THE DISTRIBUTION OF THE PLANT SOCIETIES OF KENT
COUNTY, MICHIGAN

BURTON EDWARD LIVINGSTON




Geological Survey of Michigan, Annual Report for 1901, Plate TTL

MORAINEMARGI RO
UPLAND PLANTSOCIETIES|[[IORAINEMARGIN i

KENTCO.,. MICHIGAN. CHANNELMARGIN =————
CLAY AREA

toaM AREA




THE DISTRIBUTION OF THE PLANT SOCIETIES OF KENT
COUNTY, MICHIGAN.

BURTON EDWARD LIVINGSTON.

INTRODUCTION.

1. A New Ficld for Research—It is a natter of common knowledge
that the vegetation of any extensive area is made up of a greater or less
number of plant species mingled and growing together. It is also gen-
erally known that these different species naturally fall into a number
of somewhat distinct groups, giving to certain tracts of country an
entirely different aspect from that of other tracts nearby. One who
has traveled about the Southern Peninsula of Michigan can hardly
have tailed to notice, for instance, the differing vegetations of the pine
plains, the oak forest, and the beech and maple forest. There is hardly
a single plant found common to the first and last of these groups. They
are as distinct as would be so many human commonwealths composed
of different races of people. It is with the study of such plant groups
that the present paper has to deal.

In some instances the study of these groups of plant forms has been
undertaken by geologists, and their part in the work has been marked
by the frequent use of the geological term formation to designate the
groups. The word is still in use by mauy students of the subject, espe-
cially with reference to the larger and more comprehensive complexes.
Among botanists the term plent society to mean the same thing has been
snggested and quite largely used within the past few years. It seems
somewhat more appropriate than the other word, on this account, at
jeast, that it implies the idea of an organism and organic unity rather
than that of a unity of mere juxtaposition in time and space. The latter
word will be used throughout this paper.

A plant society, then, is a group of seve ‘al or many species growing
together over some more or less extensive area, and characterized by an
apparent congeniality and community of interest, such that all thrive
under the same general conditions. Since for any large area the ground
will be occupied, not by a single society but by several, which will
alternate with each other in some irregular manner, the next logical
step after the determining of the societies themselves, will be to attempt
the formulation of whatever principles may underly their arrangement
or distribution over the surface of the region. How far success or
failure has attended the attempt herc made to determine some of the
principles which underlie the distribution of the plant societies of Kent
county, can be judged better at a later day, but it is hoped that this
paper may stimulate and aid the prosecution of similar studies in related
regions. Another more special reason for this research is this, that if
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the flora of these more thickly seftled counties is ever to be studied and
recorded, this work must be done soon; the present vesfiges of the
former primeval flora ave fast disappearing.

Plant distribution hasx been a common subject for discusgion among
botanical authors for over a century, but (aside from the discovery of a
few broad climatic factors which seem to determine the distribution of
great vegetation types over world areas) litile of a definite and satis-
factory character has been attained. This is perhaps in great part due
to the fact that species and not societies have usually been studied, thus
causing general principles to be lost sight of in a mass of detail whose
organization proved well-nigh impessible. It may also be due, in part,
to the broad areas chosen for investigation, and the hasly and super-
ficial study which of necessity resulted. Perhaps this general birds-eve
viewing had to be done to prepare the way for more exact work, but it
seems that enough of it has now been accomplished. What is needed
now, if there is to be formed even an acceptable working hypothesis of
the principles of plant distribution, is the careful and exhaustive study
of arveas of limited extent. Once having these studies at hand, com-
parisons between the ditferent areas may be instituted, and thus, per-
haps, some sort of a universe may be forthcoming from the present
chaos.

2. Literature—On account of the comparvative newness of what may
be termed the socicty mcthod of study, as confrasted with the older
species method, there is very little literature which can have any bear-
ing on the present work. By far the most valuable paper which hus
come to my notice is that by Dr. T. C. Chamberlin,* of the University of
Chicago, on the native vegetation of eastern Wisconsin. But the devel-
opment of the society method of study for limited areas has, so far,
been almost entirely due to the work of Dr. H. C. Cowles and his stu-
dents. In his recently published account of the plant societies of the
Chicago area® Dr. Cowles has given an excellent review of the most
mportant articles upon the general subject of plant societies. It will
therefore be unnecessary to enumerate them here, espcially since they
have no direct bearing upon the flora of the region here studied. In this
paper the author makes an attempt to classify the plant societies of the
Chicago area according to the physiographic stage of the land which
they occupy. For instance, the life history of the flora of a typical ravine
in a clay moraine is here traced out in some detail, from its beginning as
a small gully in the hillside, through all the physiographic changes
accompanying the progress of erosion, to its temporary culmination in
a broad flood plain. The thesis of the article is briefly this: that as the
physiography of the land surface changes, so must the vegetation cloth-
ing it change also. Other papers having a very close bearing npon the
historical aspects of our problem are another one by Dr. Cowles,® and the
still more recent one by Mr. H. N. Whitford.* The bearing of these
papers upon the conclusions here brought out will be introduced in
connection with the development of the present work.

}_Chaml_)erlin, T. C.: XNative Vegetation of Wisconsin. Geology of Eastern Wisconsin. 2 :176.
ls'z‘ggv%ess‘,7i~l. C.: The physiographic ecology of Chicago and vicinity; a study of the origin,
development, and classification of plant societies. Bot. Gaz. 81: 73-182, 1901. Idem: The plant
societies of Chicago and vicinity. Bull. Geog. Soc. of Chicago, 2:1-76. 1 .

? Cowles, . C.: The physiographic ecology of Northern Michigan, Science 12: 708, 709, 1900,

4+ Whitford, H. N, The genetic development of the forests of Northern Michigan; a study
in physiographic ecology. Bot. Gaz. 31: 289-325, 1901.
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3. Kent County, its Climatology—Kent county is so situated that it
is traversed both by the sonthern boundary of the pine forest region
and the eastern boundary of the so-called Michigan peach belt. It is
also crossed by the Grand river valley, the line of one of the great mnain
channels by which the melting ice of the alacial period reached the
Mississippi system and the Gulf, and also the line marking the farthest
northern extension within (he peninsula of many typically southern
plants. The county embraces.a rectangular tract of land 24 miles by 36
miles in extent. lis western boundary is a meridian averaging about
2 miles east of Lake Michigan at its widest part. The lacustrine influ-
ence upon the climate is probably felt thronghout the county. Owing
to the comparatively small extent of area, differences in climate between
its different parts could hardly be pronounced enough to cause any
marked difference in its vegetation. Also on account of the great dis-
tance apart of the stations for meteorological observations, if there
were lesser differences between the climates of different portions of the
county, such wonld not be brought out by any records which have been
made. Therefore a study of these meteorological data will give no
clue to the principles underlying plant distribution within our area.
The following tables are given here, not that they may be of any use in
the present report, but that they may be on hand when this area is to
be compared with another. They give the data by months for such
gtations as lie within or near the county:

AVERAGE TEMPERATURE BY MONTHS FOR THE KENT COUNTY RLEGION.S—DATA ARE
IN DEGREES FAHRENHEIT.

|
‘Jan. 1 Feb.| Mar.| Apr. | May.|June | July. Aug. Sept.| Oct. | Nov. | Dec.
White Cloud. covveeermeinnilonenns VIO OO 146 ' 53.9 | 65.9 | 72.0 | 67.8 | 61.0 | 51.6 | 39.4 | 27.5
517191170 1 RN 23.6 22.6 [ 25.9 1...... 54.9 | 65.6 | 69.7 | 65.8 | 60.D | 47.0 | 33.9 | 19.3
MUSKeZOM ..\ veeivinanans 24.2 21.7  50.2 J 44.7 | 5.2 “ 65.5 | 60.8 | 67.9 | 62.1 | 49.9 | 36.9 | 28.2
Grand Haven........oovveennns 24.2 | 5.0 | 30.6 | 48.6 1 53.7 64.4 | 68.8 | 67.0 1 60.9 | 49.6 | 87.1 | 26.4
053130 S EE R ‘ ...... 32.0 | 46.0 |...... 62.2 | 72.0 | 69.4 ‘ 61.2 | 508 | 37.4 ] 26.1
Frand Rapids.....c.ooovveannt 24.8 . 24.9 | 31.2 | 47.2 | 59 0 | 68.2 72.3 | 69.2 l 62.3 | 49.0 | 37.4 | 30.9
WAVETIYer e ee e e J\ 91.2 | 31.8 1..... 55.6 Loeiii]ieeeen 69.3 { 61.6 | 40.4 | 37.0 | 27.1
Hasbingsu . venevreiaaianiiens 23.4 ‘ 95.0 | 81 6| 46.0 | 57.7 | 67.7 | 71.2 | 68.7 | 61.6 | 49.4 37.4 | 29.0
ATISEAN vvvveveererianiienes 23.7 ‘ 24.2 | 33.8 | 7.7 foeeens \ 68.6 1 72.2 | 69.3 | 63.1 1 49.1 | 87.5 | 30.2
}

5 These tables are compiled from the reports of the Michigan section of the U. S. climate and crop
service.
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AVERAGE PRECIPITATION BY MONTHS FOR THE KENT COUNTY REGIONS—DATA ARE
IN INCHUS.

‘ i ; ;

Jan. | Feb. Mar. | Apr. : May }June.%July. Aug.}lSept.‘i Oct. I NO\’.% Dec.

- [ D U T A R ! ot

White Clowd. ... ovvereene o, SRRSO ‘ 240 1 .15 209 | 296 ! 5200 187 ; 1.9
SEANLOT... oo veveeinnnnensss, G FUUUPTR Dres Lo 1 12.36 0 2.47 0 2.05
Muskegon..................... S486 282 185 1,61 ‘ 250 1.48 [ 2.50 2.82 ‘ 2,20 1.7
Grand Haven.................. D2.66 1 2,21 2.20 0 2.53 T 540 ‘ 3.87 | 2.71 | 8.67 W65 ] 3.22 0 2.00 0 2.8
JOMIR e v e ...... C1.67 : ...... 202 104|117 28t | 107 ‘ 1.99 © 2.3
Grand Rapids................. 287 | 2.76 2.18  2.74 ‘ 551 | 4.5 | 282 | 2.56 , 3.12 | 2.91 3.15° 3.09
Waverly.......oveereneniailiiin ER TR ERT I 2.5 ‘ ...... e 122 420|213 | 511 2.5
Hastings .......o.oooiveiinn 2.60 l 2.03 ; 2.12 . 2.68 1 4.02 4.06 ’ 2.96 1 2.74 1 3.12 | 2.62 RS
Allegan .....ooiveeriii i :‘ 2.42 } 2.22 ...... 2.66 j 4.50 ; 2.67 w’ 2.73 | 2.83 ! 3.07 | 2.47 : 2.7% ‘ 2.9%

4. Geology of the County.-—The bed rock of the area is almost entirely
covered to a great depth by glacial drift, only a few small outerops being
found within its limits. A small portion at the northeast angle is under-
lain by the Jackson coal-bearing strata, a correspondingly small area
in the extreme southwest is underlain by the Marshall sandstone, and all
the intervening drift rests upon the formations of the Grand Rapids
group.® The drift is so deep throughout the county that the underlying
rock layers have apparently no influence upon the vegetation.

The drift itself presents some very interesting features™ and, since
these have an jmportant bearing on the problem of vegetational distri-
bution which confront us, it will be necessary to describe them in some
detail.® The land consists, in general, of two great blocks of till upland
lying on ecither side of a much lower gravel and sand plain of varying
width, which extends in an irregular line from about the middle of the
northern boundary (see map, I’late III) southward through Cedar
Springs, Rockford, Plainfield, Grand Rapids, Fisher, Carlisle and Ross,
and cutting the southern boundary about three miles cast of the
southwest angle of the county. This plain traces the path of the out-
flowing water as the Michigan ice sheet retreated northward at the end
of the last glacial epoch. An indentation or embayment in the southern
ice margin during this retreat mavked the junction of the two lobes of
the giacier, the castern lobe coming from the region of Saginaw bay,
the western from that of Lake Michigan. 1t was naturally into thig
embayment that much of the water was discharged during the melting
process, and the line of sandy plains just traced marks, from Carligle
northward, the path of this gradually retreating notch in the edge of the
ice. Southward of (‘arlisle the Green lake sand and gravel plain (in
Allegan and Barry counties) originated in the same way.

5 These tables are compiled from the reports of the Michigan section of the U. S, climate anderop
gervice.

6 See Geological Map of Lower Michigan, compiled by A. . Lane, Mich, Geol. Sur, V, 1893,

7 Ifor aid in interpreting thie glacial topography I am indebted to Mr. Frank Leverett, of the
U. 8. Geological Survey.

8 A brief description of these features, by Dr. A. (. Lane. will be found in the infroduction to
AMiss ¥. J. Cole's Grand Rapids IFlora. Grand Rapids, 1901,
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Three well marked terminal moraines lie partly within this area.
The one carliest formed merely hends aeross the southern boundary,
Iving sonth of a line drawn from Ross to a point about two miles east
of Carliste, and thence out of 1he county in a southeasterly direction to
Aiddleville and Hastings (Barry county). When this material was
deposited, the embayment between the (wo glacial Tobes had its head
north of Green lake cAllegan county). and its outflowing water found
its immediate outlet southward. It formed by its outwash the great
friangular plain—which I have designated by the name Gireen lake—
Hounded on the north by a line drawn from Gireen lake to Irving (Bavry
county), and on rhe west by one from Cireen lake to Bradley (Allegan
county). This plain and its wargins being the only regions studied
south of the Kent county line, it was thought imnecessary o include it
on the map. The highest point of the moraine just mentioned is just
east of Corinth. This is the junction point of the two moraines formed
from the Saginaw lobe on the cast and the Michigan lobe on the west.
Thus the high land lying to the east of a line joining Green lake and
Corinth is composed of materials from the vegion of Lake Huron and
farther north, while that to the west is composed of drift from the Fake
Michigan and Lake Suaperior region.

The second moraine passes through the middle of the county. Its
southern edge is mavked by the Grand river valley, its eastwanrd termina-
fion being the margin of the plain of Flat viver. 'The escaping water, at
ile tine of its formaftion, found its way ou t o Lake Michigan appaventiy
by two channels, one being the present valley of the Grand from Grand
Rapids westward, the other extending divectly southward to Ross, where
it also began to bend toward Take Michigan. The highest point, mark-
ing the junction of the two Jobes, Hes north of Plainfield.

The northernmost moraine has its highest point northeast of Cedar
Springs. The sand plain formed by the outwash here extends frowm a
point about three miles north of Cedar Springs sonth through Idgerton to
Rockford. Tts width north of Kdgerton is from four to five miles, but
near this village it begins 1o WUTOW rapidly and is joined by the Rouge
valley. South of here the outflow of water cut a deep chaunel about
one-halt mile wide through the last mo wine deseribed, from a point
about a mile and ene-half north of Rockford to Childsdale. There the
olacial stream entered ile plain of the previous outwash. Tollowing
the old line of flow it cut a new channel in the already existing plain.
Where the old plain divides, south of Graud Rapids, the newer channel
is found to do the same. One of the branches follows the present Grand,
being, of course, much wider than the flood plain of that stream and
extending from the moraine margin about two miles farther to the
goutheast than the line of the Holland division of the Pere Marquette
railroad. This railroad roughly traces the marginal line of the present
flood plain. The other channel extends from the point where the Mich-
igan Ceniral railroad leaves the Grand Rapids & Indiana railroad, south-
ward to Ross, thence southwest to Lake Michigan.

Besides the plains just described, there are very pronounced though
narrower sand-gravel plains forming the valleys of the Rouge and
Thornapple rivers, and & broader one through which the Flat river
meanders.

Most of the surface soil throughout the country is predominantly
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sandy. There is so much sand in the till that almost every ereek atley
is a miniature sand-gravel plain. Especially is this true of Plaster
creek, southeast of Gr md Rapids, and of the larger creeks in the north-
ern portion of the county. In classifving soils (md designating them on
the map, no attempt has been made to dlstlnomsh the different grada-
tions between clay and sand. A1l which could not be termed enthex clay
or nnd hm ¢ been bunched together as loam,—in the broadest sense of
th ~—and denoted on the map by dots. More accurate records
were m;lde, but it was found that these minor differences of soil bore
no apparent relation to the nature of the societies recorded, and it was
thought best not to encumber the map with unnecessary details. Clay
is donotc([ on the map by horizontal lines, sand by an absence of any
marking. Tt will be noticed that moraine and till plain marging are not
always the boundary lines of soil areas. This is explained by the tact
that the sandy soil almost invariably borders and faces whatever escarp-
ment there may be along a moraine or till plain edge: indeed, it oftern
extends back from the edge for several miles on the lnﬂhor ]0\(*1 This
is true for even slight doprcssmns Anyone who has ridden a bicyele
throngh Michigan must have noticed that where the road is on a hwher
level it may be hard clay, but where it descends to cross a (1‘0(*1\ the
slopes and bottom of the \d”(?}' are usually sandy. This illustrates the
fact just stated. The process of erosion by which this condition of
things is brought about is going on rapidly at present; the creek valleys
are becoming more sandy rather than less so. On account of their small
area, no attempt has been made to map these sand.and gravel deposits.
They are to be understood as existing along most of the creeks and
about many of the lakes.

METIIODS.

The studies here reported were begun at the suggestion of the State
Geologist, Dr. A, C. Lane, in the antumn of 1900, and were completed
in the summer of 1901 The author’s previous botanical study in the
vicinity of Grand Rapids, although not made definitely for this purpose,
has been of value in the present work.

Owing to the large proportion of cultivated land in the county, and the
correspondingly small proportion which is in an approximately natural
state, a study of the natural plant societies is necessarily a difficuit
one. In the middle of a section, and hence farthest away from the roads,
is usually quite a streteh of wooded land, and throughout much of the
county these wood lots at the rear of the farms have been the field of
observation. I'rom these areas, taken here and there,—samples of the
original vegetation, as it were,—an attempt has been made to recon-
struet, as accurately as possible, the plant societies which occupied the
region at the time of seftlement. The effects of pasturing in these wood
lots have been allowed for as far as possible. Information has been gath-
ered from local residents as to the nature of the forest which was
removed in making certain fields ready for the plow, and has been of
great service in some instances.

The vegetation of the area falls naturally into two groups, that grow-
ing on what is commonly termed dry ground and that found in moist or
swampy places.  FKach of these groups can be separated into several
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societies, which often merge gradnally into one another so that in some
Joculitios it appears that we have a mixture of several of then. But
in general the division is sufficiently well marked. In the following
discussion the two primary groups will be taken up separately.

Tl UPLAND 80CI ETTES.

1. The Nocictics ( Taracterized —The range of altitude over the whole
county is less than 400 feet, so that absolute altitude itself, with its
conconmitant variations in climatic conditions, is not a factor in the dis-
{ribntion of the flora. Differences in relative level, however, produace
marked variations in the drainage, and hence in the water content of the
soils. This is an important factor in plant digtribution. )

The vegetation of the upland falls into five societies, which may be
characterized as follows:

[, Beeclmmaple Socicty, comprising a8 predominant and characteristic
the following plants: Becch, sugar maple, enchanter’s nightshade
{Chreea) wild Teorice (Galinm lanceolatum), wood nettle (Laportea),
catnip (Nepeta), pokeweed (Phytolacea), richweed (Pilea), nightshade
(Rolanum nigrum), and red-berried elder.

1[. The J[(l[)l(?-(ﬁtllll-(l(/)‘i)ll())l]/ Socicty, comprising: sugar maple, Ameri-
can and rock ehus, agrimony, spikenard {Aralia racemosa), honewort
(Cryptotenia), gpice-bush {Lindera). moonseed (_Menisp(mn1111\), black

snake-root (Ranicula), and wild black cherry.

[11. The Oal-hickory Nocicty, comprising: white and red ouak (Quer-
cus rubra-coccinedy, shag-bark and pigmut hickory, false Solomon's seal
(SRmilacina racemosa), northern bedstraw (Galium boreale), Aster Levis,
and panicled cornel,  This society i¢ much the same as the following,
but with the addition of the two hickories. It also has many plants in
conminon with the previous gociety, and may be regarded as an inter-
mediate type between I and 1V, both of which are much mote distinct.
Owing to the difficulty  of distinguishing sharply between Quercus
coceinea and Q. rubrea, these two forms have been brought together under
{he name Q. rubra-coceined.

V. The Oak-hazcl Nocicty. comprising: ihe white and red oaks, Aster
Levis, Al macrophyliius, New Jevsey tew, hazel, spurge (Euph()rbin),
1lelianthus occidentalis, Solidago cosia, and hoary pea ('1‘01)’111'()siz\).
The spurge found in {his society is the broad-leaved forni. In the fol-
lowing society this plant is just as common and characteristic as here
but there it has ninel navrower Jeaves. The individuals of the broad-
leaved form appear strouget, greener, and more robust than the others.

V. The Oale-pine-sassafras Nocicty, comprising the white and ved oaks,
white pine, sassafras, plzn’\tain-luuvod everlasting (A\ntvnnariu‘). wornt-
wood (Artemisia), gand bur, spurge (nurrmv-lmwed form), huckleberry
t’_(}a,y]nssm:in), lupine, qweet fern, braken, and Solidago nemoralis.
Thig includes the drvest and most open form of “oak openings”
together with the country which was once quite well covered with pine.
They are put togethier heve, because aside from the now partially extinet
white pine the floras are p actically the same.

To one who kKuows the woods it will be apparent that in these five
gocieties we have & gradation from the close, compact tormation of the
beech and maple forest, where the sunshine seldom reaches the ground,
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to the very open and sunny oak openings and pine plains., It would
naturally be supposed that the deuser societies are living under more
favorable conditions for growth than the more open. This, indeed, we
shall find to be the case.

A more extensive Jist of plants is given in the following table, which
shows almost graphically the distribution of {he enumerated plants
throughout the five societies.  The nomenclature is that of the sixth
edition of Gray's Mannal? The Roman numerals heading the five col-
umns at the right of the names indicate the societies by number, the
same method of indication being also adopted on the accompanying mayp.
The letters opposite the plant names show in what societies the plant
occurs, the relative abundanee in that society being denoted by the letter
itself. ' denotes common; F, frequent, and R, rare.  An asterisk aceom-
panying the letter expresses the fact that the plant is one of those to be
regarded as characteristic of that society.  Our rare has not the meaning
given the word by the systematist; plants which he would consider rare
are not sufficiently abundant to he considered at all in such a list as the
present,

A very complete list of the Pieridophytes and Spermatophyies of Grand
Rapids and vicinity has Dheen recently published by Miss Cole, 10

TABLE OF TI1I ULPLAND PLANT SOCIITIES,

! i

SPECIES, f COMMON NAME, ; I j 1. | 1. ( v, ‘l V.
Acalypha Virginica....... ... ‘J Three seeded mercury....oL, L, ; F [ Fo ]
Acerrubrum...... ... Red or swamp maple .............. R ? 1 ‘ R r“
Acer saccharinum.......... . . i Sugar or rock maple............... j’ (8 j‘l C R j
Actwaalba.... ... J White baneberry ............. ... .. { Fx ‘y[ |
Adiantum pedatum.......... . . ! Maidenhair fern............ . . | ’ K ¢ ‘
Agrimonia Enpatoria......... .. j Agrimony ) ! i
Andropogon furcatus.............. | Beard grass ]‘ ! 5 (&
Antennaria plantaginifolia........... Plantain-leaved everlasting....... r' ...... ‘ ..... “ ...... ‘? ...... ‘ C¥
Araliaracemosa ............. . ... . ‘ Spikenard........... ... .. ! . C* ’ I ( i
Artemisia candata........ ... ! : ‘ J C*
Aspidium acrostichoides i
Aster cordifolius.......
Aster Lnvis............ ... . :
Aster macrophyllus........... .. .. ;
Behmeria eylindrica | | ;
Carpinus Caroliniuna......... ... .. i Blue or water beach......... . ... .. [ e ‘ C* " ‘f f
Carya Alba................ . .. J Shag-bark hickory 1,[ f
Carya poreina.......... ... ... ! Pig-nut hickory......... .. ... “‘ [
Ceanothus Americanus“...,..“,,,..;‘; New Jersey tea..................... ] ; ki I
Cenchrus tribuloides ’ Sandbur ... i i ! Ir*

" Gray, Asa: Manual of the hotany of the Norithern Tuited States, 189,
*Cole, 1. I.: Grand Rapids IFlora. Grand Rapids, Mich., 1901,
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TABLE OF THE UPLAXND PLANY SOCH&'L‘]IGS#('ontinued.

SPRECIES. ; COMMON NAMI. 1. 1. L . I l‘ V.
¢Chimaphila wmbellata. ..o 1 PEEe’S PG oo ee e sere T T SR R ‘ ¥
Circaea Lutetiana «..cooveoemromeet | Enchanter’s nightshade ..o LCr R i
Cornus alternifolia ..o Alternate leaved COTNET 4eevanen e e ¢ ¢ ‘ ‘l
Cornus HoTida .o % Flowering ogwootl .oove o S [§ ¥ o
Corylus AMETICANA. . .ooore et “‘ P CTTR IUUTUUURDTRITPPRS PRV EE A NI ’. ¥ ‘\ Cx i ¥
Cryptotania Canadensis..... .o i HOMEWOL T« veeensesemmsnrrst A I ;
Cynoglossum Virginicum.....oooeere "\‘ oL $-LONZUE o eeree cnrmtrmoros E# ‘ RO 1\
Diervilla brifida, «oooooooorers | Busb honeysuekle ..o..oreem L | R D [ R &
Pracocephalum parvitiorim. ... lll Pragon Dead . .oooeeesee [ O ‘ ‘ ‘
Echinospermum Virginieum......-. ‘\ Beggars 1. ..o AL R i
Epigmoa repens. ... oot “l Trailing arbutus l‘ ‘: ) F*
Epiphegus Virginiana.......ooo-o00 ‘i‘ Beech drops. ... oeeecrst ‘\ i
Luphorbia corollat. covvnerria e \ SPUIZR. e vnanrerrmesrssr s . ! ¥l 2
Fagus ferruginea. oo oo \ American I P ‘ (S ‘ \

(Galinm boreale........ @ .............. 1\\ Northern Dedstraw. ....ooomerers ,‘ ...... ¥ 1 (5 ‘

Galitm CLECIZANS. o oeeserem e | wild T \:

Gialinm lanceolagum. oot 1\ “ 7 A i

Gaultheria procumbens. ...oo..-oxx WANEEIrgreen .oeeemeersoes st " I C*
Gaylussacia FESTNOSA e, s vr et “‘ Black huckleberry ....-.ooooererts \ ...... “ ...... Peiaes 1 o C
Gerardia quereifolian.. ..ooraerrr % Sniooth false FOXglOVE.. vt ! ........... FHNEE TS O ¥
e ALDTL .o ceeeenmese e AVENS . cenesrennrnnssen st ‘ ...... C* “‘ R :
Hedeona pulegioides ....ooeer oo American 1)ennyroya] ............... Y “ } ‘
Helianthus divaricatus, . ..oooooeveeers ‘\ SURAOWET .« eermeeens moeem ottt ‘ I ‘\ ¥ “‘ C C*
Helianthus occidentalis. ..o ‘ P R R Loy ‘1 cx : F
Trepatica ACUtiloDa...ooere weerr \ Liverleaf. .ooooeresneormirmn S e e

Hepadica SiIODA. o «ooes o | P UUUPRUPPORREPR R SR Lo ook
Hieracium SCADTUIL .. .veoenmmrrsstts 1\ Hawkweed | “‘ ¥ C*
JUglAns CINeref.. ...cveeerer st \‘ BUbternub. . oovemeerrsretr T e ; ‘g R “‘

JUIAns MIGra. oot El Black walnfbe, oo creros st ‘ ‘ R “

Laportea Canadensis...... . oo 1 Woodnettle. .oover comremmes T |

T,echen MINOT. . covrreeroseeme st PARWEE(Lnwvvereeersmmnre

Lespedeza polystachya. .oooooemeeere !

Tespedeza stuvei intermedia........-

Tiatris cylindraced.....c..ooooroott

TAatris SCATIOSR. «oereremsr et s PO R R (IO ;
Lindera BENZoin . «.areeemrsoo gpice Bush oo T
Lobelia inflata. .oooovereeeem s C[ndian tohAGCO oo ‘
Lupinus perenmis. . ..coxrees rt : Wwild lupine..... -« ‘
Medeola Virginiana.. ....coooommeess © Indian eucumber root

Melampyram Americanum
T
11 Broad-leaved form.
12 Narrow-leaved form.
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TABLE OF THE UPLAXND PLANT SOCIETIES—Continued.

; T —
SPECIES., ! COMMON NAME, I. I‘I I | 1Ir, ! .| v,
e o e ,A,.MH,._’ ]
Menispermum Canadense......... .. ; Moonseed....................... .. [T '

Monarda fistnlosa................ ... Wild bergamot, Lorse mint, balm

Monarda punctata............... .. f Horsemint....................... |

Myrica asplenifolia........... ... ... . Sweetfern................... ...

Nepeta Cataria.......... ... ... Catnip,..

Onoclea sensibilis............... . | Sensitive fern

Ostrya Virginica............... .. . w‘ Ironwood ! !

Phlox subulata................. .. ’ Moss pink....... ............ ... . .. ‘ ..... f ...........
Phryma Leptostachya......... ... .. ’ Lopeed............................. J ...... %

Physalis Virginjana ......... . . f Ground cherry,............. ... . ... ; ...... ] ......
Phytolacca decandra............ . .. . ! Pokeweed................. ... .. .. !‘ % |

| |
Pilea pumila................. . . 1 Richweed .................. ... .. . . { C* fI '
|

Ribes Cynosbati ... ........... ... .. ! Gooseberry.......... ... L

Rudbeckia hirta.... ......... ... . f Browneyed Susan

Sambucus racemosa.......... ... . . ; Red berried elder,

Sanicula Marylandica ............. ... i Black snake-root.............. . ...
Sagsafras officinale..... .. ... .. . ; Sassafras............ L
Smilacina racemosa ........... ... . | False Solomon’s seal

Smilax hispida..... e | Greenbrier.................. ... ..
Solanum nigrum.................. .. ’ Nightshade ... .................. |
Solidago bicolor concolor......... ... ‘ Goldenvod ...................... . . |
Solidago cawsia................... . % Y
Solidago nemoralis................ ... 1 .........................
Solidago rugosa.................. ... .. f e
Tephrosia Virginiana............. . .. ‘l’ Hoary pea............ ... ... .. |

..................... Basswood ................ ..
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TABLE OF THE UPLAXND PPLANT SO('IE’HES~(,'07Lt'in1led.

| ‘ | i
SPECIES. ! COMMON NAME. I 1. ‘w LIl | IV, \ V.
e T PUTEBREUGRESLSESE P L — - : ,4,,<,‘ PP ‘l —
‘ ;
yaceininm ey PF C \‘1 C
| i
vaccinium Pennsylvanicuin. | Dwarf blue Derry oot ORI ‘ 9 | ¢ | C
R ¥ ¢ C \\
i i
Vitis pordifolia. o | prost grape. o ¢ Lc 1\ ‘\
| i !

2. Dyistribution of the {pland Sooietz’us.w’rhis i« shown by the map
{Plate (1n). From the darkest 10 the lightest of the five shades used @
gradation is shown corvesponding 1o that in the gocieties from 1to V.
The sixth and lightest shade denotes decply-cmded channels occupied
chiefly by lowland gocieties. In (hese channels the aveds occupied by
the different gociceties are 8O limited that any gatisfactory 1‘(}1)1‘(,‘30\1tz\ti(m
of them on the scale of {he present map was deemed impossiblo. There-
fore they arve loft unshaded. Also the lowland gocieties along the mat-
gins of qmaller stredains and lakes and in swamps among the hills ave
omitted entirely from the map. the reason for this is in part the samne
as the one given for the larger channels, and also in part this, that
Although some of the swamps are large enongh to map well on the pres
ent scale, yet o trace their margins aceurately would require more time
{han it would be worth, and to map them inaceurately would not be frue
to the jnstinct of the work.

K|teep slopes where erosion i at present rapid, as alony the margins of
the many streail valleys and along old glacial chanunels, are ocenpied by
societies 111, 1V apd V. The character of the soil seems to make 1o
difference heve, the drainage being quite complete and the qecumulation
of humus fmpossible. 1t has also been found im]‘)rz\(tticablo o indicate
these very nayrow aveas upon the map-.

1n the southern tier of fownships, all the heavy clay soil, whether it
be rolling moraine or level till plain, was oviginally oceupied by the
beech-maple gociety (D) 1n the lighter Joamy soils are usually found
the oak-hickory gociety (11D, with transition zones between it and (I)
held by the nmplo—el11\-;\;{1"’1m(my society (1. The very gandy loam
bordering the decp nArTOW valley of the Thornapple river and gpreading
eastward from Alaska and Labarge nearly to the Fhudale till plain, is
occupied by the oak-hazel and the (mk—})ine-sz\ssnfms gocieties. This
loam is in many places as gandy as the goil of the (prand river sand plaing
it might almost have been denoted as sand.

Within the “hig bend ? of the Grand viver iz an area of decidedly
clayey country oceupied by the ()2\1{-1)ille-sassaf s society (V), although
here the pine is nof at all pmm'\m-n‘r. 1t appears a8 though this aread
were well on the way foward society TV at the time of clearing. But the
marked presence of sassafras, wornnwood, sand bur, Solidago pemoralis
and other forms of society V, make it impossible to classify it elsewhere.



92 BOARD o GEOLOGICAL SURVEY,

The Grand Rapids sand plain {reaching from Rockforq, through Plajy.
field and Grand Rapids o Grandville ang Ross) g gencrally covered
Wwith societieg 1V and V., e foundation soi] is dpparently the same
throughout, being a gravelly sand, bt the aveas of society TV have
1,111(10111)1’0(1])‘ more surfiece humus, thug giving the soj] g darker colop
and a more loamy texture, The higher parts of the plain, and hence the
bortions whicpy have been out of water longest, are generally those to
show this condition.  The lower portiong where violent water action
probably continued afier the main stream receded, ang where, owing
to the slope, erosion is even now well marked, heay little surface hamug
and ave ¢hy racterized by sociely V. TJfope, at the time of cleaving, the
pine was usually present. Transition areas between 1V and 'V owoepe
covered with “oq) Openings,” howeyer., Of course mueh of these chan.
nel areas ig Swampy and henee thrown out of the pregent discussion.

North of Grang river it ig only in the westery coluimn of townships
that ihe heavy clay s (-haracteristicﬂ,]]y covered witl, socicty 1. p
other portions of the region the clay is covered with society IIL IV op v
It will be noticed that clay b aring the oak-pine-sassafrag society iy
common in {he extreme nortl, and becomes less common Southward.
Societies TIT and IV approach each other in ¢ha acter as we pass north-
ward. The hickorieg become legg frequent ang the genepal aspect of 11J
becomes more that of IV, ¢ needs to he remarked here alge that the
streteh of society TI[ p ‘aching from {he Rouge vivey southward ang
Iving west of Grand Rapids is g curious mixture of IT and 1V, Judging
from the treeg alone, the southern part of it would be placed in society
11, but the presence of New Jersey tea, Solidago caesia, ete., seenp to
place it in the oak-haze] group.  Rassafras is present herve tg gy remark-
able extent ang in many places, especially to the north, white pine also.
The northern part of this streteq contains much pine. ;\]tog‘(*thor, the
area can better he classified undep IIT than elsewhere,  In the general
disenssion to follow the possible reasons for the mixing wil] be considered.

In the bit of l)ee('h-mup]e society in the extreme horthwestern parpe
of the county is found the only marked instance of the presence of hem-
lock. Thig tree belongs typically with the hard wood 8roup in northern
Michigan.

In the northern part of the county white pine wag almost universally
present in the uplands at the tinie of settlement.  Thig can be proven
by stumps which are stil] ip place or have been used in (e construction
of stump fences, There are pine stnmps and a few trees still standing
even in the I)eech—nmp]e stoup upon areas north of an cast and west
lue drawn through g point about midway between Ceday Springs and
Rockftord, South of this line the pine disappears in society I and
becomes Very rare in all but 1v and Vv,

3. Generalizations op the Uplangd Ir'lm'(z.ﬁ:\ny sort of generalization
pon a study of sucly g limited avea ag the present must necessarily be g
hazardous undertaking. | shall venture to call atiention to the follow-
ing points, however, all of which must he looked upon us merely tentative
Suggestions:

& The Soil Factor.—1t appears that the general distribution of the
upland societies ig based primarily upon the nature of the superficia]
S0il. - This must he 80 sinee the roots of the smaller plants never pene-
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trate very far into the soil, and since in the case of trees and shrubs,
geed germination and the growth of geedlings is conditioned by these
gurface layers. If geedlings cannot develop it is clear that there can be
no mature plants.

