel ............. ... ... .. ... .. . 5 580

Dark shaly stoft ...................... ... ... ... " 15 595

Light shaly stuff ......... LI T 7602

Shale and gravel .............. e e e 113 715

There are indications of the various ice sheets elsewhere found® but

Davig on Peat, Report for 1906, p. 156, ete.

2Vol. VIII, Part 2, p. 179 and elsewhere ; Report for 1903, pp. 86-88.

3Vol. VIII, Part 1, p. 48; Report for 1903, pp. 93-94.

“Vol. IX, Part 1; Report for 1907, p. 133.

SReport for 1903, p. 303.

SReport for 1907, p. 135.

“See Leverett on the Ann Arbor Folio: Cooper, report for 1903, pp. 340-342; Report
for 1904, p. 167; Report for 190T7.
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hev can hardly be separated systematically, in 2 ge'ologl?al c?lg:nn{
Noth in the character of the pebbles, however, and in other ways, ¢
LAY

ell : st s inly
transportation from the northwest as well as the 1101’(1;(_335‘[ 13 p%la oy
inzli;‘l‘red and at least one period Detween the two during whic
o ’ .4 . . . 1
lake clavs were in some places laid down'.

APPENDIX,

RECENT IMPORTANT WELL RECORDS,
/ N : . 25 N, R. 2
Record of drilling on N. W. 1/ of_ N. E. J/i,VSe‘zc. 3(1, ;IFTgi \Cl’leboy-
V.. on which the Campbell Stone Co. is now operating at N, A
can Co., Michigan.

...... 4 4
C-Iay,sandandbrokenrock,.....4......4...............' .............. o o
Light colored T0CK. ... oot s b
Brown 10ck, SOf6. ... ..o g i
Light rock, hard.......oooihr 6 o
Dark 1ok, SOfb, -t eu ! 55
Dark rock, Bard. ... ! 56
Blue shale, S0fb. ..o 5 o1
Blacl rock, Dard. ..o ! 62
Light rock, Sft, ..o 2 o
Blzekrock,hard..,................“...4.‘.....: ................. ! 6
Light 10CkK, SOfb. .. ooob et N g8
Mixed dark and light roek, hard. ... P 3 ”
Lightrock,hard.u.............‘..4.......4.::::: ............... ! &
Gray 1ock, hard. ..o 2 5
Mixed dark and light rock, hard. ..o 7 5
Black rock, hard. .. ... .o
Average analysis from 4 feet to 42 feet. 66,529
Caleium Carb.. . o.ve e 5
Magnesium calb .................. , 9
Oxide 0f SiCa, oo 1
Iron and alumma ................ 3
OFZADIC .+ oo oe e e B
99.94

Analysis made upon every 2 feet up to 42 feet in d%p}ll Viz)l,efrlofigz;;
95% to 97.40% Cal. Carb.; the above.ls the average. " 101113(; o ey
it contained from 6% to 9% magnesium carl. al}d 10};11 ‘AOtohel‘ ok
e ottty are.practically the sime and showed no dift

n this property are practically :
]();l(fng:‘frrll ;)Saf;;iss.m (')1‘11)?@1 ; feet I())f blue shale was }*emarkably good, giv-
ihg 689, oxide of silica and 18% aluminum and iron.

T iy (&) . e . T L5 s ar
1Report fo 1906, Russell on Surface Geology, pp 42, 73; Rominger, Volume I, T 3
p. 17.
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From C. A. Campbell, President,
Campbell Stone Co.,
Afton, Michigan.

April 27, 1907.

Record of drilling on 8. W. 1 of 8. E. 1 Sec. 19, T. 53 N, R. 1 W.,

Cheboygan Co., Mich.

Surface. . ... ..o ‘

%igﬂtco%oredrock......u...uu.,..H..........AH.'..gft. '?ft'

ight eolored rock.................... .. .. .. i i

\Vhitecoralrock...4....4,.“.4.“..4.........,“4.:‘? gm. %ift. ¢ in.

Light vock................. ... ... 4 21

\Vhitecoralrock.......‘....4....A.‘...“...........:2 6 23 6

Light rock . ................_ ... ... .. ... 2 25 6

Whitecoralrock.,.....‘..4....‘..‘.......4.....4....‘H 6 26

Light rock. .................. ... 4 6 30 6

Dark rock. ... .......... ... .. ... .. . T 2 32 6

Light rock. . ... ... ... .. . ... . . 6 6 39

Dark rock................ .. ... ... . . o 1 40

Blue shale.............. .. ... ... . ... 8 6 48 6

GrayshaleQ 50 6
Average analysis from 2 ft. to 30 ft. 6 in.

Caleium earb.......... ... .. ... ... .. .. ...

Mag. carb |1 507

Iron and Alum........... . .. . . . liiiirrerreieeeeees .38

Oxide of silica. .................. . [ I 3.40

The above is a fair sample of drillings on 8. W. 1/ N 3
S, W. 14 of N. E. 1/, Sec.
25, R. 35 N,, R. 2 W, also on N. W. 14 of 8. W. 1/, Sec. 13, T./%M N,

R. 2 W, and N. W. 1/ of 8. W. 14 of same section.

CARMEN WELL, PETROLIA.

Surface elay.................oo

Hamilton.
Streaks lime and shale (my Traverse) at St. Clair 775............ ... 240
Corniferous lime (streaks brown).................... .. .. .. .. 190
At St. Clair about 900,
Onondaga (my Monroe). . ............................ ... 690

At St. Clair about 1630.
Gray and Black Dolomite (Salina)

Salt. ...
Dol L0 L %
gag and light streaks dol............... .. ... ot 170
I
Salt and dol. lime............... ... .. . [l fi)(())
Salt. .. ... 25
Gray dolomite................... .. .. . . i 10
alt. . ..o
Dol. and salb....o. oL e gg
Salt. ... o 138
é)cil. and lime shale............ ... .. ... . . it 130
g e me shale
........................................................ 90
895

1275
1295
1465
1555
1605
1630
1640
1707
1747
1885
2015
2105

2105

~
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Guelph and Niagara lime. .. ... o
Niagara shale (red and dark)........ .............. ... ..

CHNEON .« ot i e ‘

Red Medina . . oo
Hudson River shales (light)...................... ... ... P,
Utica (dark) . .. .o
Trenton (Trenton, Birdseye and Chazy)............. ... ... .........
1015 ft. 6% in. casing, no salt water or pressure of any kind found in Trenton.

Finished Dee., 1900.

Alpena Land Company well No. 1, at GRaxp LAKE, near ALPENA.

Devonian
Bell shale. . ..o
Cf. Carmen 330 P. H. 5.601

50

Dundee crinoidal and fossiliferous limestone, bituminous and pyritic 215

Silurian
Cf. Carmen well 520 P. H. 5710
Goderich group 2.
Monroe
Mixed samples of dolomite and limestone............... ... .. ...
Luecas
Stylolitic limestone...... .. ... ... .. .
Ambherstburg
Blue and buff dolomite. .. ... ... ... ... ... . ..
Anderdon limestone.
Brown limestone........... ... .. ... ... ..
Dolomite and lime. ..... ... ... .. . . .. ..
Limestone . ... ...
Compare Goderich group I1I.