Surtace soils may be clagsified either according to their chemical or
according to their physical nature. The usual soil analyses gshow the
relative amounts by weight of the different chemical constituents. Now
it is very probable that the original i1l material covering Kent county
was reasonably uniform in chemical constituents. That it was thor-
oughly mixed by the movement of the ice sheet is shown by the wealth
of different minerals to be found in any small region. But the till has
been more or less sorted by water action in many localities, so that in
gome few cases, almost pure silica is alt that remains on the surface.
However, in spite of this washing, the most sandy soils contain a con-
siderable amount of other minerals.”

But the plant can make use of the soil constituents only after they are
in agqueous golution. Now the great bulk of the soil is practically
insoluble in water, and it wmakes no difference to the plant what may
be the chemical nature of these undissolved substances. Thus it would
be much more to the point to make analyses of the soil water, for it is
{this which eftects the plant directly. Such analyses were not wade in
connection with the present work; the distribution of the vegetation
geemed not to demand it. 1t is hoped  that they may be made at
gome future time, cither for this region or some similar one. It is very
probable, however, that soil waters from the surface soil in different
parts of this area will be found to be very nearly uniform in their salt
content. We are led to this conclusion by two considerations: First,
the chemical nature of the soluble part of the surface soil itself is
probably very nearly uniform throughout the county. Secondly, the
washed soils are usually comparatively shallow, and upward diffusion
of dissolved substances probably takes place with comparative rapidity,
especially when aided by the soil currents produced by changes of
temperature, etc. The ounly localities where it is at all probable that
a paucity in soluble salts would occur in the soil water, are the deep
sund plains. There ig some rather questionable evidence from the
vegetation that such is the case in these localities. More work needs to
be done before any definite decision can be made in this regard.

In classifying soils according to their physical nature, the only ques-
tion which has any direct bearing upon plant growth is that of the
ability of the goil to retain water by capillarity, so called. Primarily,
this ability depends upon the size of the soil particles. Thus sand will
retain less water than loam, and loam less than clay. The three grades
of surface soil shown on the map have been indicated with this in view.

Sandy soil may be made to retain more water in two ditferent ways.
either by the addition of clay or by the addition of humus. The physiecal
effect of the humus is very well marked. Of course the humus also adds
some nitrie acid and certain organic materials which are of benefit to the
plant, and it also increases the amount of soluble galts at or near the
surface; the humus is formed mainly from leaves, and in these organs

13 Kedzie, R. .t Analysis of soil of jack-pine plains near Grayling, Michigan. Annual
report Mich. Troard of Agriculture, 27, p. 211, 1888 ¢ also Dull. 99, 18903,
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the mineral part of the plant body is concentrated. Thisg ig perhaps an
important fact in the growth of hard wood upon deep sand whieh is
well covered with humus.  Where drainage is complete and rapid, as in
sand, and oxidation is also rapid, humus does not readily accumulaie;
but where it does aceumulate as o surface laver, the ability to retain
water approaches that of clay.

From the present study it appears that the most Imporvtant soil factor
in the distribution of the flora of Kent coun ty is this one of the relative
ability of the superficial layers to retain water. In other words, the
controlling soil condition is one of drainage,

Throughout the southern half of the county, soils which retain much
water are covered with society I, T1 or I11. The only exception to this
is the small clay area within the bend of Grand river. The soil of thig
area is apparently as good as that farther south, but it is very dry in dry
weather. There is no marked humus covering. DPerhaps the proximity
to the well drained valley on either hand has an influence throu gh under-
ground drainage, but this was not looked into and the question must be
lett for the present unanswered.

Within the sand plain area of the southern half of the county there
are several small stretehes of societies I and I1. Owing to the fact that
at one time a much larger stream than the present one flowed through
the valley of the Thornapple rviver, that valley has a well marked ter-
race between the country level and the present flood plain. This old
flood plain is sandy and corresponds in manner of formation to the
Grand Rapids sand plain. But in very many places this terrace is cov-
ered with societies I or 11, Some of the finest “sngar bushes” which
I have seen are here. The sandy soil is thickly covered with a layer
of humus. These strips of hardwood are so narrow that they could
not well be shown upon the map. The same condition holds on the
rather high part of the plain lying west of Crosby. This is indicated
upon the map. Also at the base of the escarpment forming the margin
of the deeper glacial channel in the Grand Rapids sand plain there are
several instances of societics I and 11 upon humus-covered sand. Notably
is this trne near the southwest corner of Grand Rapids and on the mar-
gin of the Buck creek valley near the Lake Shore & Michigan Southern
railroad. In this connection it is interesting to note that beech trees
are found quite commonly upon the humus-covered established dunes
along the east shore of Lake Michigan.*t

In the northern half of the county west of the Rouge river we find the
heavier soils still retaining societies I, If and IIL. East of the valley of
this river we find the country is much cut up. The clay areas are small
and pretty well drained. They may be occupied by any society from I
to V. That they can support society I is well shown by its occurrence
in several places. Tts general absence from this region is perhaps due
to another cause, to be mentioned later.

East of Sparta and northeast of Cedar Springs are perfectly typical
examples of society I growing upon light soil, the former without trace
of pine. In the western part of the Sheffield area I was told by a resi-
dent that the clay was at least twenty feet below the surface. But in
these areas the soil is deeply covered with humus. YWhat the conditions

* Dr. Cowles tells me that he has seen these beech covered dunes as far novth as Frankfort,
and Mr. Whitford has observed them on Manitou Island.



ANNUAL REPORT FOR 1901. 95

are which cause the aceumulation of the humus in one place and not in
another apparently cimilar place, 1 was unable 10 make out. This
phenomenoi most often ey in o eather low region where the sand
would normily remain moist tonger than elsewhere. It hag been suge
gested that the peech cannot grow 1o perfection in the absence of
hunius, because of the S)‘lnbiﬂﬁ(: relation of its roots with certain humus
fangi. The nmple-elm—a;:rimony society, however, grows 10 perfection
on heavy soil with little or no frue humus. 1t ig also fonnd on lighter
<0il which has 2 humus covering.

In the southern nalf of the connty it seems fairly clear, then, that
gocieties I and 1L will grow on rather deep cand if that be covered with
humus, and that when soeiety Vi found on clay it is well drained and
asually with little or no humus. Throughout the county there is an
obvious difference in hunus content between the areas oceupied by
societies 1V and V, the sand of the former being mixed with vegetable
debrig.  The intermediate cociety 111 is gound on the Joamy soils and on
ihe dryer and better drained clay areds.

W, The Historic I“(t(;tor.ﬂBosides the factor of relative water content
in the soilg there is another which may be active in this yegion. 1 refer
to what may be termed the historie factor.

Asg the ice shect retreated slowly northward at the end of the last
glacial period the portions of Xent county first nnecovered Were, of
course, in the southern part. And the first parts of the sand plains to be
ancovered 1ay also at the south, although these areas were probably
ander water long after the ice itself had disappeared. It is probable
that the pinevheafh”’ group which today reaches farthest north, reached
well toward the glacier front during the ice age. And at the end of that
age, the jee in its retreat was probably followed northward by vegeta-
tion, the pine-heath gociety leading the way. Near the ice margin the
soils were probably Taw, absolutely without humus, subject to great
drought in gummer and 1o extreme cold in winter. These are just the
conditions in which we find the pine—hei\th group today in northern
Michigan. 1t is probable that at one {ime they occupied all of Kent
county, but the climate beeame warmer and more equable with the
farther retreat of the ice, and the growth of the hardy pines, ete., pro-
duced a little puwmus.  Their roots fixed the goil so that erosion was
Jess rapid, and perhaps {he sassafras and the white and red oaks and
the whole of our gociety V gmdual]y crept in, occupying the better part
of the ground along with the pines and heaths. Then as the goil
improved the oaks became more and more numerous and the pine
seedlings could not develop on account of the ghade.r® The pines thus
became fewer in the south and the oaks at last predominant. This
would be the stage of our gociety 1V. But the process of working over
the soil continued,’—though perhaps {he ice-sheet had shrunken by this
time nearly to its present gize,—and humus continued to accumulate in
favored places; the hickories, maples and beeches of Ohio and Indiana
gpread continually northward over every suitable stretch of goil, as
fast as it was made fit for them. When the maples and beeches reached
R

35 Phis group comprises. Lesides geveral pines, two species of juniper, pearberry, hairbell,
praken and geveral of the other forms found in our gociety, Y- Cf. \Whitford, 1. N.: loc. cit. p.

298 et seq.
16 It is known that pine geedlings £ail to mature in the shade of healthy deciduous trees.
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hickories brobably ceased to mature, Seedlings of {hese trees fail to
develop wel] under maples and beeclies, possibly on acconnt of the
dense shade, Thus we have reached the stage of our society 1.

In such a northward advance, the plant societieg would not progress
in uniform lines, like a marching army, regiment aftep regiment, g
might be supposed at fipst thought; on the contrary, there would be
many mixed areas, and the ad vance would often he almost in'lpm'ceptible,
like that of g ragged line of skirmishers. Hepe and there in g sterile,
perhaps in a wel] drained portion, wonld he left a detachment of the
advance guard, like the patches of societieg Vv and 1V in the southern
townships of oup county. And thege would be surrounded by the later
comers as they crowded on, occapying all soils in which they conlg come
to maturity, and Préventing the development of hew generations of the
forms previously in bossession.  With thege thoughts in mind, a glance
at the map wily Suggest much more thap was seen before,

The beech ang maple societieg (considered by Cowles andg Whitforqr
to be the climax society for temperate North America) extend north-
ward along the lines of goi] richest in water content, and reach
farthest north ip the western part of the county, This latter fact may
be due to the lake influence, Chamberlin statests that in Wisconsiy
the beech ig limited to regions near the lake. e believes its distribu.
tion to be determined by lacustrian climate. Thijs is perhaps partly true
here, at any rate the advance of society I has been much greater along
the side of the county nearest the lgle 15

Also the othep socieﬁes,—-H, I1I and IV —are each g little in advance
of the previoys one, and each jg apparently advancing into the area
occupied by the next hardier one. Ip the extreme noptl we find almogt
the entire area occupied by societieg IV ana v,

According to this line of thought, the reason for the predominance of
the pine Sroups in the north ig simply {hat sufficient time hag not yet
elapsed since the glacial period fop these areas to he reached by the
societies found predominant farther south.  Along a wavy east and
west line Dbassing through Rockford lieg the “zone of tension” between
societies I, IT anq IIT on the one hand and 1V ynq Voon the other. This
line bends far northward at the west, following the western edge of the
Rouge valley as far ag Kent City and Casnovia., It also  bends
northward to Sheffield and Harvard on the other side of the Rounge
valley, Perhapsg a climatic factor ig operative in pProdncing this zone of
tension, perbaps the beecl1~maple-hick01;y society cannot oceupy large
areas to the north of i, But it seemsg more probable that the climate —.
somewhat colder as we pass northward,—hag acted only ag g retarding
factor, assisted by the fact that a good portion of thege northern town-
ships have a Light surface s0il, which seemg unsuited for the hard wood
Societies in the absence of humus,

The strongest boint in favor of t}e idea just expressed is found in the
fact that at the time of settlement practically all of societies T and 11
in the northern bart of the county were well mixed with pine. In some

maturity in the richest parts of the oak and hickory forest the oaks and

" Whitford, F. N. : loe. eit. p. 302,

8 Chamberlin, . C.: loc. ¢it. p. 180,

*® But Dy, Cowles teliy me that in the neighborhood of Chicago heech is found almost exelu.
sively on areas quite far removed from the Iake,
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places the pine stumnps are so numerous as to raise the question whether
the hard wood is not an cutirely recent affair. It ix probable, however,
that scattered maples and beeches were mingled with the pine and that
on the removal of the latter their scedlings simply took possession of
the ground and shut out the pine seedlings.”  Also in societies 11 and
ITI, west of Rockford and as far sonth as Mill Creek the pine is still
pronounced, and in many small spots society IV, or even V, still retains
its hold. As has been noted before, this is a mixed group and is hard to
classify.  There are no fraces of pine in the hard wood forests to the
southward. It may well be, however, that a turther extension of this
‘study will show that this hypothesis of the historic factor is utterly
untenable.

Another line of evidence seeming to throw some light upon the his-
torical development of this flora, is that obtained from a comparison of
the several sand plains of the region. As was stated in our introduc-
tion, there is a well marked sand plain just south of the boundary of
Kent county, which we have terined the Green lake sand plain.  The
soil here is like that of the higher part of the Grand Rapids plain, shown
on the map, very sandy, but with a good admixture and coating of humus
so that at the surface it appears loamy. The vegetation is made up of
all five of our socicties. 1In general the type is that of society I11, but
there are many spots, especially on the margins of the numerous ponds
and lakes where societies 1V and V hold the ground. In slight depres-
sions along the margin of the plain the humus is deep and society I is
common. There are also many rather large areas of societies I and 111
well out in the plain. Tsually these are in slight depressions, not low
enough to be swampy, but well covered with humus. We may say,
then, that in the most southern of the three sand plains which have
been studied,—and therefore the one which has been out of water and
fit for vegetation the longest,—the predominant society is 111, but I and
II are not uncommon, while IV and V occupy a relatively small portion
of the area.

In the Grand Rapids sand plain we have seen that society IV is pre-
dominant, with a good part occupied by V and comparatively very little
by I, I and 111. And in the plain which extends from Rockford north-
ward, the only upland society found is V. Of course the last plain has
been out of the water a much shorter time than the other two. In fact,
a great part of it is at present swamp and is occupied by lowland
societies.

In these three plains we seem to see successive stages of vegetation
occupying successive stages in the formation and accumulation of
humus. Of course the extensive destruction of the natural vegetation
which has taken place since settlement of this region began, will make
it impossible for the natural course of events to continue here, even if
the above hypothesis be the correct one. Often clearing and burning
has reduced the soil from a condition suited to society 1L or 111 to one
only fit for society V. This is probably also frue on the moraines in the

0 Peal has shown that oaks, maples, ete.. can reach a considerable age in dense forests with-
out any marked growth. An oak may thus be twenty-five years old and yet have a height of
only a few inches. T{ the shade-producing plants are removed these dwarfed trees will set
up a renewed growth. For figures of such dwarfed trees see Beal. W. J.: Observations on the
succession of plants in Novthern Michigan. Aununal veport Mich, State DBoard Agriculture,
27 7478, 1888, }

13
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northern part of the county. It will probably be impossible ever to trace
the history much farther than it had gone at the time of settlement.

THE LOWLAND SOCIETIES.

Under this heading will be briefly considered three groups of societies,
the pond-swamp group, the lake-river group, and the spring-brook
group. In the first I shall include those aquatic societies which are
found in small ponds together with those marsh societies whose habitat
is undrained swamps cither on the margins of such ponds or else-
where in swampy depressions. The second group will consist of the
aquatic societies of the Jarge lakes and of flowing water,—whether in
creeks or larger streams,—together with marsh societies which occupy
the drained marginal swamps along these lakes and streams, and also
the moist ground societies of the river and creck flood plains. The third
group will comprise the societies of the spring-brook and its margins. 1
have been unable to observe any variation in these lowland societies
corresponding to variations in the nature of the soil. 1t scems to make
no difference whether the soil be sand or clay, if it contain sufficient
water to cause it to be classified as lowland, it will always bear certain
types of vegetation. These various types depend, apparently, upon the
amount of water so retained and upon the nature of the water as a
solution.

1. Definition and Distribution of the Lowland Societics—In the fol-
lowing paragraphs the definition and the distribution of the several
lowland societies will be presented together. My study of the lowland
has not been as thorough as that of the uplands and the discussion will
not be as complete. The societies will be numbered consecutively in the
same series as those of the upland.

a. The Pond-Swamp Group.—Throughout the county, but especially
in the northern and northwestern part, depressions which reach below
the water line are numerous. They vary in diameter from a few hundred
feet to several miles, and their margins are of course sinuous and very
jirregular. They may be found on almost any sort of topography, but
especially in morainic areas and in sand plains. In the former situation
these deep hollows among high clay hills are often almost impossible to
drain, even artificially. The great accumulation here in the form of
peat, of which we shall speak later, has led cultivators to drain these
swamps wherever practicable. Sometimes ditches for this purpose
have to be twenty or thirty feet deep and take a sinuous course for
several miles, following the depressions in the topography. Thus in
morainic regions these swamps are naturally undrained; there is no
circulation of water through them, it is lost almost entirely by
evaporation.

In the sand plains these depressions occur principally along the
marging. The margin of the Grand Rapids plain is in some places
almost a continuous line of such swamps and ponds. They also occur out
in the middle of the plain, notably so in the Green lake plain, south of
the county line. These sandy basins are apparvently as poorly drained
as those in the clay; it is probable that the deeper clay holds the water.
The vegetation is the same whether the basin is in sand or clay.

VI. The Chara-Nymphea (Aquatic) Society.—Where these undrained
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depressions are small, and at the same time deep enough to contain
standing water throughout the year, we have a pond. The water is
usually shallow and filled with aquatic growth. The presence of
rater prevents in some way,—perhaps by Hmiting the supply of oxygen.
—_the total decay of dead plant materials, and debris accumulates
upon the bottom of such a pond, forming black peat. This may be
intermixed with caleaveous material from Chava™ and from mollusc
shells. The calcarcous deposits may be quite pure, as sometimes in the
larger ponds and lakes, so that they may be used for marl. Generally,
however, an undrained swamp has a bottom of fine silt-like peat or muck,
which,—being thoroughly saturated with water so as to furnish almost
no support to a person or animal, and being of unknown depth,—gives
to many ponds the name of bottomless. The vegetation of snch a pond
is characteristic. The white and yellow water lilies {(Nymphiea and
Nuphar), the alga Chara, which offen forms great masses, the duck-
weeds (Lemna, Wollfia, Spirodela) and the bladderworts (Utricularia),
are the predominant types throughout the county.

VII. The Sedge-Sphagnuwm-Tamaerack (Bog) Socicty.—1t is obvious
that as an undrained pond is filled up by peat deposit its margin will be
built out into the water. This process has been going on since the
close of the ice age, and thus many ponds are surrounded by a broad
belt of characteristic undrained swamp or bog. In many cases the pond
has been entirely obliterated by this encroachment of the marsh upon
the standing water. These marshes, whether they have a true pond in
the center or not, always show a zonal arrangement of plants. Thus
several distinet societies might be made out of what is here brought
ander one head. An admirable discussion of these zones of plant life
in the Chicago area is presented by Cowles (loc ¢it.). The facts ave the
same in Kent county as there. Along the margin, in shallow water, are
found sedges (Carex), the bulrush (Scirpus lacustris), Scirpus atrovirens,
S. polyphyllus, the buck bean (Menyanthes), and the swamp cinguefoil
(Potentilla palustris). Farther back these give way to the true peat-
bog flora, comprising cotton grass (Eryophorum), peat moss (Sphagnumy,
leather leaf (Cassandra), Calapogon, Pogonia, Cypripedium candidumn,
C. spectabile, the tall blue-berry (Vaccinium ¢orymbosum), cranberry,
poison sumac (Rhus veninata), pitcher plant, sundew, Elodes campa-
nulata, YWoodsia, shrubby cinquefoil (Potentilla fruticosa) and the tam-
arack tree. The black spruce, which is common in such localities north-
ward,?? is rave here. In one extensive swamp crossed by the right of way
of the Detroit, Grand Haven & Milwaukee railroad about five miles
east of Grand Rapids, and bearing the name of Saddlebag, there were
originally many of these trees. They were first practically all killed
by burning. Now the swamp has been artificially drained and I think
no spruces remain. The marging of the undrained swamp are often
occupied by a characteristic margin flora of which the winter berry
{Ilex verticillata), hardhack (Spirea salicifolia and S. tomentosa), and
the Osmundas (O. cinnamomea, O. Claytoniana, and O. regalis) are per-
haps the most typical. Or the margins may have a vegetation resembling

21 Pavis has shown that Michigan marl is mainly from Chara. See Davis, €. A.: A contribu-
tion to the natural history of marl, Jour. Geol. 81 485-497, 1900. Also: A second contribution:
to the patural history of marl. Jour. (GGeol. 9: 491, 1901,

22 Whitford, . N.: loc. cit. p. 314.
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that of the dryer parts of the drained swamp, the elms, swamp oaks,
asters, ete., forming a transition to the adjacent upland societies. Where
the latter are of the type of IV and V, however, the transition zone is
apt to be onitted. The margin flora just mentioned may be developed in
such a case, or the swanp society may break oft abruptly at the sandy
slope which marks the original shore line of the pond from which the
swamp has been formed.

b. The Lake-River Group—The societies along the shores of the lakes
dand along the rivers and larger creeks are quite similar, no matter
whether they be in sand or clay, Perhaps the wave currents of the
large body of standing water and the better opportunity for saturation
with oxyvgen and hence for oxidation, simulate the stream currents and
prevent the existence of stagnant water conditions, whatever these may
be. It is trae also that most of the large lakes have outlets so that
there is a constant, or at least intermittent changing of the water. In
embaynienty and quiet places along the margins of such bodies of water
the aquaties take on more or less the character of pond vegetation
and the shores of such places are apt to develop the aspect of an
undrained swamp. The vegetation here is offen intermediate in character
between that of the drained and of the vudrained swamp.

VI The Potamogeton-Ayriophyllum-Flodee  (Aquatic) Socicty.—
This occurs in lakes and the larger vivers. Desides species of the three
genera mentioned it includes Vallisneria, Ceratophyllum, the water
shield (Brasenia), water buttercup (Ranunculus aquatilis), and numer-
ous green alge, such as Cladophora, Spirogyra and Hydrodictyon.,

TX. The Willow-Ash-Fln Society.—This occurs on the margins of
lakes and rivers. The aquatic society (V1) grades into the willow belt
through a grass-arrowhead zone wherein wild rice is often predominant,
In open places in the marginal willow thicket arve often pickerel weed
(Pontederia), cat-tail, Sparganium simplex and androcladum, and the like,
or these may mingle farther out with the grasses and arrowheads. The
sedge-bulrush zone is not nearly as pronounced here as in the case of
the pond, though these plants occur often in great nunbers. On the
beach of Grand river, outside the willow zone, there is often a zone of
rag weed (Ambrosia trifida) and other annuals.

But back of the willow margin, on the river and on the lake, we
usually find a very characteristic drained swamp area. This is the
richest in species of all our societies. It occurs along the marging of
streams and lakes, but some of the finest examples of it are in the
ancient channels of the glacial streams.  The channel followed by the
Grand Rapids & Indiana railroad from Grand Rapids to Ross was, at
the time of settlement, almost vne continuous streteh of drained swamp,
although in some places there are patches ot society VII marked by
groups of tamarack. The same is true of the broad creck valleys in the
northwestern part of the county. The vegetation here is a great com-
plex of species, its tout ensemble remaining quite uniform but the com-
ponent plants varying through a wide range. Only a few samples can
be given. We may select the following: Black ash (Fraxinus Sambuci-
folia), elder (Sambucus Canadensis), Lobelia cardinalis, 1. syphilitica,
Polygonum lopathifolium, . hydropiper, I’ acre, . dumetorm scandens,
bittersweet (Solanum dulcamara), ved osier (Cornus stolonifera), Epili-
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Bimm coloratum, buglesweed (Lycopus Virginicus), skull cap (Scutellaria),
hedge nettle (Stachys), Solidago wlmifolia. panicled cornell (Cornus pani-
culata), sour-guim { Nyssid sylvatica). green brier (Smilaxi, arbor-vitw,
swamp oak (Quercus bicolor), red maple (Aeer rubram), slippery elm
{(Ulmus fulva), and alder (Aluus incana). The list might cover a page.
Of conrse in any one place one will not find all of these plants, but they
are pretty sure not 1o be far distant. Bugle weed is sure to be found
everywhere.  The Polyvgonums are the characteristic herb forms in the
dryer parts of these swamps, and often in all parts, some ten or twelve
species of this genus occeurring there,  Along ihe Rounge river. in the
northern part of the county, the red maple is apt (o be mingled with
ihe willows in the margin zone.

X, The Iiussuroml-Hu('l.tb(’rf)'g/—l’hZo.r»l;ung/ufwt (Flood lain) Societ).
—This is the typical river flood-plain society. 1t contains many of the
plants of society I1. Here, as well as in society 11, occur most of the
spring flowering herbs, bloodroot (Sanguinaria), Trillinm, Indian turnip
{Ariseema), ete. The cork elm (Ulmus racemos: ) is comwon, and the
American el fregoent. Butternut and walut (Juglans cinerea and J.
nigra), the bur oak (Quercus macrocarpa), and the pignut bhickory (Carya
porcina), also oecur here. Back from the lake or river this society
merges gradually into the upland society which occupies the adjoining
upland.

¢, The Spring-Brook G roup.—Here will be included a single society,
{hat which forms ribbon-like stretehies along the margins of the smaller
brooks and broader patches on the springy hillsides, where the brooks
have their sources. The litile streams usually possess a well marked
aquatic flova, which consists, however, of but few species. The alge
Vaucheria and (ladophora are found fastened to stones at the bottom,
and the watercress (Nastm-tinm) Jtogether with water purslane ( Ludwigia
palustris), often forms great masses which well nigh stop the flow of
water.

XTI, The Lobeliu-Chelone Nocicty.—The trees of this society are either
the same as of the upland through which the brook flows, or are like
those of the drained swamp. But the herbs and shrubs which fol-
Jow the brook are quite characteristic.  Among these are the blue
and ved Lobelia (L. syphilitica and 1. cardinalis), the turtle-head
{Chelone glabra), the gentians (Gentiana Andrewsii and G. crinita),
swamp milk-weed { Asclepias inearnata), begear's tick ( Bidens), tear-
ihumb (Polygonum arifolimm and P. sagittatum), Aster puniceus, several
Eupatoriums, alder (Alnus incana), and several low willows. Many of
the plants found here also oceur in the drained swamp society (IX), but
they exhibit a better development here and ave quite closely massed
together in a narrow sirip along the margin of the streams and in rather
broad areas of springy ground at the stream’s source, so that the society
as a whole is quite distinet from IX.

9. (eneralizations on the Lowland Flora—From the possibility of
such a classification of these lowland societies as the one just given,
it seems probable that the main factor in determining their distribu-
fion is water. But the amount of water is practically the same in an
andrained and in a drained swamp and on a brook margin; yet the
floras arc dissimilar, especially the first two. It has been suggested
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that the great amount of organic materials in the solation of the
undrained swamp mayv cffect the plants physically or chemically and
thus exclude those which oceur in the drained swamp. If these sub-
stances effect the plants physically it must be through osmotic pressure.
By this means a concentrated solution might withhold water from the
plant. A few fests of the water from swamps whose flora was of the
bog type seem to show that the osmotic pressure of the water is no
greater than of that from a spring or river. “nough work along thix
line has not been done, however, to decide the question.

There remains the other suggestion, that the undrained swamp owes
the peculiar character of its flora to the chemical nature of the soil
solution. It may be lack of oxvgen in the soil which shuts out the plants
of the drained swamp. The question is to be solved by experiment, and
not by observation. DPerhaps, in the case of a brook, the more uniform
flow of a solution of rather uniform constitution oceasions the develop-
ment in the margin of such a stream as different from that in a drained
swamp.  This question must also be attacked experimentally,

CONCLUSIONS,

From the present observations it appears that we are entitled to
retain as a broad general hypothesis, the physiographic idea advanced
by Cowles (loc. cit)), namely that physiography determines vegetation.
But this hypothesis is not getting us very near to the ultimate factor
upon which depends the distribution of the plant societies. The ultimate
cause of all this varied vegetation must be something more particular,
something which will affect the individual plant. Ior such a region as
this, this something must exist in the nature of the so0il; climatic factors
cannot explain differences in such a small area; and the historical factor
is broad and general like the physiographic one, and hence is not ultimate.
That local ditferences in vegetation are due to soil factors has been as
good as proved before this, and the proof is strengthened by the present
study. The physiographic hypothesis explains how it is that various
soils may be physically and chemically different. But after this is
explained, the question with which we have to deal lies still untouched:
What is it in the nature of the soil which determines the distribution of
our plant socictics?

Now, by “nature of the soil” we can denote two things, and only two,
i. e, the physical nature and the chemical nature. But we have seen that
neither of these can influence the plant per s, (See page 93). Lither
one of the featnres may, however, be effective through soil water.
Water is the only feature of the soil which comes in direct connection
with the vitality of the plant. The chemical nature of the soil nay be
effective through the nature of the dissolved substances which enter
the plant, indirectly, through osmotic pressure. Its phiysical nature may
be effective through the retention or non-retention in the soil of the water
itself.

So far we may go a priori; beyond this tests must be made. The nature
of the soil water from various soils in various positions must be care-
fully determined. From thesce determinations we shall know how much
truth or falsity there is in the explanation here offered, that the nafure of
the soil water is not usually a decisive factor for such a region ax this.
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Aldso, by careful tests the ability of varions soils to retain water must
be determined, and these determinations recorded with the vegetation
found growing where the tests were made.  Thus, and thus only, can
the hypothesis offered in the present paper be tested, i. e., the hypothesis
that the decisive factor in plant distribution over @ small glaciated ared is,
in most cases, the moistire-retaining power of the soil. Comparisons
and observations can neither destroy this hypothesis nor establish it

On the other hand. the present geries of observations seems to show
that the historic factor is a very important one in the distribution of the
plant societies of ILent county, and the test of the hypothesis offered in
this connection is to be obtained through obser ration and comparison,
and through them alone; we cannot get the ice-sheet back and have the
whole history worked out betore our eyes.””

1t ay not come amiss to suggest some areas whicl it would be well
to study for COMPArISON with the present one. First, the study should
bhe carried west ward to Lake Michigan; along its shores we find much
mere primitive types of vegetation than anywhere in Kent county.
Algo, by this means the present ared would be brought into better con-
nection with that of Cowles” work. secondly, an area should be studied
in the center of the State and another hordering on Lake Huron or Lake
<. Clair.  With these at hand we might teel that we were free from the
danger of drawing conclugions from & peculiar and exceptional ared.
Thirdly, there are heeded studies and maps of several typical areas, seat-
tered from the present one porthward to Hudson's bay-

It is hoped that in the future such «tudies may be made and the results
carefully mapped and published. fimphasis is here laid on the map,
for by it alone can gatigtactory comparison be instituted. Photographs
ave apt to be too superficial to be of any accurate use, though they would
undoubtedly be valuable in conneetion with the map.

[ wish to thank Dr. H. ¢ Cowles, to whose writings 1 have had oeca-
sion to refer so often, for guggestions which have changed for me the
whole aspect of the problem of plant distribution in {hig region, from
ihat of a problem hmpossible—or at least hopvless~0f solution, to that of
one whose solution iy apparently @ question of time and of caveful and
accurate work.

% gimilar conclusions to the ones here expressed have just been published. The paper
appeared too late to be veferred to in the main text. Bruncken, I0.: Studies in plant dis-

tribution. 1. On flie succession of torest types fn the vieinity of Milwaukee. tall, Wis. Nat.
1list. Society, 0 :17-28, 1902
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MUSKEGON CcoUNT Y.

Prof. C. D. McLouth of the Muskegon high school has put in a little
of his summer time very intelligently and industriously in collecting
data as to the soils as well ag to flowing wells, and the deep wells which
have recently been drilled. Hig assistance in the latter matters I would
gratefully acknowledge while J'n(:o].-pm'ut'iug his help into my notes on
the prospects of oil in that region given on a later page. But Le has also
prepared a nearly complete series of township maps, showing the dis-
tribution of the 8oils, and has helped Mr. Levereti in his work, 1 append
his general notes,

SOME GENERAL REMARKS ON THE TOPOGRAPIY, SOILS, WATER SOURCES,
FLORA, ETC., OF MUSKEGON COUNTY.

oD MCLOUTILL

Surface—A large portion of {he surface is a sand  sheet covering
nearly the whole connty, the principal exceptions being portions ot the
townships of White River, Whitehall, Montagne, Casnovia, Ravenna, and
perhaps the northern part of Holton. A pelt of this sand area some 10
miles wide and having its middle line approximately along the course of
Muskegon river has the general appearance of a plain. hut slopes con-
siderably from the point where the river basses the county line to the
shore of Lake Michigan, also jt becomes shallower and apparently lowey
northward and southward from the river, that is, the river seems to run
nearly along its deepest part. Ip Cedar Creek and Blue Lake townships
sand dunes are conspicuous but of undetermined extent, Similar but
slighter hills, knolls and ridges of sand oceur in various parts,

The northwestern part of White Rivey township presents a surface of
clay approximately 100 feot above Lake Michigan, Southward and easi-
ward loam and finally sand become the dominant soilg. Casuovia, east-
ern Moorland and northern and eastern Ra venna constitute a hilly region
in which morainie ridges are prominent, loamy soil abundant and deposits
of boulders and gravel frequent, A moraine traced by Mr. Leverett winds
northward through Fruitland towuship from near Muskegon through
Whitehall and Montague, thence northwestward o the limit of the
county.

Coust—Along  the coast the land height, exclusive of dunes, falls
from an elevation of probably more than 100 teet at the northern end to
nearly the level of the lake at the southern end.  Clay is visible on the
beach only at and near the northern limijt, Cobblestones and gravel
are mnoticeable in the vicinity of \White lake.  Sand, with g, slight
sprinkling of pebbles, is the feature along the remainder of the line,
Dunes are highest at the south and form an unbroken line about one-
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half ihe entire distance northward, beyond which there are considerable
portions along which the Tevel land surface extends to the slope of the
Binft. .\ mile or so below the northern line of the county the sand dunes
begin to diminish gradually but rapidly, lving against the face of the
clay bluff instead of npon the hinff, and within two miles north of the
boundary no traces of dunes are to be fonnd. Black and reddish magnetic
sands are conspicuous in many places along the bheach and are some-
times separated hy action of the waves into layers an inch or more in
thickness.

Lakes und Lalkelets.—The lakes along the coast are of course confined
within slopes corresponding in height and abruptness with the general
land elevation previously mentioned. Little Black lake in the extreme
southwest drains into Lake Michigan by a shallow ditch. It is practically
level with the receiving lake and has been lowered somewhat by the
ditch. The land rises away from its borders with very slight ascent
except where Jow sand ridges scem to indicate former confines gradually
moving toward the coast.

Wolf lake, in the interior, lies in the high sand plain near Muskegon
river. Its banks are steep, entirely of sand, somewhat more than 30 feet
above the water level, which is 67 feet above Lake Michigan. Carr
lake or Five lakes, a few miles south and westward, consists of a series
of shallow, receding ponds lving in hollows on the north margin of an
undulating tract of sand that seems to be an area of old dunes. Twin
lake, in Dalton township, lies but little below the general land level
Somie of the lakelets northward have deeper basins.

Speculations on the Geological History.—Evidently in successive
stages of recent times less and more of this region has been covered
by Lake Michigan than at present. White lake, Duck lake, Muskegon
lake, Lake harbor, are infillings of the lower valleys of the several
streqms that formerly flowed farther out to reach the great lake; this is
shown by the fact that the bluffs now confining these lakes are exactly
continuous with the blutfs now lining the valleys of the streams for miles
inland. Numerons sand ridges, dunes and swampy tracts indicate former
presence of water of considerable depth.

Various present conditions seem to indicate that the water is now
or recently has been in quite rapid recession, considerably extending
the Jund area. A large portion of Moorland with small portions of sev-
eral adjacent townships is a recently reclaimed marsh (although con-
siderably above Lake Michigan). Much of Sullivan township was a deso-
late swamp which extended into Fruitport and Norton townships,
appearing to the eye as an unbroken plain and but a few feet above lake
Jevel at the coast. ]

Tn the southwestern corner of Fruitland township is a swampy tract
extending back from the lake several miles. This swamp is bounded on
the east by an irregular sand ridge reaching a height of 20 feet perhaps
in places. Eastward from this ridge for something more than a mile
extends a swamp that has been denuded of a fine growth of arbor vitw
and other trees. This second tract merges into higher land at the east,
where it is more or less plainly demarked by low ridges and knolls of
sand. This tract has been partially reclaimed and subjugated to the
plow. Eastward still farther the land is mostly under cultivation, but

14
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distinct fraces of a swampy character remain,  Again, in the eastern
row of sections in Dalton township and extending for some distance into
Cedar Creek is a low, moist, loanny and sandy area. The north brauch
of Bear creek runs along the western limit of this tract. its bed but
little depressed below the general land surface. Close to the ereck on
the west rises an irregular dune-like ridge of sand clearly determining
the sonthward direction of the stream. This ridge (which has been
viewed only at a distance of about half a mile) seems to be the dune line
of an older border of the lake. It is quite evident then that these several
areas extending sowme twelve miles from the lake into the central part of
the county are successive reclamations from the lake.

The high sand plain along Muskegon river is thought to have been a
delta formation when the lake extended far inland. This is snggested
by the fact that it seems o be highest near the present course of the
river, sloping very gradually southward, northward and towards the
present shore,

Springs and Wells—Springs ave of course numerous along the streams
and in the hilly regious of the east and northwest.  Near the lake shore
many streams have cut deeply into the underlying clay and springs gush
out from the banks many feet above the streams. In the so called delta
region there is very little water found at the surface, but so far as known
wells are not very deep, 20 feet often being sufficient to find good water.
In the low and level tracts previously mentioned water may usually be
found by very shallow digging. Wells from 4 to 10 feet deep arve the
rale.  In Casnovia many wells are wore than 100 feet deep and often

Aater is not found even at a greater depth.

Flowing wells ave quite common near the shore, ranging in depth from
35 feet at Montague to some 250 feet at the south line of the county.

Soils and Minerals.—The character of the soils has been suggested in
rarious ways by what has preceded. The high sand plain covering most
of Muskegon township and more or less of Kgelston, Cedar Creck,
Laketon, Norton, Daiton and Fruitland is a particularly barren region.
Away from the immediate vicinity of Muskegon the settlers ave very scat-
fering; few signs of prosperity ave visible in their homes; frequent
deserted buildings and clearings show where the struggle to get a living
and establish a home has been abandoned. In traveling over the region
along mnearly the whole course of the river in the county no public
road has been found except at the head of the lake from which the
stream could be viewed. Blue Lake township is a most desolate vegion,
supporting the Jeast population of any township in the county. The low
and level regions before described are mostly of a sandy soil more or
less mingled with clay and having clay or “hardpan” (the latter a fer-
ruginous sandstone approaching bog ore) lyving but a few inches or feet
below the surface. The low sands are more or less dark and may be finer
than the high sands, and are always moist because of the impervious
material underlving. These lands are said to have been casily cleared
of stumps because of the horizontal direction of the roots. The rolling
Iands of (fasnovia and parts of Ravenna and Moorland, with the similar
lands in the northwestern parf, ave perhaps altogether the most valuable
for general farming.

A large deposit of magnetic sand within a few miles of Muskegon is
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known to certain persons. At Twin lake the surveyor's comnpass is unre-
linble because of deflections. A deposit of diatomaceous earth lies some-
where in the northwestern part of Laketon township, probably not many
chains distant from the coust.

Orchards and Other Crops-—Near the ¢ity considerable gardening and
growing of small fruit is done even on the high cands.  In Egelston
township, between Wolf lake and Muskegon river, a man is surprisingly
successtul in raising melons on a high sand slope, using no fertilizer.
Aoorland has been famous for an iimmnense production of peppermint oil,
put low price has reduced the production to a gmall fraction of the
former amount. Sugar beets are being grown with snccess on {he swamp
lands of Sullivan and Ravenna, the vield being high in tonnage and
quite satisfactory in per cont of sugar. It is noticeable however that the
acreage in beets yearly moves toward the loamy slopes bordering the
swamp. Peach orchards in Casnovia township and in the vicinity of
Whitehall village are thrifty and vield fine erops.

Yatire Flora—DLresumably the high sandy region was formerly oeccu-
pied largely by pine and hemlock. The characteristic trees now are oalks,
0. alba and Q. tinctoria. These are usually of a serubby character, but
gsome good timber occurs. 0. rubra is scarce. Pinus resinosa is very
scarce, only a few trees have been noted in Fruitland township.  Pinus
Banksicna is somewhat more conimon. Pinus strobus is seen evervwhere,
unless in the extreme east and northwest portions. Slocum’s grove,
occupying some half dozen sections adjacent in Casnovia, Moorland and
Ravenna, is a splendid mixed forest containing perhaps 30 species of
trees such as beech, maples, basswood, elms, oalks, hemlock, vellow bircl.

On the moist low plains that have been recently cleared the character-
istic tree growth seems to be the trembling aspen, Populis tremuloides.
This seems o spring up quickly and profusely wherever such soil is left
exposed. .

The accompanying plate Vo shows the contrast between the roots ot
the pine in low places, where they have only a short way to go for water,
and on the sand plains where they have to run down deep.

WASHTENAW COUNTY.

Tor some time the scienfific departments of the State University have
needed and asked for a topographic map of their neighborhood. Upon
several occasions Prof. Russell has appeared before the legislature in
behalf of such a topographic survey, not only of the neighborhood but ot
the State, and the following quotation from a letter from Prof. Spalding
shows its importance in another department:

« 1 would like to reiterate and emphasize with all my power what you say regarding the
necessity of a topographic map. This is so great a need with us in Ann Arbor that importfant
work already begun will have to stop unless we can have the region mapped. I have alveady
had sonie conversation with Prof. J. . Davis, our professor of surveying, cte.. in regard to a
map ol the Iluron viver at Ann Arbor. Some of my students have been constructing prelim-
ipary maps of somae of the glacial lakes near here, and they serve for purposes of study to some
extent, but they are not sufficiently aceurate fur a sceientific picce of work and could not be
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published. Prof. Reighard feels the same need: so does Trof. Runel. We must, by one means
or another get {ruthful maps of the State just as soon as may be. You may be sure of the
hearty cofiperation of all of us on thar scove, for it is a ‘long felt want.’ The right way, as
you suggest, is for the State to do its shave rowards paying for it and then get the 1T, 8. Survey
as soon as possible to go ahead.”

In consequence I entered into an arrangement with the United States
Geological Survey, a copy of which is found in another place, for a
topographic survey which will nearly cover Washtenaw county and also
portions of adjacent counties on the north, east and south, and will, I
trust, be of use in many ways to the large number of students that come to
the State University and Normal College, particularly in illustrating to
them the utility of such a map, as well as the residents of the region.

When this map is finished I hope to arrange for a careful geological
survey of the county. Mr. I, Leverett, Prof. Sherzer and Prof. Russell
already have many notes on the surface geology and two deep wells
recently put down, that at Milan and at the university, help to give us
more exact knowledge of its deeper structure and mineral waters.

The samples preserved at the university of the well were put up wet
and have so cemented that 1 have been able only to give a cursory
exarination. An abstract of my examination and correlation, combined
with newspaper items, may not be useless, pending further details or
in case the samples should be in any way destroyed, and will be found
in connection with my discussion of the prospects for oil and gas in a
later paragraph.

It is to be regretted that the university has not made all that it might
in addition to science from this boring. The rate of increase of temper-
ature, the magnetism excited by the earth in the casing, and the char-
acter of the mineral waters and their gases, are as worthy of study as
the mere suceession of the strata. This well might be an important
part of the equipment of a geological laboratory.,

LAPEER COUNTY.

This is one of the counties the rocks beneath which are probably rather
monotonous, the sandstones and shales of the Marshall and Coldwater
series. It is, however, one where we arve very uncertain of the dips and
where anticlinals suitable for the concentration of oil and gas may
occur, so that every item of information by wells is of exact value.

My. .J. J. Mason informs us that he put down a well at Columbiaville
1500 feet deep, the last 90 feet thereof being a brine-bearing sandstone,
presumably the Berea. The well was plugged at 700 feet in order to use
fresh water, which comes in probably from the Marshall at 300 to 400
feet depth.

Mr. F. B. Taylor began to work up the surface geology of this conuty
in the summer of 1900. But his work is not entirely finished, and T
cannot tell how soon we may be able to finish a report uniform with
those of Vol. VII. T prefer, therefore, to publish here his preliminary
report, which has already been given to the residents of the county
throngh the courtesy of the Lapeer County Clarion, March 8 and 15, 1901.
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SURFACE GEOLOGY OF LAPEER COUNTY, MICHIGAN.

SUMMARY OF REPORT OF PROGRESS.

BY F. B. TAYLOR.
The field work upon the surface geology of Tapeer county is still in
an incomplete state. The month of May, 1900, was given to this work
and the results so far attained are summarized below.

Work upon a topographic map with contour intervals of ten feet is
well advanced and is nearly complete for the southern two-thirds of the
county. The northern third will reguire some further barometric work.
Some of the rougher parts in the central portion of the county will need
some further study, especially in Arcadia, Mayfield, Deerfield and Oregon
townships. The extremes of surface relief range from about 750 feet above
sea level on Flint river in northwestern Oregon township to about 1275
feet above sea level in southern Dryden and Metamora. The highest
point of the region is in cection 6 of Addison township, Oakland county,
about three-fourths of a mile south of the county line. 'This point is
close to 1300 feet above sed level. Belle river in northeastern Almont
is down to about 780 feet above sea level, that is 200 feet above Lake
Huron. The central part of the county has several clusters of rugged,
jrregular, steep-sided gravel hills. Dryden, Metamora and Hadley are
mostly high and hilly, while the eastern border and Burnside, Burling-
ton and Rich townships are mostly flat and close to the level of 830 feet
above sea level. On sections 21 and 28 of Burnside is a sharp isolated
hill commonly called Burnside mountain, which rises about 300 feet
above the plain to the east. The topography of the county is character-
ized by a sevies of ridges and valleys. In the castern half they trend
southeast and northwest, but in the western half they run northeast and
southwest.

The bed rocks of Lapeer county are entirely covered by glacial drift,
in most parts to a relatively great depth. So far as known they do not
protrude at any point. The depth of the drift and the configuration of
the buried rock surface beneath can be learned only as it is revealed in
well borings and other excavations. \Within the limits of Lapeer county
there are so few such borings so far as learned which reach the rock
surface that very Jittle is known respecting it. [n Dryden and Meta-
mora townships, which comprise the highest parts of the county, the
drift is known to be very thick, not less than 300 to 400 feet, and prob-
ably more. S0 far as learned, the drift does not appear to be much less
than 100 feet deep in any part of the county.

The entire surface of the county is therefore composed of loose, uncon-
solidated sediments. By far the greater part of it is elay, but with a
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considerable admixture of sand, gravel and stones. large and smalj.
With but few exceptions the clay has stones and boulders scattered
promiscuously through it: clay of this sort is called “boulder clay” or
“till,” and by well-drillers “hardpan,” and is well recognized as a charac-
teristic glacial deposit. 1t is the normal deposit of slowly-moving massive
bodies or streams of ice, and its heterogeneous character readily dis-
tinguishes it from sediments laid down in water, whether still op in
motion. Almost the whole of the great mass of softer sediments which
covers the bed rocks of Lapeer county is composed of this boulder clay
or till. But here and there through it and upon its surface are occa.
sional beds of sand and gravel and bouldery places and sometimes beds
of clay horizon tally bedded in fine layers free from all coarser sediments.
These distinetly elassified sediments are the deposits of water, the
roarser ones in running water and the finer ones in quiet or still water.
They are all comprehended under the general term of modified drift,
that which was laid down by the glacier without the intervention of
water action being designated as tmmodified drift. The entire mass of
the drift deposits is made up of an exceedingly complex mingling of
these two classes of sediments. But while the main constituent of the
drift is boulder clay or till, almost every well or other deep excavation
shows more or less extensive and irregular masses of modified drift,
usnally sand or gravel, embedded in or lying under the till. These more
borous layers often beconie great reservoirs for the accumulation of
rainwater, and when they lie in an inclined position and are overlain
by an impervious bed of til] they are likely to become the reservoirs for
artesian wells and perennial springs. There are a number of artesian
wells and springs of this kind in Almont township. Before the comple-
tion of the work, it is desirable to make some further collection and
study of well records with a view of learning as much as possible con-
cerning the conditions of naiural water storage and supply.

The study of the surface features and deposits of the county is also
well advanced. Incidentally to the study of the topography and the
distribution of the different kinds of soil, much has bheen learned con-
cerning the history of the development of the surface. Inasmuch as the
topography and soil distri bution of the county as we find them are almost
entirely results of the particular processes by which the drift was
originally fashioned, it scems desirable to present a brief sketch of the
history of that development. The data for this sketch and for the map of
the surface features which should go with it are nearly complete. The
accompanying map (Plate I V} presents a rough sketch of these features
so far as made out, but is lacking in accuracy of detail in some parts,
especially in the northern and northwestern parts of the county,

The general facts required for this historical sketeh are at hand and
way be briefly summarized. As its maximum the continental ice sheet
of the glacial period overspread the whole of Michigan, and it reached
far to the south over Ohio and Indiana. At that time a solid mass of
ice filled the basins of Lakes Michigan, Huron and Frie and covered all
the intervening and surrounding country. Sounthern Michigan was then
deeply buried under the ice to a depth measured perhaps by thousands
rather than hundreds of feet. Ag it retreated northward by gradual
melting, its margin frequently halted, probably periodically, and at each
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halt a more or less well defined ridge of drift was formed at and under
the edge of the ice. These ridges are known as moraines. .\ nunmerous
and intricate series of them has been traced ont and mapped in Ohio
and Indiana and southern Michigan, and ‘their distribution shows that
when Lapeer county first began to be uncovered by the refreating ice
the glacier was still occupying the Saginaw valley and the basins of
Lakes Huron and Erie. The glacier moved forward most rapidly in the
valleys and lagged behind on the higher ground, with the result that
the higher paris of the country were uncovered first as the ice retreated,
The thumb of Michigan forms a broad ridge projecting northward
between the Saginaw valley on the west and the valley of the St. Clair
and Detroit rivers on the ecast. Lapeer county may be said to lie upon
the basal portion of the thumb. As the glacier retreated, its margin
formed in two great lobes, one projecting southward in the Detroit
valley and the other in the Saginaw valley. Between these projecting
lobes was a sharp re-entrant angle running northward on the intervening
high ground into Lapeer county. Thus, through all the time that the
ice-front was retreating across this country, the apex of the re-entrant
angle between the lobes was within its area. Strong drainage usually
issues from such angles in the glacier, and its magnitude is roughly
proportioned to the magnitude of the lobes that bound it. In Lapeer
county the rivers that drained the glacier were large and they made
a strong impress upon the surface deposits. Although some further
investigation will be required on the relation of the moraines and the
associated drainage in the central, northwestern and northern parts of
the county, enongh is known to show that in its retreat northward the
ice-front halted five times, the moraine of the last halt barely touching
the northern fringe of the county. In each position, except the last or
most northerly one, a river of considerable size flowed along the edge
of the ice and was fed by streams issning from the ice itself.

Moraines arve not merely dumps of detritus falling from the steep
front edge of the glacier, but are also largely accumulated upon and
under the ice near its margin. Such a moraine forms a belt varying
usually from two to five miles wide, though sometimes much wider.
The first moraine formed in Lapeer county covers the western halt of
Dryden township, the southwest corner of Attica, the southeast corner
of Lapeer, nearly all of Metamora and the southeast half of Hadlev
townships. This is a very hilly district and forms the highest part of
the county. The ecarliest glacial river bed in the county is associated
with this moraine and lies in Dryden and Metamora townships. Tt
tarns an entire semicircle, starting north across the county line south of
Whigville and turning gradually around to west and south and passing
out of the county about a mile and a half east of Thomas.

This river bed has peculiarities which are hard to explain. There
is some evidence that it did not tlow along the ice-front, but under the
solid ice-mass itself, and that it issued from under the ice at a point about
two miles south of the county line. The ice-front at the time of this
moraine appears to have been a little south of the county line, and
the relation of this channel to it remains for the present somewhat
problematical.

The next later moraine in Tapeer county passes north through the

15
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west half of Almont township, runs north-northwest through eastern
Attica and central Arcadia, where it turns west across northern May-
field and thence runs south-southwest through eastern Oregon, central
Elba and northwestern Hadley townships. This moraine is quite irreg-
ular in character. It has a high rolling topography in southwestern
Almont, is so weak as to be almost unrecognizable in southeastern Attica,
but in northeastern Attica and in Arcadia and Mayfield it is very rugged
and has many high, steep-sided knolls of eravel associated with it. In
some parts it is chiefly made up of these.

The drainage at the time of this moraine went northward in eastern
Dryden, northwest across Attica and, after crossing Lapeer in a course
not yet clearly made out, it ran southwest up the course of Farmer’s
creek, across eastern Elba and central Hadley.

The next later or third moraine is a faint feature running north-north-
west through central Almont and western Imlay and Goodland, becoming
a strong feature in the latter township. Thence it passes northwest
through North Branch to the northeast corner of Deerfield, where it
turns southwest and, following the south side of Flint river, passes out
of the county. .

The drainage of this stage is not yet made out continuously. The
long flat depression west of Almont suggests a line of drainage, but
seems to lack specific characters of a river bed. It seems to fade away
within three miles north and nothing representing a river bed appears
until a point is reached about two miles northwest of Imlay City. Here
a wide channel opens rather abruptly and runs northwest past Lum,
King’s Mills and north of Five Lakes. Beyond this its course is not yet
made out, but there is a river course running across the center of Oregon
township from northeast to southwest which is probably a part of the
same. Between Almont and Imlay City it may be that a readvance of
the ice filled up a channel that existed there and pinched it out.

The next and fourth moraine runs north-northwest through eastern
Almont in very faint form and passes northward about a mile and a half
east of Imlay City in broken fragments. In Goodland township it
becomes a strong feature and turning northwest crosses southwestern
Burnside, northeastern North Branch and southwestern Burlington
townships. On the flat plains of Rich township it seems to have
no representation. But in southwestern Rich and running southwest
through central Marathon it is well developed along the north side of
Flint river. This moraine and the two preceding ones are crowded
together two or three miles south of Imlay City into a breadth of four
or five miles.

At this stage the drainage took on a new relation. As the ice-front
drew back to this position the water of Lake Maumee flowed in over a
part of the ground uncovered and it found a free passage across a low
divide in northern Goodland township and down Flint river. Thus an
outlet for the lake was established instead of a river carrying only the
drajnage from the immediate ice-front. T.ake Maumee was a lake which
gathered in front of the receding margin of the continental glacier and it
filled the valley of the Maumee river and had its principal outlet at Fort
Wayne, Ind., and thence down the Wabash. One arm of this lake reached
nearly to Cleveland in Ohio and another to Imlay City, Mich. But the
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new outlet through Lapeer county did not carry the whole discharge,
for the Fort Wayne outlet continued to be active. A beach composed
of gravel and sand was made by the waves of this lake where it dashed
upon its shore. This beach, known as the Leipsic beach, has been traced
northward through Almont and Imlay townships to the northern part
of Goodland, where the outlet narrowed up and began to flow as a river
in which wave action was not so powerful. At Imlay City this beach
is about 830 feet above sea level, but it declines somewhat southward.
From the center of Goodland the river ran directly northwest to the
southern part of Rich township, where it turned southwest and fol-
lowed the course of Ilint river, passing out of the county in the north-
west part of Oregon township.

The last and fifth halt of the ice-front in Lapeer county made a
moraine which barely touches the northern edge of the county. A faint
morainic ridge passes north of Silverwood and runs west-southwest into
the northwest part of Rich township. Amnother runs east and west north
of Clifford and another runs southeast a little south of Marlette in
Sanilac county. The course of this last one probably carries it across
the northeast corner of Burnside township. But the northern townships
of the county have not yet been fully studied.

So far as known, this moraine does not appear to have had a river
along its front. This moraine and the preceding omne are both rather
faint in the northern part of the county and there is no well marked
valley between them, but an almost level plain. All these moraines
have well developed courses of transverse drainage, that is, at right
angles to the course of the moraine and the ice border. The streams that
made these seem to have flowed out from under the ice. Belle river fol-
lows one of these in Attica and Imlay townships to where it joins the
lake outlet north of Imlay City. Mill river follows others through the
second, third and fourth moraines across Attica and Goodland town-
ships. Another runs south-southwest from northern Burnside to the
lake outlet in North Branch. Flint river passes through one at Thorn-
ville, and again in eastern Oregon and Marathon it follows two others.
There is a good one also in western Oregon running northwest to Flint
river. This one has an esker in it. It some instances these lines of drain-
age appear to be associated with large accumulations of gravel and sand,
which were laid down by the streams as they came from under the ice.
The greatest gravel accumulations, however, such as those in the north-
west part of Arcadia and in northern Mayfield, do not appear to be
associated with such transverse river courses. The transverse courses
through the fourth moraine seem to have carried off the drainage of the
firth directly away from its front.

There was, presumably, a soil covering the rock surface of Lapeer
county before the advent of the continental glacier. That was a soil
of disintegration, produced by the decay of the rock surface as it lay in
place. Probably most of that soil was swept away by the first advance
of the ice, but a considerable portion of it may have been mixed in with
the other ingredients which make up the till. So far, however, there has
been no certain recognition of the preglacial soil.

The character and distribution of the present soil of Lapeer county
is very intimately related to its glacial history. The drift which the
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glacier left behind, with all its vaviety of topographic fornt and com-
position, has been the basis of soil formation. The weather, animal and
vegetable life. and chemical action have all contributed to the final
result.  Mechanical forces of disintegration have rvesulted from frost
and sunshine, from wind and running water, and from the action of
both vegetable and animal life. Chewmical decomposition results from
oxidation and from the dissolving power of water aided by carbonic acid
egas and the humic acid of decaying vegetation.  The contribution of
humus or decaying vegetation to the surface soil is perhaps the most
efficient of natural agencies for its envichment. Steep slopes and high
ground generally arc well drained and their principal soarces of vege-
table enrichment are derived from leat mould and the decay of roots and
fallen trees. But some part of these materials ave always carried off in
solution by surface streams to lower ground. Ponds and swamps, includ-
ing especially in this county the old river beds, have poor drainage, and
they receive a comsiderable contribution of enrviching matter from the
surrounding higher ground. .\ number of the ponds and swamps of
Lapeer county contain deposits of marl and most of them contain more
or less muck and peat, a few in congiderable quantities.

The morainic aveas of the county have for the greater part clay soils,
and so have the flat till plains of the northern townships. There is,
however, & considerable variety among these soils. They are heavier or
lighter according to the proportion of clay they contain.  The soil on
the earliest or first moraine of the county comprising the high ground
in the southern part, is in most parts rather more gravelly and sandy
{han the common run of the titl in the other moraines and the soil is
therefore a shade lighter. Some of this moraine, however, is purer clay
and has a slightly heavier soil, notably in eastern Hadley and north-
western Dryden. The till plains of the novthern and northeastern town-
ships have in the main a still finer clay soil and are correspondingly
heavier. Much of Rich and Burlington and Burnside, with the castern
parts of Goodland and Imlay, are of (his heavier clay variety, sticky
when wet and more or less incelined to harden on drying in the san.
There are sandy streaks, however, across Burnside township which con-
tribute somewhat to ameliorate the toughness of the clay and twins it
into sandy clay toam. Throngh the middle, southern and western parts
of the county the clay soil is usually described locally as “elay loam.”

There are a great number of knolls and scattering beds of glacial
sands and gravels associated with the several mo raines, and these of course
have lighter soils. They are frequently devoted to fruit culture. Many
gravel knolls are covered with orchards.

The old glacial river beds are mostly poorly drained. In consequence
of this they are to a large extent swampy, althougl they all contain more
or less sand and gravel in the form ot bars formed by the currents of the
glacial rivers. Some of these bars are flat and wide and furnish excellent
light soil arcas for small fruits.

The old lake outlet, or “Imlay Channel” as it is called, is mainly floored
with muck and peat as far north as the north side of Goodland town-
ship. Trom that on it is partly occupied by sand bars to the bend in the
south part of Rich township. Southwest from this there is an extensive
sand plain bordering Flint viver. narvowing at Columbiaville. but widen-
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ing again below that and passing into Genesce county. This sand forms
a very light, harrven soil.

Dune sand is scarce, so far as seen, being found only in northwestern
Mavtield and the adjacent part of Deertield townships.

There arve some large arcas of mnck (peat and celery) soil in Lapeer
county, especially in the townships of the eastern and northern border,
Some of these have been drained recently and ave coming into use, notably
those near Imlay City and along the course of Mill river in Goodland
township. There are also many smaller areas in the central and western
parts of the county.

Lapeer county has so far made but little progress in the developuent
of industries based on its economic geological resources. These resonrces
are, however, so far as now known, comparatively few. There is a con-
giderable quantity of warl in the connty and localities so far determined
are shown upon the map. None of them, so far as learned, are of large
enough extent to form a basis of cement works in the present stage of
this industry. No beds have vet been found having an extent of over
one hundred acres. Because of their present unavailability mainly, the
marls found have not been tested thoroughly to determine their suit-
ableness for cement. The largest swamps in the county, in the castern
and nertheastern parts, appear not to vield marl. Marl was formerly
burned for lime in several parts of the county, most notably in south-
western Hadley and southeastern North Branch townships.

lay suitable for brick and tile manufacture may be found in several
places, but so far as known none are now worked for these purposes.
None, however, of the best quality and free from pebbles is known at
present.

Ciravel and sand are very generally scattered in patehes over Lapeer
county. For the greater part, however, it furnishes but indifferent road
metal because it is too sandy. Tt remains loose and anpacked when put
upon the roads. In many places the composition of the material is in
large part too fine, and also in part too coarse.  Such metal makes a road
soft when new and rough after it has become settled or worn. The
tendeney of the sand to remain loose even where it does not appear to
be too fine seems to be due chiefly to two causes: to the hardness of the
pebbles and sand grains and to their roundness. Too few of the grains
crush under the wheels to form any cementing material and the metal
is generally very free from anvthing like clay as it comes from the pits.
The grains are almost all of the hardest crystalline rock brought by the
wlacier from Canada, and their roundness and smoothness is such that
they will not knit together and pack without the aid of some cementing
material. Clay is sometimes put on sandy roads for this purpose, but
this method, while it works well in many cases, is too commonly over-
done. Moo much ¢lay is used to attain the best results. By a little
judicious screening of the gravel and a proper use of clay for cementa-
tion, there is every reason to believe that the generally too sandy road
metal of the county can be utilized to good advantage.

It may be remarked again in closing that this sketch of the surface
geology of Lapeer county is prepared upon an incomplete basis of obser-
vation. Three or four weeks more ought to be given to field work before

“the final report is written.
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ECONOMIC GEOLOGY.

The special subjects or heads under whicl weological research may
best be grouped are of two kinds. Either they represent business intex-
ests, and the facts grouped under each head relate to the raw material
or materials of some industry; an illustration are the papers on clay,
coal and marl, all materials for the cement business, which are appear-
ing in our volume VIII; or on the other hand it may be some mnore purely
scientific question, upon which the facts grouped together throw light.

In regard to general relations of geology, especially of this State,
to the business world I shall beg leave to submit a lecture given before
the Field Columbian Museum®* November 2, 1901, though the style is
somewhat informal and I cannot well reproduce the accompanying
lantern slides.

THE ECONOMIC GEOLOGY OF MICHIGAN IN T'TS RELATION TO
THE BUSINESS WORLD.

RAW MATERIAL.

It gives me great pleasure to represent the Ntate from whose gypsum
quarries comes one-third of the product of the United States, which not
only furnishes most of your wall plaster, kalsomine, adamant and similar
wall finishes, and magnificent slabs of oriental alabaster (Michigan is
east of Chicago), but particularly the material of that White City which
embodied in a beautiful dream the aspiration for beauty, the abounding
liberality, the indomitable energy, the civic pride, and capacity for ha-
monious work which characterize this city of which you are proud to be
citizens, in order to tell you something of its other treasures of raw
materials which have supplied and will largely supply the matter for
your work.

For economic geology is but the science of raw materials, the real or
ultimate raw materials, npon which no work has been done. Such mate-
rials are always parts of the earth’s crust. In common parlance, many
things are called raw materials which are raw naterials for one industry
perhaps, but are the finished product of another. Trom ore may be a raw
material from the point of view of the Pennsylvania blast furnace man,
put it is the finished product of the Michigan miner, just as much so as
the pigiron turned out by the furnace men, which goes on from hand to

* Reprinted in {he Michigan dMiner for Dec. 1901,

16



122 BOARD OF GEOLOGICAL SURVEY.

hand, or rather from machine to machine, issuing as the finished watch
spring, only to become at once raw material for the watch manufacturer.

Now, the business world is concerned with material wealth, which is
labor incarnate in matter. Energy, ability and wisdom become matters
of business, objects of exchange as well as desire, only when they are
employed upon and embodied in matter. Dirt has been said to be matter
out of place. Raw material is matter out of use.

LOCATION.

Sometimes all that is required to bring the raw material into use is
change of location. The strawberries which rot in Michigan beds would
find a use fast enough in Chicago streets. Some of the sand piled high
on Huron county beaches is worth over a dollar a ton placed at the
bottom of a copper-smelting furnace. The waste sands from stamping
the rock to get out copper are of no use in furnace bottoms, but, mixed
with a little asphalt, make the best of paving blocks. A good gravel
bed, such as that at Mecosta, well placed for road mending or railroad
ballast may veally be worth more per cubic yard than the golden gravels
of the Yukon, the difference depending on the fact that the latter are
hard to reach.

The value of an article in any market is then normally very closely
dependent on the amount and quality of labor required to get to market
the part of the supply needed that costs most.

The value of the raw material is proportionate to the advantage which
it may have, in that it can be put into market and in shape for it with
less labor.

Please note, for instance, how the copper mines of Michigan are
chiefly grouped close to two great gaps in the range. Is this because
the copper is bunched there exclusively? 1t is hardly likely. Is it acci-
dent? No, it is almost certainly due largely to the velative ease of trans-
portation and discovery. The new railroad south from Houghton is
partly the effect but partly the cause of the opening up of a new tract
of copper-producing land.

These two processes just mentioned, putting the raw material where it
is wanted and putting it in the shape it is wanted, correspond to the two
great divisions of business, commerce and manufactures. The railroad
and the commercial traveler are busy putting matter where it is wanted,
—the mill and the manufacturer mold it into the required shape.

Let us then begin by looking at the advantage which Michigan has
from a commercial point of view, in the ease in which transportation
to market may be obtained. Studies of location are, as may be seen
from what has been said, a very important part of the study of cconomic
geology.

One of the points of vantage is our nearness to Chicago, and a word as
to the commanding position of Chicago itself may be allowed. The great
cities of the world are generally found in geologic basins, and very fre-
quently the basin takes its name from the city. Rome, Vienna, Paris
and London, for examples, have geologic basins named after them. Such
a disposition of the geologic strata makes some city near their center
the natural meeting point for the later stages of manufacture and mart
of trade for different materials. Now, Chicago may be treated as the
center of a vaster basin than any of those mentioned, which extends

.
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from the coal mines of Pittsburg to the upturned strata of the Garden of
the Gods in Colorado, and from the mines of Michigan to the Gulf of
Mexico, the whole Mississippi valley, in fact. Michigan is also near to
other great open markets, not only to Chicago and Detroit, but to Buffalo,
Cleveland and Duluth as well.

WATER FACILITIES.

Not only is she near them, but she has cheap water transportation to
them. Nowhere else in the world is there so great an extent of fresh
water coast line (dotted with fisheries of value). Few states of the Union
have so much water line of any kind. Not only is it cleft into two
peninsulas (and outlying islands which amount to some 200,000 acres
more), but by Saginaw bay and the so called Saginaw river the level of
the Great Lakes reaches the center of the coal basin and the geologic
center of the State. Moreover, the whole west shore of the Ntate is
lined with lakes, big and little, which the mere cutting of a sand-bar
transforms into first-class harbors. The geological explanation of these
Jakes is full of interest. The land in which the basins filled by the Great
Lakes lie is rising, but not equally. The farther north, the greater the
rise, at the rate of about 0.4 foot per 100 years per 100 miles toward the
north-northeast.

The result of this lift is evidently a tilting of the basin, so that while
the water is leaving the northeastern part all the time it is backing up
on the shore in the southwestern. This would naturally back the water
of the lakes up the river valleys, and the Chicago outlet is but an antici-
pation of the course of nature. The Saginaw, the course of which is
exactly against the direction of the uplift, is a good example of a
backed-up stream, though the effect there has not been great. On the
west shore the prevailing west winds and the lake current combine to
throw sand-bars across the mouths of the drowned river valleys and
convert them into lakes, and thus we have every stream of the west
shore ending in a lake. This enables the direction of tilting and the line
between the part where the water is retiring and that wheve it is gaining
to be fixed quite nearly, for if we pass a line from the outlet at Port
Huron to the northwest between Traverse City and Frankfort, then every
stream to the south empties into a lake which is only the flooded part
of its own lower valley. On the other hand, the streams to the northeast
of this line come into the lake on the run, with water-powers close to
their mouths, as at Alpena, Cheboygan, Elk Rapids, etc., thus showing
that the lake has been getting away from them.

INTERRELATION OF RAW MATERIALS.

We have also to consider, in estimating the value of raw materials,
not merely their location relative to great marts of consumption, but also
relative to other raw materials, for there are but few finished products
into which only raw material has gone. Take, for instance, the manu-
facture of beet sugar, of which Michigan will produce this year between
one and two hundred million pounds. Those who are not specially inter-
ested perhaps think of the matter as one mainly of the climate and soil
for sngar beets, but that is not the whole of the story. DBesides sugar
beets, water is needed, good water and plenty of it, without much organic
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matter and without salt. Ouly the other day I was consulted as to a
supply of water for the Bad Axe beet sugar factory, and I have been
informed that a donbt as to the gquality of the water delayed the building
of a beet sugar factory at Saginaw for years. Not only is water needed,
but coal or other fuel to evaporate the water after it has soaked the
sugar out from the beets: for instanee, the presence at hand of slack as a
cheap fuel is an important advantage of the Bay City factories, and the
possibility of coal in the neighborhood, in fact right beneath the factory.
may mean a good deal to the Lansing factory in the coming days of
severe competition. Not only is the coal needed to boil down the juice.
but linestone to clarity it, aud that of a very high grade with less than
two per cent of impurities if possible. Perhaps this one illustration will
be enough to make clear to you the importance of the relation of Joca-
tions in the study of raw materials. It is probably this principle that
leads the center of a geologic basin to beeome a center of industry,
becanse around it the various kinds of matervials are arranged, and in
it they meet for their mutual edification and improvement.

SAGINAW THE CENTER OF ATTRACTION,

Now, we find as a striking feature of the geology of lower Michigan «
basin-like arrangement of the beds.®

A brilliant French writer, with that fondness for antithesis so character-
istic of French style, has remarked that the rocks of France are arranged
around two poles—the positive or attractive pole, toward which the
rocks dip, toward which the streams of water flow, and, beside these
material streams, streams of youth and intelligence, I need hardly name.
To a Frenchman what can be the attractive pole of France but Paris?
The other pole from which the rock strata dip is a rough mountainous
region, repellant except to those who rvejoice in wild scenery or who
have been fascinated by architectural studies. This region of primitive
rocks, where the oviginal crust of the earth stands nakedly forth except
as partially swathed in the debris of extinct voleanoes, is the rugged
region of the Auvergne, culminating in Mont Doré and the Mont du
Cantal. Around Paris and the Cantal curves in a great figure eight the
band of Jurassic strata, while younger beds surround Paris and older
ones are found in the Cantal curve.

This antithesis may without forcing be applied to the State of Mich-
igan; but the geological center of attraction is neither Detroit nor
Lansing, but Saginaw. This is geologically the center and attractive
point of the State, and a geologist must prophecy a brilliant future for
Saginaw and Bay City, which have the advantage of Chicago on a
smaller scale. Toward it flow the rivers from all directions. Around it
lies the coal basin, the youngest of the consolidated formations. The
encireling strata of lower rocks all around dip toward it; and, furning
to the most recent deposits, successively older and older beach lines
encirele it, and then terminal moraines of the ice sheet.

The great figure eight made by the Jurassic strata in France must be
replaced for Michigan by the Great Lakes, which unite and divide the
two peninsulas.

* See iliclxigan Moderator, October, 1899. Also Plate IX.
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The negative pole. the rugged protrusion of oldest rocks from which
the strata dip and the streams flow, we find in the Huron mountains
northwest of Marquette.

There are a number of other ways in which fhese two poles may be
contrasted.  The one is the highest land of the State, the other the
Saginaw valley, the Towest large area. The one is surrounded by mines
of iron and copper and ix relatively devoid of farms. The other has
mines of coal and is a fertile valley. The one pole is and will be com-
paratively unpopulated, the other is or will be densely populated.

Michigan may aizo very handily be compared to two hands. The right
hand is the Lower Peninsula, fat with fertility. The Saginaw valley is
the hollow palm upturned. receiving blessings from the skies. The like-,
ness is so plain that the district of Huron, Sanilac and Tuscola counties
has long been known as the Thumb. The overhanging and projecting
Aiffs of the Point Aux Barques may pass for the Thumb-nail. Leelanau
connty we may then call the little finger.

The Upper Peninsula may then be taken as the left hand, which will
be leaner, with bones and sinews ot rock far more prominent, and of this
hand Keweenaw Point may be taken as the thumb.

The two hands taken together contain almost all the resources neces-
sary for man, and mutually complement each other.

UNION OI' INDUSTRIDS.

One striking instance of correlation in industries and in raw material
has been of the greatest importance in Michigan. 1 refer to the union
of lumber and salt. In the manufacture of lumber there was a vast
amount of waste wood and saw-dust which had to be burned to be got
rid of, which indeed is burned today in some places. But fortunately
almost anywheve in the Lower Peninsula of Michigan one can by drilling
find either rock salt or a strong brine for salt manufacture. In the former
case they pump down water to dissolve the rock salt so that in both
cases they have to evaporate the brine, and for this the waste heat from
burning the saw mill refuse was used. When the pine was cut and the
saw mills of the Saginaw river began to move or burn up without rebuild-
ing, it was thought that time had struck the knell of the salt industry.
But instead of that the hour had struck to awake the black giant coal,
which all this time had been lying low and saying nothing, to take up
the task. And now in the Saginaw valley, whenever they have a little
waste heat or coal, at the power plant of the electric road, at the glass
works or at the dump of the mines, they can always turn it to use in
making salt.