Black shale mixing with sample below, and limestone. Cf. Milan 830 80

Limestone, often ecrinoidal. ........ ... . .. ... .. 85
Sylvania horizon. Cf. Milan 845-890
Cherty, crinoidal limestone. . ... ... ... .. ... ... ... ... .. ... 100
Largely chert...... . ... . .... 30
Cherty limestone...... ... ... . i 170
Water Analysis 1.
Gashed dolomite and limestone. ... ... ...... ... ............. .. 20
Limestone, sometimes deep brown (dolomite too)................ 85
Bluish dolomite, often gashed, with a few grains of sand........ 25
Limestone, with a little sand, brown at top, then yellow......... 130
Water Analysis II.
Water at 1257 feet.
Dolomite, Cf, Carmen 1210. .. ... .. ... .. . . . . . . i 24
Top of salt formation or Salina, just about 450 feet below the cherty crinoidal
Iimestone horizon that can not be far from the Sylvania horizon. Com-
pare Goderich groups IV and V.
T Salb . .o 6
Brown dolomite. . ... ... ... 50
2—=Salt and dolomite. ... ... 7
Hard layer. ... ..o 5

3 [Dark salt. .. ... 5

1 Salt, very clear from 1360-1395. ....... ... ... ... ... .......... 80
Anhydrite. ...... ... 28
Reddish sand, marl or anhydrite. ......................... ... .. 5

(8alt. . 40

| (Top eight feet reddish) :

4{ Salt and anhydrite?....... ... ... .. ... 4
| Brown salt. .. ... ... 14
{Salt and shale. ... .ot 5

Dolomite, anhydrite and shale. ... ..................... ... .. ... 19

14
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2380
2440
2530
2805
3010
3175
3777

295
310
380

435
450
535

615
700

800
830
1000

1020
1105
1130
1260

1284

1290
1340
1347
1352
1357
1437
1465
1470
1510

1514
1528
1533
1552
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04
{Salt"and anhydrite.............. e 20 1572
[ Salt, clear. ... ... 17 1589
54 Impure salt with shale aud anhydrite. ... 0.0 o 00 00 5 1594
i Salt, mainly clean, white. .. ... ... ... . oo 57 1651
[ Salt with eclay and anhydrite streaks at 1655-1678.............. 50 1701

Cf. Carmen well 2105,
Anhydrite and dolomite......... .. . oo ool 11 1712

Record of Taber Well at Graxp Leper, furnished by W. D. South-
worth. January 1908.

First 75 feet sandstone.

Next 2.5 ¢ coal

At 77.5 “  struck sand rock.

“ 110 “ fresh water vein, in sand rock,

“ 287 “ struck large vein fresh water, still in sand rock,
“ 300 “  struck chalk rock.

“ 303 “ struck shale rock.

« 385 “  struek mineral water.

“ 512 “  struck brown rock. Bottom of well.

Record of well at foot of Harrison street, 14, mile down the river
from the above Taber Well.

Sand rock . ... 6 feet
Five clay. ... ..o 9-15
Shale slate. . . .o 5-20
Coal. . o 1-21  «
late . o o 9-30
Slate and soapstone........... ... 1848 «

59-107 ¢

Sand rock. . ...

A record of a LupiNeroN well put down by J. 8. Stearns, with samples,
is as follows:

Pleistocene., Sand....... 108 198 10 inch casing to 204 feet.
Pink clay.. 68 266 Water at about 300 feet, T, 53°
Gravel...... 94 360 Both pink clays are calcareous.
Pink clay... 155 515
Gravel. .. .. 61 576 8 inch casing to rock.
Limestone. . 74 650 With 15 feet of porous granular limestone and

. salt water 35 feet below the casing.
Coldwater, Blue shale 550 1200
Antrim Black shale. 200 1400
Traverse Group......... 625 2025 Brown limestone 25; blue shale 35; brown
limestone, oily, with H,S 40; pure lime-
stone 250, possibly Dundee?; brown sandy
dolomite 160; caleareous shale 90.
Monroe Group?......... 279 2304 Dolomite 25; limestone 25, cf. Anderdon or
Dundee; dolomite 25; Sylvania sandstone?
1010; sandy dolomite and anhydrite 121;
salt 8.

These sandy beds in the Monroe may be compared with those at 750
feet at South Bend; 1,100 feet at Dowagiae; 1,650 at Kalamazoo.

U. 8. Geological Survey Well No. 25. Six miles 8. T. of MANCHESTER.
Manchester Oil Co. C. A. Illiot, driller. Corresponds to the record by
W. F. Cooper already, which le considers all in the Coldwater forma-
tion. 8-29-1904.
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R Coldwater,
E ‘\‘(1)" Deptli.
1 174-200 Blue shale,
2 220 Blue shale.
3 240 Blue shale.
4 260 Blue shale.
5 280 Blue shale.
6 300 Blue shale.
n 327 Blue shale.
. Berea.
S 329 Horizon of Berea?
This red shale clay might represent a weathered surface, or some other
zone of special oxidation. The banding upon it is quite distinct.
Compare Bedford shales. Compare Hillsdale at 1030-1033, Osseo,
800, Adrian, 514.
Antrim,
9 341  Usual shale,
10 352 Black shale. This looks very much like the Ohio black shale, and
would seem to indicate that the horizon of the Berea here is at
327-329
11 400 Bluish shale.
12 490 Blue shale.
13 540 Brown shale, like No, 10,
14 570 Same.
15 600 Same. Compare Hillsdale 1350, Osseo 1145-1214, Adrian 8035, Mad-
ison Qil and Development Co, 665,
Traverse,
16 660 Gray shale; non-effervescent.
17 690 Gray shale; slightly éffervescent.

The samples from 600 feet down might quite likely be Traverse, or
{hey might be a gray streak in the Antrim. IFrom 327 feet down to
600 feet, or thereabouts, should be Anfrim.

The elevation may be about 830 A. T. Assuming it to be 11 miles
from Britton, El. 705 where the base of the Antrim is 210 feet down
(or 495 A. T.) and that in this well at 600 feet is the base of the Antrim
{at 230 A. T.) we get a dip of 24 feet per mile to N. W. which is not
far from what one might expect. Compare also the Madison Lt. & Gas
Co. well near Adrian (777 A. T.) in which 430-700 will correspond
to 327-600 here? The dip indicated would be to 8. E. This is abnormal
and would indicate that an anticlinal indicated in Fig. 1 of the Ann
Arbor Folio continues farther N.

The Berea horizon being about 500 A. T. might approach the bedrock
surface near Macon.

This is near, and possibly the same as the well of U. Arnold of which
it is reported that it struck brine at about 1,000 feet, about two miles
from Chinton Sec. 2, T. 4 8, R. 3 E.
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LOG OF CHEBOYGAN, MICH., WELL FROM EXAMINATION OF SAMPLES OF

Depths

0-150
150-203
203-205
205-230
230-245
245-250
250-255
255-270
270-290
290-300
300-334
334-352
352-354
354-356
356-360
360-375
375-380

265
265-278
300
320

380-438
71400
1360?-1550

1550
1615
1625
1635
1652
1725
1975

2000
2050
2100
2150
2175
2200

2225
2250

2300-2425

2300-2425

2700
2725
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DRILLINGS.
BY W. C. ALDEN.
PLEISTOCENE.

Red clay, highly calcareous.

Sand and gravel.

Sand.

Sand, gravel and red clay.

Gravel.

Sand with some calcareous material.,

Sand and gravel.

Gravel

Fine sand with caleareous material.

Fine sand with calecareous material.

Gravel.

Gravel, coarse.

Fine sand with caleareous material.

Ditto, coarser,

Ditto.

Ditto, fine.

Fine calcareous sandy clay.

2nd box of samples. Cheboygan well.

Light to whitish dolomitic limestone.