Of all the raw materials, those which supply power to do a man’s
work for him are of the most value, not only in themselves, but in their
correlative raising the value of almost every other adjacent material.
Two of them we have just mentioned—wood and coal. Others are water-
power, wind, peat, oil and gas. These materials do not have the gener-
ation of power as their sole use; but if, as we have said, wealth is labor
incarnate in matter, it is obvious that anything which can replace or
multiply labor is of the widest economic importance.
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WATER-POWLER.

Of all these sources of power, water-power is probably the most per-
manent, though if we sacrifice our wood too recklessly we may also injure
our water-power resources.

It is not possible to go into details regarding the water power of the
State, for which I must refer to the writings of Robert . Horton,* but
one or two salient facts may be noted. Oue of these, the location of water-
powers near the mouths of streams northeast of the tilting axis, has been
mentioned. Another is the abundance of lakes upon the highlands of the
Lower Peninsula, which serve to steady the flow of the streams. The
Great Lakes formerly stood 100 to 200 feet higher than today. As they
retired they left the old lake bottoms, around Detroit and Saginaw, for
instance, as nearly smooth plains, while above their former extent we
have a region which was the dumping ground of three glacier arms, one
of which came down Lake Michigan, one through Lakes Huron and Erie
into Ohio, and a relatively shorter one followed the Saginaw bay. This
higher region is studded with lakes and swamps, and near the boundary
of the two regions there is an especially well-marked water-power belt,
on which Adrian, Tecumseh, Ypsilanti, Rochester, Owosso, Alma, Mt.
Pleasant, and a host of other thriving little manufacturing towns are
springing up.

This line is not only one of river water-power, but also one where we
are especially likely to find flowing wells. Though one does not often
think of them as sources of power, they are, for they save the work
employed in pumping or the cost of a windmill, and when they will run
a hydraulic ram, or without it throw water all over the house, they are
a commercial asset of value.

The flowing wells just referred to come from the drift, and are from
strata of gravel, etc., having their sources toward the highland region
and following the slope of the country down to the lake. But, beside
these wells, there are many from the rock.

The structure of the State being that of a synclinal or basin, wherever
a boring can tap a porous bed which takes in water at some higher level
we are likely to have flowing wells. This was the case over most of the
Saginaw valley and in the valleys nearly all the way back to Hillsdale, as
at Lansing. Along the shore of the Lower Peninsula, too, with but few
exceptions, flowing wells may be obtained. In the Upper Peninsula,
along the whole of Lake Michigan from Menominee to Drummond’s
Island, wells with a strong head may be obtained. The Lake Superior
gshore from Keweenaw Point west should also yield artesian wells.

The temptation to digress and discuss the water supplies of farms and
cities, the great advantage which the Upper Peninsula has in its soft
waters, the cost of the hard water in laundry bills and soap, and the
distribution of hard and soft waters through the State, must be resisted,
for power is the subject in hand just now. I will merely remark that
manufacturers and promoters have made trips from Chicago and
Detroit to Lansing just to talk over this one matter with me.

Returning to water-power proper, I would remind you that in conneec-
tion with electricity water-power is to be of increasing importance. A

* U, 8. G. 8., Water Supply papers No. 30, 48, 49 and the Michigan Engineer for 1901.



ANNUAL REPORT FOR 1901 127

great dam at Allegan has just been put in from which it is planned to
realize 3,000 horse-power. Another is in preparation. Thunder Bay river
furnishes several hundred and could furnish perhaps 2,000 or 3,000 horse-
power at several different points. But the greatest water-powers of the
State are yet undeveloped. The Au Sable, Au Gres and Rifte have numer-
ous lakes and considerable flow all the year and magnificent water-powers
untouched. In the Upper Peninsula there are still more. Lake Gogebic
sends fine power past the Victoria mine, and the Ontonagon river has a
large valley to the south of the Copper Range, through which it forces
itself with a rapid flow.

The Dead river near Marquette furnishes light to all the town at a
nominal cost, but it has 850 feet of fall in 10 miles and could do every
stitch of work done in the town. The Sturgeon falls help run the mines of
Iron Mountain, and, though I shall not pretend to list the Michigamme,
Tahquamenon and all the other powers, vet 1 could not be pardoned if 1
forgot the “Soo” with its 18 feet of fall and all Lake Superior behind,
where the carbide for your bicycle light is manufactured.

In air power Michigan has no special advantage.

WEALTH IN WOOD.

The wealth of Michigan in wood is well known, and, though the forests
of pine that were thought inexhaustible are well nigh exhausted, there is
yet a great deal of hardwood left, the raw material of the furniture
manufacturer and also of the chareoal man; 160,000 tons of charcoal iron
are made in the State.

The great wealth in wood in kind and quantity is due to the range of
climate and range of soil. The hardwood belts are characteristic of the
glacial moraines. The use of waste wood as fuel has been already men-
tioned. The next source of fuel (peat) may be considered a mixture of the
two previous (wood and water). We have used our own peat bogs to grow
peppermint and celery, and the peat itself for nursery packing, etec., but
until recently no serious attempt has been made to use it as fuel.

It is so largely water that it cannot be an economical fuel unless we
can arrange to have it handled, compressed and dried by machinery, and
make the peat itself do the work. If that can be arranged there are
millions of tons awaiting development, for there are vast peat bogs in
both peninsulas and a company has been formed to experiment.

1f wood is the father and water the mother of peat, coal is its child,
and there has been no more important raw material than this. The coal
basin of Michigan covers at least 7,000 square miles, and I have estimated
that 8,000,000,000 tons await development, but it has been backward in
developing and has lain dormant under a sheet of glacial deposits and a
blanket of lake deposits while the fields further south and better exposed
were opening up.

As late as 1895, when I first visited Saginaw and urged the develop-
ment of the coal deposits, there were but a few thousand tons produeed
in the whole State, which today is producing a million tons a year of
frequently excellent bituminous coal. It has spread to Nebraska and the
Dakotas, and is one of the factors to be reckoned with in the future
development of every material in the State.
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OII. AND GAS.

Oil and gas we cannot count a Michigan resonree. There is a small
refinery at Port Huron, but thousands of dollars are spent almost every
vear in boring with no conunercial results.  We have several oil and gas-
bearing strata underlying the State,—the Berea Grit, which is a famous
Pennsylvania sand; the lower Devonian beds, which have yielded such
rich results in western Ontario; the Trenton, \\'hivh is the famous Ohio
oil rock,—but the basin-like structure does not seem to be favorable to
concentration into gushers. And vet T live in hopes that some day some
subordinate pucker of valne will be found.*

IRON.

Not only does man want power to do his work for him, but he wants
tools to do it with. and that means iron, the framework of our whole
industrial system. I do not need to tell you that Michigan is one of the
greatest iron producers in the world, that the tonnage which pours
1’]11'0110"11 the canal at the “Soo,” making it surpass the Suez of the old
World is largely iron ore. In 1900 3 457,52_’ tons from the Marquette
range, 2,875, 295 tons from the Grogebic range, 1,663,820 tons from the
Vermillion range, 7,809,535 tons from the Mesabi vange, besides 3,261,227
from the Menominee range which does not go through that por ta], or
nearly 10,000,000 tons of iron, are produced in \Iuhlgdn

These fd(.,ts‘ are familiar, butl the course of the iron ore trade in the
past 10 yvears illustrates some principles of wider application to raw
materials, so that T will go into some detail.

Early in the nincties iron ore from a new range appeared in the Cleve-
land market, and caused consternation in the heart of Michigan ore pro-
ducers. It was the Mesabi range of Minnesota. Here iron ore could be
mined under conditions ‘rhan which nothing better could be desired,
except as to climate. It was 13 below zero when I visited the range in
Marcli, 1895. The ore bOleb were soft so that they offen could be bLOOpG(l
up with a steam shovel and put on to the cars diree tly. They were gen-
erally quite flat, and covered with only a light covering of soil or uncon-
golidated glacial deposits, Under such circmmstances the cost of ore
was hardly more than of railroad ballast, and the miners of Michigan,
mining in hard ore bodies, mainly standing vertically and with the cream
already from the top, hardly saw where they were coming out.  (The iron
ore of Michigan I may say comes from a process of leaching and is
gathered in lenticular irregular pockets in the oldest stratified forma-
tions of which we have any certain know]odwv) Iindeed, as I was travel-
ing in the rigors of a northern winter in the hard times of 1893, one-
thn’d only of the chimneys of Iron Mountain and Ishpeming were smok-
ing. However, it was found gradually that the soft friable ores of the
\lesabl needed some old range hard ore to make them work well in the
furnace. Another thing had happened also. The hard times had taken
the heart entirely out of the Duluth boomers, and left them an easy
prey to the octopus.

Some vears before the spare dollars of some of the Standard Oil men
had been Hl\(_’hf(‘d on the Gogebic range. As usual in people who go

* Hee arricle on plOSD(&(tb for oil and gas, helow.
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outside their business, in some cases they got pretty badly bitten, but
they ave stayers, and once in they did not let go, but added property until
they had a strong interest in the Gogebic range, though lhow mueh they
paid for it I do not know.

Throungh their interest theve they were led on to other iron ranges,
especially the new Mesabi, and, to make a long story short, by 18935 it
came to be recognized that there were two great interests in the Mesabi
range, cach of these controlling a railroad to the lake ports—the Duluth
& Iron Range and the Duluth, Mesabi & Yorthern. Each of these inter-
ests had properties on the other ranges which it would not pay them to
let go to rack and ruin, and it was soon discovered that the two new
Minnesota ranges, the Mesabi and Vermillion, were not destined to deal
death and destruction to Michigan iron interests, for it was also dis-
covered to their sorrow by the independent ore producers of these ranges
that these two great interests did not care a nickel whether they made
their profits in the railroad corporation or the mining corporation, and
they accordingly fixed the rates for ore so that only just so much ore
should be mined as suited them. If that left a very small margin of
profit for outsiders, and it generally did, they were usually allowed to
sell out when they got tired.

A fight followed for new railroads, and for state regulation of the ove
rates in the Minnesota legislature, which is outside the scope of my paper.
1t did not break the grasp of the larger interests on the situation materi-
ally, and the next step in a great industrial evolution followed in the
acquisition by the Rockefeller interests of an ore-carrying fleet. This
brought all the work from the ore in the ground to the open ore market at
Cleveland under one control. Up to this time the transportation of the
ore had been a matier of bargain and sale, and close competition with
widely fluctuating rates, depending not merely on the activity of the iron
trade and the demand for irou ore, but also the movement of corn and
wheat from Duluth, ete. But now from the mine to Cleveland came
ander one control. Simultaneously from the other end consolidation had
gone or went on, rolling mill with blast furnace and steel plant and
blast furnace with railroad, until the complete consolidation was only a
question of time. This has just followed, and whereas we had seven
independent interests and three open markets on the way from the raw
material in the ground to the finished rail ready for the track, (towit:

Miner,
Railroad,
Boat.
Cleveland open market for ore-—
Railroad,
Blast furnace,
Pittsburg and Ohio market for pig iron—
Rolling mill.
Open market for rails—
Railroad.)

Now we have but one——the United States Steel Cowmpany, or if, as is
commonly reported, the Pennsylvania railroad coutrols the Republic Steel
17
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Company, in that case the consuner owns practically the raw material
and there is no open market. Ido not mean that these two concerns control
the steel industries. There are a number of other plants, but more and
more each interest in self-protection isfound toown or control its own iron
mines and intermediate links. It is easy to see the advantages of the sys-
tem. The great corporation can take the ore more easily mined first. It does
not feel the anxiety of the small private owner, that he shall sce the
reward of his piece of ore in his litetime, that often gluts the market.
Whereas in the old days, the mines mined all they could to reduce
expenses and production, and fought the ore carriers for low freights,
and one year mwade lots of money and the next were in the hole, and the
same thing was true of the blast furnace man in his field, now, given
the amount of rails needed, the ore to be mined can be adjusted accord-
ingly. In other words, the speculative element is eliminated from busi-
ness and concentrated in Wall street fluctuations in prices of steel stocks.
Moreover, the great corporation can afford to do what a small one can-
not. It can, for instance, and does execute private geological surveys that
put those of the State to shame. A small owner could not do that,—it
would not pay him. It can study and experiment on minor economies
which may be worth while on account of the large scale of its operations
as a private individual cannot. A very important item of saving in the
Rockefeller system is the building of huge ore carriers of 5,000 tons and
over. The fitting together of the various links is also better, until, as
Dr. Hulst tells me, the ore is raised and handled but twice from the mine
in the far north to the pig-iron of Pittsburg. Machinery and gravity
do the rest.

Sometimes it is said that but one profit is required instead of seven, but
that depends upon whether the combination is capitalized at less than the
units.

Now, I wish to call your particular attention to the difficulty of enter-
ing into competition with such an anaconda of industries except along the
whole line. »

Suppose I find and start an iron mine. What chance do I stand if the
railroad belongs to my rivals? Even suppose that my mine is right by
the lake, still T must trust to shipping and be dependent on the ship-
owner for reasonable rates,——and then whither am I to ship it? I must
find an independent ironmaster to smelt my iron and turn it into rails.
And at the other end, if I want to go into the iron business, there is no use
in erecting a blast furnace unless somebody at hand will buy my pig iron,
or starting a rolling mill unless some one will use my iron plates.
Moreover, I must be sure that I can get pig iron as reasonably as any one,
and the blast furnace that makes the pig iron must be able to see its
way clear to a supply of ore. And just here is the reason why Michigan,
producing 8,400,000 tons of iron ore, produces 163,712 tons (less than one-
half per cent as much) iron, and this charcoal iron for which our forests
are furnishing the fuel at tremendous cost. For why should not iron
be made in the State, say at Bay City? Coal is handy, the best of lime-
stone is handy, the ore is nearer and a good deal of iron is used, and more
will be, in shipbuilding, etc., boilers, ete., right in the district, and I know
of capitalists who pine for the chance to put in the money. There is
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just one reason. We are too late. .\ modern plani for the manufacture
of iron and steel costs hundreds of thousands of dollars, and no people
are going to put in their money unless they can he sure of suitable sup-
plies of ores, and most of the available known orve is controlled by the
United States Steel Company or other manufacturing plants. It must
not be forgotten that with the growth of industries into large units the
scrutiny of the quality of the raw materials becomes ever more severe.
If you need a few sacks of cement for your cellar floor you do not test it,
for it would not pay, but depend upon the reputation of the brand, nor
do you have your coal analyzed before placing your winter order, though
very likely it might pay, but if you were to have a $10,000 order of the one
or the other you would not be wise if yon did not. A difference of 1 or 2
per cent in ash would pay for a gross of coal analyses. So, for instance,
in iron the percentage of phosphorus is studied with the greatest carve.
If it runs over one-tenth of 1 per cent it ceases to be Bessemer ore suited
for steel production and it makes a great difference in the price of the
ore, and the hundredths of a per cent are watched with jealous carc.
Now, one great advantage of our better Michigan iron mines is their
low per cent of phosphorus, though analyses are going on all the time,
for even these minute percentages are not distributed at random, but
show that their distribution is affected by a leaching action. This
scrutiny is felt all over the line, and the strain upon the chemist and the
economic geologist is ever greater. It is not merely where is iron ore,
where is limestone, where is coal, but where is the biggest and the best
(not over 2 per cent of impurities) and the handiest deposit. DBut the last
factor, that of accessibility, becomes day by day less important as roads
and railroads multiply, especially in this State, where, as we have said,
every part is equally accessible to large operations.

Before leaving the iron business let me say that while the consolidations
which led up to the organization of the United States Steel Company
seem to me to be distinct steps of progress in the orderly conduct of
business, in such a combination, as in the combination of molecules in a
crystal of alum, it is possible that a great deal of water is taken into the
arrangement, and the heat of adversity is likely to drive off this water
of comnsolidation, respectively crystallization, even if the whole arrange-
ment does not deliquesce.

COPPER.

Leaving now iron, the sinew of Industry, we turn to copper, which
furnishes her nerves. Up to 1876 the Michigan mines often furnished
rearly 90 per cent of the total output of the United States. Of late
years, however, the growth of Michigan’s output has not kept pace with
that of the western, until now our preduction of about 150,000,000 pounds
(155,345,786 in 1899, 144,227 340 in 1900) is but a quarter of that of the
United States. Yet the copper of Michigan occupies a unique position
in regard to its toughmness and conductivity for electricity. It occurs
associated with a series of very old, dark, heavy lavas, which we find
around the edges of the Lake Superior basin and dipping toward it.
One of the minerals of these lavas is known as chrysolite, which has
been used as a gem, hut although hard it is easily attacked by the
weather. It generally contains small amounts of copper and nickel. Tt
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has almost always been decomposed in these rocks, which are among the
oldest sedimentaries known, so old that no trace of life has been found
in them. The chrysolite has. I believe, lost its copper, which has been
rednced and deposited from aqueous solution in the opener, more porous
parts of the rocks, to wit: the upper parts of the lava flows, originally
tull of bubbles, known as amygdaloids, or sometimes in old gravel beds,
known as conglomerates, or sometimes in fissures in the rocks. The twao
former classes of lodex run parallel with the formation, that is, in o
general way, parallel to the take shore. The last class runs frequently at
right angles to the course of the formation. i. e., toward the lake.

Jut not every conglomerate, amygdaloid or fissure bears copper, and
no one conglomerate, amygdaloid ov fissure bears copper cqually every-
where throughout its length. The law of distribution is very compli-
cated, though it is safe to say that near the crossing of a fissure and an
amygdaloid or conglomerate lode both are likely to be richer than else-
where, for their intersection will make a sort of trough to guide the
waters which nndoubtedly have collected and deposited the copper. 1If,
as sugpested, they are laid down by percolating waters, the civculation
might be more active beneath high land which is close to low land, i. e,
gaps in the range,

In economic geology as in other things it is vastly easier to tell wheve
a thing isn’t than where it is, and the geologist could be of full as much
service, if people wonld let him, in saving them from crazy schemes ot
exploration, boring for coal around Detroit, for instance, as in telling
them where to find things., Still, we can usually be of considerable agsist-
ance in finding a copper-bearing lode. How rich it will prove remains
tor providence to determine; for instance, my friend and predecessor, Dr.
Hubbard, now manager of the Copper Range Company, located the Baitic
lode very readily on their property. 1 quote his account.®

“On May 10, 1898, immediately after the disappearance of snow, 1
began examination of the southeastern portion of the land held by the
company under option from the St. Mary's Canal Mineral Land Company,
where the beds of the Keweenaw copper-bearing series were known to
outcrop, near what is supposed to be the line of contact between the
copper-bearing vocks and the eastern sandstone. On that day I found a
conglomerate in the northeast quarter of See. 31, T, 54, R. 34, which from
its position, strike (about north 26 degrees), and dip (northwest about
71 degrees) seemed likely to be the equivalent of a belt ot conglomerate
about 110 feet horizontally southeasterly of the amygdaloid bed mined
by the Baltic Mining Company. On the following day I found imme-
diately under the conglomeraie, a four-foot bed of amygdaloid that
carries a good deal of copper.

“On May 14 a force of laborers, under charge of Capt. John Broan,
began 1o uncover both beds, preliminary to treunching northwesterly
across the series; and on the 1Tth, Capt. Broau, while examining with a
pick the rocks toward the west, found copper in a bed about 190 fect
from the conglomerate. Three trenches were dug across this bed, one of
whieh, the so called ‘discovery pit’ near the present D shaft, found the
dode’ to be 37 feet wide and riehly impregnated with copper.

“On May 23 trenching was begun in a valley about 1100 feet south-

* Report of company for 1900,
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westerly of the discovery pit, and the Jode was located there in June,
and also at a point 1800 feet northeast of the discovery pit (about 100
paces southwestly of the present B shaft).”

It will be noticed that he worked from its position relative 1o an easily
recognized bed. T may remark that the supervisors of Houghton county
in assessing land values took the strike at the Baltie property and got
aover a mile out at the same distance.

The copper found in our Michigan mines is not usually any ore, but the
pure metal, unalloyed, although a little silver is often intimately mixed.
Now, just as in iron, a hundredth of a per cent of phosphorus may make
the difference between Bessenter and non-Bessemer ore; so it is with
copper, but more so. A fen-thousandth part of a per cent admixture of
arsenic will noticeably affect its power to {ransmit clectricity. Thus,
since our mines are not only the largest of the world, but can furnish
the purest copper, it commands half a cent to a cent more than the next
grade electrolytic, that is a premium of 3 per cent for Lake copper over
every other brand. While pure copper is typical of the lake regions,
near the surface carbonates and oxides are found, and rarely in fissures
the sulphides and arsenides. 1 mentioned that nickel and copper were
generally found together in chrysolite. Recently for the first time in such
a fissure (in the Mohawk mine) nickel has been found with the copper.
It is not wonderful that it should be found. The queer thing is its
absence hitherto.®

It was not unnatural that the same inferests so largely interested in
iron should become interested in copper; in fact, they were invited in—
1 may even say lef in—in more senses than one, for I presume I am not
telling tales out of school in saying that the .\rcadian, Isle Royale and
other so called Standard Oil properties are not the cream of the lake
copper mines. But once let in they have a remarkable capacity for
staying until they now control a good proportion of the United States
copper output and sowe important Michigan mines. It has been sup-
posed that they ave about to vrepeat the story of the Mesabi range, but
circumstances alter cases. Leaving out of the question the difficulty of
getting control of a mine by any kind of stock market manipulation
while its chief owners are dredging crinoids in tropie seas, or enjoying
the sights of Lurope, and have left no orders to sell, for this is not
properly a matter of economic geology, we have to consider the following
facts:

The amount of copper per ton is not generally very great—:3s or 4 per
cent in the Calumet & Heela to 0.61 per cent in the Atlantic. The number
and area of lodes containing copper, in percentage greater than that of
the Atlantic at any rate, is probably very large, but (and this is char-
acteristic of Michigan generally, not only in copper but also the iron
and coal countries) there is a heavy mantle of drift which renders their
discovery and exploitation difficult and expensive. The development of
the mine and the concentration are expensive processes. The new mines
that have amounted to anything have started with a fund of from
$200,000 to $500,000 for exploration, and, if enough is found to warrant
it, the erection of a stamp mill to crush the rock, and then by a sys-

* Pransactions of Lake Superior Mining Institute, Vol. VII, pp. 62-G4.
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tematic process of washing extract the copper, amd of a permanent plang,
can easily absorb $200,000 to $500,000 more.

Phus there is no chance for a poor man or group of men to come into
the copper country and unaided make their fortunes as they can in the
Yukon; and, ou the other hand. the various mines have strong financial
backing and cannot readily be coerced. They all own their stamp mills,
as I have said. Smelting the concentrates is not an elaborate process,
and is performed right in the district. A number of the more powertful
mines practieally control theiv own smelters now. In fact, in the copper
district not only are the copper ingots produced, but the copper wire ready
for the electrician or trolley man, so that, with water transportation close
at hand, it is not easy to compel men to come into a combination, and it
is easy for capitalists to start another independent wmine.

Thus there are geological reasons in the mode of occeurrence and loca-
tion of the Michigan copper mines why it will be much harder for one
interest to get the grip on the copper situation than upon the iron, since
there is not the same economy in it, and competition will be much casier.

SANDSTONL.

The copper-bearing series is inclined, but toward the upper part of the
series the inclination becomes less and less ag the vounger rocks are
less and less disturbed, and the formation passes without any great
break into that of the Lake Supervior sandstone, whose beauty in the red
and white clifts of the Pictured Rocks contrasted with green foliage of
the matted cedars above and the blue waves beneath is so well known.
But it also makes one of the most pleasing building stones, and the
Portage redstone and Marquette brownstone are known throughout the
territory tributary to the Great Lakes. In regard to the building stones,
the ease of the water transportaiion is a most important item, yet it
must be confessed that in that vespeet the State is far behind our neigh-
bor state of Wisconsin and behind what we might expect. We have not
a single granite quarry, though plenty of granite in the old Archean
“pegative pole” is not far from lake transportation.

There are a few sandstone quarries here and there in the Lower
Peninsula, and yet perhaps the most jnteresting are not far from build-
ing stone at all. The Cleveland Stone Company is working away at the
Thumb-nail* of lower Michigan, and making it into scythe and grind-
stones. For this purpose a combination of qualities must exist in the
sandstone. It must be fine grained and even grained with a firm, tough
cement, and not so hard as to glaze, to hold together the angular grains
of quartz and feldspar, which are so small that under the microscope we
see that their edges are sharp, and that they have been tloated along in
the water rather than rolled into place and rounded.

Down in the southeast corner of the State there is another sandstone,
white as the driven snow and almost absolutely pure RiQ,, which is an
admirable material for glass manufacture, is also used in sanding paint
and matehboxes, but not for sugar.§

* Vol, VII. Part L
t Yol. VII, Pavt IT
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LIMESTONIL

Just as building stone is but one of the uses of sandstone, so it is but
the least of the uses of Hmestone. Few people realize the varviety of
uses of the limestone, with which this State is well provided. For build-
ing stone, for macadam, for quicklime, for Portland cement, in making
bromine, and in making from our own salt deposits the soda-ash which
is the basis of our baking powders, washing powders, seidlitz powders, to
reduce our iron and copper ores, to line steel converters, and to clarvify
beet sugar syrup, limestone is used.

Each one of these uses makes different demands. For macadam it
must be tongh; for Portland cement it must be tender, and either argil-
laceous itself or near clay or shale as well as fuel; for converter linings
it should be magnesian, but most of the c¢hemical industries require it
as pure as possible, protesting more or less if over a fiftieth part of
impurities occur, and each industry has its own pet aversion among
impurities.

SALT.

This list of industries in which limestone is an important raw material
suggests an almost endless vista for consideration. Without touching
on all, we cannot omit alkali manufacture. You know that salt manu-
facture is one of the great industries, and one of the necessities of life,
upon which oppressive governments fasten their taxes, for they know
that people must pay. Eighty million barrels of salt has Michigan pro-
dnced, and is still producing at the rate of five million per year,* over a
fourth of the product of the United States, and the ease of obtaining it
and making it ready for the market is so great that no monopoly can
exist that will raise the average price for more than a year over a tenth
of a cent a ponnd. Think what it means to the packers of Chicago to
have this storchouse of salt at their very doors! The salt is obtained
either from the evaporation of strong brines contained in four or five
different sandstones, or from beds of rock salt many feet thick. The
waters of the St. Clair and Detroit rivers are pumped down upon them
to dissolve them, for there is no mining as yet.

While we all realize the importance of salt, few realize the fact that
soda is largely made from it, nor how important soda is in the frame-
work of modern society. The soda-ash business is one of ihe foundation
stones of chemical industries. Thus I have prophesied that Michigan
will be the home of the chemical industries for the Mississippi valley.

These same brines and salt beds which yield the salt and soda are not
only fountains for the “healing of the nations,” as at Mt- Clemens and
St. Clair, but will yield potash aud bromine, the manufacture of which
latter source of soothing for .Americanitis and base of best photograph
paper is controlled by Michigan.

By-products of the soda-ash business are calcium chloride and bleach-
ing powder, and, though this latter has a number of uses in refrigerating
and in making artificial stone, it piled up faster than they could dispose

(;‘.N;.f)mﬂ_{_ through 1901, 5,580,101 that year. wot counting that which is used in making
soaa.
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of it, so the Michigan Alkali Co. at Wyandotte have taken to mixing it
with the mud of Detroit river and making Portland cement of it At
Alpena Portland eccenent is made of Hmestone and shale. But, as vou
doubtless kuow, most of the factories of the State are making it out of
the calcareous mud at the bottom of our Takes and clay.

Our limestone supplies are beginning to be appreciated. but in clays
and shales as in building stones we are behind out neighbors on the
south. though we have glazing elays, paving brick ¢lays, elays suitable for
Portland cement,and ethers which ave or will be the sowree of livelihood to
many.  Most of our swrface clayvs, however, liave too mueh lime for
ANV USes.

GOLD. PEARLS, DIAMONDS, E'fe.

It will be noticed that moxst of the things T have mentioned are what
might be called common things and cheap things, and T might have gone
on and discussed the adaptability of our soils for some of the c¢rops for
which Michigan is famous, such as sugar beets, peppermint, celery and
fruit. But I have said nothing about gold, thongh a production of
$632,444 in the last 13 years shows that it will become a settled industry,
have barely mentioned silver, which is merely a by-product of copper,
have said nothing about pearls or diamonds, though once in a while a
Unio yields a pearl, and an occasional diamond found in the gravel of
Michigan or Wisconsin may perhaps have been derived from some of our
Upper Peninsula serpentines, T have not even mentioned chlovastrolite,
peculiar to the beaches of Isle Rovale, for I have not tried to give an
illustrated catalogne of products,—time, my breath, and vour paticnce
would fail,—but rather to select for deseription certain raw materials
whose occurrence, exploitation, and use illustrate certain principles
applicable not merely in Michigan but evervwhere, which may be
summed up thus:

CONCLUSION.

The ultiniate raw materials are a part of the earil’s crust.  Their value
depends on the relative ease with which they may be turned into the
finished produect, which in turn depends on their accessibility to other raw
material and to market.

The modern tendeney to consolidation takes place:

Trirst, by the union of similar and parallel plants into enormous estab-
Hshments. This results in {he consumption of large amounts of raw
material by individual owners, and this in tuwrn justifies a scrutiny ever
growing more severe to see that the raw material is the best both in
quality and location. In spite of this, the tendeney has ever been to use
ore deposits, Tower in grade, but whose quantity and circumstances
enable them to be handled cheaply in large quantities at a profit.

Second, consolidation takes place by union of successive industrial
links in the line from the ultimate raw material to the consumer. This
tends to eliminate competition by making it impossible to compete except
all along the line. When the sources of any necessary raw material are
controlled, competition in tlie whole industry becomes impossible,

Finally, the raw materials of greatest value to the State and civiliza-
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tion are not the rare and costly rhings, but those things commeon as dirt,
whose value depends Lorgely npon their location mutually and relatively
to their market, which are needful to sustain a varied and hence vigorous
and intelligent indastry,

Of the various subjects mentioned above, the following have received
especial study this vear:

A report on eoal® is entirely in the hands of the printers and should
certainly be issued before this annual report. Tt is based on the report
printed in the first volume of the Michigan Miner, but a very slight
inspection will show a large amount of new work and new material,
expecially as to the chemieal quality of the different seams.

A report on marl and the Portland cement industry will form Part 111
of Volume VIIL. It contains Mr. David J. Hale’s studies on the use of
marl or bog-lime, Mr. €. A, Davis’ studies on the origin of marl, and
especially the important contribution that vegetation has made thereto,
and the studies of Mr. B. Walker upon the species of shells that are
found therein, and also a review of some of the economically important
bog-lime deposits. It is hardly possible to make this exhaustive, for there
are 5000 lakes and over in the State, and I should think one-third have
more or less of these bog-lime deposits, which also oceur in many marshes
which are not connected at present with lakes.

It will appear from this report how abundant marl or bog-lime is,
though the full working thickness of the deposits is rarely as pure calcium
carbonate as published analyses would indicate, how it usually lies in a
shelf around the lake, and under the bordering marsh, or has filled
in the lake completely, and how largely it is deposited by the lake weed
of the genus Chara, and is of recent origin and now being deposited.
Mr. Walker also finds but little sign of change of life in the marl. The
following letter summarizes some of his results:

Detroit, Michigan, Nov. 25, 1901.
A. . Lane, Esq.. Lansing, Michigan :

My Dear Sir.—1 enclose my report on the mollusks found in the seventeen lots of marl
material received from yourself and I'rof. Davis during the last two years. I have not
included the recent species of which several lots were received from DProf. Davis as this
determination was not pertinent to the marl fauna particularly. I can send you a list of
them if you desire. 'Fliere is however nothing of special interest in them and the list of
Saginaw valley shells which you made use of in your former report will include them all.

Taken as a whole the fanna of the marl deposits does not differ from the present fauna of
that portion of the Stafe from which they come. Nor have I found in the specimens from
any particular locality any special peculiarities which would indicate peculiar local condi-
tions of environment. Individual variations occur. more or less frequently, but no more than
is often found in similar collections of recent species. 'The inference is therefore that the
marl fauna lived under substantially the same environmental conditions as the present fauna
does, or at least not sufficiently different to produce any special or characteristic variations.

The one species peculiar to the marl deposits of this State is Pisidium contortum Prime.
It was originally deseribed from the post-pleiocene formation at Pittsfield, Mass. It occurs
abundantly in the marl deposits both in Michigan and Maine. It has recently been found
living in one locality in the latter state and it is quite possible that it may yet be found
alive in this State. Dut so far as onr present knowledge extends it is extinet im Michigan.
Why this one species out of the fifteen, included in our list, to say nothing of the other
genera represented in the marl, should have failed to survive, while all the others are still
abundantly represented in our present fauna is very curious. I have bheen entirely unable
to imagine any adequate explanation.

* Vol. VITI, Part IT.
18
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The characteristic feature of the marl fauna is the great relative abundance of certain of
the smaller species. This is especially noticeable in Planorbis parvus Say, Valvate tricarinate
Say and Amunicole limosa Say and lustrice Pill. The larger Planorbis bicarinatus Say and
campanulatus Say occur in nearly every lot of material, but the number of individuals is
comparatively small. Pisidivm both in the number of species and individuals is also a
characteristic feature of the marl as it is indeed of our present fauna. There is probably no
district in the United States in which this genus abounds to a greater extent, both in species
and individuals than in the inland waters of this State.

The terrestrial species represented in the marl are few both in number and individuals. This
is what would naturally be expected as those that do oecur are the occasional examples that
have been washed into the water from the adjacent land. Such as have been found present
no peculiarities as compared with recent specimens from the same region.

The almost complete absence of the Unionide from the collections is also noticeable.

The peculiar variations noted in Valvate tricarinate Say from Cement City are of consider-
able interest. A similar tendency to unusual variation, although in another direcfion, has
been noticed in the same species from a post-glacial deposit near Niles in this State
(Nautilus X1, p. 121). In both instances however the variation was not common to the whole
colony bitt was limited to a very few individuals. Tt cannot therefore be attributed to any
peculiar conditions in the environment, for in that case it would undoubtedly be more general
in effect.

Please do not forget to give Dr. V. Sterki the credit for identifying the I’upidae and Pisidia.

Yours very truly.

(Signed.) BRYANT WALKER.






LIMESTONES.

Upon the uses of limestone we have already touched. A good deal of
material as to their physical character will be found in previous reports,
especially Part I of volume VII and Part III of volume I, by Dr. Carl
Rominger. But it may be well to run over them briefly, particularly
referring to their chemical character, which is of especial importance in
their new uses, in sugar, soda and bromine manufacture, since these
reports are out of print and scarce.

I may say to begin with, that in using the term “limestone” for the
heading of this article, I include not merely carbonate of lime, but lime-
stone as we find it, a mixture mainly of carbonates either of lime or
magnesia, and more or less iron, strontium, ete., with c¢lay or sand, and
the uses for which limestone serves as raw material vary greatly accord-
ing to its composition. For instance, there is a very great demand for
anything like pure carbonate of lime, and as soon as it gets near 98 per
cent it can be used in the manufacture of calcium acetate in connection
with charcoal kilns, the clarification of beet sugar syrup, and generation
of carbon dioxide for soda water and for making soda carbonate out of
soda chloride, as well as for burning lime or making Portland cement by
admixture with clay.

In the Midland process for the manufacture of bromine it is also used.
As I understand it, chlorine water decomposes the bromine which is
blown out by an air current and collected by guicklime,

The demand rapidly drops as the per cent of Ca CO, falls, and by the
time it has sunk only 4 or 8 per cent, to 94 per cent of calcium carbonate,
the chemical industries have ceased to demand it. 1t still may be burned
into a hot lime which will stand much sand and it will serve very well
for blast-furnace flux. Generally as the per cent of magnesia increases,
the lime becomes milder and slower setting and quality poorer, until
by and by, at about 20 per cent MgO, it ceases to slake, becomes
hydraulic and becomes a dolomitic limestone which, if properly massivé,
makes a good building stone, but is not good for much else. Then as
the per cent of magnesia increases it becomes a refractory material suit-
able for basic furnace linings. Finally, pure magnesia carbonate comes
into demand once again by chemical manufacturers to produce carbonic
acid gas* and the salts of magnesia. This is but a rough outline sketch
of the uses of one series of calcium and magnesium compounds, and the
relative percentages of the various impurities which are tolerable vary
according to the special use. I am told that not over 3 per cent of MgO is
allowable in the manufacture of cement, whereas there is much greater
latitude in percentages of alumina, silica and iron.

*The presence of lime when the stone isx dissolved in sulphuric acid produces plaster of
Paris and clogs the working.
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For use in beet sugar the limestone should make a lime which is not
lumpy, but slakes readily to a milk. The magnesium saccharate is more
soluble and makes more ash in the sugar, and hence should be avoided.

It will be of interest to take up the limestones of Michigan geologically
and geographically, pointing out where they are conveniently accessible,
what their composition is likely to be, and what uses have been or may
be made of them. Their general distribution is indicated on the map
given herewith. Plate IX.

Beginning with the oldest rocks, we find down in the Archean,* asso-
ciated with the iron-bearing or Huronian rocks, beds of dolomite which
have been so hardened and re-crystallized that we may safely call them
marble, a term which has been applied to many other of our limestones
with less justification. The amount of the various carbonates contained
probably varies, but they are generally truly dolomitic. One formation
is known by the United States Geological Survey, around Marquette, as
the Kona dolomite. Farther south they call it the Randville and Antoine
dolomite. These beds have been used at times as a flux in iron smelting
and might be used more if the reduction of iron ore were carried on very
much in the Upper Peninsula. But they are extremely hard and their
silicious character makes them rather unsuitable for use with ores
which are already too silicious. Analysis No. 1, given by Rominger, is
from one of them. Other analyses made for H. L. Smyth show a consider-
able though variable percentage of carbonate of magnesia, from 16 per
cent to 42 per cent and are given just below.

Sometimes they present a handsome porphyroid appearance. 1 have
seen large, deep red crystals sprinkled in a pink ground, which made a
very handsome and attractive ornamental stone. I suspect, however,
that there would be a good deal of jointing and waste. Crystals of
tremolite also occur. These dolomites are not close to the water and
the rigor of the climate would have to be considered in planning to
quarry them.

Analyses of Randville dolomite by G. B. Richardson:

I 1L 111,

Insoluble in HCL.................. 2.0 9.9 29.1
Fe, Ogoveiviiiis 1.2 2.1 2.2
CaCOl,.ioiiiiiii 53.2 48.9 39.3
MgCO, .o i 42.3 38.0 27.7
Total .......... e e 98.7 98.7 98.3

Analyses of dolomites from Michigamme mountain area by R. J.
Forsyth:

I. IY. HIT.
Residue insol, in HCL....... 14.25 9.3¢ ...
AL(Fe)Op e 11.15 12.57 5.38
CaCO,ce i, 47.18 45,98 36.60
MgCO,..oeviiiiii 18.48 19,22 16.38

We cite from Bulletin 168, a number of analyses and of them “A” of
the series made in the United States Geological Survey laboratory may
belong to the same formation.

* I use Archean, as used by bana its sponsor, to include all Precambrain rocks.
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Analyses of Archean dolomites and kindred rocks, from the United
States Geological Survey laboratory:

Al C. k. F. x. H. 1. P.

T.05
.48
1.33
.86 Undet
15 19
50.08

BT

.25

. Dolomite. Near Sunday lake, Gogebic district, Michigan. Analysis
by W. I. Hillebrand, record No. T767.

C. Limestone. Bed of Slate creck, Huron Bay slate quarries, Mich-
igan. Analysis by T.M. Chatard, record No. 894, From laboratory
records.

1. Iron carbonate, from 8, E. 14 Sec. 20, T. 47 N., R. 43 W., Michigan.

T. Iron carbonate. South side of Sunday lake, Michigan.

(+. Iron carbonate. Palms mine, Gogebic district, Michigan. Analy-
ses E, I, G by W. T. Hillebrand, records Nos. 769, 770, T71L.

H. Iron earbonate. Miner and Wells option, Sec. 13, T. 47 N, R. 46 W,
Michigan. Analysis by T. M. Chatard, record No. 893.

I. Tron carbonate. N. W. 14 Sec. 18, T. 47 N,, R. 45 W, Michigan.
Analysis by Chatard, No. 895.

P. TFerrodolomite. Marquette district, Michigan. Analysis by George
Steiger, record No. 1473.

Q. R. S
................ 2697 26.67 .30

ATRALIBS . -+ e v vneevmae e s e e e e
H20 at 100°..
120 above 1
PoOseer.on..
€02 aennnnn.

Q. TFerrodolomite. Marquette district, Michigan.

R. Portions of Q, insoluble by hydrochloric acid.

S. Soluble portion of Q. Analyses of Q, R, 8 by George Steigner,
record No. 1442.

Assoeiated with the iron ores in certain cases ave ferrodolomites E, T,
¢, H, I and P, which Irving imagined to have been an early form of the
iron ore.

The Archean marbles are exploited by the North Michigan Marble
Company in Dickinson county, on Sec. 26, 1. 48 N, R. 28 W. The Com-
missioner of Mineral Statistics reports as follows: “Some of it is pure
white, some variegated, shading from white to pink, green, gray and
purple, making beauntiful slabs for wainscoting and interior work. Itis
somewhat granitic in nature, sufficiently so that the tests given foreign

1 OO PO PP PP OPIPTPRP PP
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and New England marbles will not faruish the Highest polish. 1t is
susceptxb]e of a polish almost equal to onyx. There is pressing demand
for the stone beyond anything that they can supply, even the chips and
small spalls being disposed of.  One concern in Chicago has used several
carloads of small (hipx’ The price received is from $3 to $4 per ton for
the rough rock that is produced in opening the quarry, and from $2.30
to $5 per cubic toot for sound, square-channeled rock.”

Before leaving the subject of Archean marble, a word should be said
garding the verde antiquo marble. This is really a decomposed product
of peridotite and is strictly to be classed under the serpenfines,
although it frequently, as Iwnunoe r’'s analysis (2) shows, becomes a

d)‘bomne rock.  The beauty of “lC serpentine and verde antique for
interior finish needs no statement, and the Michigan outerops prove to be
quite as good as any. My, Julian N, Case of Ishpeming took the trouble
to have a certain amount worked up, and I bave heard it very highly
praised by such architects as Mr. Patton of Patton & Fisher. The death
of Mr. Case interfered with its exploitations and I do not know that it
has yet been commercially developed. Serpentine occurs in a number of
places mentioned in the 1892 report ot the Michigan Geological Survey
(p. 134). The principal arvea lies north of Marquette and Ishpewming,
being exposed from Presque Isle to north of I%hpeming, beginning in
the castern port of Sec. 27, T. 48, R. 27, and extending in a S(mthwmtexly
direction to Sec. 2, T. 47 h 28, It is also to be seen in T. 44 N., R. 32 W,
and in Secs. 22 zmd 28, T 42 N, RO31 W, An analysis of such a (lolmmto
serpentine product is given l)) Rominger (No. 2).

The Keweenawan sevies coutaing some large veins of caleite, and asso-
ciated with the copper are sometines crystals of calcite as pure and clear
as Iceland spar. 1 do not know of any vein, however, which could be an
economic producer of lime in a large way.

It is not until we begin to get above the Lotsdam sandstone toward
the Trenton that we begin to get calcareous beds again in a large way.
The Calciferous strata may be taken as a group of beds which form a
transition from the sandstone to the almost purely calearcous Trenton.
Analyses seem to indicatef not over 54 per cent carbonate of lime and
not less than 32 per cent nor more than 42 per cent of carbonate of
magnesia. There is generally considerable sand. Analyses by Rominger
(3 to 14) suggest that basic furnace linings might be obtained from the
formation, and its outcrops along St. Mary’s river would be readily
accessible. It appears also to be a durable building stone and in some
cases has a tendency to odlitie structure.

It is well exposed and could be easily quarried near Chatham, the
Upper Peninsula agricultural experiment station. An analysis gave the
chemist:*

Tnsoluble sand (SI02) .. ovvvviiiiiiiis i 35
<F9A1 D0z .ot 5

CaCOsz 32
MgCOsz.... ... 2
Ditfterence (water and organic).............ooiiiiia [

100.00

The ratio of lime to magnesia is similar to that in Rominger’s analyses.

* Bulletin 186, Dec,, 1900, .
1 See page 70, part I, Vol. 3, Michigan Geological Survey Reports.
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1 see no reason why this would not make converter linings.

The Trenton formation, generally speaking, is less silicious, and while
in a general way there is a great deal of dolomite in it, not infrequently
we find streaks which are a Ligh grade of limestone like Rominger’s
analysis (20) from the Escanaba river. I have heard of even purer
material. The Trenton forms the northwest shore of Green bay, where
it could easily be obtained, as well as on St. Mary’s river.

The next group of beds, the Cincinnati and Hudson river group, are
usually spoken of as shales or shaly limestone. As a matter of fact,
however, the only part where they are shown in our State, where they
run from the point which splits the upper end of Green bay, they are
quite calcareous, as shown by Rominger’s analysis 24 as well as Keonig’s
tests below.

For lime burning or for building, however, the beds are too argillaceous.
There is a great deal of variation from bed to bed, and even along the
beds. The argillaceous character of the beds suggests that they might
be suitable for the manufacture of hydraulic cement. But the following
series of tests shown me by Prof. G. A. Koenig of the Michigan College
of Mines makes it probable that they are too irregular in composition
for that purpose:

ANALYSES, BLUFF OPPOSITE GLADSTONE, MICH., OCTOBER 7, 1899,

Thickness

No. of sample. Per cent. Ca COs. of beds in
inches.

spotted.
5 spotted.

Samples with the same number but a different letter are from the same
level or horizon, but taken at different points. The residue is very largely
insoluble, argillaceous.

The Niagara limestones are a very well defined belt and in their bgst
estate, shown in Rominger’s analysis (No. 30), fairly free from anything
but carbonates. They are characteristically very light colored, and the
drillers have often referred to them as snow-white marble. We know
from the records that they lie beneath the whole State, but their outcrop

19
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is confined to the well marked ridge which separates Green bay from
the rest of Lake Michigan and is frequently exposed clear to Drummond’s
Island. Some idea of their chemical character is given by Rominger’s
analyses Nos. 26 to 36, from which it will appear that usually they are
dolomite, though analyses Nos. 30 and 31 indicate a limestone very low
in magnesia, and he says that the white lenticular-like masses, between
the beds of the Burnt Bluft section, are almost pure carbonate of lime.
Other reports have come to me which show that there is doubtless quite
high grade limestone in the series.

On Sec. 16, T. 44 N., R. 7 E., on land belonging to Chase S. Osborn,
is an interesting group of caves in this limestone, which here appears to
be exceptionally free from magnesia. Perhaps this has something to do
with the origin of the caves. T visited them August 3, 1901. As they
are approached from Lewis Station to the south there is little or no relief,
occasional sandy rises in the midst of swamps, until not far from the
southeast corner of the section the trail passes between some small
sinks, which are the entrance to several hundred feet of cave, low and
flat, in general not over two or three feet high, but with a channel six
to eight feet deep cut in beautiful meanders which slightly increase the
size of loop as they cut down, and are barely wide enough for a man to
walk in them.

The stream finally falls by a cascade into a larger and picturesque
sink hole about 30 feet deep, in which no outlet could be found. It was
probably concealed by broken rock.

About one-third mile north and one-fonrth mile west the trail passes
over a couple of sinks, the one to the west being much larger and show-
ing under the road a fine portal to a larger cave, which was, however, at
the time of our visit much fuller of water, though from what I learned
1 judged that it may have been a temporary choking up.

Continuing north the country soon drops off more rapidly.

This limestone is said to be very pure and suitable for the manufacture
of calcium carbide. There mnst be a considerable area, with little
stripping and easily drained.

The Niagara limestone is also extensively exposed and has been burned
for lime along the D., 8. 8. & A. railroad, not far off, from about one-half
mile north of Ozark at frequent intervals on hills rising up to 40 feet
above the track, which passes through a limestone a little more than a
mile southeast of Ozark. It is white irregular crystalline, with corals
such as Favosites, Cystiphyllum and Monticulipora.

Then again at P’alms, and Jere. Taylor’s, one-half mile east, were
quarries. The kilns supplied the Newberry charcoal iron furnaces, and
stopped when they stopped, but the lime is highly spoken of locally.

The White Marble Lime Company of Manistique, Mich., is also making
lime from the Niagara, and furnishes the following analysis:

Unslacked lime. Limestone.

SiliCa. \evrrrnn.. T O 1.80 1.50
Iron and aluminum... RN 80 .
Lime....cocovvvnnnnn 52.40 52.77
Magnesia............ 44.65 45.75
Balance 2.0 ...

100.00 100.02
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The freedom from insoluble matter is noteworthy. There are, how-
ever, cherty and siliclous layers in the Niagara.

The amount of iron and alumina is in general the lowest of any
formation. The most constant impurity, probably, is a certain per cent
of pure quartz sand, so pure that by itself it would make glass sand.
The Niagara could be easily quarried at many points and readily handled
by water. A curious bed of this limestone and all those below it is
caught and held in a very sharp fold a few miles from the head of Kewee-
naw bay on Recs. 13, 14, 23, 24, T. 51 N., R. 35 W, and a hill near by.
The Niagara is characterized by many well defined fossils, of which the
“chain coral” is as familiar and easy to recognize as any.

Above the beds of the Niagara come the beds of the Salina and Lower
Helderberg series or,.as 1 have called them all, the Monroe beds. At
several points of this series dolomites and dolomitic marls occur. Around
St. Ignace the series appears, and on Mackinac Island also, but it has
mainly been developed in the extreme southeast part of the State, where
it has been carefully studied by Trof. W. H. Sherzer in the Monroe
county report.®

This region Hes so close to the large cities of Detroit and Buffalo
that it has been very extensively developed for building stone and for
road matter, and to some extent for lime. The rock is in general silicions
dolomite and seems to have more or less sand, and is sometimes marketed
as sandstone, and indeed passes into it by degrees, as is shown by the
following analyses from the Woolmith quarry, the third of which is dis-
tinetively sandstone. Frequently large blocks have been quarried.

Woolmith quarry analyses cited by Sherzer:

I II III

4 ft.down, 18 ft.down. 24ft.down.
1S 13 T I 6.19 3.05 97.76
Iron oxide and alumina.......cooviviieniierarees connen .45 .31 .55
Magnesia carbonate.........oicieiiiiiiiiiiii i 43.53 44.59 1.43
Caleium carbonate ... ..o iiiviiiirieiiiieeeacneies oo 50.12 52.72 1.14
B ¥ =3 o= 1 (- O R .29 .67 .88

100.00 100 00 100.00

Other analvses of dolomite along the line of the Pere Marquette are,
according to General Manager S. T. Crapo:

I 11
Silica and inSOIUDBIE ..o ov i it e 2.33 5.92
Iron and alumina......... ceen .48 .52
Carbonate of lime . 55.03 53.16
42.17 40.36

Carbonate of magnesia

100 00 100.00

An analysis by J. D. Pennock of dolomite from a Raisinville quarry,
claim 516, is as follows:

133 P T R R R 3.45
Iron oxide and alumina.... . . .20
salcium carbonate ......... .

Calcium sulphate...........
Magnesium carbonate......
D035 5] =1 ¢ ¥ R P

* Vol. VII, Part I. Analyses cited are on pp. 82, 83, 95.
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The Monroe Stone Company have a quarry about two miles north of
the city of Monroe which has given K. J. Sundstrom the following

results:
2 ft. down, 7 ft. down. 10 ft. down.

[ 60 S 7 .98 .58
Iron oxide and alumina :

Calcium carbonate ... 54.54 54.4% 54.94
Magnesium carbonate 42.75 45.59 42.84
D T ey e e <D

160.00 100.00 100.00

An interesting feature of the dolomites of Monroe county is the pres-
ence of considerable quantities of strontium, both the carbonate stron-
tianite and the sulphate celestite. These are also found on the islands of
Lake Erie. Aside from their value as a source for red fire, they could
replace lime to great advantage in the manufacture of beet sugar. No
analyses for strontium are known to me, so that I have assisted Mr.
W. K. Wonders of the Agricultural College in collecting material for a
thesis on this subject.

The places in Monroe county where the dolomites of the Helderberg
series are mainly worked are around Monroe (near which are a number
of quarries), Brest, La Salle, near Samaria on the Ann Arbor line, and
around and near Whiteford. The only one of these places where the
industry is carried on on a large scale is Monroe, where there are lime
kilns and rock crushers. The Monroe rock is a dolomite which shows
by analysis for II. H. Dow by A. W. Smith:

Calcium carbonate

INSOIUDIE . 1 e eeeernrenr 112
Iron and alumina . .16
Magnesitm CATDONALE . ... vvv ettt e 43.47

It yields a limestone which slakes slowly, does not develop much heat,
and cannot take much sand. From Monroe county in 1899 some 55,706
tons were shipped. The usefulness of some beds is greatly impaired by a
brecciated character. They are real limestone conglomerates. The brec-
ciated and conglomerate character is even more conspicuous in the north-
ern part of the State around Mackinac Island, and renders much of the
rock useless for any purpose. Rominger’s analyses 37 to 41 show that
the rock here also is a typical dolomite.

Next above these beds come beds which contain more calcium carbon-
ate; in fact I have drawn the line between the Dundee and Monroe, so
as to make it coincide with the division between the limestones of the
upper Helderberg or Corniferous and the dolomite of the lower Helder-
berg or Waterlime (Manlius). This difference in chemical character
appears quite uniform throughout the State, as is shown by very numer-
ous qualitative tests on drill borings as well as the quantitative analyses
given. The purer Dundee limestones are one of the important horizons
of the State, which I think will be even more developed in the future.
The most extensive quarry is that of the Sibley Quarry Company of
Detroit river, in the south part of Wayne county.

All through this region we find this general distinction between the
Dundee or Corniferous, running high in calcium carbonate, and lower
Helderberg or Monroe beds, with low per cent. I may state that at
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Monroe there is about 50 per cent of calcium carbonate, at Gibraltar and
Grosse Isle 62 per cent, at Newport and Brest somewhat higher, about
80 to & per cent, and at Amherstburg 92 per cent, while the Sibley
quarry probably runs best of all with 94 to 98 per cent of calcium car-
bonate. The 9-foot blue bed, it is said. can be so picked as to give 98 per
cent, guaranteed at each shipment. Below are given some of the analyses
from some of the beds of the Sibley Quarry Company. It will be noticed
that not all are high in calcium carbonates, but are useful for macadam,
lime, building stone and other purposes, Whlle the beds high in caluum
carbonate are reserved for chemical purposes.

The region along the Detroit river is very well suited for such indus-
tries, for it is on the water, has ample raiiroad facilities, has the high
grade limestone of the Sibley quarry, and by boring 800 or more feet
down an indefinite supply of rock salt can be obtained. Some of the
beds are of great thickness as is shown by the record of the well at
Royal Oak, given in Vol. V of our reports, and records elsewhere printed
in these reports. The only well of which we have an accurate record,
which has passed clear through the salt, is that at Wyandotte, which
is reported in the same volume and reached Trenton rock at 2610 feet.
Suffice it to say that from 800 to 1500 feet down there is a very large
supply of rock “salt. The use of carbonic oxide for the making of soda
is so extensive that the calcium chloride becomes a product which is
manufactured faster than it can be used. The Solvay Process people,
who are manufacturing soda at the old exposition grounds, are using
the chloride of calcium to make land and redeem a marsh, known as
Zug Island, good property. Calcium chloride is used as the basis of a
number of artificial stones. It is also emploved in refrigeration, as
calcium chloride can be circulated through pipes at a very low temper-
ature with no danger of freezing. Buf this is not the only use for the
Sibley limestone. Michigan has within two or three years leaped into
prominence as & producer of beet sugar. It bas just the right climate,
many of the hard lake-clay soils with a light coating of S‘lnd on top,
have just the right character for the glowth of sugar beets. And there
is a good German population who ave not afraid to work and make good
growers of the beets. Consequently we have a number of factories
established at Kalamazoo, Rochester, Alma, Lansing and elsewhere;
which largely depend upon the Sibley quarry for their supply of calcium
carbonate.

The soda ash men, who originally planned to manufacture soda ash
here, have probably got a better thing in their limestone quarry than in
the manufacture of soda. The driliings here show clearly and sharply
by the sudden rises in magnesia the line between the Dundee and Monroe
(Corniferous and Waterlime), and the very best beds run over 98 per
cent of lime. A section of the quarry will be as follows:

A. 6-foot bed of limestone, thin layered, very fossiliferous and a high
grade limegtone,

B. T7-foot bed, 2 to 11 inches thick, more coarsely crystalline, some-
what pyritic, not so conspicuously fossiliferous.

C. 2 feet limestone with much cystiphyllum.

D. 5 feet limestone with a deposit of black carbonaceous material
full of crinoids and bryozoa.
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L. 6 feet limestone, almost solid mass of crinoid joints, bryozoa,
corals, and brachiopods. Between D and I3 there is also a carbonaceous

deposit.
F. 14-inch bed, mainiy of chert, which contains only 3 per cent or so of
CaCO,.

G. 6 feet limestone, light gray and full of crinoids, cte.

. 2-foot bed of chert about 30 inches thick, very friable, of a hard,
ringing, impure matrix, when sent to the crushers.

1. 9 feet pure limestone, supposed to be the best bed of the quarry
and frequently runs over 93 per cent of calcium carbonate.

J. 6-foot magnesian bed. It is magnesian only, however, in cow-
parison with I, for it is really a fairly pure limestone but not so pure as I.

K. S-foot bed of limestone full of the usual fossils. A thin bed as
exposed and good for lime or building purposes. Prospect holes sunk
from bed I show limestone for 83 feet and for 40 feet down calecinm
carbonate from 81 to 93 per cent, maguesia from 2%, to 16 per cent, and
silica from 0.73 to 7.24 per cent.

Below this we find a sudden drop in caleinm carbonate, which
runs from 54.27 to 70.54, while the magnesia carbonate runs from 23.49
to 43 per cent.

Analyses of limestone from the Sibley Quarry Company, K. J. Sund-
strom, chemist:

Ca COs | MgCs. Fer 05l 810z | DI, |Rem.

A 6ft. topbed.....oooiiiiiiii e 91.75 2.52 0.54 1.82 1.57 Looo..s
B 6ft. grayand blue bed.......ooooviiiiiiiiiiiii 92.00 4.62 0.28 1.92 1.18 ...,
C 2Ft.DIue Ded. o e ettt 94.50 3.36 | Trace 1.04 1.10 j..oo.es
D Sft.blue bed...ovvniii i 93.50 4.20 e 1.08 1.22 ...
L } 6 £6. DIUE DO UPPOE- - vvveeeeeernemmeneerereeneneaeins $7.00 | 0.451 o058 224 013 l.....
G 6fE.DlueDed IoOWeT ..o ot ianee e ieaaes 83.75 | 10.29 0.20 2.56 1.20 [......
H 2ft. flinty bed and all flint beds........ocoovviennnnn 53.50 | 12.18 3.45 | 380.87 0.87 |......
I 9ft.bluebed . ..o viriiiiiiiiiiii i 93.50 2.73 1.12 0.64 2.0 ...,
J Magnesiabed......ooooiiiiiiiiiii e 74.00 | 20.58 0.74 3.74 0.94 {......
K 8ft.blueand graybed.......coovvriiaiiiiinn seeiinns 87.00 9.66 0.16 1.62 1.56 t.....
10Ft. hlue bed ..o vieire s e 94.00 2.10 1.86 0.91 113 ...
Flinty layer top of 8 ft. bed and top of 10 ft. bed...... 43.50 9.66 2.03 | 43.71 1.05 | «....

6 6. TOWET DA « o v e e iise et aaens 92.60 GIET) 8 DU N } 0.72 fuun.n
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Analysis of different beds in the Sibley quarry:

Kiln bed: 6 ft. blue bed.

CaCO3 .t 94.404
2.180

Five foot upper bed, dried.
CACOB v ee i s 91.15

100.000

e

I [ ‘ H

Ca CO3.|MgCOs | A1p Os.| 81 02, | Diff.
Bed NO.2 W.DADK .o envrnrmeennrninanmreanies o [ 89.7 ! 4.8 2.85 1.06 1 1.59
Bed N0 T W.DANK. .\ e cverertarnrneaneineasesneaesasaes e 86.79 6.8 2.50 | 2.00 1.91
LoWer 6 £6. O WSt SIA@. .« rvneuernrrs ceeearsiaarsriaie 80.36 | 14.05 | 2.71] 2.88 [i..eo..
G 6 48 GOUER SIAE « e nee e e 81.95 | 7.20 6.60\ 2.29‘= 1.96
Middle bed building Stone .....oociereerrvriiiirrer s 83.87 6.29 6.82 i 3.02 ‘ Dried
Very topbed.....cooooveiinins e 78.58 | 14.26 4.3 24! o«
| I

Very much the same limestone beds as those of the Sibley gunarry are
exposed on Macon river and have been quite fully described by Rominger
(analyses 46 to 47).and Sherzer, who quotes, p. 76, the following analyses,
the first four by G. A. Kirschmeier, the two latter by K. J. Sundstrom:

T —————

Bed A. | Bed B. | Bed C. | Bed D.
|

]
Ol CIUM CATDOIALE. . «ev v e vvereerrnarseaanr s an s 90.802, | 86.80% | 77.60% 95.00%
Magnesinm carbonate. ... ..ocovoiraoreeen it ! 6.87 11.€0 17.41 3.86

BT T U U U U PP PP OU PO P PP UPPPPPP PP PR ERESRT SR I s 1.10 2.78 81
8 5 S R R RCEIEEETE LR AR 1 16 .12 ’ 56 41
OIZANIC MALTLET <. evvthvnnenir st ‘ 1.6 |ooeeenns ‘ 1.63 l ..........
DfFEIICO. <+ «eeeussrnssareerersuanunesscenismioestsuirr ittt i 00 .38 ] 7 .02 k .08
CalCiumm CATHOMALE . ¢ \ve v e raniiniearnenaere nee e 98.109, 86.96%,
Magnesium carbonate.. .63 10.08
.y R LR .70 1.86
Tron oxide and ATUMIDIA . 1. oeeveer st L .62
STIPHILT  «evvvaeensreme e ernna s anesansssnssenss st 055 123

DEETEIICE « e v vaevemeesraarrnnaessasassaer s st N3

The drainage and transportation facilities of these quarries are not
as good as at the Sibley quarry.

When we pass to the northern part of the State we find indications of
the same contrast of limestone and dolomite between the Dundee and
Menroe (Corniferous and WWaterlime). The Dundee or Corniferous
extends from the Straits of Mackinac and the islands west of Presque Isle
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north of Grand lake in Alpena county. But in this northern part a group
of rocks not conspicuous in Wayne and Monroe counties are important—
the Traverse group, full of fossils, of considerable economic value, corre-
sponding more or less closely to the Hamilton and Marcellus (Erian) of
New York. Mr. A, W, Grabau has recently hegun to work them up in
some detail for us and his preliminary report follows.

We leave to him these limestones, and above there are no more lime-
stones of commercial importance for quite a long distance. There are,
to be sure, nodules of lime in the Devonian black shales* which are quite
pure carbonates of lime, with some organie matter, and in the shales of
the Carboniferous likewise, we find nodules and bands of carbonate
that are in most cases mainly carbonates of iron. They have
been used from time to time for iron manufacture, but it is very doubttul
if there is anything comiercial. When we get up higher to the beds
in which the famous Grand Rapids gyvpsum beds occur, at the horizon of
the Burlington and Keokuk of the Mississippi valley, we find limestone
again. This time it appears very much like the cement rock of Mil-
waukee and, although it has never been developed for this purpose, a
fair quality of rock cement could doubtless be made from it. Portland
cement will probably replace rock cement in this neighborhood, however.
The most promising place to investigate this limestone would be
in the neighborhood of the gypsum quarries of Grand Rapids and along
Saginaw bay, in Josco and Arenac counties,t in Huron county near
Soule and Oak Point, and also in the valley of the Cass near Cass City.

Above the Michigan series we come to & much more important lime-
stone horizon, which has been extensively quarried at Grand Rapids and
is now quarried at Bellevue, Bayport and Arenac county. It corre-
sponds in part to the St. Louis limestone and the Maxville limestone of
Ohio, and contains some layers which are nearly pure lHimestone, There is
some dolomite and other layers are more or less argillaceous, and it
tends, however, to be valher silicious and often pyritic. Some of the
layers are very massive and havd, with practically no porosity, as shown
by tests which I have made myself as well as by those made by Prof.
Johnson. Below we give three analyses of the Bayport limestone, two
of calcareous beds and one of dolomite, and among Rominger’s analyses
(52, 53) will be found some analyses of the Bellevue quarry of limestone
and dolomite. The Bellevue quarry is said to cover 300 acres and to
run Y0 per cent of lime. Over 200 men are emploved in the quarry with
two trains a day, and about 700 tons of rock are shipped to Wyandotte,
for this quarry is owned by the Michigan Alkaii Company (the Fords).
The plant is said to have a capacity for crushing 2,000 tons daily. The
main building is 44x68 feet, 50 feet to plate, with a power house 30x60
feet. It has its own electrical plant, owns 200 railroad cars of its own
and ships about 25 carloads daily to Wyandotte. This stone is there
used in the manufacture of soda ash, including baking powder. The
soda ash is used in making plate glass. The supply is practically inex-
haustible, or at least will give constant employment to a force as large
as the present for a long time. it is said. The rock lies only about two
feet below the surface and is from 10 to 20 feet thick. Underneath this

* See Rominger's analysis No. 350, below, also article by R. A, Daly in the Journal of
Geology Vol. VIII, No. 2, p. 137.
1 8ee Gregory’s report.
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is a blue rock which, with {he refuse from the limestone, is used for
macadam pavement. It is said to be rather soft and very dusty for use
on city streets.

The limestone is also combined with mud from Detroit river and
purned to make Portland cement.

The largest quarry next to the Bellevue quarry, probably larger in fact,
one certainly which has been worked vigorously for over a decade, is
that at Bayport. The main quarry is on Sec. 5, T. 16 N, R. 10 E., but the
limestone upon which it stands extends from section 22 to the lake
_shore and is also found on North Island of Wild Fowl bay, where a
small quarry was opened some years ago. The Bavport stone seems to
be, if anything, harder and more massive than at Bellevue. We find
the range from limestones which have 90 per cent and over of carbonate
of lime to those which are dolomite, as shown in the analyses below.

ANALYSES FROM THE BAYPORT QUARRY.

1. 11, III.
Carbonate of HIN@... . ooviioriiare e 91.538 91.32 61.52
Carbonate of magnesia N 044 2.48 14.50
Sand ..oovvvrriieaenean 3.330 4.46 20.85
ClaYee corovmoraseronanns e e 2.04
Phosphate of lime....... Traces  ..oc.:- .09
Bisulphate of iron....... 1.334 .78 .15
R T T R R EREERERRL A . 2.854 .95 85

100.00 100.00 100.00

The crushing strength as determined at the Watertown arsenal was
26,000 pounds per square inch, the weight 170 pounds per cubic foot
and the specific gravity 2.72. I am inclined to think that there is gen-
erally less sulphur than at the Bellevue quarry. The material has so far
been mainly used for quicklime, macadam and building stone, and I see
no reason why it should not make a good blast furnace material, and it
must be rememmbered that it is only a few miles fromn coal mines.

On the other side of the bay we have extensive exposures of limestone
in Au Gres township, and thus northwest. There are a number of half-
opened quarries on the line of the Detroit & Mackinac R. R., about three
miles southeast of Omer.* Just scuth of Omer, near Arenac postoffice,
an extension of this limestone gave the Dow Chemical Company the fol-
lowing analysis:

CRlCITIN CATDODALE « ..o rvoaretn e vaere s 94.8
Magnesiuom ¢ . 1.1
Iron, alumina......... .9
Insolnble........ooieaeiiinns 1.7
Organic matter by difference 1.5
100.0%

Tt would seem quite possible that in this region the limestone
guarry business might be largely developed since it is convenient to
water and not very far from railroads nor from coal, sugar and alkali
works. The same limestone occurs in the neighborhood of Grand Rap-
ids, and in fact the ledge makes the rapids from which the city takes
its name. The beds have been worked for building stone both on the
viver and at other points. Many of the older quarries are built over so

—
* More fully described already by N. AL Gregory. pp. 12-18. Mr. Grifin's quarry is the most
extensively opened.

20
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as not to be accessible. As usual a certain amount of sulphide of iron
is found. Some of the older quarries are on Davis street, Taylor street
and Myrtle street.* Three or four miles south, the limestone is near
the surface and contains about 93 per cent of calcium carbonate.

The limestones above this in the coal measures are little known.
There are not infrequently bands and nodules of carbonate of iron, but
nothing of commercial value has been developed. In fact no practical
investigations have ever been made, but if the manufacture of iron were
once tairly undertaken in the Saginaw valley, which would be an excel-
lent place for it, I think some attention might be given to these black
band ores.

Beside the limestone already described there is one very important
form of lime which is generally and rather improperly called marl. The
marl of Michigan, which has been eagerly sought for in the manufacture
of Portland cement, has more properly been called “bog lime,” and might
well be called lake lime. It is not at all what is ordinarilv known as
marl, for there is very little clay in it, and in fact the quality that is
sought has practically no clay, but it is a'nearly pure carbonate of lime
found in the shape of an ooze at the bottom of a great many Michigan
lakes. It is nearly white, sticky and slimy, and in that respect differs
from calcareous tufa but is quite as pure as tufa. There is usually a
small amount of siliea, introduced by diatoms or as sand, and a smaller
amount of insoluble iron and alumina. There is always considerable
organic matter which may be combined directly with the lime. The
amount of magnesia varies. The following analysis by Lathbury and
Spackman fairly represents the composition of the marl after the water
and organic matter are driven off:

Carbonate of 1IMIe. .. ..ot i e i 95.00
v “ magnesia .- 1.00
Silica............ .10

Iron and alumin

The analyses of marl are rather hard to compare on account of the
uncertain amount of water and organic matter which will appear in the
samples and the different way in which they are treated by different
chemists. A certain amount of organic matter appears to be inherent
to the marl, and indeed combined with the lime, but another part may
be introduced from the layer of peat and muck overlying in the process
of taking the sample. The main nse of this marl has been in the manu-
facture of Portland cement, an industry now well established in Mich-
igan which indeed bids fair to be overdone in time. Deposits of marl
are very abundant and many of them very extensive and of good quality.
It looks as though those plants would survive in the long run which are
well situated in regard to market and a suitable coal as well as a marl,
and are properly managed. The coal for the manufacture of Portland
cement should be of uniform quality and as free as possible from sulphur,
and few if any of the surface ceals fulfil this condition.

The following groups of marl analyses are furnished by W. M. Courtis,
M. E,, of Detroit. Many more will be found in Mr. Hale’s report on marl:

* SBee pp. 62 and 65 of the Iirst Report of the Michigan Acad, of Science, (. A. Whittemore.
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MARLS.—FROM LAKE SHORE WEST OF GRAND RAPIDS.
(The sample 1oses 6.376 per cent of water and volatile hydrocarbon when dried at 100 C.)

THE DRIED MARL CONTAIXNS:

OFANIC MABLET . . oeevnrarns i reos cenrnninesmnenn i inene 0.790 per cent.
Combined water less org. matter as above.. .. 0.235 ¢ ¢
Silica (no sand) 2.528 ¢
Tricalcic phosphate......... 0.150 ¢
Chlorine as sodlum chloride. 0.119 ¢ ¢
Alamina and a little iron. .. 0.432 ¢ «
Carbonate of magnesia ....... 1.250 ¢
Carbonate of lime to balance.. 04.496 ¢ ¢
L R S AR E L A none ‘¢ ¢
100.000
FROM ALPENA COUNTY, MICHIGAN.
Per cent.
CarD. OF THINIOun e cneeeirmannensnrass s e sam e e s sma s st 74.48
N ¢ magnesia. . cee 0.50
(534 {7 TN T.20
Alumina.... 0.54
Ferric oxide.... 2.36
Sulphuric acid. .. 0.89
Organic matter... . 12.88
2T S R J R TETTERLEEERLRR 1.25
100.00

NEAR GRAYLING, MIC HIGAN*

(Average sample.)

61.
DEIEA MALT. oo veeriarreeererernnramanrrresensnrenese 49.

Per cent.
VLOISBUT@ e« e e esee e s emmmm e anemansss aresa s s s m et r e 0.60
Organic matter... . . 9.%0
Insoluble silica... 0.78
Soluble silica ... 0.13
Ferric oxide . 1.13
Alumina ............ e . 0.07
Calcium carbonate.. . . 87.00
Magnesium . 0.91
F s L AR 0.27
100.69

(Same sample figured without the organic matter is:)

Yer cent.
Caleimm carb....oeeeveees F T AR AR 97.00
Silica.......... . 1.01
Ferric oxide . .. 1.26
Alumina ......... . .. 0.08
Magnesium carb. . . 1.01
SUIPhULic ACTA. . vvrvrennr e J T R R 0.30
100.66

CASS CITY, MICHIGAN.
UL ATD e enreeeeeennnn  emenmsn s st s s 82.1420
Magnesia........... .. .. 4.6200
Tron and alumina. . . .. 0.9775
Silica....... .. 1.1510
Phosphoric acid - . .. 0.0370
Sulphuric acid. none
Qrganic matter. . 11.1730
0SS 011 JEIBION « e vrssoemeeresennnmarasssnssnsomsssnstatrsssn s n ety 16.2700
CASS CITY, MICHIGAN.

IELGuvs s v s e eesene e e e s e 89.965
Magnesia. 1.672
Iron...... 0.999
Alumina 0.158
Silica......c.vnet .. 1.222

Phosphoric acid . .. % ibs. to the ton.