Chips of dark grayish dolomite with some quartz sand grains.

Light colored limestone.

Grayish, dark, porous, earthy dolomitic limestone.

Monror beds (Upper Silurian, waterlime and Salina).

Fine chips of brownish-buff-gray dolomite with a little chert.

Salt (March 12, 1901),

Fine grayish sand and dolomitic material with some white chert and
bluish and reddish shaly material.

Beginning of N1acara (Guelph).

Fine quartz sand, slightly calcareous.

Ditto, brownish.

Ditto, brownish.

]L)ight grayish crystalline dolomite (Cheboygan test well),
itto.-

Buff ﬁ]ne angular grains of quartz, chert with some dolomitie ma-
terial.

Dark gray, very cherty dolomitic material.

Fine, angular, gray dolomitic material.

Ditto. LockrorRT about here—2065.

Ditto. RocHESTER shale 2136-2200.

Ditto.

Ditto. Dark colored, nearly black.

CriNTON.

Ditto. Lighter colored.

Ditto. Lighter colored. Contains small particles of iron or mag-
netite,

MgepIiNa,

Dark purplish ferruginous material, reddish streak, in small flat-
tened, rounded lenticular pellets. With this is some bluish shaly
material, moderately calcarcous. Some particles rounded. Also
few quartz grains. Bluish shaly material increases in lower samples,

LoRrraINE. Lower part.

Dark drab shale, or dolomite, somewhat calcareous. Small par-
ticles of iron or magnetite,

Ditto.

Ditto.

Urica,

A A
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MORTON SALT COMPANY WELL, ECORSE.
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Record begins with the bed rock and the depths of samples are numbered
therefrom. To find the depth from surface add 62 feet to the sample number.

Pleistocene.

Muck, thin clay. Surface deposits............... .. .. ... .....
SILURIAN.

Monroe above Sylvania.l

Light buff dolomites at 10 feet, perhaps oo¢litic. . .................

At 20 to 30 feet rather brisk effervescence, generally moderate to
slow, some rounded sand grains.

Samples 35, 40, 45, 50, 55, 60, 65, 70, 75 feet, light buff with mod-
erate effervescence with acid. Oceasional sand grains in 35, 40,
45, Sulphur in 60 and 65.

Dolomites. . ..o

Dark brown, bituminous, with sulphur and sometimes pyrites, with
moderate effervescence,

S. 80, 85, 90, 95, 100, 105 and 110 not quite so dark; 115 brown;
120, lighter. Compare Church No. 5 down to 290.

SYlania . . ... o
Quartz sand, clear, very fine, most of the grains from .5 to .2 mm.,

rounded down to somewhere between .1 and .25 mm.

S. 135, 140, 145, 150, 155, 160 very fine, 165, 170, from 175 on fine,
180, 185, 190, 195. Compare Ford 23, 235-325; Mt. Clemens, 965.

Dolomite.. ... ..
Light, effervescence moderate, in specks (due to crystals perhaps)
faster.

S. 200, 205, 210, 215. Compare Ford 23, 325-340.

Silicious dolomite. .. ... ... ... . L

Dark brown, with red, rusty quartz sand and pyrites in spots, and
very cherty at the base.

S. 220 and 225 (with red, rusty quartz sand). From 225 to 245 are
dark brown, with brisk to moderate effervescence. 8. 240 and 245
have rusted pyrite and grains of quartz sand. S. 250 has a lot of
chert and quartz, Compare Ford No. 23, 375-435.

White sand like that above. ... ... ..... ... .. ... ... ... . ...

S. 255, 260, 265, 270, 275, 280, 285.

Sandy dolomite.... ... ... ... ...

Grains rounded down to .16 mm.

5. 290, 295, dark, with .16 mm. rounded quartz grains which may
have dropped in from above.

Monroe below Sylvania?.......... .. ... ..
Cherty dolomite. .. ... .
S. 300, much chert like Edison, Fort Wayne, well at 625 feet; 305,

310, 315 (drab color). At 320, 325, 330, 335, largely chert; at 340

to 345 almost solid chert, not effervescent. Compare Ford No. 23 at

440, and Church No. 5 at 420-520

Dolomite.. .. ... ...
Dove colored, with relatively little chert.
S. 350, 355, 360, 365. Compare Ford No. 23, 445, 450, 455, 460, 465.
Dolomite.. ... ...
Bluish, buff, massive.
Coarse chips at 375-385; S. 370, 375, 380, 385, 390, 395. Compare
Edison 462-477.
Brown dolomite. ... ... ... o
S. 400, 405, 410.
Light dolomite. . . .. .. S P P
S. 415, 420, under microscope rounded brown grains.
Dark dolomite........... .
8. 425, 430, oolitic; 435, 440 with pyrite; 445, 450, 455, dark, bitumi-
nous, possibly oolitie; 460 quite dark and rusty; 465 lighter, sharp
pieces, odlitic signs?; 470, 475, 480. Note that Ford No. 23 is odlitie
at 465-470.

62

75

60

65

20

35

35
10

50

20

30

15

40

62

137

137

262

282

317

352
362

362
412

432

462
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Light dolomite. .. ... o
Stylolitie with black specks.  Compare Ford No. 23, 505-510, 545, 550.
5. 485, 490 are sugary but not o¢litic, but the latter have grains of
gypsum,
Beginning of Salina?
Impure gypsum. ... ...

Bluish, with some dolomite, and nearly pure at 525 feet.

5. 495 stuck together; u. m. largely gypsum; 500 to 505 some gyp-
sum; 510 bluish gypsum, with part limestone, briskly efferves-
cing; 515 and 520, blue with white gypsum; 525 largely solid white
gypsum; 530 brown and white gypsum and dolomite. Compare
Ford No. 23, 590-640, Edison Fort Wayne, 900-950, especially
925 with 525, this well running about 400 feet less (62 ft. drift)
than the Fort Wayne; about 100 feet less than the Ford No. 2 .
Compare Church No. 5 at 720.

S. 535, 540 oolitic with dark, oval bodies, 445, 450.
Anhydrite is quite abundant at £65 + 62 ft.

5. 555, darker, bluer, slow effervescence with gypsum; at 560 gyp-
sum streaks; 565 mainly anhydrite. Compare Edison Fort Wayne
1000 ft, Ford No. 23, 615-640. 8. 570, 575 mixed; 580 cleaner
buff dolomite; 585 u. m. mainly dolomite, bluish; 590, 595 mixed
and bluish gray.

Dolomite.. ... .. .

(Oolitic at 602 ft.)

Bluish dolomite and anhydrite. . ............ ... . ... .. ... . ...,

600, 605, 610, 615, 620, 625, 630, 635, 640, 645, 650, 655, 660, all bluish,
coarse chips, with occasional faint specks of anhydrite; 665, 670
similar, thinner brown calcilutites; 670, 675, 680 similar; 685 u. m.
almost wholly dolomite; 690, 695 and 700 the same; 705, 710, 715,
lighter, with crusts of anhydrite and gypsum; 720 dolomite with
no anhydrite; 725 stuck together, salty.

At 730 ft. is the first salt. Compare 795 at Ford No. 23. The Edi-
son Fort Wayne well seems to have salt at higher levels, the first
salt there at 1010 feet belonging to the upper part of this group,

apparently.