Sulphuric acid. .. none
Organic matter. 5.984
9.750

088 OI) FEIEIONL. oo earvere s connnesnnesssnsnnnsne s sssssrme et n T

—
* Another analysis of marl from Grayling is given in the Agricultural Coliege Balletin,

No. 99, p. 11,
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ANALYSES BY (. ROMINGER.

| ! ' |
i Carbdnate - Carbonate Iron,

‘ of of Alumina lesidue

! lime— magnesia— Hydrate— —Per'cent.
i Per cent. Per cent. ' Per cent.

!
|
Archean dolomite, Vol. I, page 101........... 1 ‘ 61 34 1 0.23
Secondary, Vol.I, page 92..................... 2 j 55 35 5 5
(! 3 | T 38 3 12
;‘ | 4 E 54 42 1 2
’ ‘ 5 ’ a2 | 33.6 1 23
[ | 6 I 5| 5| 2 18
I 7 50 3 2 14
Calciferous, Vol.I, page 79 ................. {l ; ’ o % ; e v
! f 9 4 S 0.8 15
‘ | 1€ 47| 36| 2 15
i 11 a2 | 34 1 0.7 23
I 12 52| 40 2 | 6
{ 13 49 : 0 5 1 [
L 14 5 C 4 | 3.7
[ 15 52 .5 3 ! 5.5
; | 16 8 “ 4 ‘ 1 : 6.4
f 17 55.8 | 21 | 2.4 20.8
4 18 w | 3| 1 16
Trenton, Vol. I, page T8. ........oveuian.. < J 19 92 i 2 1 5
2 s | 3 2.5, 7
1 21 € ‘ s 15 8
‘ 22 82 f 5 | 1.5 13
( 23 4.3 | 2.5 | 1.61 48.6
Cincinnati, Vol. I, page T8 ................... - 24 36 | 18 4 42
J 25 56 | w0 1 15
( 26 56 43 ‘ traces { 1
! 27 62 } 33 E z 3
f‘ 28 54 | 3 | o 2
] ‘ 29 a8 | 32 2 | 7
) | J 20 95 | 1 2 | 2
Niagara, Vol. I, page 48.................. .. 4 : i
31 94 | 2 1 2
‘ ( 22 52 ‘ 35 : 2 9
? J 33 52| 38 3 | 5
| 34 60 3 1 ‘ 3
f ‘ 35 59 58 1 \ 1
Ll 36 36.6 | 39 1 2.5
Salina, Vol. I, page 81....................... ; J‘ a % H ; ! ¢
! | 38 a1 2 | T 30

* Almost all alumina.
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ANALYSES BY C. rOMINGER—Concluded.

—

Carbonate\ Carbonate Iron, |
of \ of i Alumina | Residue
i lime— jmagnesia— Hydrate— |—Per cent.
i . Per cent. | Per cent. ' Per cent. :

|

(Vol. I, page 29......1 3 46 “ 4 0] 30
Vol. I, page 29“ o0 55 ‘) |
.................... : 4 | 51
Monroe or Waterlime...< ‘ |
Vol. I11, page 28...| 42 ‘1 5d
\an. I11, page 2s...i 43 | 46 |
\ Vol I11, page 35...| 4| 50 \
(Vol.I, page 29..... “ 45 \‘ &3]
Dundee or Cornifemuﬂ..{I Vol. II1, page 26. 1 46 L 87.5 ‘ . ‘.
Vol. III, page 27- .. | 47 1 8| 1B 0.4 | 2.2
Vol. IIT, page 59...| 5 | 5 | 3 | 15] 0.5
TEAVELSE.cveeersnarenns i } ‘
gVoL 111, page 60...| L9 56 ‘\ 39 | 2.8l 0.4
Antrim (Genesee), Vol. 111, page 66 ........-0 L 50 | 89 | 2 1 ............ | 7.5
(Vol. IiI, page 109..| 51| 48 27 \ 4 18
l Vol. 1, page 113.. 51 \ 96 1.0 1 0.5 1.5
. Vol. 111, page 113.. 53 56 2 | 5.5 9.0
Michigan.. .............- < | |
Vol. 111, page 115.. 54 63.7 11.4 | 18.4 2.9
Vol. III, page 116. .| 55 94 1] 1 4
\ Vol. IIL, page 117.4‘\ 5 | 96.9 1 1 0.7 1.4
LOCATION OF SPECIMENS.
1. Specimen of Archean dolomite from Sturgeon river, near the Breen
mine, of flesh color and free from silicious seams.
2. Specimen of the more compact kind of dolomite formed from decom-
posed peridotite, of flesh-red eolor.
3. Dolomites forming the top stratum of Sulphur Island.
4. COalciferous formations, Grand Rapids of Menominee river, lowest
strata above the sand rock of odlitic structure.
5. Variegated limestone, stratum No. 3 of the Grand Rapids section.
6. Upper strata at Grand Rapids of Menominee river.
7. Arenaceous limestone, with Lingula antiqua, from Escanaba river.
8. Lowest brecciated limestone, near the forks of the Escanaba river.
9. Dolomite from the forks of the Kscanaba river.
10. Falls of Au Train river, calciferous sand rock.
11. Mud lake, three miles south of Au Train river falls, calciferous
sand rock.
12. West Anebish Rapids, calciferous dolomite.
13. Calciferous strata on top of the ravine near Munising furnace,
Grand Island bay.
14. Calciferous strata from coaling station No. 3 of Munising furnace,

pure dolomite stratum.
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32.
33.

34.
35.
36.
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Dolomites forming the upper beds of the Trenton group, at the
mouth of the Escanaba river.

Wedge-shaped limestone of the Escanaba river, next following the
former dolomites.

Fossiliferous, shaly and arenaceous limestone, next below the
wedge-shaped limestone of the Escanaba river.

Limestone containing Orthoceras proteiforme of the Escanaba river.

Lowest beds of the Trenton group on the Escanaba river, containing
Cyrtodonta.

Dolomite of the Trenton group on Whitefish river, two miles above
the saw mill.

Upper limestone of Encampment b'Ours, with Orthoceras protei-
forme.

Blue limestone with smooth conchoidal fractures, forming the
middle strata of the 'renton group on St. Joseph’s Island.

Lowest sandy beds on St. Josephs, containing Cyrtodonta shells.

Argillaceous limestone from th® Hudson river group of Bay de
Noquette,

White crystalline doloniite from the middle division of the Niagara
group from the Lake Fluron shore, one mile east of Pine river.
This is typical Guelph dolomite.

Light gray colored dolomite from the middle division at Point Detour
on St. Mary’s river.

Dolomite forming the top stratum at Marblehead, Drummond’s
Island.

Upper part of Marblehead quarry of laminated structure with
absorbent earthy structure.

Lower beds of Marblehead quarry, Drummond Island.

Limestone from the section of Marblehead with acicular cavities
(vide description below).

Limestone from the Marblehead section, 30 feet below the acicular
limestone, described as nodular bituminous limestone containing
fossils.

Lowest beds in the Marblehead section.

Loose slab on the west side of Sitgreaves’ bay, immediately above
the Hudson river group strata, Drummond’s Island.

Quarry Point on the west side of Drummond’s Island, quarry stone
of laminated structure.

Sole bed of the same quarry of more crystalline structure than
specimen No. 10.

Lowest strata of Burnt Bluff of Big Bay de Noquette. The white
marble-like masses embedded between them are almost chemically
pure Ca CO,.

Dolomite in the bed of Carp river.

Variegated marl of St. Martin’s Island.

Dolomite from gypsum quarries of Point aux Chénes.

Exposure on the east side of Mackinac, close to water level.

Odlitic dolomite from Plum creek.

Compact dolomite rock mottled with light and dark blue cloudy
specks. Sec. 16, Ida township, Monroe county.

Calcareous sandstone, same quarry two miles west of Ida.
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Dolomite with acicular crystals.

Blanchart's farm, Mackinaw.

Principal quarry stone of the Helderberg group, Macon river, Chris-
tiancy quarry.

Better quarry stone of the Helderberg group, Macon river, Chris-
tiancy quarries.

Khagashewung PPoint dolomite.

Norwood dolomite.

Concretions of granular limestone structure, from the shales of
Norwood.

Non-fossiliferous portions of rock at the Grandville quarries.

Bellevue limestone,

Brown dolomite rock of the Bellevue quarries.

Brown cellulose dolomite rock, a short distance northeast of Parma
village.

On Mr. Shoemaker’s land, in Summit township, three miles south of
Jackson.

Limestone of Portage river.
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STRATIGRAPHY OF THE TRAVERSE GROUP OF MICHIGAN.

BY AMADEUS W. GRABAU.

INTRODUCTORY.

The field work on wbich the following account of the Traverse group
of Michigan is based, was done in the late summer of 1900 and during
a part of the ficld season of 1901, Ten days were spent in 1900 in the
Alpena region in company with Mr. W. F. Cooper of the Michigan
Geological Survey, and four weeks in 1991 (July 20 to August 21) in
the Alpena and Petoskey regions in company with Mr. 1. W, Shimer,
assistant in Palmontology in Columbia University, New York city. The
field investigations during the first season were carried on under the
auspices of the Geological Survey of Michigan and with the cooperation
of the State (reologist, Dr. A. C. Laune; those of the sceond season, under
the same auspices, with additional cooperation of the Geological Depart-
ment of Columbia University, this department defraying Mr. Shimer’s
field expenses. The work in the Alpena region during both field seasons
was greatly facilitated by the active interest of several prominent Alpena
citizens. Foremost among these is Mr. W. H. Johnson, who almost daily
assisted us in our work, and whose intimate knowledge of the region
enabled hin to either personally conduct us, or direct us to the importaut
outcrops of fossiliferous peds. It is but fitting that we should express
our personal thanks to Mr. Johnson, for the many courtesies he showed
us, in addition to calling attention to the efficient manner in which he
has aided the prosecution of the work carried on for the State. M.
Monaghan of the Alpena Portland Cement Company and Messrs. . ML
Haldeman, superintendent, and .. FL. Ludlow, chemist, of the cement com-
pany, also put us under obligation by furnishing us with analyses of the
-various limestones and clays. Mr. Ludlow's lively interest in our investi-
gations, and bis constant readiness to aid us, is one of the pleasant recol-
lections of our field experiences. Capt. John D. Persons of the Thunder
Bay Island life saving department showed us numerous courtesies during
our examination of that and the neighboring Sugar Island, during which
time we were his guests. To all these gentlemen our sincere thanks are
herewith tendered.

PREVIOUS WORK.

The work of oniy a few investigators in this region need be noted in
this connection.! In his report of 1860, Professor Alexander Winchell
-

11n 1823 Dr. J. J. Bigsby read noteg on the Geography and (teology of Lake Huron before

the London Geological Society, in which the Presque isle and Middie Island limestone i3
described, p. 201, as well as that about Mackinac, p. 194, and those on the north side of the

lake.
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devoted three pages to the TTamilton group of Michigan. In 1866 he
issued his report on the Grand Traverse region, in which he devoted less
than ten pages to the Hamilton group. On the accompanying map he
gives eight localities where typiceal exposnres may be seen. Frequent
reference to this report will be made in the discussion of the Petoskey
region.  Later, in (he saane year, appeared an appendix to the report on
the Grand Traverse vegion, by the same author. In this pamphlet of
fifteen pages he gives a correlation of the various beds described previ-
ously, and a table showing the vertical distribution of the varions species.
He furthermore gives brief descriptions without illustrations of sixty-
two species of fossils not betore recognized. The illustrations prepared
to accompany this report were never published,

In 1875, Professor N, 1. Winchell® published a brief account of the
region of Cheboygan and Oid Mackinac. He gives a succession of the
beds of this region, with incidental mention of the Alpena region. In
I8T6 (Proc. An. Ass. Adv. Sei, 1T, 57-59) the same author gave a brict
account of the parallelism of Devonian outerops in Michigan and Ohio.
In both these papers the Dundee and Lower Traverse beds were referred
to the waterlime, on account of the lithologic similarity.

In the Report on the Geology of the Lower Peninsula of Michigan, Dr.
Carl Rominger® gives the most complete account of the Hamilton or
Traverse group of Michigan theretofore published. Twenty-six pages of
the report are devoted to the Hamilton group, all the most important
outerops on both sides of the Peninsula being described. Notes ave also
given on prominent intermediate localities. In the second part of the
volume, which is devoted to the description of fossil corals, Rominger
desceribes a large number of species, many of them new, from the Traverse
beds of Michigan,

Dr. Lane, in 1895 (Geol. Sury. Mich., Vol. 5, pt. 11, the Geology of
Lower Michigan with Reference to Deep Borings, p. 24), gives a brief
account of the Traverse group, in which he proposes to chiange the name
Little Traverse, employed by Winchell, to Traverse group. The numerous
sections given at the end of the volume give the thickness and relative
position below the surface of these beds in various parts of the State.
A brief record of the Churehill well in Alpena was published by Lane
in 1899.*

My own studies of this vegion beghm in 1900, when I made a brief
examination of the Mlpena region, the result of which is embodied in a
report published in the Awmerican Geologist, Vol. 28, pp. 177189, for
September, 1901, nnder the title of “A Preliminary Geologic Section in
Alpena and Presque Isle Counties, Michigan.” The second season’s work
consisted in examining certain of the 19 localities of 1900 and of the
study of 32 additional ones, making a total of 51. While a considerable
namber of localities still remain unexamined, it is nevertheless believed
that enongh has been done to permit of a preliminary analysis of the
Traverse group of Michigan. The complete analysis must, of course, be
preceded by a careful study of additional localities and of the fossils

2 Pwelfth _:;mual Report of the State Board of Agriculture, Mich., for 1873, pp. 103-107.
The report is dated 1871.

21876, Geol. Surv. Mich, Vol 3.

* Engineering and Mining Journal, Nov. 4, 1899, p. 548 after a visit the previous winter,

in which T visited the quarries and collected some of the records herein contained. See also
my U. 8, G. 8. water supply papers Nos. 30 and 31.—1T..
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collected, a work which will require some considerable time. The list
of species given in this report for the various beds in each locality
include only the conuuwon or mere readily recognized types. Tn general
these may be congidered the type fossils of the beds deseribed, although
it will be observed that many of these species have a wide vertical range.
The preparation of an exhaustive report on the Palwontology of the
Traverse group of Michigan has been begun, and it is hoped that the
vertical range of at least the majority of species may be determined.
The conclusions herein given, in so far as they depend upon padweontologic
research, must be considered as tentative and subject to modification,
<hould the final studies of the fauna demand it.

DESCRIPTION OF LOCALITIES.

A, Alpena (Thunder Bay to Presque Isle) Region.

During the first season’s field work a north and south gecfion was
prepared extending northward from Alpena. .\n acconnt of this was
published with brief descriptions of 19 localities along the section,” and
this account, together with additional notes, is here included.

As no topographical map was available, the profile of the country
along the scetion had to be prepared in the field, at the time the geological
data were collected. Distances were measured by means of a eyclometer
attached to the bicycle, which was the only conveyance employed in
the field. To eliminate errors due to nnevenness of the country and to
other canses, the cyclomefer readings were checked by special readings
on the section lines. Elevations were obtained by reading the aneroid
barometer at all the stations, as often as these stations were passed, and
correcting these readings by the barograph record obtained from a sta-
tionary instrument at Alpena. Owing to the length of tlie section, the
barograph corrections did not always prove satisfactory, especially as
ceveral severe atmospheric disturbances affected the aneroid in the
northern part of the section, which were felt to a less degree at Alpena,
where their record was obtained by the barograph.

LOCATION AND LXTENT OF THE SECTION.

The section is located in Alpena and Presgne Isle counties, Michigan.
1t runs north from the city of Alpena along the meridian of {30 25/
longitude west of Greenwich, and forms the western boundary of the
eastern third of range 8 E. It extends through the whole of township
39 and 33 north and parts of townships 31 and 34 north.  The total
tength of the section is nearly eighteen miles, but the distance covered in
its preparation was nearly double that.

The section is interrapted near the middle by Long lake, and it passes
by the eastern end of Grand lake. It strikes the shore of Lake Huron
about four miles southeast of I'resque Isle light. JAbout one half of the
line of the section is along a north-south road.

5 T,0c. cit. for these localities consult the map Pl VIL
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TOPOGRATIIY OF TIE SECTION,

Iy the following table the distances between stations as calculated

from the cyclometer readings ave given. The elevations given are cal-

culated from the aneroid readings and corrected by the barograph read-

ings.

The resulting elevations ave those of the various stations above the

mean level of Lake Huron, which is taken as 530 feet above the sea.

‘ Distance Efbvgvc_i’on
Station, number and location. 1[ %e;g;%s‘n Lake

mi. —yds. (553%?’1‘.)

1. Thunder Bay.....oo i e \[ ............ 0.0
2. Round HOUSEe.....oo oo e e ! 2.2 — 66 27.7
B 80 15, N B COrun it e e i 211 40.7
4. Sec. 10, E. line base of terrace. oo o J 8 — 66 44.4
3. 8ec, Hne top oF Lerrace ... e | 0 —110 56.4
6. BeC. 10, N I, 0T ot e e i 1— 22 59.4
7. Bec. 3, E.1ine, Dase of tOrrACe... .. oot ettt f 2 —110 52.1
%, Bectionline topof terrace.............. ... i i l 1— & 62.1
9. Bec. 3, end road TUDNING WeSt vvvve et ii i e 1— 67.1
9a. Offset on same, to] OF tEITACE. .o ve ittt i [ 11— 79.1
10, Bec. 8, H. 1ine, Dase of Berrace......uuue vttt 1 — 66 2.5
11, Section Hne S0P of Gerrate. oottt ettt 1— 72.8
12, 5ec. 3, . 1INe 6OP TETIACE - .. ottt et ir ettt e e e e e 6 — 88 85.8
13. Sec. 3, N. L. corner, road running West. ......uveiieeiniiieiearenneennnnan., | -10—132 92.8
4. BeC. B4, B dIe. o e e T — 44 93.56
5. Bec. 85, WL G ..o e {132 193.5
16, BeC 3 h N I COPMeT . i et e e W0 —154 119.9
170 8ec. 27, B HDe toD 0f torTace. . oottt e e 0 — 88 128.9
170, BeC. 27, OUBCTOD oot e e e e 0 — 88 128 9
18, Bec. 27, E. line, base of tervace... ...ttt .1 —154 120.2
19, Bection line, OUbCIoD........ ot i e e 1 —110 124.2
200 Sec.26, W.Hne... ... P 1 —152 134.2
21, Bec. 27, K. line, base of tEIrACe . oovveeenn v, e 9 — 44 124.2
22, Bection Hne OULeTOPS..oo vttt e e e e 4 —132 119.2
25, Bee 22, Tork roads. oo oo e 2 — 88 125.2
24, Bec. 22, centre north line.... ..o i i T— &8 117.9
25, Lomng LaKe. . ooon e e 8 —110 110.6
2a. Hell ereek Hridge. ... e 2 — 22 100.6
25a. Sec, 28, north line, center. ... i i e LB —182 106.4
26. Roadeastof Long Lake.. ... i, 1.2 —154 121.4
27, 8BeC. 3, B D@ .o e e 1.1 — 66 125.2
28, Hec. 3, end road TunNING West.. .o vttt e 4 — 00 113.0
29, BeC. 8, B liNe. oo e e s 0 — 88 126.0
30, Sec. 3, E. line, top of ridge......“.‘...........' ............................... 6 — 44 136.8
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5‘ Distance \E

levation
i above
Station, number and location. ‘v b()a(t)‘i\;etesn | Lake
. - y Huron.

\ . —yds. (@80 £6.ALT.)

31. Town and county line g0 — 88 \ 136.8
32. Sec. 34, . line, top of moraine .6 — 00 ‘ 134.8
s3. Sec. 35, W.line, Rabiteau’s farm 2 —110 | 112.6
34. Sec. 27, E. line, base of terrace .3 —00 ' 81.6
35. Sec. 22, K. line, road running west 3— 22 \\ 63.4
55, JOTI OF TORMS. .« renmerereesemmnnssssssssss s mnns Srrr s \ .1 — 83 ] 64
a7, Lake FIUEOT At Bellorrreerersesrsrreessssssnsss s sss sttt ' 1 =132 ‘ 32.4
3. Grand lake at Lumber mill, Sec. 15, N 1. COTREY . - onvrererres e 1.4 —154 56.2
39, ‘Top moraine, Grand UK e e enereee e e T 3.8 — 00 i 41.7
40, GrAnd LAKE ISERIMUS ..o orvnesnsnscesssss s en st fose s 2 — 44 ‘\ 11.7
41. Top gravel ridge, D DOUSE 1 v veecanmansmss e s s et ns \ 1 —132 ‘ 25.1
B U UUPTOTNOUIPYPRPPPP PP S SERLELEREEREE L 2 -— 83 \ 31.1
43. Lake Huron at Presque TS18 LAGRE. oo veweemmnsmnmese s st \ 5.22— 00 \l 23.6

Of the stations here recorded, Nos. 1 to 23, and Nos. 27 to 35, are on
{he section line; the others are either to the east or the west of the sec-
tion line. From these data, the accompanying profile of the section
{Plate VII) has been consiructed.

From a careful plotting, it appears that Long lake and Grand lake
lie along the outcrops of shale beds of considerable thickness. The
valleys of these two lakes, therefore, which extend along the strike of
the strata, vepresent longitudinal lowlands, carved by streams of the
subsequent type out of the softer strata.

Trom an inspection of the gection it will be seen that it crosses 2
pumber of terraces of gentle gsouthward and steep northward descent,
geparated by lowlands of greater or less extent. The greatest of these
lowlands is occupied by l.ong Jake and Grand lake, while others are
oceupied by streamlets. The terraces and accompanying ljowlands may
be traced northwestward and southeastward along the strike of the
strata, the former marking the outcrops of the resistant strata, while
the latter mark the softer beds. In a number of cases the northeastern
face of the terrace is an abrupt cliff, a good example of which is shown
on the south shore of Grand lake. The topographic elements thus pro-
duced are a series of minor cuestas (W. M. Davis) and lowlands, such
as are normally developed in regions made up of nearly horizontal strata
of alternating hardness. From the soundings of the Lake Survey Charts
it becomes evident that a cnesta of considerable magnitude, formed by
the lower strata of this region, can be traced across Lake Huron from
a little east of Presque Isle to the Canadian shore above Goderich.®

SQimilar alternations of terrace and lowland are found south of Alpena,
though they are in general less pronounced. One or more of the low-
lands is followed by Thunder Bay river in portions of its course.”

¢ §ee Grabau, Bull. N. Y. State Mus. No. 45, D. 54.
T It may be noted that the direction of general ice advance is such that the shock and -lee
sides would nearly harmonize with preglacial structural forms.—Ta.
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TOPOGRAPIIY OF TITE SIIORE LINE.

The shore line in this portion of the peninsula is generally low and
not infrequently swampy. This is especially true of the Thunder bay
region south of Alpena as far as Partridge Point, at which place blutfs
about 12 feet in height front the lake. At only one locality between Alpena
and Partridge Point are rocks exposed along the shore. This is at
Stony Point, immediately south of Alpena, where low ledges, generally
submerged, appear on the lake shore. No rock exposures have been
observed along the north shore of Thunder bay except in the eastern-
most portion. Here Thunder Bay Island and Sugar Island show ledges,
though the relief is very slight. Rock cliffs are found at the head of
Misery or Little Thunder bay, forming the walls of a large sink hole.
Other ledges occur at intervals along the shore; most of these, however,
are low, or even submerged. The northeast shore of Presque Isle and
False Presque Isle extend along the strike of a resistant limestone bed
(Dundee), which, however, does not rise into ¢liffs. The same bed prob-
ably forms the eastern shore of Middle Island.

The strike of the strata of this region is approximately northwest and
southeast. The dip is 42 feet to the mile toward the southwest. This
is equivalent to 30 feet to the mile along the line of the section.

STRATIGRADLITY OF T EASTERN (ALPENA) REGION.
d.  Well records.

Owing to the extensive drift coverings of this region, rock exposures
are comparatively rare, and are confined to roadside cuttings, quarries
and the few natural exposures, which are found along the tops of the
terraces and on the shore. Trom well records, however, we gain a
knowledge of the succession of beds, and of the thickness of the various
members. Taking this as the foundation of the stratigraphic work for
this region, we may attempt a correlation of those beds which crop out
on the surface, with those recorded in the well. Lithic characteristics
will have to be relied upon in such a correlation, and for the area cov-
ered by this section, these may be considered reliable. This is especially
the case, since all the strata entering info the section are off-shore
deposits, with a minimum of coarse detritus. and hence of a character
which remains uniform over a large area.

The following succession of strata in this region has been derived from
the records of the Churehill well, the location of which is near the
southern end of the section in Alpena.s

The mouth of the well is near the level of Lake Huron, and above the
coral limestone of Alpena. This rock, which will be called the Alpena
limestone, is the middle member of the Traverse (ITamilton) group of
Michigan, and hence the entire upper portion of this group is unrepre-
sented in the well record. At a depth of 1267 to 1278 feet, the well ends
in the salt beds of the Salina group, having penetraied the entire lower
Devonic and part of the upper Siluvic rocks of the region.

# Geol. Surv. Mich., Vol. V, p. 87. See also . €8.
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(I) Suecession of strata in the Churchill well at Alpena, Mich.:
JPeet.  Depth.

1. Sand and BOWIRLS. «..v.vv vt 41.0 41 .4}
o Ilard white (light coloved) TIMestone. .. ..o 25.0 66.0
S N P T I I 9.0 5.0
4. Very hard white limestone 49.5 124.5
A SRALE et e e 2.5 127.0
(. Ikxtra hard gray limestone 40.0 167.0
7. Blue shale ........... 20.0 187.0
8. Hard white limestone.. ... 34.0
9. Nhale, 7 feet white and sl . S 18.0
10, Hard white limestone....... ... ..o 23.0
11. Very sticky blue shale 27.0
12, Hard white HIMeSTOTE. c.vueu ittt e 32.0
8. SBALE ottt 3.0
14 Hard white limestone. upper two-thirds extra hard 9.0
15, SIALE + ettt e e 0 387.0
16. IHard white limestone. ... ... oot A 392.0
17. Shale, mostly DIUe ...t i i 52.0 444 .0
18. Ilard white and gray limestone, mostly extra hard .0 504.0
19. ILxtremely hard (flinty) limestone........oovcvvriivarrrrr s .0 543.0
D0, SHALE oot e 5.0 568.0
21, Hard gray and white limestone..........coovvoven 103.0 671.0
DY NNALE ot e e RPN .. 2000 691.0
23 Hard white HINESTOME. ..ot e .. L0 777.0
24, Sandy lime and shale. .. ..o .. 0 787.0
05 Jlard white JIMeStOIe. . ... ve v e e 00 1267.0

This carried the drill down te the rock salt of the Salina group.

Strata 15 to 17 are provisionally considered the equivalent of the New
York Marcellus, though there is no evidence at present to indicate that
the faunal characteristics, on which the separation of the Marcellus
beds alone vests, are found in this region. For this reason it is perhaps
better to speak of these beds as the lowest Traverse shales, regarding
the five-foot stratum of limestone (No. 16) as an integral part of the
series. The total thickness of this lowest shale series, which ave below
veferred to as the Bell shales, is therefore S1 feet.

Strata 18 and 19 ave provisionally referred to the Dundee’® limestone,
which is considered the equivalent (approximately) of the Onondaga
limestone series of New York. The combined thickness of the two
strata referred to this formation is 99 feet.

Stratum 21 probably represents the Mackinac limestone, a formation
which is believed to be the time equivalent of the Manlius limestone of
New York. It undoubtedly is of upper Siluric age, but the determina-
tion of its exact equivalency must be deferred until paleontologic inves-
tigations are made. The beds below it, belong, in part at least, to the
same horizon.

Whether the shale of stratum 20 belongs to the overlying or under-
lying formation is likewise an unanswered question.

1f the above correlations are correct, the Churchill well record gives
us the following thicknesses of Devonic formations:

Traverse upper shales.......... ... e Not represented
Traverse middle limestone (Alpena limestonej.............oooonnr 25
Traverse lower shales and limestones............ e 378
Total middle and lower Traverse...........oeinoenere 403
Dundee LIMeStONeS ... ovvurener e aoeeeroeasasacennoas e 99
TOtAl ettt e e e R+ 1124

N
9 They yield freely water charged with e 8.
: 22
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(I1.) Well of Alpena Portland Cement Company:

On the land of the Alpena Portland Cement Company (Loc.9) a well was
put down in search of water, within the last year. T had the opportunity to
examine the samples of this well through the courtesy of the officers of
the cement works. The following record was obtained from samples
taken at two-foot intervals:

]
Character of rock. Tormation. Tli%l{gg?& ig%létglt
Alpena lime-
Pure white limestone of very uniform character...................... stone........ EE 3 34
Gray shale appears and increases in amount down to 50 feet, then ‘
itdecreases again. ... .o e Long Lalke
limestone &
shales........ 20 54
Gray and black shales predominate, often bituminous.......... .... ¢ 22 76
‘White limestone again abundant...... ... o 02 : T
Black and gray shales abundant, then decrease to &2 feet............ “ 04 ‘ &2
‘White limestone predominates. Shale in small quantity.............. “ 02 &4
ST e ettt e e e e “ 04 88
Gray calcareous shale in small quantity with white limestone....... ¢ 02 ‘ o0
Gray calcareous shale and gray limestone.......................... ... “ 02 i a2
S N o i e e “ : 20 | 112
3ray shales abundant with white limestone.............. ... o 04 116
Nearly pure grayish limestone. ............ooooi ciiiiiiiies ovnan, a“ 02 118
Gray shale JNCTeasSeS... ...ttt i ¢ 04 122
Mostly gray calcareous shale.............ooooiiis i, g i 04 126
White limestone with small (uantity of gray shale ¢ ; 02 128
Gray shale somewhat more abundant, mostly white and gray lime- |
04 T ! “ 02 130
Gray shale increasing to about equal quantity with Hmestone....... ¢ : 06 136
Mostly gray calcareous shale, very little white limestone ............ o 02 [ 138
Limesgtone more abun@ant.......o.ovuieiiiiiieiiiiiiaiarriaiaans ! o 02 140
About equal amounts of gray shale and white limestone............. ’ “ 02 142
ACErVUIaTIA. ..o i i e e e ! “ ; 02 144
Gray crystalline limestone. ... s o 02 145
Gray limestone with some gray shale.................oooiiiieieen “ 02 14%
Gray shale with gray and white limestone............ ...t ‘ “ | 2 i 150
i

This record does not seem to correlate at first very readily with that
of the Churchill well. The Alpena limestone here has a thickness of
34 feet, and since this rock on Dock street is overlain by shales (Dock
street clay), the total thickness of the Alpena limestone is probably
in the neighborhood of 35 feet, instead of 25, as shown in the Churchill
well.  After this follows 20 feet of calcareous beds in which there is a
considerable quantity of gray shale, probably in the form of thin inter-
calated beds. A part of this at least is to be correlated with the shale
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bed (No. 3) nine feet in thickness recorded in the Churchill well. The
rest, with the 22 feet n which gray and black shales predominate, cor-
respond to what in the Churchill well record has been called limestone.
The shale is probably in thin layvers and so would not attract the atten-
tion of the drillers, who would regard all the strata as limestone.

(IT1) Wells of .Alpena Business Men's \ssociation, Frank J. Jahncke,
driller:

No. 1. On north line of Sec. 22, T. 30 N., R. 8 B, close to the shore and
not eight feet above it

The section is south of the western end of Partridge Point and gives
the following succession:

5'1‘hiclmess. Depth.—

104-109

123-125

Coarse varicolored Hmestone.....oooeeeerrererrremrrreets !
N I

Description of rock. 1 Formation. x\  Teet. Feet.
T T T T ;f_i" N
BIACK SHATE + e vvvareramnesensr e | Neo-Devonian black | } 27-29
! “ghale (Antrim) ..... | 50 ¢
“ T S AR l b 47-49
« L2 SRR l‘ “ ) 49-57
“ « and greenish argillaceous limestone.........- «\ ¢ ‘ 67-69
: | | l
Bl AOLOMUEE?. oo vviereesesassresmmr e ‘ Upper Traverse ; T7-79
i shaleand limestone.i 43
| “ | 85-89
[
“ 1 97-99
\

— e

No. 2. This is half a mile south of No. 1, near the center of See. 22,

The record is as follows:

Thickness.| Depth.—

Formation. . ~Treet. Feet.
e i
Black shale Antrim black shale. \ 75-80 6
GTAY SHALE. ..o ovrceeanen e e Upper Traverse ‘ - &3

ShaleS..oovrremennns |

10 The Survey has alternate bottles of samples, the others being retained by Mr. Monaghan
of Alpena.
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(IV.)  Well of C. Moench & Sons Company, T. 31 N, R. 8§ E., Sec. 28:

This is in the southwestern portion of Alpena., a mile or more south-
west from the line of strike of the rocks exposed in the Churchill well.
The following brief record is preserved. The drilling occurred in
February, 1899:

!
" . |Thickness.| Depth.—
Formation. —Ireet. Feet.

Description of rock.
|

0 1 80

Quicksand...... ..o
Shate and T0CK.......ooiiiiiiiie e Traverse group 360 J 440
Balance rock..........oiii Traverse&Dundee gr. 210 ‘ 650

Although the record does not state so, the drilling probably com-
menced at the summit of the middle limestone bed (Alpena limestone).
The R0 feet of drift in this well, taken in connection with the 41 feet
of drift in the Churchill well, suggests that Alpena is underlain by «a
preglacial valley—that of the Lower Thunder Bay river—which is of
the normal consequent type, and opened out in a bed of soft shale,
similar to Long and Grand lakes. This old valley appears to have had
as its floor the resistant Alpena limestone, which gradually rises to the
northeast and comes to the surface a mile or more northeast, i, e.,
across the strike of the strata, from the Charchill well. The position
of this limestone is thus obtained at three points: at the Churchill well,
a mile or more northeast of this, and a mile or more southwest of the
well. At the northeasternmost point, i. e., Loe. 1, the limestone comes
to the surface. At the Chiurchill well it is 41 feet below the surface.
In Sec. 28 it is apparently 80 feet below the surface, while the surface
of the well is probably but little above the level of the lake. This gives
approximately 40 feet to the mile as the dip of the limestone, which
is nearly the ascertained dip of the rocks in this region.

At Stony Point rock appears on the surface, where the point is
formed of resistant limestone layers. Other outcrops are found at
Warner's brickyard (Loc. 25), which lies northwest from Stony Point.
It thus appears that these beds are at least 80 feet above the Alpena
limestone, and that the Stony Point beds form the edge of an ancient
escarpment (inface of a cuesta) the valley in frout of which is drift-
filled to a level with the top of the clitf.

(V.) Tannery well:

In Sec. 22, 1. 31 N, R. 8 E., a well was put down in November, 1892,
to a depth of 625 (?) feet, by the Northern Extract Company. This
struck water in good quantity at a depth of about 400 feet, where a soft
shale rock was found, which greatly impeded the drilling. This well
is essentially along the strike of the rocks from the Churchill well, and
it is probable that the bed of shale here referred to is the Bell Shale
(see bevond), out of which the valley of Grand lake is carved. This shale
at the Churchill well lies about 360 feet below the surface.

(VL) Well No. 6.'* Put down to salt at 1164 feet, before 1866, near
the electric light works.

1 Geol. Surv. Mich., Vol.V, p. 47.
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(VIL) Rominger®* speaks of a similar well put down in 1872 close to
the bed of Thunder Bay rviver. The borings commenced in limestones
and continued without much interruption by other beds to a depth of
400 feet, where blue shales 80 feet in thickness were struck, and a
powerful stream of water, for which this fornmed the impervious bed,
rose to the surface, carrying with it many of the characteristic fossils of
the lower beds. These Rominger supposed to have come from the shales,
put since they abound in the overlying beds it is more probable that
they were derived from these.

(VIII.) Fletcher well. Paper mill on Fletcher street, Alpena, Mich.

m .

AL J. Scott, dreiller. Marvch, 1901, Fifteen feet above lake, 595 AL T

Description of  rock. Thickness, Depth,
feet. feet.

1. SUPFFACE SAIA e v i ee e 32.0 32.0

Drive pipe (end of PLEISTOCONE) ..o ttvr et o 32.8

2, (Gray HIeStONe . .....v.on e en oot 20.0 52.0

S Limestone and SNale ...t e 28.0 80.0

4. Gray HMeStONe . ... ..veeeeronierra oot 40.0 120.0

5. Dark limestone .......... ... 40.0 160.0

G. Jrown shale ... 5.0 165.0

7. Light and dark limestone with streaks 85.0 250.0

8. Soft shale (S0ADPSLOME) . . .. \nv it 80.0 330.0
0. Limestone with shale streaks. .. ... . .o 20.0 350.0

10, Gray lmestone ..........ooevin e .. 10.0 360.0
11. Slate (SOAPSTOLE) .ot vvvv et oer e aen i 82.0 442.0
Casing 614 INCHeS TO. ...t vir vttt LT 450.0

12, Gray LIMeStONe «.vuevreeven e seroenn e et 43.0 485.0
FUrst flow 8t cvveer i it e 490.0

540.0

13. Brown sandy limestone..............couvaen.n
14. Very hard brown limestone which cuts bits badly, but is said all to dis-
solve in muriatic acid. ... oo 15.0
Second flOW L.t vv v oo it e e s e e
Slightly sulphureted head to 40 fect above lake level, flow 600 gailons
per minute.

T, SAME AS L. .o e et e 80.0 635.0
Tind of Corniferous or Upper Helderberg.
15.  Gypsiferous [IMeStone ... ..o e 7.0 642.0

Tn this well the Alpena limestone appears to be only 20 feet thick,
though it is probable that the record is not as accurate as preceding
ones.  Stratum 8 of this well probably corresponds to stratum 11 of
the Churchill well, but the thickness in the Fletcher well (80 feet) is
probably given as too great. Stratumn 11 of the TFletcher well corre-
sponds to strata 15 to 17 inclusive in the Churchill well, and represents
the basal shale series, i. ¢., the Bell Shale.

1t is not improbable that the “coarse, varicolored limestone” met
with at a depth of 123 feet in the Business Men’s Association well No.
1 (1I1-1), south of Partridge Point, is the stratum cropping out at Stony
Point. I1f this is the case, the total thickness of the shales between
this stratum and the base of the Black Shale is, according to the inter-
pretation of the well record, 46 feet. This is not inconsistent with the
dip of the strata. Adding to this thickness the 80 feet of strata between the
Alpena limestone and the Stony Point beds, we have a total thickness
of 126 feet, or, in round numbers, 130 feet for the upper shales and lime-
stones of the Traverse group of Thunder bay. If this is correct, the
Traverse group of this region admits of the following subdivision:

12 Geol. Sury. Mich. Vol. IIT, Part I, 1876, p 40.
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2. Traverse upper shales and limestones. or Thunder Bay

gerics (minimumm estimate) ..o oo Lo 130 feet
2, Traverse middle Hmestone or \lpena limestone....... 35«
1. Traverse lower limestone and shale—
B. Long Lake weries............. .. ... . ... ... . ... 298 «©
AL Bell Shale ... .. ... e e 80 «
Total ................. St v, 043 feet

Rominger esfimates the total thickness of the Hamilton group of
. Thunder bay to be about 520 feet (p. 40). The total thickness of the
upper or Thunder bay series is probably somewhat more than 130 feet,
and may even reach 170 feet, in which case Rominger's estimate of the
total thickness is the true one. 'The distance measured in a straight line
across the strike from the peoint of outcrops of the top of the middle
limestone at lake level to the first appearance of the Black shale at the
lake level, would give about 200 feet for the thickness of the shales
overlying the Alpena limestone, assnming that the dip of the strata
remains a constant one, i. e., 42 feet to the mile. Rominger’s estimate
may, therefore, be regarded as prebably a close approach to the truth.
Still his division of 100 feet for the upper beds and 480 feet for the
lower is not borne out by the more accurate records of the recent well
borings.
I, Records from outerops.

TFor the detailed description of the strata of this region the Alpena
limestone makes the most convenient reference stratum, and as it is also
the most important member of the group from an cconomic standpoint,
it will be described first. TFollowing it will be given descriptions of the
lower members of the group, in their stratigraphic order, from the
highest to the lowest beds. The upper Traverse or Thunder bay series
will be described last, as least exposed. It will be observed that the
field localities do not regularly succeed one another, since it was most
convenient to study the localities without direct reference to succession.
The localities of the Alpena region are liere given in succession:

Loc. 1. Quarries N, E, of Alpena. (Owen IFox and Richard Collinsg)........ Alpena limestone.
2.> Qutcrop two miles N. of Alpena, Long Lake Road (Sec. line sta.11) “ “
3, Long Lake Road (Sec. line sta. 15). .......oiii i en ¢ ¢
4. Section line 8ta. 178 .. ..vuenir it ¢ ¢
5. Sectionline sta. 10.. ... ... i i Long Lake series.
6. “ L s o “
7. ¢ L ¢ o “
8 « oo 522. Forks of road south of Long Lake.. ......... b “ ‘e
9. Quarry Alpena Portland Cement company.............cooviiiinenen Alpena limestone.
10, Hell Creek Fall (sta.24) ................. e e Long Lake series.
11, Bell Road (818, 26). . ..o ittt e ie e “ “ ¢
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Loc. 12, Bell ROA (STR. 27) . conue vvererarnen e
13 Bell Road (section 1ine sta. 20)....ocronimaiirrnremmmrneserers e ¢ ¢ s
14. Rabiteaw’s farm (section line sta.33).....oovorervroine rmeremeene i ¢ ¢
15. Burnham Bay.........

16, DTresque Isle Light

17, Mainland sounth of Presque Isle.. . ..oooviiiirrriemrneenreness i “

18. Presque Isle county, S. E. of Loc. 1 T R R Long Lake series.

10, Sink holes sec. 36 R.8 E,, TL33 N overiievnmmrrreeenimnres . Bell shales at base of 19.

00, MHSETY BAF ..t rvvnnrrnneeinssansanes s s ss st Long Lake series.

01, FItCREr DAL . ouiveitreecaiinnmareerer st Upper Traverse beds or
Thunder Bay series.

92, SEONY POIME. .o eveteeie it “

23, Lartridge POIIE .. oeeereeriniir s “

94, Poom COMPANY DRI, . cevrrreraranrs ettt ¢

95. Warner Brickyard.....ooooovoovniiierrrianmener s i

26. Thunder Bay ISIand......ooooviiiiiiunrnes cimrremrmsseres Lower Alpena limestone.

27, Roadside sec. 27 R.B8E, T.32 N.iivviviiiiirorerorrmnrnrenmemrrerrss Long Lake series.

98, 1 mile N. E. of PreCeding . .ovvvvvrennuneamnnuerem e e i b “

90, WIESEY'S WeTl...ovven niiet v e “ “ “

30. 2miles §. 0f Clay PItS. .. evercoieamrmeranvea e ¢ ¢ “

31. Clay Pit Alpena Portland CEeMENt COMPANF . coverervarnsenranmeees i o ¢

39, SAME AS LOC. Buurrurrerainiirnnis s £ b ¢

33. Long Lake Road North Of preceding....o..ooviariiiiiie s ¢ “

LT i DT 1 - 2 S “ “ v

34, Long Lake road Near 1aKe.........coovers cororarorreorimrrrsriss ¢ i ¢

35. Under root of tree near sink holes (LOC. 19) v evvnnmvnccneeereenenes ¢ “ i

36. Ialse Presque Isle........... Dundee limestone.

37. Grand Lake Ledges Lowest Long Lake beds.

ALPENA LIMESTONI.

This limestone underlies a considerable area to the north and north-
east of Alpena. It appears on the surface in the northeastern portion
of the town where several quarries are opened in it (Loc. 1). It is also
quarried in the cement-works quarry less than a mile east of the town,
near the lake shore, or approximately southeast of the preceding locality.
This is designated Loc. 9.

The rock first appears on the section line, about a mile north of the
town (Sta. 4). It appears at intervals to the north of this, and is prom-
inently exposed in the terrace which crosses the section line in a direct
northeast line from the quarries. (Sta. 8).

This terrace continues northwestward and furnished another good
exposure of the limestone about a tenth of a mile west of the section
along the first west road. (Sta. 9a, Loc. 1b.)

Loc. 1. Quarries northeast of Alpena. The limestone is here almost
wholly composed of corals and hydro-corallines, though brachiopods and
other organisms are not wanting. The corals are Favosites and Acer-
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vularia, the former probably represented by a number of speciex. Large
masses of the rock are entirely made up of these corals, which appear to
be still in the place where they grew. Other large masses of the rock are
composed of the hydro-coralline Stromatopora and allied genera, which
also appear to be represented by several species. .Among the smaller
corals, species of Zaphrentis, Aulopora, and Ceratopora predominate,
while the Bryozoa are chiefly represented by fenestelloids, and Lichenalia-
like types. The chief brachiopods are: _.Ltrypa reticularis (an extremely
convex form), Spivifer cf. S. mucironatus, Stropheodonta, several species,
Cyrtinag wmbonata vayr alpencnsis, Gypidula romingeri, ete,

The central mass of lmestone of this region has all the characteristics
of an ancient coral reef in which the chief veef-builders were the IMavosites,
Acervularias, and Stromatoporas. These formed the main mass of the
reef, while between them grew the smaller species, and the other organisms
which go to make up the cuscindle of the reet population. A careful exam-
ination of sections in the quarries shows that there is an absence of
stratification and regularity of structure in generval, within the reef por-
tion of this limestone. This is to be expected, since this portion of the
mass is entirely of organic orvigin. In form, this portion is dome-like,
and the stratified beds of lintestone which flank it, dip away from it in all
dirvections at an angle exceeding that of the normal dip of the strata of
this region as shown by the following figure:

e

T T
g T2
V2

7
e

IMig. 2. Cross section of the coral reef in Colling” Quarry. Alpena, showing the reef portion.
the flanking layers of coiral sand lmestone and the interfingering of the two. The dips arve
actually observed.

. Owen ox’s Quarry:

In this quarry the general dip of the strata is 4 degrees to the south-
west. In the eastern end of the quarry the dip increascs, according to
the following observations: 3 degrees, 10 degrees, 18 degrees; the steepest
dip is in the eastermmost portion, where the abundance of corals indicates
the neighborhood of the reef.

On the southwest, dark shaly limestones and bituminous shales overlie
the limestone, and carry a rich coral and brachiopod fauna. (For analyses
of the limestones of this quarry, see beyond.)

b. Richard Colling Quarry:

This quarry, across the road from the previous one, shows the central
reef with the flanking lime-sandstone strata dipping away from it. This
quarry was formerly known as Phelps’ Thme kiln quarry, and Rowinger,
on page 43 of his report, mentions the central reef as a bubble-like pro-
trusion. The relation of the fragmental strata and the reef mass is shown
in the accompanying figure. The strata dip away from the reef in all direc-
tions. At first the angle iz 28 degrees, then it falls to 14 degrees. then to
4 degrees, and finally to 2 degrees, the normal dip of the strata in the
quarry. In the reef portion. the coral masses (heads of Farosites alpen-



ANNUAL REPORT FOR 1901, 177

ensis, various species of Stromatopora, and large heads of Acervularie
davidsoni) are surrounded by the crystalline coral sand which filled in
all the interstices between the coral heads as shown in the preceding
figure, Fig. 2.

These interstitial limestone masses in the reef are generally made up
of coarse fragments in which large crinoid joints predominate. Brachio-
pods and Bryozoa also occur here, for this was a favorite habitat of these
animals. These interstitial masses are often re-crystallized, and crystals
of dogtooth spar are often abundant.

The coral heads are generally of large size. Sometimes they are over-
turned, but most of them appear to lie in their normal position. In some
places the crystalline coral sand forms most of the rock exposed, the
large coral heads being scattered through the sand. This latter shows
no stratification, which is found only on the flanks of the reef and beyond
it. The sand in the cavities of the reef is generally much coarser than
that on its flanks or farther away, a feature indicating normal sediment-
ation.

In places at some distance from the center of the reef the rock consists
of an organic breccia, made of brachiopods, bryozoa, and the small branch-
ing corals plentifully interspersed with crinoid joints.

Away from the reef the limestone is bedded, wholly of fragmental
origin, and made up directly of comminuted coral and crinoid remains.
The stem joints of the latter stand out in relief on the weathered surfaces.
Crinoid heads (Dolatocrinus) and small corals (Favosites, etc.) are
found in the limestone, but such fossils are generally most abundant in
the somewhat shaly films which separate the successive limestone strata.

The origin of these limestone masses and the accompanying beds of
stratified limestone may be explained as follows:

In the Devonic sea of this region, the luxuriant growth of corals and
other lime-secreting organisms produced isolated reefs, which rose to
within the sphere of wave activity. Being subject to the continued attack
of the waves, these reefs were destroyed wherever the vitality of the polyps
was insufficient to resist the wave attack. Wherever exposed, the dead
coral rock was ground into a coral sand, this being accomplished in part
by the direct activity of the waves, in part by the aid of tools chiefly in
the form of loose blocks which were rolled about, and served to grind up
the coral rock, and in part by the many reef-destroying organisms, which
in every reef are actively breaking up the dead coral masses. The result-
ing coral sand was carried away by the waves and currents and deposited
on the flanks of the reefs, and in the quieter water beyond.

Stratification is well marked in such a fragmental limestone, or lime-
sandstone, and it not infrequently happens that cross-bedding structure,
ripplemarks, and other shallow water characteristics are shown in such
a limestone. In fact, we may consider that there is no essential difference
in structure between such lime-sandstones and ordinary quartz-sand-
stones, the mineralogical character of the component grains being the
only distinction. In such a lime-sandstone fossils need not be abundant.
in fact we could understand their total absence. Near the growing reef,
which is the source of the coral sand, the minor reef organisms may be

23
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expected to occur, but their nwmber would decrease in proportion as we
pass away from the reef. In the immediate vicinity of the reef, an inter-
locking of the organically and the mechanically formed limestones occurs,
for at times the coral sand encroaches upon the reef, and again the reef
organisms extend outward, growing on the foundation of sedimentary
coral sand, This inter-locking of the two types of limestone is well shown
in the quarries opened in the reefs in question, and on either side the
stratified limestone, consisting wholly of consolidated coral sand, is seen
dipping away from the reef. This stratified limestone is strikingly barren
of organic. remains; only a few brachiopods or small corals are found at
intervals. In texture it is very uniform. and in composition very pure,
vielding from 96 per cent to 99 per cent CaCO,. (See analyses given
beyond and under Loc. 9.)

The purity of these limestones is readily accounted for when we remem-
ber that the reef-building organisms flourish only in water free from terri-
genous matter. Since the stratified limestone beds which always accom-
pany the reef are derived from the organically formed limestone, and
since there is an absence of terrigenous matter within the area of their
deposition, it follows that these limestones must be very pure, within a
radius of some magnitude from the central coral reef, the source of supply
of the lime sand. It furthermore follows that the thickness of the coral
reef, and the thickness of the flanking fragmental limestones, may agree
and that beds of great thickness may accumulate, depending on the length
of time during which the reef remains in an actively growing condition.

It thus appears that the reefs are the most trustworthy guides to the
purity of the limestones. Close to the reefs from which they were formed,
these limestones will generally be free from foreign material, while this
may increase in amount progressively with the distance from the reef.

Loc. 1a. The rock exposed here shows essentially the same characteris-
tics as that of the preceding two localities. Favosites appear to be the
most common fossil. - Other fossils are Atrypa reticularis, Spirifer grand-
losus, Zaphrentis sp., and several species of Stropheodonta.

Loc. 1. The limestone has here less the character of a reef, but appears
to have accumulated in the immediate neighborhood of a reef. It is
highly fossiliferous, Favosites and Stromatopora being very common,
though apparentiy not forming very large masses as in the reef portions
of the preceding localities. Stropheodonta is a well-represented genus,
though the species are generally small. Gypidula romingeri and Atrypa
reticularis are among the other common brachiopods.

The limestone of the quarries is exposed in the fields at numerous
localities north and east of the prospecting holes. Many small prospect-
ing holes have been opened in it, but no extensive quarrying operations are
carried on except in the two quarries mentioned and in that of the cement
company.

To the south and southwest the limestone of Loc. 1 is overlain by a blue
clay, which is exposed in a test well on Dock street, where it is six or
seven feet thick. This elay will be mentioned again below.
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The following analysis of the limestone of Collins’ quarry was fur-
nished by Mr. %, H. Ludlow, chemist of the Alpena Portland Cement
Company. under No. 23:

SIO, i 62
AL, it e .60
Fe, O, cceiiiiin, e . .33
CaCO0,....ooviiiiiiiiiiiienns 97.39
MECO; it e 1.09

100.03

Fhe following analyses of the rocks of Loc. 1 and of the limestones of
the lower series were made for the Survey by Mr. F. Brady, chief chemist
of the Tllinois Steel Company from samples Mr. Grabau collected, received
July 27, 190143

Marked. Silica. f;géc Alunmina. cgills%i;n‘;‘tlé. M?agﬁﬁsm 1;?11‘111;, Phos.
1. AlpenaLoc.l........ .... .42 .19 .45 98.04 .88 .014 .007
2 i A G .24 .16 .26 98.88 .45 006 003
3. “ E N SN .32 .29 .33 94.83 4.20 020 L012
4. " AL S 1.18 .31 1.79 95.29 1.33 .089 Nhke
5 ¢ LA P .24 .16 .32 98.84 43 .007 004
#. N.of Alpena, Loc.2...... 4.62 .45 1.15 92.38 1.36 .029 .013
7. N.of Long Lake, Loc. 5.. 4.54 .50 1.36 91.82 1.67 084 031
% Cement Quarry, Loc. 9... .70 .30 .76 96.90 1.30 022 .020
8 ¢ b AAR: O .38 .19 .21 98.69 .52 009 604

23 The following partial analyses were made for A. C. Lane.

1. From the Collins quarry: Limestone dipping away from a reef on which the kilu
stands. The upper layer is rather blue and shaly, with Phacops rana, A. rcticwlaris, 8.
mucronatus, ete. The analysis of the sample made by A. N. Clark:

Py 70 % W R R L LR R R AL LR 95.40
MgCOs. 1.76
Insoluble 1.10

8i0g, ete. '
OYZANIC ATA L0BS. ¢ v tnenreneneanneueatin s tatare ettt 1.74
160.00

2. From the same neighborhood samples yielded the Dow Chemical Co.
1 2 3

3.18 | 4.01 | 2.51
l1.43 2.20 | 1.81
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DESCRIPTIONS OF SAMPLES ANALYZID.

No. 1. Fragmental semi-porous limestone consisting of ground-up organiec remains. Loc¢. 1,
Collins guarry, Alpena.

No. 2. TFragment of unweathered and unfilled Acervularia. Fox's quarry, Loc. 1, Alpena.

No. 3. Compact light crystalline limestone, forming the lower beds in Fox’'s quarry, Loo.

1, Alpena.
’No. 4. Dark crystalline limestone forming the upper beds in Fox's quarry, Loc. 1, Alpena.
No. 5. HKragment of Stromatopora, unaltered. Iox's quarry, Loc. 1, Alpena.
No. 6. Porous fragmental limestone from roadside about a mile north of Alpena at Loc.
2. Somewhat oxidized. Surface specimen.
No. 7. Compact gray limestone from Loe. 5, Alpena, just overlying the Stropheodonta
shales. Long lake.
No. 8. Lompact lime sandstoue from quarry opposite cement works, Loec. 9 (Alpena

Cement Co.’s quarry).
No. 9. Fragment of Favosites with cavities filled by infiltration. Cement quarry, Loc. 3,

Alpena.

Nos. 2, 5 and 9 represent the chief corals which make up the coral reef
in the Alpena limestone, and from the destruction of which the flanking
beds of limestone or fragmental limestone were formed. It will be
observed that they are very low in silica, and approach 99 per cent of
CaCO,. They are furthermore low in MgCOQ,, showing that these corals
are practically pure lime structures. The silica is probably a secondary
introduction, being highest in the Favosites, where the intertabular
spaces were filled by infiltration.

The only other sample high in lime is No. 1, which represents the com-
minuted coral and shells which made up the old reef. The sample came
froni the flanks of the old rveef and shows the purity of the rock derived
from the reef.

The light colored lime-sandstone, forming the chief fragmental beds,
resting upon the old reef exposed in Fox’s quarry (No. 3), is lower in its
percentage of lime than the dark limestone overlying it (No. 4). This
is due to the high percentage of magnesium carbonate (4.20), which is
most likely of later origin, having replaced the original calcium carbon-
ate. The percentage of silica and alumina is not much higher in this
rock than in the corals from which it was derived, and a tenth of a per
cent lower than in the fragmental lime rock from the reef in Colling’
quarry (No. 1), which is high in lime and comparatively low in magnesia.
The upper beds in this region, as represented by the analysis of sample 4,
are comparatively high in silica and alumina owing to the presence of
diminutive clay particles, which give this rock its relatively dark tint.
These beds OTade upward into calcareous shales.

Nos. 6 and 7 are high in silica, not so much from the presence of clay,
for there is a smaller amount of alumina than occurs in sample 4, but
rather from a certain amount of silicification of the contained organic
remains. This has not been carried very far, however, the percentage of
silica not rising much above 4.5.

The analysis of the limestone from the cement quarry (No. 8) repre-
sents the average of this rock in its percentage of lime, though 98 per cent,
and even 99 per cent and over, have been recorded. The presence of a con-
siderable per cent of Mg(CO; in sample 8 accounts in part for its lower
per cent of CaCO,.

The following analyses were given in the last annual report:
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LIMESTONES FROM QUARRIES OF ALPENA PORTLAND CEMENT COMDPANY.
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B |
1 2. | 3. 4. 5. 6. T 8. 9.

Caicium carbonate.............. 95.91 | 89.10 | 98.37 | 98.03 | 96.35: 96.50 | 96.92 ‘ 098.14 98.03
. ! |

Magnesia carbonate............ | 8.63 8.67 .92 1.36 04 1 126 .98 J’ 98 1.03

SHICA. o .36 1.7%7 .33 .38 1.38 1.64 1.46 ¢ 42 U8
; \

Iron oxide } 1 i ‘ o

Alumina § trreteereereeesee } .13 .35 .18 <19 1.21 “ .27 54 .18 26

o [

09.80 | 99.80 | 99.96 | 99.88 | 99.67 | 99.90 | 99.72 | 100.04

i i i

One fo two feet thick.

No. 1. Quarry C. Shell to be removed in stripping.
No. 2. Quarry C. Top strata. "Two feet thick.

No. 3. Quarry C. Second strata. Two feet thick.
No. 4. Quarry €. Third strata. Four feet thick.
No. 5. Quarry €. Iourth strata. Two feet thick.
No. 6. Quarry F. FRirst stvata. Two feet thick.
No. 7. Quarry F. Second strata. One foot thick.
No. 8. Quarry I'. Third strata. Two feet thick.
No. 9. Quarry ¥. Fourth strata. IMoor of quarry.
A}l samples show traces of sulphates and phosphates.

Chemist,

Alpena, Mich.,, Feb. 12, 1900.

¥, M. HALDIGCMAN.

The analysis of a limestone near Rogers ('ity, given Mr. Lane by .J. (i,
Dean, may be inserted here for comparison :

A

A

Caleitm CATDOTMAE. . ...t e e
Magnesium carbonate..... ..

Alumina and iron
Silica
Sulphates
Organic matter
Difference

vellow clay shale near by (weathered Iell shale?) gave:
05 U T 66.30
Alumina .. 13.60
iron oxide 5.87
Lime... .99
BT L T R P .50
Sulphuricanhydride ... ..o i i e 1.00
Qrganic matter and WAL, ..o i it it i e e e e e 10.32
B8 =) o T 1.33
100.00
specimen of the Alpena stone gave W. M. Courtis, M. Ii.:
Caleinm carbonate. .. o.vev it i e 95.231
Magnesium carbonate.. 0.946
Ferric oxide ............ 0.536
Alumina ... Tabie Ta0E 0.159
13 insoluble 1.205
silicad [aSoluble 1200 1.318
Organic matter........... 1.510
Water... .....oiiiienn. 0.300
Phosphoric acid .... traces
Sulphuric acid...... Slight traces
Chlorine............. Slight traces
AR S 1ot i e e e e e traces

100.00 per cent.
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The following analyses of limestone from the quaries of M. J. Griffin
in the Alpena limestone at Bolton' which were made by I. J. Schneider.,
chemist, vielded, calculated from limestone:

No.1. No.2. No. 3. No. 4. No. 5. No. 6.

1.81 .16 1.67 1.39 2.85 1.30

1.54 1.32 1.42 2.56 1.10 1.49

93.44 95.89 96.96 94.4% 93.51 95.53

2.99 .53 -49 .14 1.69 1.81

LLOBS tviviiiiiens ave e 99.58 97.90 100.54 98.57 99.156 100.22
Corresponding Limestone.

1.2 .2 1.0 & 1.54 1.8

.9 .8 B 1.5 .63 .9

M.4 95.5 97.6 97.5 95.7 97.9

3.5 .6 6 .2 2.13 3.20

100.00  100.00 100.00 100.00 100.00 100.04

Location of sample taken.

No. 1. Railroad cut on surface.

No. 2. Firse quarry on surface of subterranean passage.
“

No. 3. ¢ top layer 5 feet from surface.
NO. 4. 3 1 e [ 8 3 “
No. 5. New “ “# Jayer from surface to 3 feet down.,

No. 6. Top layer on surface } mile back from quarry.
Top layer at subterranean passage 8 feet in thickness, while that at new quarry is 5 feet.

The following analyses of the limestones of the cement quarry were
furnished by Mr. 8. H. Ludlow:

AlsOs3.
Sample No. 8i0e. and [CaCOs3.|MgCOs;.
Feq03.
1 TS R PR .32 .55 | 98.23 9%
ot e * 78| 95.18 3.01
B e e e et tsaesaiaas it a e eens * .34 98.62 1.04
2522 & 7 T EE R LRI ERR TR 98.03 |........
L7 O B R T ER R 98.58 |...vinnn
. 3 R T T T ] EER TR PR 98.32 |........
5 D I I R R 99.19

* Included in next column.

No. 4, the Jowest in CaCO,, is the richest in MgCO,, containing nearly
4 per cent. Large aveas lere and there in the quarry are relatively rich
in magnesia, and these do not effervesce with dilute HCL. In general the
rocks here have a porous texture and are commonly more oxidized than
the rest of the rock, sometimes having a deep ochre color.

No. 25 vielded the highest per cent of lime obtained in the quarry at
that time.

No. 6 is a bluish covalline limestone of a flinty texture, and probably
represents a part of the veef. No. 24b is known as sugar stone.

A sample taken at a depth of 32 feet in the well of the cement company,

14 There is, however, at Bolton also a layer of dolomite with 56 per cent Ca COs.
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and therefore representing the lower portion of the Alpena limestone, has
given the following analysis:

SO, e e e 40
CaCO, oot 97.16
ALO, and Fe,O, .............oooi 1.00

99.62

This, therefore, comparves well with the average of the limestones of
this bed.

The following analyses of a recent large blast of coral limestone from
the reef in the cement quarry was also furnished by Mr. Ludlow:

SE0 e .21
ALO . RS .33
Fe,0 e e
0a00; . ot 99.33
MECO, . i 21

‘ 100.08

A later blast gave 99.63 per cent of CaCO,.

An analysis of the limestone from some distance 1101thea~;t of the
cement works (TIsaacson stone), and two feet from the surface, gave the
following results:

CaCo, ........ TSP RO PR 96.75
AlLO, and Fe O, oo 1.06
SIO9 ............................................................. 79
MO oo 35

98.95

The Portland cement made by the cement company from this rock gives
the following results, from 26 to 27 per cent of the clay of Loc. 31 being
added to the limestone:

S0, e 20.26
ALO . o i 2,62
Fe,0, i 2,71
080, e s 63.22
MgO . i 2.34
K, O and Na,O. .o 1.34
bLO .............................................................. 76
H, 0 and COyr 75
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Loc. 2. About two miles north of Alpena, at Sta. 11 on the section
line, a highly fossiliferous limestone is exposed along the roadside and in
the adjoining farm lands. This rock consists mainly of the stems and
joints of crinoids, and of various Bryozoa, among which the fenestelloids
are the most common. In the exposed portions the fossils appear to form
a loosely agglomerate mass, without the interstitial filling of calcareous
sand. Brachiopods are very common, and the space between the valves is
generally unfilled, except for subsequently infiltrated calcite. The brachi-
dium of these brachiopods is generally well preserved, indicating a free-
dom from disturbances. Gypidule romingeri and Atrypa reticularis are
both abundant. Stropheodonta cf. S. demisse and 8. nacrea are also com-
mon. Chonetes coronatus is a conspicuous species, while Spirifer mucro-
natus and 8. granulosus are among the other characteristics brachiopods.

Fenestella, Loculipora, and the other frondose Bryozoa are also well
preserved, frequently still showing the original funnel-like form of the
frond.

Crinoid stems and joints make up the greater portion of the mass.
These are mostly enlarged, and changed to cleavable calcite. Dog-tooth
spar is common in the cavities, which latter are very numerous, since all
the remains are loosely joined, forming a porous or loose-textured rock.

No Favosites or other corals have been observed. The condition of
preservation of these fossils is such as to point to quiet and rather deep
water wherein they accumulated, in a depth apparently beyond that of
wave activity. This limestone was therefore of great purity, since it con-
sists wholly of the calcareous remains of organisms, but it has since been
somewhat silicified as shown by No. 6, of Brady’s analyses on page 179.
The position of the limestone appears to be near the base of the middle
Traverse limestone (stratum 2), but its characters are probably not
traceable over a very large arvea.

Loc. 8. About a mile north of this outcrop, at Sta. 15, is another out-
crop of limestone along the west line of Sec. 35. Here the limestone has
again the coral-reef character, with Acervularia and Favosites predomi-
nating. This exposure belongs near the base of the limestone series.
Besides the fossils mentioned, Zaphrentis, fenestelloids, Atrypa reticu-
taris and crinoid stems may be mentioned.

Loc. 4. 'This is two-tenths of a mile north of the last locality, at Sta.
17a, along the east line of Sec. 27. The limestone here is similar to the
preceding, and belongs to the same series. It contains numerous crinoid
remains, and Stropheodonta is the commonest genus of brachiopods.

THE LOWER TRAVERSE SERIES.

a. Long lake shales und limestones:

These beds are a succession of thin-bedded limestones and shales,
exposed both north and south of Long lake. This occupies a depres-
sion underlain by one of the prominent beds of blue clay shale occurring
in this series.

Loc. 5. About a third of a mile north of Loc. 4, at Sta. 19, on the sec-
tion line, is an outcrop of impure but highly fossiliferous limestone, which
weathers to a yellowish-brown color, and leaves an earthy residuum. The
reef corals are rare, but other types, such as Zaphrentis, Aulopora, and the
like, are met with. Brachiopods are common and among these a robust
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variety of Atrypa reticularis is the most abundant. Other common species
are: Spirifer mucronatus, Chonetes coronatus, Stropheodonta demissa,
8. concuva, and 8. erratica (7).

From the thin bedded character of this rock, it might well be mistaken
for a shale in the drill record. At any rate, this rock underlies the crys-
ralline limestone, and with the beds next below it probably forms the
nine-foot stratum of “shale” (stratum No. 3) in the Churchill well record.

Loc. 6. Less than two-tenths of a mile to the north, at Sta. 20, is an
outerop of black shale, highly bitaminous, and characterized by the
extreme abundance of a small species of Stropheodonta. This is a species
closely related to S. plicate of the lowa Hamilton. The plications are
angular near the beak, but become rounded and less pronounced toward
the front. The exterior of the shell is striate, the interior pustulose.
When worn, the shell appears punctate. A few fenestelloids occur, but
other fossils are very rare.

Loc. 7. This is at Sta. 21, on the section line, something more than two-
tenths of a mile north of the preceding locality. The rock is a dark-
colored, somewhat shaly, fine-grained bituminous limestone, and lies just
below the shales of Loc. 6. It is exposed at the base of a terrace, on the
west side of the road, and fossils are very rare in the exposed portion.

Loc. 26. Thunder Bay Island. This island is the easternmost point of
land north of Thunder Bay. Tt consists of flat ledges of limestone rising
but slightly above the water level. During high storms the water sweeps
the Jedges bare. The limestone is composed of crinoid fragments, brachio-
pods, and corals, with a predominance of fine coral sand. Stromatopora
is the most abundant fossil, large heads from one to two feet in diameter
being very frequent, and some even up to five feet in diameter having been
noted. Wherever they occur, the surface presents a hummocky appear-
ance, the Stromatopora heads rising in dome-like masses, over which the
strata arch. On the eastern end of the island the limestone layers are
separated by shaly beds often several inches in thickness. These shaly
beds are highly bituminous, black, easily soiling the fingers, and with a
petroleum odor. The surface of the layers is covered by black, glisten-
ing, ecarbonaceous deposits. The limestone is dark and generally of a
shaly character. Favosites of several species and Acervularia are com-
mon, though the latter has not been seen in large heads. The shale often
has the appearance of being sun cracked. The black shale contains
brachiopods (Stropheodonta costate, Owen (?) and others) and branch-
ing Favosites. It varies in thickpess up to half a foot and contains numer-
ous pyrite concretions, which on oxidizing stain the rock and leave cavities.

In the limestone and associate shales the following fossils have been
found, among others, in the beds of Thunder Bay Island: Stromatopora,
Acervularia davidsoni, Proetus sp., Spirifer mucronatus, Atrypa reticu-
laris, Stropheodonta erratica, S. cf. costata, S. nacrea, Chonetes, cf. coro-
natus, Meristella cf. nasute, Gypidula romingeri. Rominger also mentions
Proetus crassimarginatus, Phacops bufo (?rana), Gomphoceras, Ortho-
ceras, Eunella lincklaeni, and Spirifer consobrinus as other common
species.

These limestones and shales apparently represent the beds found 20 to
40 feet below the Alpena limestone in the cement company’s well (No.2).
Here black shales are common. The black shales of Loc. 6 are doubtless

24
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the same as those of Thunder Bay Island, though in these latter the small
angularly plicated Stropheodonta appears to be less abundant.

Rock of the same type and carrying the same fossils as on Thunder Bay
Island is found on Sugar Island, but the ledges are mostly submerged.

Along the eastern shore of Thunder Bay Island the ledges extend out
under the water for some distance, submerged from two to three feet.
Then they suddenly break off and a submerged cliff carries the lake bot-
tom down six fathoms. This cliff is probably the wall of a sink hole
similar to that found at the head of Misery bay.

Loe. 27. This is an exposure along the road side (section line) form-
ing the western border of the southwestern quarter of the northwestern
quarter of Sec. 25, R. 8 K., T. 32 N. Here the road is crossed by a terrace
of compact gray limestone containing Acervularia, Favosites, Stromato-
pora, and oedasionally crinoid*joints. Lower down, some beds are filled
with a robust variety of Athyris fultonensis (?), which often becomes
large, and then has the aspect of a Seminula, ov of Meristelle nasuta with-
out the anterior strong protrusion. Crytine umbonate alpenensis is
extremely abundant, as is also Stropheodonta cf. costata. Other common
species are Productellae spinulicoste and Spirifer mucronatus with char-
acteristic features; also, less common, Stropheodonta nacrea, Spirorbis,
etc.  These beds appear to lie above those of Loc. 8 ¢t seq., as is indicated
by the strongly plicated Stropheodonta cf. costata, which scarcely occurs
in or below the beds of Loc. 8, also abundant in the lower beds.

. Loc. 28. This is another outcrop a quarter of a mile or less northeast
of the preceding locality. On the road between Secs. 24 and 25, near the
western end of the sections, are exposures of coralline limestone that
show Acervularia davidsoni, Favosites alpenensis, Atrypa vreticularis,
Cyathophyllum, ete. - This may be the continuation of the beds exposed in
Loce. 8. (See below.)

Loc. 8 This is at Sta. 22, on the section line near the forks of the road
south of Long lake. The rock is thin-bedded, gray, weathering to buff,
and highly fossiliferous. Favosites and Acervularia occur, but not in
very large masses. Atrypa reticularis, represented by an extremely con-
vex variety, is the most abundant brachiopod. Several species of Stropheo-
donta occur, among which a varviety of S. demissa, and 8. erratica, and S.
inequistriate should be mentioned. Cyrtina hamiltonensis also occurs.
These limestones are probably a part of the stratum 4 series of the
Churchill well. i

Loc. 32. The same beds in the second season’s fieldwork were desig-
nated Toc. 32. In addition to the species mentioned, the following should
be noted among others: Spirifer mucronatus, S. audaciulus, Productella
spinulicosta, Orthis (Schizophoria) propinqua, a large species, rather
common, Gypidula romingeri, Athyris fultoncnsis, Favosites, Aulopora,
Acervularia davidsoni, and numerous cup corvals, among which Zaphrentis,
Heliophyllum, and Cyathophyllum predominate. DBryozoa are also
€OmImnon.

Loc. 33. This is along the Long lake road, half a mile or more north-
west of the point where the Bell road branches off from the Long lake
road. The rock here is a dark, easily split lime shale, having very uneven
surfaces, and weathering into red clay. These beds are but slightly
below those of Loc. 8 the two localities being nearly along the strike of
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the beds. They are rich in erinoid joints and corals are extremely abund-
ant. These are mainly silicified and comprise Acervularia davidsoni,
several species ot Zaphrentis, Cyathophyllum, and others. Atrypa reticu-
laris is common and of the robust type found in the beds above. With it
oceurs the large Orthis propinqua, Gypidule romingeri, Spirifer- granu-
losus, Sp. mucronatus, Sp. cf. varicosus, and several species of Stropheo-
donta, including S. erratica, S. demissa, and S. nacrea, the Jast three
being rare; also Productella ¢f. productoides, Crytina hamiltonensis,
Athyris fultonensis. Gypidula romingert, Pentamerelle dubia, Phacops
rang, ete. Bryozoa are also common.