Compare Church No. 5 at........................... 890ft.
Eureka Wyandotte. ............ ... ... ... ...... 730-800
Ford No. 23. ... . .. .. ... .. . . . 795
Ford No. 22. ... ... ... ... ... ... ... 819
Ford No. 21. ..., ... ... ... .. . ... . . . 820
Ford No, 7... .. .. ... o 792
Ford No, 1... ... ... .. 830
Ford No. 4... ... ... . . 783
Solvay No. 11 and 12.......... ..., D 865
Solvay No. 13..... . ... .. ... . 880
Solvay No. 14. ... ... ... .. ... L. 875
Solvay No. 15... ... ... . 865
Solvay No. 16......... ... ... .. ... ... .. .. ... .. 890
Romulus (Laurence & Griffeth)............ ... ... 925
Tecumseh Salt Co....... ... ... ... ... ........ 828
River Rouge Improvement Co................ ... 815
Brownlee......... ... ... ... ... 875
River Rouge Salt Co............ ... ... ... ... 871
Saliotte & Ferguson................... ... .. .. ... 855
Penn Salt Co............. .. . ... .. 830
Detroit Salt Co....... ... .. ... ... ... ... ... ... 906
Stroh. ... ... .. 1150
Royal Oak ....... ... .. ... ... .. .. ... ... ... 1543
New Baltimore................................. 1600
Saint Clair. . ... .. .. 1600
Marine City. ... ... .. . ... .. ... ... . ... ... .. 1604
Port Huron. ... ... .. ... ... .. ... ... L. 1500

617
792
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Sall . e
8. 730 bluish, like rock above; 730-775 brown salt. This is the bed
most likely to contain potash., 8. 730, 735, 740, 745, 750, 735,
760, 765, 770, 775,
DOIOTILE . - o oo
Hard.

8. 780, 785, 790, 795, 800, slow effervescence, u. m. very little anhy-
drite, more just above the salt; S. 805, 810, 815, §20, blue and
buff. Compare Ford No. 23, 922-627, S, 825, 830, 835, 840,
845, 850, 855, clear, buff, bluer at the bottom, very little anhy-
drite. Compare Wyandotte 870-800. Ford No. 23, 937-1000.

Dolomite with anhydrite. .. ... ... ... ... ..

3. 860 u. m. much anhydrite; 865 anhydrite and dolomite.

Anhydrite with salt. .......... ... .. .. o L

S. 870, 875. While this is the second salt in this well, and would
thus correspond to 940 ft. at Wyandotte Fureka, and 852 at Ford
No. 23 (probably really to 1027) it is probable that these salt beds
are not persistent. KEdison Fort Wayne 1280-1292 may also cor-
respond. Ford No. 1 is the same.

Dolomite. . ... ..

This is merely a parting, but seems fairly persistent. Compare
Ford No. 1, 968-976; Wyandotte 960,

S. 885 light gray, 890 white, 895 impure gray salt. Compare Ford
No. 23, 1022-1046.
Dolomite, anhydrite and elay.......... ... ... . ... oo
900 bluish and dark buff; 905 stuck together, salty, gray, and the rest of
the samples to 995 are more or less stuck together; the effervescence
moderate to slow; a little anhydrite generally visible under the mic-
roscope; the color, 910 gray and pink; 915 bluish and gray; 920 and
925 reddish and blue, salty; 930 not quite so red; 935 the same;
940 bluish, thin bedded, shaly; 945 the same; 950 quite muddy;
9565, 960, 965 bluish; 970 blue, shaly; and 975, 980, 985, 990, 995, all
similar, but the shaly stuff may have washed in from above. How-
ever, the coarser fragments are a bedded lime mud rock (dolo-
milutite). These correspond to the ‘‘slate” shaly beds in Ford
No. 23, from 1046-1124, Compare also Wyandotte 970-1045;
Church No. 6, 960-1160.

Almost solid anhydrite. .. ... ... ...
S. 1000 solid anhydrite, lighter in color and less shaly looking,
Compare:
Edison Ft. Wayne.. ................... ... ... ... .. 1400 ft.
Wyandotte. . ... 1045

Ford No. 23,
Dolomite and anhydrite. .. ...... ... ... ... .. . i
S. 1005 u. m. dolomite and anhydrite, buff; S. 1010 bluish, salty;
1015 like 995; 1020 buff; 1030 rather buff; 1035 a shade bluer; 1040
and 1045 some anhydrite is scattered in large grains in dolomite.
The base of this is the top of the main and it seems to me the most
persistent salt bed.
We should then compare:

? Church No. 6, Trenton.......... .. 1280

Wyandotte Eureka.................. 1080-1235 (less 45?)
Morton....... ... ... ... 1119-1323

Romulus. . ......... ... ... ... ... 1475-1600 with partings.
Milan. ... 1540-1545

Zug Island. .. ......... ... ... . .. 1290-1528

Solvay No. 11...... ... ... ... . ... 1370-1602 with parting.
Edison Ft. Wayne............ ... ... 1445-1636

Stroh. ... ... 1565-1815

Royal Oak......................... 2115-2475

Port Huron. . ............... ... .. .. 1991-2190

Salt, dolomite and anbydrite mixed...................... .. .. ...
Salt. Samples to 1075 +62. ... .. ... ... ... ... ...

10
10

100

5

50

"5
201

922

932
942

947

962

1062

1067

1117

1122
1323
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Record of water well at schoolhouse in school district No. 3, CrayronN
Towxsmir, Arenac county. Goff Paul, Duriller.

(}l;{y ........................................... 8 ft. 8 ft.

Sandy elay and stones. ............... .. . 2 ¢ 6in. 10 “ 6 in,
Very hard clay, color light blue........ ... | 40 « 50 “ 6 ¢
Quick sand and stones............ .. ... ... 130 « 180 « ¢ «
Soft white elay............ . ... .. . .. . 30 « 210 < ¢ ¢
Sand and gravel......... ... ... .. . . " 40 « 250 ¢ 6 «
Hard pan............. ... ... ... ... .. ... ... 10 ¢ 260 ¢« o6 ¢
Loose water sand.......... ... .. .. . . . . 7 5 « 265 ¢ 6 «
Light colored blue clay. . ............. ... .. 20 ¢ 285 « ¢
Hard pan... .....0.0. ... .. ... 3« 288 « ¢ “
Hard rock (bed roek)................. ... ... . 2« 290 “ 6 «
Blue slate................ ... ... . ... .. 20 « 310 ¢« 6 ¢
Hard rock (looks like limestone).......... ..... .. 8§ “ 2in. 318 © g8 «
Very dark blue slate. ........ .. ... ... " 15 « 9 « 334 “ 5 ¢
Sand stone.......... ... ... ... ... . 5 ¢ 339 “ 5 ¢

Record of test hole on Sam Rosenthal's farm in Mason township,
Arenac county, one mile west of TurNER village, Turner township.

Black muck............... ... ... ... 2 ft. 2 ft.
Stones and sand.............. ... ... ... " 1« 3«
Yellow elay . ......................... ... 11 « 14 *
Stones and hard pan.......... ... ... ... . 1% 2in, 15 “ 2 in
Blue clay ...........0............ .. ... ... 4 « 19 « 2 «
Limestone, hard rock............ . ... . " 2« 21 “ 2«
Shale................ ... T 8 « 29 « 2«
Blue colored hard rock.............. .. . " 1« 30 « 2 «
Shale................... ... ... ... 7 ¢ 37 « 2«
Gray limestone. ........... ... ... .. .0 3 « 40 « 2 «
Shale................ .. ... . ... 3« 43 « 2 «
Gray limestone........... ... ... . .. .../ 2« 45 « 2 «
Shale....... ... ... ... . ... .. ...l 2« 47 « 2 «
Light colored hard rock.............. . ... " 3« 50 « 2 ¢«
Alabaster, very white. ... ............ ... " 21 “ 4 in. 71« 6 «
Blue slate... .. ........ ... . ... . .. .7 2« 73 ¢ 6 “

August 29, 1905. Goff Paul, Driller.

PORT ROWAN WELL, CANADA

Quaternary,

Surface elay to............... ... 338
Dundee (Corniferous)................. . . [/ 212 550

Gray; fierce effervescence................. ... .. " 338-363

Grayish blue; fierce effervescence.......... ... ... . . 363-413

Grayish blue, brisk effervescence........... ... . .. . 413-440

Dark brown; brisk effervescence........... ... ... .. 440-450

Gray brown; brisk effervescence............ ... . . 450-455

Gray blue or brown; brisk effervescence.... . ... ... .. . .. 455-470

Bluish gray; brisk effervescence.................. .. 470-510

White, fine grained; brisk effervescence............ .. . . . 510-515

Bluish gray; brisk effervescence.......... .. ... . ... . 515-564
Middle Monroe. . ............ ... .. ... . .. .. e 43 593

(From 550 to 554 slow effervescence)
Lueas? then Amherstburg, Anderdon and Sylvania?
“Corniferous or Oriskany”

White, granular; brisk effervescence........... ..... ... 564-569
“Corniferous”

Blue limestone; brisk effervescence........... . ...... .. 575-580
““Corniferous or Oriskany”

White, granular; brisk effervescence......... ... . .. .. .. 575-585

ANNUAL REPORT FOR 1908.

Lower Jlon'roe.a'nd Salina?. ...
Gray dolomite; slow effervescence......... SRR
Dark blue with gypsum and shale; weak effervescence......
Grayish dolomite; weak effervescence...................
Dark blue dolomite; weak effervescence . ................
Gray dolomite; weak effervescence. .. ..................
Gray dolomite; weak effervescence. ... ............... ..

S, % 2O

ba(l“i?g\;ish blue anhydrite; weak effervescence..............
Blue anhydrite; weak effervescence. . ...
Blue anhydrite; moder@ﬂte effervescence. . ... ........ ...
Gray blue; moderate effervescence......................
(ray, fine grain; moderate effervescence................
Blue; moderate effervescence. ... ... ...l
Gray blue; moderate effervescence......................

Niagara—Guelph and Lockport. .. ...
White sugary Guelph; weak effervescence...............
Dark; weak effervescence. ............ ...

Rochester shale. .. .......... s
Dark blue; weak effervescence. .. .. ................ ...,

Clinton. Dolomite . .. ...
White sugary; weak effervescence. . ... .................
Yellow; weak effervescence. .. ............. ... ... ...
Drab, argillaceous.. . ... ... ... .o e
Light @ray . . .o

Meding SardStOne ... ...
Red . . oo
Blue shale. . ... .
Blae . .
Blue (slightly calcareous). ............. P
Green (Hght). ... ..o o
Red . o

ROMULUS,

Six miles N. E. of Ecorse, drilled April

' mi ¥ for Laurence ¢ m the 8.
place of Emil Twark by Newell for Laurence and Griffeth, « N

14 of the N. W. 14 of Sec. 12, 620 A, T.

DRIfb . o
Gravel . ..
LA . o
Gray ..o

Black slate. . ...
White Tme . . oo
Black slate. .. ... o
Black shale, .. . ... o

Dundee.

Black shale. . . ... . . e
LAME . .
Black lime. .. ...

Upper Monroe.

Gray lme ... ... i
White ime. ... oo

......... 267
2 593
593-745
755-770
790-805
805-825
845-860

......... 360
860-875
875-920
920-945
945-960
960-975
975-995
995-1020

1020-1060
1060-1090
1220-1245
.......... 75
1300-1305
1305-1310
1310-1315
1315-1320

1320
1335-1370
1375-1380
1380-1385
1412-1414
1414-1460

6-June 25

- 1%
'This is the driller's record——no samples were saved from this hole.

15

101

860

1020

1220

1245
1320

14604-

1903, on
E.

92
95
116
25 141

2 143
7 150
7 157
15 172
10 182
63 245
5 250
36 286
12 298
24 322
63 385
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N Sylvania?
White sand. . ... ... . .. . .
Black slate. ... ... ... I 2 £
White sand . 8 398
Sgn.dl-ock,,,_‘_,_”_,,_,_,,A” ................................. 65 463
White lime... ... 0 T = po
Sand rock.. .. ..o LTI i 2
................................... 45 545
- Lower Monroe?
White lime..... ... . ... .
Blue ime......... . . 1o Lo 0 Ton
White lime...... .. .. . T e s X
Brown shale. ... ... ... . [T [ S
White lime .. T ig 882
.................................. : 925
Salina.
1 Salt roek. .. ... .. .
White Time .. 35 960
Brown shale. .. T 25 985
) Slalt rock - i,’j 1000
ate. LTI 6 1046
8 Salt vock. .. ...l e 7 1053
White Lime . 34 1087
4 Salt rock L 30 1117
White lime. ... .. [ B 119
5 IF_J‘ine white salt .. ... .. L [T ji og
e 24 1198
6 ?alt YOCK . L 5; 1oo
e R R R 1258
7VV{liteljme,._,_,“_AU,,,,,: ............................... 5 1263
Alb. . ETITTI 7 1270
lee ................................... 20 1290
ISJheHS and slate. . ... . .. T g; 1o
e T 1372
Saltroc}\ ................................. 29 1398
Shells and slate.......... .. .. . e 5 115
White lime. ... ... 0 0 e oy L8
8 Sfblt YOCK . LT ié 1oat
ate. I 5 1521
v9Saltl«ock‘“”H._H_”,,“,::_‘ ................................. 29 1541
White lime, 27 1568
" %alt Fock 1)(’) 1583
e T 20 160+
e I 20 18?(.}8

SAGINAW PLATE GLASS COMPANY.

This concern has put down 7 w ’
‘e ‘ / vells at -the south end of W. Saeinaw
o 'gleegiev(?tlons ;3&1‘}317 b1119t %ightly being about 600 A. T They lieklfe%;liﬁe-
o, thocor. of sec, 33, T. 12 N, R. 4 W. The following is 4 rec | san
e o of ; N., : wing is a record from sam-
%V ell’s‘ v from No. 4, with references to corresponding horizons in other

Pl}eg}'stocene‘

Fine sand, Algonquin beach (3

}?}isticl red cla:y. l - A).bfl.c . (§m %l]‘) .......................... 2?) g
ke that ot Paines, Tairing. eaioy o e 25
Clay, blue.. ... pesirine, ealeareous.
Iéottom 6 feet “putty.” All caleareous. o % 78
’(u‘r.ravel with water. .. .. .. ... .
Pl “hardpan” with coal. ... . . . [ /[T "% 1(8)0

.................................. 2 1

i . [106 ft. in No, 1,
8 in. easing { 111 ft, in No. 2.
[ 122 ft. in No. 3.

st o oo

Bayport or Maxville Limestone.
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Saginaw Formation.
Dark shale, Lower Verne coal horizon? ‘Bastard”................. 14
Light (fire clay) and dark shale........ ..., 7
BIae SHAle . o oot 17
Black Shale. ..o vvt e 15
Coal, large Saginaw seam? or Middle Rider. Water Sp. Gr. 1.000.... 6
‘White shale, with black impressions.......... ... 4
. “Fire clay.” ’
Dark shale. Saginaw coal horizon?........... ... il 8
Blue shale with some hard seams. . ..... ... 5
White and brittle blue shale.. ... .. ... .o i i i 3
(probably some sediment) .
Dark gray shale. .. ...oooovin i 193
Very darl dirty shale. ... 13
Coal horizon? Lower Rider? Water Sp. Gr. 1.005
Dark shale. . oot e 9
Gray Shale. . . ....out ottt 79
Water at 280 Sp. Gr. 1.005.
Shale, part dark, part “fire elay” light....................... ... 9
Lower coal horizon?
Shales with nodules or bands of siderite. ........................... 56
Very dark shale, coal horizon? Bangor Rider....................... 12
Water at 375 Sp. Gr. 1.006.
Blae Shale . . oo et 19
Micaceous SANAStONe . . . i ie e e 9
Very dark shale; almost coal. ... .......... ... .. il 21
Near 410-425 coal horizon. Bangor coal?
Dark Shale. . oo e 49
Water at 476 Sp. Gr. 1.016. Much gypsum.
Parma Conglomerate and Sandstone.
Transition sandstone, fine grained. . ............... ... .. .. 22
23

Sand TOCK. .+ oot e e e
59 14

Conglomeritie sandroek. ........o..o oo
Two samples missing, 535-583. I think they were Bayport limestone.

Top beds at 476 contained some petroleum ‘“‘gum” inspissated in
a cavity. There was a ten-inch drop of the tools. The base samples
are full of split white quartz pebbles. In No. 2 this stratum is said
to come at 520-555. In No. 7 this stratum is said to come at 485.
Compare at E. Saginaw 292.5-399; Litchfield, Carrollton, 302-411;
Ketcham well 310-430; Gallegher 345-482; Sutherland 341-408.

TOp 8b. oo e e
S OIE . o o o o ot 81

Water at 561 ft. Sp. Gr. 1.012.
Note that the water was fresher than at the top of the Parma. There

was propably much erosion just above this, and the division be-
tween it and the Parma is irregular. In No. 2 it is from 555 to 625.
Temperature 56° at 630 ft. by thermometer 9109, March 23, 1906.

Michigan Series.

Black and dark shale. ... .. oot 35

GIYDSUIIL . + .+ v e et e e et e e e s e 25
Near margin of this basin at this time? Compare No. 2 gypsiferous

shales to 717.

DIOLOMIEE . -« v e v et et e e 12
Alma 696.

BIIE Sh81E . . o e e e e e 58

With lime and gypsum at top, sandy 735-743.

Alma 905-945. i

Water at 620 Sp. Gr. 1.024.
Note the doubling of the salinity on striking the Michigan. Cas-

ing to keep out the gypsum goes to 698 feet. This second casing
* to cut off the gypsum somewhat over 600 feet deep is noticeable in

" all the wells.
Gray HIMestone . . ..« ouv o et 5
Dark sandy shale. ... ..o 9
Gray HMestone . . .. .ouvne oo 14
16

103

115
122
139
154
161
165

173
178
1783

198
211

220
299

308

364
376

395
404
425

474
498

521
535

535? or 583

616

651
676
688
746

751
760
774
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Water at 775 ft. Sp. Gr. 1.120?; more salt, less gypsum.
Blue limestone. ... ... 0T T SRR 21 795
Sandy shale. ... T 14 809
In No. 7 3 ft. of red shale at 785 ft.
Dolomite. ... ... 11 820

Base in No. 6 at 812 ft. In No. 7 at 822 ft. In No. 2 from 717 to 822 ft
is dolomitic limestone,
Upper Marshall (N apoleon) Sandstone,

In No. 7 at 887, in No. 2 at 913. Water at 27° .5 has Sp. G,. C. 1.193. 78 898
By salometer 83° to 94°.
Lower Marshall,
Red clay. ... 2 900
5 ft. in No. 7 to 892; 3 ft. in No. 6, in No. 1 at 906 ft. In No. 3,500 ft,
West there is said to be more lime in the salt rock,

This is the well known base of the salt (thisred shale) all through
the district, the redness may be due to oxidation by the sulphates of the
original brines, the sulphur being at the same time reduced to pyrite.
the brines now are low in sulphates, but strong in ammonia. The fol-
lowing is the analysis of F. . Kedzie:

MgSO,..cooee .T695

CaCl, ... ...l 450245
MgCl,...............ll 17.2361

MgBr,.......... ... 3496

NaCl 2292549

FeCO,............. 0000 1537 (Sp. test .041 to .061 Fe)
NHCL..............0 .051

Tests by E. D. Campbell give similar figures, except SO, as CaS0,
is but .857, Si0, is 026, K. is 0.

No. 1 in 4-inch casing 26-inch stroke gave with 3%4-inch valve 15
gallons a minute,

Or with 314 inch cup valve, 20 inch stroke 18 gallons a minute. Or
162 barrels in 24 hours,

No. 3 with 25 strokes 3% inch valve, 30 inch stroke yielded 16 gal-
lons a minute, 144 barrels g day its limit. At first 3 pails (30 quarts;
Y% gallons) per minute was the limit; after dynamiting it rose to 16
gallons,

Fifteen years ago when all the salt wells along the river were running
there was only 155 feet of salt water in the holes, and a 11-second well,
1. e. one which filled a 10 quart pail in 11 seconds, i. e. 13.6 gallons a
minute was a very good well, and a 15-second well (4 pails or 10 gallons a
minute) a good well. Now (1906) the head has risen to 175 feet. If
all pumping was stopped it would in time run over.

SUCKER CREEK WELL,

Log of Sucker Creek well, Anderdon Township, Essex county, Ontario.
About 4 miles E. of Detroit river, B. & 8. Il. of Ballard’s reef,

60 Surface soil blue clay and gravel,
At 72 H,S water to top of ground.
200 Slightly eff. dol, Angular fragments,
300 Same light buff.
400 Fiercely effervescent 1., sandy looking. Coral reef? Anderdon?
410-440 White quartz sand. Sylvania,

600 Brown and buff, Not effervescent or slow.
635 Brown and blue, slow effervescent (667-683) 16-18 ft. of gypsum,
676 Brown and blue, slow effervescent. Fresh water cased off at 683 ft.
680 Brown and blue, thin, angular, effervescent.
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y d blue, slow. )
;28 gig?vﬁ, a]lojlue and white. I think gypsum, slow eff.

785 Brown, slow eff.

890 Slow or no eff. 1 -
deal of blue shaly material. ]
1025 ilg V{O%—Ii(())S%ff.traﬁxe go?ogalte:an% with a little salt water; enough to drill

with . hich rose 700 feet in hole
. ite. At 1120 feet more water whic
1075-1125 Br;:c{xcgg}?f%eebaﬂed down only to between 300-400 foct,

YPSILANTI.

fl"O?Ii] (f)iﬁit ((J)gl’-gx:};)lnwlzgerféagel(g)i\zy tg{;»;l]}tegn“%ri:f ];lfglllicnéégozgt T300 Iszltjf
420A.l 4E,[ Marsh, Contractor. Banner Oil & Gas Co., and Ypsilanti De-
velopment Co. , ’

Clippings: - Grand Bapids Horald Oggét;l,;’z@.“;gﬁ?ﬁii e
SZ?O(Z041’0-2153-’%)(1_.,0461e3§§11]13ga1‘[«11n1a?;§t%{’26-’64; Ypsilant_it Dress, £23-01,
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11ﬁo_@‘gﬁlogg:%rggr\ljeifw(s)’fﬁee, samples at 700’, 1,1507, 1,200’.

Pletstocene. 90 90

DIt s of aravel water fows with 1. 515 2. T 40° 7 at 60 1. by fber-

mometer 9114. 10 ft. drive pipe to 91 ft.. T. 51°2 at 128 ft. by
thermometer 3022 C. 45 minutes down.

Devonian Antrim. o 5 "
“White shale” .. ...

“Some gas” at 135 ft.; bleached? A little water, no smel].. '''''' 150 001
Black shale. .. ...
Tranerse, Nale . . ot 25 316
Limestone shale. .. ....... ... ... .. ... ... ... ... :
With a flow of gas. Hard shells at 300 ft. T. 53°5 F. 004 590

B e rvo is alis reporicd as 50 Timestone, then be shale, then biack

shale, then limestone, then black shale, and the change to Dundee
at 525 ft. At 520 ft. T. 57°2 F.
o+ e 160 680
e 00 fosts imestone.with Sherser,  Mineral water at 535 it 530
“ft. with gas H,S, also at 570 ft.
Monroe. %0 760

DO 5. slow effervesding dolomite, ot 680 ft. mere water quite saliy

i ¢ ” 0 ft., at which
i as and traces of oil, e. g. at (*'730"") or 72 ,
}';Vgr}llts?gn Sva{;s fruitlessly shot with nitroglycerine, Nov. 16, 1904 -
AC710 Tt . 59.4% B e

Syé%%g'sandsmne “375 ft. to 390 ft. of it at 1150 ft.

S. 1150 ft. typical Sylvania sandstone, white, Dec. 17, 1904.

g' ;;a(h)t(?rb?(t;williz}f s?r?fl'stone, Feb. 9, 1905, looks like the samples near

bottom of the Sylvania. .
ngqle].Z{)O (f)t. deep. Ypsilanti Press, Oct. 4, 1905,

Has it been deepened?

440 1200?
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Pleasant, section at .................. ... 0000 83, 84
Mud Lake ... 50
Munising sandstone ................. ..o e e e, 39, 41
Murray, A, eited ........ovuiiiiii . e e e i 39
Muskegon ... 59
well record at ... 63, 69, 73, 78, 79

N.
Nashvillean ...l 48
Napoleon formation ............. ... ... . e 78-80, 104
Naples goniatite fauna .......................... .00t 71, 73
Nautilotd ... 88
Neebish Rapids ... 40

WOl o 39, 47, 49
Neff, A M. 41
Negaunee formation ......................... LT 29, 80
Neo-Hurontan ... 28-30
Neuropteris (near desorii) flexuosa ..................... e e, 87
New Baltimore well, strata in.................... ... 63, 65-69, 7
New Richmond sandstome .......................... . 0[00000T 42
New Scotland beds ............c.ouiviuniunennnn, 69
New York Helderberg . 69

Salina 58, 60

Trenton 49
Newberry, J. 8., cited 40, 50
Newburg, well at 55, 61
Niagara......o.oooooiiiiii 49-51, 53, 54, 57-60, 64, 71, 69, 93, 101
Nagaran ... T 43, 44, 53, b4
Niles, well at ... 56, 59, 63, 70
Niplgon ... 30
Nogard well Mouroe county ........................... ... .00 50, 56
Nomesuch formation ..............................., ... 000 36, 37

shale ... oo P 383, 86, 37
Rueula ventricosa ............................,L T 88

0.

Oneota dolomite ................cooiiiiiiiiiiiian 42
Ohlo ... oo T 50
OIL wells ..o 49
O1d red sandstome...... ...l 33
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[ 5% 2 5. < U
Orangeville formation

Orbiculoidea (Discina) 88
W DOTT Tl « ettt e 76
Ordovician ...t 43, 47-49, 51, 53
(045 ¥) << 4O 67-70, 100
Oronto Bay, mMAD Of ...ttt et e e e e 38
Lo L 3 34
Oronto valley.‘......,...4........,...‘........_ ............................ 33
Orthoceras fauDa ... ...ttt it e e e fz
OSCOMR .+ 1\ttt ettt et e e e 5
L6 7 - D 84
0880, Well At . ...t i e e e e e 63, 73
Owosso well .. i et e e i ettt e et e 80, 86
Outer CONGIOMIETALE ... ottt ettt e ettt et ettt e e et et et 31, 36
Overlap (see depression).
OzarKIan 7 .. e e e e e 44
P.
Paint PoCK ... e e 29
Paleoneilo fauDa . ... ...ttt e e e e, 83
Pale0Z0IC SOTIES .« ot i e e e e e e 23, 28, 822
Palladium ... e e e e e 37
Palmer gnelss ..o e e 26
Palms ... e e e e e e et e e 44
Parma formation ........ i i e e, 84, 86, 87, 103
Paul, Goff, Ariller ... ... .ttt 100
Peanut conglomerate ... ... ..ttt e 79
Pecopteris dentata . ...... .ot e 88
Pennsylvanian formation . ... ... ....u.uuniit it e 86, 89
Penokee-Gogebic TADZE . ...t ie e e e 30
Permian . e e e 33, 89
Permo Carboniferols . ... . ..ottt ... 44, 89
Petoskey TIMESTONE ..ttt it ittt ettt et e et e et e e e 71, 72
Petrolia, Ontario ... ....c.iuuiiintin ettt e e e LA 50
Carmen well 8t .. ..ottt it 49, 52, 55, 58, 70, 92
Phoenix MiIne SroUD ...ttt et iine et e ettt ettt 35
Pickford .......ciiiniiiiiiiiiiiiianan. ST S 43, 47, 49-51, 54
Platteville ... oo e 48
Pleistocene ... .. . e e 90, 94, 96, 97, 102, 105
P1europhora ObIONZUS .« v vnin s ittt ittt et et e e e e e 88
Pleurotomaria laurentia (2) ..........u.iuiii et 39
PIULONIC ZIOUD .ottt ettt e e e e e e e e, 25
Point Aux Barques SAnAStONE. .. ..ottt e e e e 80
Houghton . ... e 37
Pontiac, Well at ..ot e 73, T4
PorCUDINes o e 36
Portage formation ............o.iiiiiii 72, 73, 76
Portage Lake . ...ttt e, 33, 85, 36
TedStome ... 37, 39
Port Arthur oo e 30
Austin sanASTOIE . ..ottt e 80
Bwen bed ...t e 69
HUrOn o e e 63, 65, 66, 68
Huron Salt Company Well .. ...ttt e e 69, 70, 72
Lambton . ...oo. e ....Db8, 63, 65, 72
Rowan, Canads .............. S 52, 55
Well TeCOId AL . vttt it e e 70, 100
Potedam . ....ooi 30, 32, 88, 39, 46
PottSVIIle ot e e RN 43, 86, 87
Pre Cambrian e e ... . 26228, 81, 32, 39, 42, 43
Ordovician ... ... .. e e e, 21, 24
Trenton ... e it 23
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Page.
PrmoORQial ... 31
Productus Prattenanus ................ .00 e

muricatus
Prosser, C. ...
Proterosoie ... 26-28
Dsendopecopteris cf. avoldensis ............. .. .. . . I 88
P. Sphenopteris (Palmatopterls?) ....................... 00 [ nnn o 88
Ptychaspis ......... e 39
Pumpelly, R........... e, LR 25, 31, 85, 40
Putin-Bay dolomite ............ ... ..., [l 62, 63
Q.

QUALernary ... 44, 100
Quinton, R ..o 27
R.

Rabbit Back Point, well record............................. ... ... 61

Raccoon shales ........................ "
River Raisin dolomite
Randville dolomite

Reese coal? .......................
Republie formation

Rex quarry ......................
Richmond formation .................... . 0000 " e 50-52, 55, 56, 78
Richmondville, sandstone at ....... et et e et e et 77
Riga, well at ... 56
Rochester shale ................ ... ... .. 0/ 53-56, 96, 101
Rominger, C............................ .. 25, 29, 36, 40, 46-48, 50, 54, 61, 63, 70, 78, 91
Romeo ................ e foeraane e e e e 74
Romulus, well at ..........................., [0 57, B8, 61
well record ... 64, 101, 102
Royal Oak, well record at.................... . ... ../ 58, 63, 65, 72
Russell, 1. C., surface geology ... 91
S.
Saginaw eoal ... 89
Saginaw formation ................ ..., 87, 88, 103
Saginaw Plate Glass Company, well record of........................ 83, 86, 87, 102, 103
St Clair ..o 63, 65-69, 72
St. Croix sandstome ................... L TR T T 32
St Tgnace, sectlon @t ....................o.l LT 57, 63
SEJORIS ... 80
St. Joseph, water and well ........................, . 1T 59, 63, 73
St. Joseph Island ..., 47, 49
St. Joseph-Trenton limestone ........................ ... o 53
St. Marting Bay ............ e et e e e e e, 61
St Mary's epldote ... i, 35
TIVED o 39, 47, 49
St. Peter sandstone ................ e e i e e 39-41, 43-48
Salina formation .............................. 56-59, 61, 62, 67, 68, 75, 79, 92, 98, 102
Salisbury, R. Do..oovvnii L 26, 27, 49
Salt ... 61-65, 75, 92, 93, 99
Salt shaft (Detroit)............................ .. e e et e 68
Sandstone amalyses ..., 37

See also names of sandstone formations such ayg Freda, Lake Superior, St.
Peter, Sylvania, Berea, Marshall, Parma.
Sault Ste. Marie sandstone

.................................................. 32, 38

Saxon, Wis. ............. e e e 3
Salzburg coal ... T e e 89
Rider ....... R I I 89

INDEX. 119
Page.
SBehIsts oo 25
Scoharie ... 69, ZO
Seoharie Valley . ... 72
Schuchert, C. ... 48, 53, 70-73
Scott, W. B ) 2‘8
Seaman, A. B 21, 23, 438
Sediments, climatic effect on...... ... ... . . 25, 26, 45, 51
Senecan fOrmation .......... . T2, 7:_%
Sericite schists ...... e e e e 25
Shakopee dolomiite . ....... .. ... .. 42
Shale analysis ............. . i, R :?7
Sharpless, Fo Foooo i 3'{
Sharpville fermation ........... ... .. .. 76
Sherzer, W. T, ..o 43, 62, 63, 63, 66
Siamo slate . ... 26, 30
SBHUIAD .o e 30. 53, 37. 66-63, 93, 97
{See also Ontarian.) ‘
Smyth, HL i .ot e 34
South Bend, Indiana, formations beneath...................... ... .... 50, 31. 55, 56, Eﬁj
Bouth ROCKWOOA . .cnit it ittt et e 55
Southworth, W. Do ... i i e 94
Sphenophyllum cunelfolivin .. ... 87
emarginatum ... L 87
Sphenopteris (Crossothecal ....... ... §8
Squier’s well, record of ... i :?
Standish well . ... o B 75
Strasburg well ... i 43, 47, 50-52, 55, 56, 58, 61
Stigmaria verrucosa ........ e e e e e e 88
Stockton Coal ... . 88, 89
SErOMAtOPOTA  « ot ettt ettt e 7}
SBEEONg, T A o é:m
Sturgeon Bay, sectlon at ... ... ... u%
Sucker Creek well, recor@ Of .....ooui it 104, ]OS
Buess, IL, clted ... :1.:
Sunbury shale ... e ’ 74-1:
Sylvania sandstone.................. ... . ... .... 87, 63, . 73,93, 97, 100, 102, ]f)i
Synelinal, near Marquette ... .. 25
T.
Tamarack shafls ... 35, 3(0
Tertiary Lormation ... ... ... e 3 ilil, 8.:
Toledo, well At ... . 52, 55, 6:
Torch Lake section ... ... i 35
Transgressions, see depression. ’ _
Traverse formation. ................. .. 59, 60, 63-65, 68, T0-T2, 75, 76, 84, 92, 04, s):“);g lgg
Trenton, record At .. ... e 58, 63
'L‘renton’rUtica LOrmation . .... ..o 39, 40, 44, 46-54
Trepospira sphaerulata ................ ot e e e e : 88
N U 31, 88, 3:1
S e i i e e e e e e e e e :.a
Fler SIaLe ottt e (:f(f
Tymochtee beds ..o e e 32
U.
UIEICh o 44, 49, 51-83, 78
Ulsterian .. ....o i e - (»S!
Unconformity (erosion).................. 25, 29, 30-32, 86, 89, 42, 53, 59, 61, 64-6G9, 79, 8¢
Unionville €OAl ...ttt - 853
U. 8. Geological Survey ...........0..oeuuo. ... e L 28, 26, 20, 34, 4::|
Tpper AUGUSEA ... e e e . §(—§
COlAWRLET . ottt e fS, 4:.
Devonian ..........ciiuuenninn.. P e oo 44, 73
Grand Rapids ....... e e e e e e 84

18



120 INDEX,

Page.
Koo IO e 66, 69
ool BAWED T 32-34, 36, 40
ypaball 70, 81, 83, 104
At e T 31
Mo DIRR T 44
MOBEOE - snil L 38, 60, 62, 63, 67, 101
Monroe-Detroit River series T e 687
prdoviclan ... K 44, 50
Pt e 59
e 87-89
N R S SNSRI UORIOL IS 89
b8 84
B T T 53
e T LT 87. 89
it pobase 29
P shate T 47-51, 33, 73, 93. 96
Utica. town of. erea ete at i s 74

V.
Vo o 73
Vemtts joe R 2527, 20
Vermilion e 25
Votemmy Seetion 35
Yoteame s 25
BT 25

W.
Wadsworth, M. ]421 26, 29
Wagner well, Sec. & T. 29 . RoBLW. LI 48-51
Wal]aeeburg Ontario 38 61. 65, 72
Wton o R T R 26
W el o 93, 104
Waubakee formation ...... .. 77" S 59, 63, 64
Waverly '30 76, 78
Waverly sandstone duareies, HMolland ... e 81
Weidman, ., cited 32
Well records ....... .. ... " 91-105
Wewe slates ......... . ... . " 29
White Pigeon, well af 3
White, Davia ....... .. .. . " 87, 88
Whitfieldella, prosseri 62
Willlams, W. s..... .. . ; 67
Willis, Bailey, cited 26
Winchell, Ajcited. .o o 25, 40, 30, 51, 54, 70, 7, 79, 81, 82, 84, 89
Mol dited T T TR R 23
Wi section oo 35
Wisconsin s A 37, 712
Wongemm Hrenton of ... LT 48
Wooatie sandstone ... I 89
Wyamaith dolomite ... 62
Wandotte o 47, 35-38, 68

Y.
Ypsilanti Development Company, well record At 63, 65, 72, 105

Z.
Zug Island, South Detroit, well record At 58

Numerous lists of towns with wells will be found on pages 63, 66, 70, 72-75, 77.
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