Loc. 33a¢. A quarter of a mile southeast of Loc. 33, or halfway between
Locs. 32 and 33, and in beds of about the same level, the following species
bave been found: Atrypa reticularis, Spirifer mucronatus, Sp. granu-
losus, Sp. cf. varicosus, Athyris fultonensis, Gypidula romingert, Orthis
propinqua of large size, Productella spinulicosta, Cyrtina hamiltonensis,
Stropheodonta erratica, and, more ravely, S. cf. costata and Crania hamil-
toniae. Of corals, .Leervularia davidsond, Zaphrentis, and Favosites
0CCUr.

Loc. 34. This is on Long lake road, north of the preceding localities,
and on the slope of the terrace leading down to the lake. The chief fossils
found here are Acervularia, Craspedophyllum, and Zaphrentis, the rock
consisting mostly of coral masses. Heliophylluin coalitum also occurs, as
well as Favosites. Atrypa reticularis is less robust and common in these
beds, which are below those of the preceding localities.

Loc. 10. This exposure is at Sta. 24, where Hell creek, the outlet of
Long lake, cascades over some limestone ledges. This locality is off the
section, and the rock here exposed appears to be the correlative of the
limestone series No. 6 of the Churchill well. Acervularia and Favosites
occur here, and with these Spirifer granulosus, Sp. mucronatus, Atrypa
reticularis, and Orthis cf. propinqua. This same rock probably crops out
close to the lake.

Loc. 30. This is on top eof 1he terrace fronting Hell creek, and on the
line of the railroad of the Alpena Tortland Cement Company, about two
miles south of the clay pits. It is the continuation of the terrace fronting
Long lake, and along the strike of the beds of the terrace. The beds of
this lecality are therefore of the same horizon as those near Long lake.
Qutcrops of this rock oceur all along the front of the terrace and over the
top, and weathered-out specimens may be picked up everywhere in the
fields. The fossils are generally silicified, especially the corals. Acer-
vularia davidsoni is very common in places, occurring in thin, explan-
ate heads. Stromatopora and other corals found at Long lake occur
likewise. Among the characteristics brachiopods ave: Orthis Propinque,
large form; Gypidule romingert; Atrypa reticularis, very robust and
extremely abundant; Athyris fultonensis; Cyrtina hamiltonensis; Spiri-
fer mucronatus, abundant and characteristic; Sp. granulosus; Stropheo-
donte nacrea; Str. sp., and Productella spinulicosta. The faunal corre-
spondence is obvious.

Loc. 20. Misery bay. At the head ot the inlet known as Misery bay or
Little Thunder bay. a large sink hole, known as “the bottomless hole,” has
formed, from the bottom of which strong springs arise. The western wall
of this sink hole remains as a vertical cliff composed of thin-bedded lime-
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stones separated by shale partings. Large masses are continually separat-
ing along joint planes and falling into the bay. The beds are strongly
iron-stained, and rich in brachiopods, among which the robust Atrypa
reticularis of the Long lake localities predominates. These limestones are
found on the surface for a considerable distance eastward of the bay.
Their equivalency to the beds of localities 32 and 33 is probable.

Loc. 29. Wiesey’s Well. A short distance northeast of the terrace
described under Loc. 30. and between it and Hell creek, a well was sunk
on the farm of Mr. Wiesey, which revealed twenty feet of bluish clay with
some calcareous beds intercalated, the whole underlying the calcareous
beds of Loc. 30. This is the shale which in part underlies Long lake, and
probably is bed No. 7 of the Churchill well record. The calcareous beds are
very fossiliferous, and especially rich in typical specimens of Spirifer
mucronatus.  Other fossils are Stropheodonte demissa, typical form,
Ntropheodonta perplana; Chonetes coronatus; Chonetes sp.; Athyris
fultonensis; Modiomorpha, etc.

An analysis of the shale from Mr. Wiesey’s well was furnished by Mr.
Monaghan, as follows:

S1O, 55.68
ALO,and Fe,O,........cooo 20.68

A0 . e 9.69
Mg O, 2.35
Alkalies..............oooo 3.60

Locs. 11-13. These are small outcrops of limestone along the roadside
at Stas. 26, 27 and 29 respectively. They appear to belong to the limestone
bed (No. 8 of the Churchill record) which underlies the blue shale of
Long lake (7), and contain Acervularia, Gypidula, and other fossils char-
acteristic of the massive limestones.

These beds are again seen in the high ridge of limestone north of Loc.
31. 'This ridge extends northwest and southeast, and can be traced almost
to the shore, opposite Middle Island. Its average height is about 35 feet
above the plain of the clay pits (Loc. 31).

Loe. 31.  Clay Pits. The clay pits of the Alpena Portland Cement Com-
pany are situated in the N. E. 14 of 8. I. 14, Sec. 18, T. 32 N, R. 9 L.
They are begun on a stripped level, about twenty feet above the surface
of Lake Huron.

The clay at present mined represents the upper beds of the series, about
six feet in depth, which are thoroughly delithified and very homogeneous.
Fossils are rare in this mass, but typical Spirifer mucronatus, Stropheo-
donta demissa, and Phacops rane are found in it, besides other species.
At the base of this mass in a compaet bluish clay shale, with calcareous
layers full of typical Spirifer mucronatus, Chonetes cf. deflecta, Stropheo-
donte demissa, Athyris fultonemsis, Dielasma romingeri, and other
species. Lower down (31a), and exposed in the drain ditch, are calcareous
beds containing Cyrtina hamiltonensis, Stropheodonta demissa, Athyris
Fultonensis, Diclasiwa romingeri, Atrypa reticularis, Meristella cf. meta,
Orthis iowensis cf. propinqua, Spirifer granulosus, and Sp. mucronatus,
besides Favosites, Zaphrentis, Cystiphyllum, and Acervularia devidsoni.

Loc. 31c. Overlying the clay beds is a thin-bedded limestone, rich in
Atrypa reticularis, Chonctes coronatus, Spirifer mucronatus, Sp. auda-
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culus, Sp. granulosus, 8tropheodonta nacrea, Str. demissa, variety, Str.
erratica, and numerous corals, including Acervularia davidsoni, Cysti-
phyllum vesiculosum, Zaphrentis, etc.

Loc. 31d. From a test hole in the woods, the following species have
been obtained from the top beds of the clay, and the calcareous beds
immediately above: Cladopora alpenensis, Aulopora serpens, Cyatho-
phyllum houghtoni, Zaphrentis cf. nodulosa, Favosites, Stropheodonta
demissa, Stropheodonta sp., Spirifer mucronatus, Atrype reticularis,
Chonetes, etc.

The following analysis of the upper clays (those used in the cement
works) was furnished by Mr. Ludlow. (See also analysis in Ries’s report
on clays and shales, Vol. VIII, Part I, page 48.):

IO, et 57.96
AL 29.44
Fe, O, 3.03
Ca CO, 9.12
Ca0. o 28
MECO, e e 5.02
B0, it 72
96.57

AlRalies. . ..o o 3.43
100.00

The following analysis of the calcareous beds below the clay of the
clay pit was furnished by Mr. Monaghan:

B0, . ot e e 28.38
Ca O, ..o, 59.00
MgCO,...coiiies i e, 1.93
F,0, e oeeve oo oot 1.59
ALO, o e 7.23

98.13

Loc. 14. This is at Sta. 33, half way between Long and Grand lakes.
The best outcrops are along the roadside and on the farm of Mr. Rabiteau.
The rock is thin-bedded and extremely fossiliferous, the fossils weathering
out in relief. The limestone is not very pure, an earthy residuum remain-
ing on the solution of the lime. This is by far the most fossiliferous of the
lower series of beds in the region, a large number of species having
been obtained from the outerops of this rock. Brachiopods pre-
dominate, with the large and robust Atrypa reticularis at the head.
Gypidulae romingeri Hall and Clarke is also extremely abundant, while
the Stropheodontas and Spirifers are common, and represented by all the
common and some rare species. Chonetes, Productella, and other char-
acteristic Hamiltonian brachiopods occur abundantly. Among corals the
smaller types predominate, i. e., Aulopora, Ceratopora, etc. In the lower
beds, however, the reef-building types occur, notably Acervularia. Stro-
matoporoids are also, though more rarely, met with.
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Loc. 18. This is on the farm land north of the county line and east of
the line of the section. The outcrop is in line with those of Loe. 14, and of
the same type, containing algo the same species of fossils.

Loc. 35. This is an exposure of the upper beds along the strike of the
heds from Loc. 14, in the southwestern quarter of Sec. 36, and near the
sink holes of Loc. 19. The fossils were collected under the root of an
upturned tree. Zaphrentis and Ceratopora are most abundant. The fol-
lowing is a parvtial list: Heliophyllum juvene, Cyathophyllum, Zaphren-
tis, Acervularia davidsoni, Favosites, Ceratopora, Atrype reticularis,
Athyris fultonensis, Stropheodonta crratica, N. deivissa, Athyris spiri-
feroides (?), Pentamerclla dubia (), Cyrtine winbonata alpenensis, ete.
These beds may be considered identical with those found on Rabiteau’s
farm (Loc. 14).

Loc. 37. Grand lake ledges. These ledges are exposed on the south-
west shore of Grand lake, opposite Kaufman’s hotel. The cliff rises.
perhaps 40 feet above the level of the lake; the lower half is obscured by a
talus slope. The beds are the northwest continuation of the lowest beds,
seen near the base of the terrace north of Loc. 14. The upper layers are
full of a species of Ceratopora, which in places constitutes almost the
only fossil seen, with the exception of crinoid joints and stems. Below
this are about 10 feet of a compact, fine-grained limestone, with occasional
large heads of Acervularia. Below this the beds become somewhat shaly
and contain large specimens of Zaphrentis, Cyathophylluin, etc.

These ledges are again exposed in T. 32 N., R. 9 Ii,, Sec. 6, directly west
of Middle Island. Here they form a chain of bluffs 16 feet high, which.
commence about half a mile from the shore. “Nearly the entire rock is:
made up of specimens of Stromatopora mingled with Favosites, Cyatho-
phyllum profundum, Diphyphyllum archiaci, and other corals, which by
exposure easily become disintegrated” (Rominger, loc. cit. p. 50). I
have not seen this exposure, but it is well described by Rominger and its.
relation to the Grand lake ledges appears clear.

Loc. 19. Sink holes. The sink holes are situated in the southwest
quarter of Sec. 36, T. 33 N, R. 8 &. There are at least a dozen of them
extending in a northwest and southeast line through Sec. 36 and into:
Sec. 35. They are generally at the bottom of a ravine or longitudinal
depression. The great “bottomless” sink has vertical sides of overhang-
ing cliffs on all sides, and has a depth to the water surface of about 50
feet (estimated). The water in the bottom has a similar or greater
depth. The upper 20 feet or more of the wall consist of limestones, the-
basal beds of the Long lake series, which form a vertical cliff. Below
these are the blue Bell shales, which weather back, leaving the limestone:
cliffs overhangnig.

In the majority of sink holes the greater part of the cliff is talus.
covered. Where the upper beds are exposed they are seen to be fine
grained, very homogeneous limestones, with a smooth, somewhat conchoi-
dal fracture, and spotted by scattered masses of calcite. These are
granular, and appear to have replaced minute organisms., The rock is:
singularly barren of organic remains; only occasionally a coral or frag-
ment of a brachiopod is found. Tt is for the most part composed of a
fine lime mud, in which even stratification is not well marked. The rock is:
heavy bedded and broken by frost into large cubical blocks. The thick-
ness of the stratum is about 10 or 12 feet.
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Below this ave six feet or more of shales. frequently bituminous, and
covered with alum efflorescence. They contain numerous small branch-
ing Favosites and a few other fossils,  Below this, limestones occur
again, which, together with the bitmminous beds and the compact lime-
stone on top form the upper part of the beds seen in the walls of the
great sink hole.

B.—THE BELL SHALES,

These shales are for the most part inaccessible, since they are either
deeply eroded or covered by drift deposits along their line of outcrop.
Trom the well records we know their thickness to be about 80 feet,
which thickness is pretty nearly constant over the northern part of the
state. For some years the clay was dug north of Bell and manufactured
into bricks. The works have, however, been abandoned for many years.
and the pits are full of water. Grand lake is undoubtedly underlain by
these shales, or carved out of them, but no exposures are found. The
only place where the shales may actually be seen is in the cliff of the
great sink hole before mentioned, of which they constitute the lower
portion. They are, however, quite inaccessible. In color they are blue,
like those of the Cement company’s clay pit, and it is very probable that
they contain the typical lower Hamilton faunas. The black Marcellus
shales are absent in this region, and hence we must not expect to find a
typical Marcellus fauna. Rominger (p. 50) mentions an exposure of blue:
shales at the base of the bluff in Sec. 6, T. 32 N, R. 8 I, and gives a long
list of typical Hamilton fossils from these. These beds apparently repre-
sent the npper portion of the Bell shale.

THE DUNDEE LIMESTONE.

This limestone, which underlies the Bell shale, was struck in the
Churchill well at a depth of 444 feet. Its occurrence on Middle Island
is noted by Rominger, who, however, refers it to the basal Hamilton.
The following localities have been examined :

Loc. 15. 'This is along the shore of Burnham bay, southwest of Presque
Isle. No outcrops are found here, but the beach is composed of rounded
and subangular dark to light gray limestone pebbles. Chert is a common
constituent of this rock, which probably belongs to this formation
(representing the Corniferous limestone).

Loc. 16. This is in front of Presque Tsle light, along the shore of Lake
Huron. A dark, somewhat shaly, apparently non-tossiliferous limestone
crops out at the water’s edge. This undoubtedly is the lower Dundee
limestone (stratum 19), which probably forms the shore for a con-
siderable portion of the county.

Loe. 17. This is on the mainland, north of Presque Isle. The rock,
though locally disturbed, chiefly by shore ice, is undoubtedly in place,
and represents the stratum overlying that which crops out in front of
Presque Isle light. The rock is a very compact and uniform grained lime-
stone, of a drab color, and sparingly fossiliferous. Almost the only
fossil found in it was a large and rather smooth Paracyclas (P. elliptica).

Loc. 36. TFalse Presque Isle. Along the outer shore of this peninsula
a compact limestone is exposed in low, flat slabs at the water’s edge.
Behind this are high beaches of limestone pebbles. The rock is sparingly
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fossiliferous, and the following species have so far been recognized
among those collected: Atrypa reticularis, Stropheodontia cf. demissa,
Zaphrentis, Cystiphyllum, Euomphalus cf. decewi, Euomphalus cf.
clymenioides, Paracyclas elliptica. 'The last three species mentioned
are characteristic of the Onondaga formation of New York and Ontario.
They may be regarded as indicative of the Onondaga (Dundee) age of
the beds in __.estion. The same species are recorded by Rominger from
Middle Island, and again from Crawford’s marble quarry along the north
shore.

(THUNDER BAY SERIES) TRAVERSE UPPER SHALES AND LIMESTONES.

There are fewer and less satisfactory exposures of the Thunder Bay
or Upper Traverse series than of the lower series, owing chiefly to the
less calcareous character of the strata of the upper series, which allowed
deeper erosion. Fewer localities have been examined so far, hence the
present report on the upper series will be less complete. The following
localities are arranged in the ascending order of the strata:

Loc. 1c. Dock street clay. This is the remnant of a clay or shale bed
overlying the limestone of Loc. 1. In a test well on Dock street it was
found to be about six feet deep. The following analysis of this clay
was furnished by Mr. Monaghan, and represents a sample taken five feet
below the surface:

ANALYSIS OF DOCK STREET CLAY,

SiO2. e 55.80 (or caleulating
. 5.11 Mgand Caas
. 20.93 Carbonates)

98.38 Totalo.oooovii i 101.27

Overlying this clay shale is a thin bed of limestone from two to three
inches in thickness, of which fragments are scattered about on the fields
southwest of the quarries. This limestone in places is filled with a small
variety of Cyrtine umbonata, which resembles in most respects the typical
form of the species from Towa.'® It is smaller, less robust, and with the
beak less arched than is the case in the variety alpenensis, which is the
most characteristic form of the higher strata.

Loe. 21. Fletcher dam. This locality, formerly known as Broadwell’s
saw mill and mentioned by Rominger under that name (loc. cit. p. 44},
is on Thunder Bay river, in Sec. 7, R. 8 E.,, T. 31 N. At the Fletcher
pulp and paper mill, a reef of the type found in Loc. 1, but less extensive,
appears in the river bottom, and formerly caused a fall of several feet,
The dam was built over this reef, and thus the strata at this point are
not accessible. Large heads of Favosites and large specimens of Cysti-
phyllum occur among the debris at the base of the fall. On the right
bank below the dam, the strata dip about eight degrees down stream.
On the left bank of the race below the mill, about six feet of rock are
exposed. The upper half of this is an earthy, gray, thin-bedded fossilifer-
ous limestone, with beds perhaps three-fourths feet thick, and less. The

15 See Pal. Iowa, pl. 5, fig. 2, 1838,
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lower half is a bluish gray, calcareous shale, with a sandy feel, and the
appearance of a natural cement rock. This is full of what appear to be
sun-cracks, and only occasionally contains fossils. Atrype reticularis,
Spirifer granulosus, 8. mucronatus, and Ceratopora have been observed
in it, besides fenestelloids. Phis shale is exposed for about 20 feet down
stream, when the dip carries it below the water. The dip at the upper
end of the race is five degrees east of south, which abnormal direction and
large angle is probably due to the buried reef.

In the race below the mill the lower strata have been uncovered, and
the fragments thrown upon the bank have weathered and readily yield
their fossils. This rock has the appearance of a limestone breccia in
which the spaces between the limestone fragments are filled by masses
of bluish gray clay. Both clay and limestone effervesce freely with
dilute hydrochloric acid. Tt is essentially an old reef of Bryozoa and
branching corals, among which Craspedophyllum archieci and a small
species of Ceratopora (?) predominate. Branching species of Favosites,
and the large spreading masses of I'. placenta and large heads of Favo-
sites alpenensis, var billingsi, ave common, and with them occur Strom-
bodes alpenensis, Acervularie davidsoni, and occasionally Cystiphyllum
vesiculosum. Bryozoa of various types are abundant, but brachiopods
are comparatively rare. Among those found are Spirifer asper, Sp.
audaculus, Cyclorhing nobilis, and Atrypa reticularis. Crinoid stems
are abundant, and heads also occur. Those noted are Dolatocrinus
triadactylus and Dolatocrinus sp.

The following analysis of the blue shale at Fletcher's dam (second bed
from the top) was furnished by Mr. Monaghan:

SO, e e e 21.54
OO oo 37.89
MO . e 1.26
AL, e 4,58
BR0 . e 2.37

Loc. 24. Boom Company’s dam. This locality is on Thunder Bay
river, seven miles above Alpena and two miles or more above the pre-
ceding locality. (Sec. 2, R. 7 B, T. 31 N.) The mill site was formerly
known as Trowbridge’s mill, and is mentioned under that name by
Rominger (loc. cit. p.-44). Along the left bank of the stream the shales
are exposed in a cliff about 15 feet high. The lowest beds are bluish
sandy lime shales, breaking irregularly and having a sub-concretionary
character. They weather brown, and leave much earthy residuun. Fos-
sils are rare. In appearance these shales resemble somewhat the lower
exposed beds of the Fletcher dam section, and both are not unlike the
blue beds of the Warner brickyard (Loc. 25). Spirifer and small corals
occur in it, and it shows sun-cracks similar to those of the blue shales
of the Fletcher dam. The thickness exposed is about four feet, but the
total thickness is probably much greater.

This stratum is succeeded by a foot of grayish subcrystalline lime-
stone, full of a small variety of Oyrtina umbonuia, identical with that
found in a similar bed overlying the clay of Dock street northeast of
Alpena (Loc. 1c). Judging from the appearance of the rock and the
fossils alone, these two beds may be readily corrvelated. That they are

25
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the same bed is. however, not proven, On the right bank of the river,
below the dam. six feet of the bluish shales (which at times become some-
what strongly calcareous, but generally have a distinct shaly character
and show sun-cracks) are shown, overlain by the Cyrtina bed. Some of
the upper beds of this blue shale series are of a more calcareous character,
and weathered 1o a brownish color. They then resemble the upper beds
of the Fletcher dam series, but they are quite certainly not equivalent.

Above the Cyrtina bed, on the left bank, are again about six feet of
bluish shales, similar to those below, but somewhat more fissile. These ‘
are practically unfossiliferous. as far as has been ascertained, and are
overlain by calcareous beds which become more and more fossiliferous
near the top. 'The upper beds are weathered, where they are uncovered in
the building of a road, and here a large collection of fossils was obtained.
Among the species abundantly represented are: Spirifer mucronatus,
Athyris fultoncnsis, Atrype veticularis, Spirifer granulosus, Pentame-
rella dubia, Cyrtine hamiltonensis (small but robust type), Stropheodonta
demissa, Cyrting umbonate alpencnsis.

Among the rarer species are: Caemarotoechia cf. dotis, Stropheodonta
nacrea, Cryptonella rectirostris, Eunelle lincklaeni, Conocardium,
Pleurotomaria {several species), Phacops rana, Striatopora rugosa, Pent-
remites, tegminal spines of crinoids, ete.

The relation of these shales to those of the preceding locality is not
quite clear. Rominger considers them below those of Fletcher dam, and
makes the former series about 50 feet thick. This relation is prebably
the true one, but needs verification. The great similarity of the Cyrtina
bed near the base of this section to that found overlying the Dock street
clay, suggests their identity. If this is the case, and the beds of the
Fletcher dam overlie those of the present section, the lower part of the
Thunder bay series, from the Alpena limestone to the coral bed of
Fletcher's dam, is not over 70 or S0 feet, if as much. As will be seen
from a comparison of faunas, there are good reasons for believing that
the shales of the Warner brickyard (Loc. 23) are the same as those
exposed at Fletcher dam. This correlation is, however, only a tentative
one and requires verification in the field.

Loc. 25. Warner brickyard. This locality is in the southwestern por-
tion of Alpena, and about due northwest of Stony Point. The top bed
here consists of about a foot of thin-bedded limestone, frequently with
shaly partings, and quite fossiliferous, containing the following char-
acteristic species: Dolatocrinus triadactylus, Striatopora rugosa, Codas-
ter of. canadensis, a large Fistuliporoid bryozoan (which is very com-
mon), and Craspedophyllum avchicci. This species occurs commonly in
slender, isolated fragments, as at Fletcher dam, and associated with it
is the small clustered species of Ceratopora (?) found at that locality.
Other species found in these beds are: Orthis (Schizophoria) cf. pro-
pinque (small)y, Rhipidomelle vanuxemi (?), Atrype reticularis (com-
mon), Spirifer audaculus, Gypidule romingert (young), Pentamerelia
papillionensis (?), Cyrtine hamiltonensis, Stropheodonta cf. costate
{rare), Cryptonella, Zaphrentis, Aunlopora, Favosites alpenensis, Dendro-
pore alternans, Fenestella, Loculipora.

Below these calcareous beds are shales with occasional bands of argil-
laceous limestone, the latter only a few inches thick. In the exposed por-
tion the shales have weathered 1o a brownish gray, but lower down they
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ave blue. They are highly fossiliferous, Bryezoa predominating,  The
following species have been noted:

Athyris fultoncnsis (common), Atrypa reticularis, Spivifer, Funella
sp., Striatoporw rugosa, Dendropore alternans, Ceratopora, Dolatocrinus
triadactylus. Fenestella, Loculipora, other Bryozoa, Crinoid stems.

The association of species suggests that these beds are the same as
those exposed at Fletcher dam. This seems to be particularly indicated
by the abundance of Craspedophylium archiaci, which nowhere else has
been noted in eqnal abundance. The beds of these two localities ave
provisionally correlated. bhut this correlation must be verified. They are
in proper alignment along the strike of the sivata. The following
analysis of the blue shale of the Warner brickyard was kindly given me
by Mr. Monaghan:

ANALYSIS OF THE WARNER BRICKYARD CLAY.
The same with the

Caand Mg calcu-
lated as carbonate.

Difterence CQ2 organic Difference largely or-

matter, alkalies and ganic  matter and

T 14.20 alkalies.........ooee 5.91
109.69 100.00

Loc. 22. Stony Point. This is on the shore of Lake Huron, just south
of Alpena and southeast from the preceding locality. The surface of the
country over an acre or more exposes ledges of a gray, argillaceous lime-
stone, with numerous weathered-out corals, chief among which are Cras-
pedophyllum erchiaci, Stromatopora, Favosites, Cyathoplyllum iraven-
sense, ete. The rock extends perhaps 50 feet out into the lake, after
which it is lost to view. Rominger mentions quite an extended list of
fossils from this locality (loe. cit. p. 42). As before noted, the Stony
Point ledges lie 80 feet or more above the Alpena limestone. If, as there
is reason to suppose from the correspondence of the faunas, the Stony
Point and Fletcher dam limestones are equivalent, the shales and lime-
stones included between the basal members at the latter locality and
those at the Boom company’s dam must have a thickness of from 60 to 70
teet, provided the Cyrtina bed at the base of the Boom company’s dam is
equivalent to that of Loc. 1 and, like it, not over 10 feet above the Alpena
limestone. If this is the case, the beds which yield the rich brachiopod
fauna of Loc. 24 lie about midway between the Stony Point and Alpena
limestones.

Loc. 23. Partridge Point. At this locality the highest beds of the
Thunder bay series are exposed, the overlying black St. Clair shales
appearing on Sulphur Island, southeast of the point. No exposures have
been noted between this lecality and Stony Point, and the character of
the intervening strata, some 50 feet or more in thickness, is still unknown.

The cliff facing the lake at Partridge Point is about 12 feet high and
covered with a foot or more of shell-bearing gravel. The upper beds of
the series are poor in fossils, Spirifer mucronatus being about the oniy
species found. The limestone of the upper four or five feet of the cliff is
thin bedded and more or less lenticular, with shaly partings between
the layers. The beds consist mostly of irregular lenses a foot or morce
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in diameter and of unequal thickness. These limestones are dark bluish-
gray ou fresh fracture, but weather yellow and brown. They generally
consist of comminuted crinoid stems and small corals (Favosites, ete.),
with comparatively few brachiopods (Atrypa reticularis, Meristella ros-
trata, Camarotoechia, ete.).

Three and a halt to four feet from the top of the cliff is a more or
less continuous layer of Cystiphyllum, with occasionally other large
rugose corals. This has been traced the entire length of the section, but
the corals are most abundant near the middle portion. All the corals are
prostrate. For about a foot above and below this layer, Pentremites,
Codaster, Nucleocrinns, Dolatocrinus and Megistocrinus  occur not
infrequently.

Among the limestone beds corals of the genera Favosites and Craspe-
dophyllum are comwon, the former being represented by various species,
inclading F. alpenensis and F. placentq of the type found at Fletcher
dam. Craspedophyllum is represented by C. caespitosum and C. archiaci.
systiphyllum, Cyathophyllum and Stromatopora of various species are
likewise common, and large heads of Syringopora are not infrequently
met with. One of these measured over two feet in diameter. Bryozoa are
also common. In some layers, particularly the shaly ones, brachiopods
(Meristellu rostrate, Cyrting wnbonate, Athyris fultonensis, ete.) pre-
dominate, though these are never very abundant.

The lower portion of the cliff consists of shales with thin-bedded
calcareous layers. These ave readily worn away by weathering and wave
attack, and the more resistant beds above project. The undermining is
@ comparatively rapid process, and falls of rock masses from the cliff above
occur almost nightly.

The shaly layers contain few fossils, but the interbedded calcareous
layers are rich in them. Some of these latter appear to be made up of
Bryozoa, particularly the frondose types (Fenestella, Polypora, Loculi-
pora, ete.), and these ave often beautifully preserved, not infrequently
showing something of their original contour. Trilobites are rare, only a
few specimens of Phacops rane having been found.

The capping beds of the Traverse group of this region consist of a
brownish granular dolomite of considerable hardness. These beds, 10
feet of which are recorded in well No. I11,—1, ave exposed along the shores
of Thunder bay on the south side of Partridge Point. In the absence
of fossils, it may be indilferently referred to either the Traverse or higher
beds. 1t is here inctuded in the former group.

No exposure of the black shale has been found on Squaw bay, its
occurrence there resting on the authority of Dr. Rominger. The shale,
lowever, is prominently exposed on Sulphur Island.
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LITTLE TRAVERSE BAY REGION.
A —WELL RECORDS,

Onlv a few wells have been put down in the Petoskey ov Little Traverse
bay region, and of ounly one of these, the Chavlevoix well No. 3. have [
seen the samples.

Bay View Well.

Reported by H. I, Parmelee and A, J. Richards. Completed July, 1895,

This well is 120 paces northwest from the dooy of the G. R. & L. R R
Bay View station, 414 feet above the bay. and 40 feet from the shore.
The record is as follows:

0— 4 Shingle,

41264 Creain limestone.
264—462 Medium grey limestone
462—4735 Dark limestone.
4733—498% 25 feet of cellular blue shale.
Flow, 200 bbls. an hour.

At 430 feet depth a hard stratum was found. in whicli only a foot and
a half a day could be dvilled. Beneath this the water was struck.  In all
the rock. except this indurated bed, the Arillings were from 10 to 12 feet
per day.
Petoskey Well.

. I'. Parmelee, Charlevoix; C. 8. Hampton, 6. R, Richmond, Petoskey.
Drilled in 1888.

This well is 33 feet north of the Chicago & West Michigan railroad
station, near the end of Lake stret, Tetoskey, and 180 feet from Dear
river. A flow of sulphuretted water, relatively low in NaCl, was
obtained.

The well is drilled in an old drift-filled valley, or rock gorge, for rock is
found in place five feet from the surface on cither side.

The following record was obtained:

Feet.
0 to 30. G(lacial gravel, etc
30 to 280. Limestone strata, highly fogsiliferous throughout the entire depth.  The fauna
is nearly the same as that found in (he surface bed. Color light gray, a few
strata quite dark and much havder.
280 to 205. Ten to 15 feet of blue shale, no fossils. Beneath ihis was a flow of quife pure
water, somewhat charged with Ilfe®.
295 to 353. A nearly solid bed of Acervularvia limestone, without a frace of mollugea or
other corals. Color light, often crveamy white.
A thin layer of gray lime rock of incoherent structure.
355 to 435. Dark shale 80 feet in thickness, equivalent to Bell shile.
435 to 555. About 120 feet of crystalline limestone (Dundee limestone) of same color,
texture and composition throughout.

Chailevoie TWells.

Three wells were put down in Charlevoix within 50 feet of each other.
T have examined the samples of well No. 3 and from it obtained the fol-
lowing record.** The upper 230 feet were of unconsolidated material,
showing the existence of an old buried valley under Charlevoix.

46 See Water Supply Paper No. 31, p. 8T. The beds down to 300 feet are rather dolomitic. Ta
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Record of Charlevoix well:

Ireet.
O to 230.

230.

240.

250.

390,

400,

402,

410.

415.
420.
430,

443,

447,
460,

470.
482,

Drift, subdivided as follows:

to 6 feet. Sand.
6 to 15 feet. Gravel.
15 to 170 feet. [I'ine sand.

170 to 176 feet. Gravel.

176 to 230 feet. Sand: quicksand at 214 feet.

Fine-grained earthy limestone, effervescing with dilute HCL It is identical in
color and texture with bed £ of Loc. 39, but the charvacteristic plant remains
of that rock ave absent. It also agrees with some of the darker portions of bed
g, Loc. 39, No fossils found in the samples.

Gray limestone, agreeing in color and texture with bed e, Loc. 46. It effervesces
freely with dilute UL No fossils in samples.

Iiavthy or chalky, brownish, porous, much oxidized clayey limestone with a strong
clay odor,-being in fact in large part clay, but with sufficient lime to give it
coherence, and cause free effervescence with dilute HCI. It corresponds in
texture with the lowest bed of Loc. 48, but is darker and somewhat more porous.
The same pieces when broken are of an ochre color,

Dark gray argillaceous and somewhat shaly limestone, effervescing freely in dilute
HCL Similar to but more earthy than bed e, Loc. 36.

Finely stratified shale, effervesces feebly with strong HCI. Compact in texture.

Fossiliferous whitish limestone, containing Atrypa reticularis and other fossils.
It effervesces freely with dilute HCI. .

White crystalline limestone containing considerable crystalline calcite. It ecarries
fragmments of Acervuwluria davidsoni. The rock is of the same type as bed g.
Loe. 39, but is whiter than that rock and somewhat more crystalline. Some
portions of the samples are compact and argillaceous.

White chalky limestone, noun-argillaceous, fossiliferous, and effervescing freely with
dilute I1CL

Brownish, earthy and argillaceous limestone, with a strong clay odor; Bryozoa and
other fossils have been observed. It effervesces freely with dilute HCL

Gray calcareous clay of very uniform texture, partially oxidized. It effervesces
freely in dilute 1ICL but is nevertheless a good clay.

Gray, compact calcareous clay rock, but of massive character, and effervescing
freely in dilute II(L

Fragments of Acervularia davidsoni with the calices free from matrix, and evi-
dently embedded in clay. No clay is, however, retained.

Gray calcareous shale, mixed with pure white Iimestone, the latter containing
IFavosites and Acervularia,

Gray argillaceous limestone, and some white limestone, with fragments of Spirifer
and Acervularia.

Gray limestone. Acervularia davidsoni is abundant. Favosites and Atrypa
reticularis also oceur.

‘Gray, compact, semi-argillaceous limestone; fossils not observed, except crinoid
stems. Much shale is mixed with the limestone.

Fragments of Acervulerie devidsoni and Favosites.

Compact, gray, argillaceous limestone; no fossils observed. It is almost a clay.

Fine-grained, compact, argillaceous rock, not unlike the lower beds of Loc. 42 or
those of Lwoe. 43.

Limestone and black shale,

Gray argillaceous limestone with whiter limestone containing Acervularia.

Chalky clay. Crumbles and soils fingers. Cream colored.

Bluish gray eclay, slightly calcareous, effervescing feebly with HCI.

Compact, brown to gray limestone, weathering earthy.

Cream colored calcaveous clay, identical with the rock at 400 feet,

Limestone similar to that at 410 feet. No fossils.

Cream colored ecarthy clay, somewhat more calcareous than that at 402 feet.

Brown banded lmestone, mingles with black and gray shale containing Atrypa
reticuluris, ete.

Bluish clay, non-effervescent.

Same as preceding.

Same as preceding.

Same as preceding.

No fossils have been observed in any of the samples of blue clay seen.

B.—RECORDS FROM OUTCROPS.

The outcrops studied are along the shore of Little Traverse bay, on the
northwestern side of the Lower Peninsula of Michigan. It is from this
region that the formation derives its local name. The outcrops are much
less satisfactory than are those of the Alpena region, and the rocks are
much less fossiliferous. The shore of the bay extends along the strike
of the sfrata, and hence nearvly the same beds arve exposed in the various
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sections. Only in the southwestern portion of the shore line, where the
shore trends across the strike, is a rapid stratigraphic ascent made.
Owing to the existence of a number of minor folds or undulations whose
axis is normal to the strike of the strata, a number of heds which would
otherwise be below the water level are brought to the surface. The thick-
ness of the exposed beds is not much over 100 feet, while the total thick-
ness is probably between 550 and $00 feet. The exposures begin about
a mile and a half east of Petoskey, near Bay View, and extend with numer-
ous interrruptions to near Norwood village, bevond which the Black
shales appear on the shore. The total distance along the shore from the
point of first appearance® to the final disappearance of these strata is
over 30 miles. What the normal dip of the strata of this region is has not
been ascertained.

Loc. 38. Opposite Bay View station. In the building of a road at this
locality about four feet of limestone were quarried near the lake. These.
with similar beds shown at the bottom of the bay, are among the highest
beds of this region. They are thin-bedded argillaceous and bituminous
limestones, often with thin, shaly partings. Bituminous matter is com-
mon, and the rock often smells strongly of petrolewm. When weathered,
as near the surface, it is porous, soft and friable, and deeply stained by
iron hydrate. The fossils, Spirifer mucronatus, S. consobrinus (?), Cyr-
ting hawmiltonensis, Stropheodonta erratica, Productella, Bryozoa, etc.,
generally stand out in relief, being more or less silicified. Some slabs of
the rock are covered with coarse intersecting ridges, of the thickness of a
finger or less, which may represent casts of marine algze or may be those
of large sun-cracks. They ave unjointed, and cross each other at all
angles.

The same strata are shown in a cutting behind the beach, near the rail-
road. The upper beds here are a fine, uniform-grained, non-fossiliferous
rock, smelling strongly of petroleum. Tt has been weathered yellow and
become very soft, being easily crumbled between the fingers.

Loc. 39. TPetoskey. In the first quarry, near the northeastern end of
the section, the following succession of strata is chown. In the eastern
end the dip is northeastward, while further west it is four degrees to the
southwest :

@. The lowest bed exposed is a dark, grayish-brown, fine-grained,
friable limestone, freely effervescing in dilute HC1, porous and with a
strong petroleum odor: 47,

b. Light, creamy-gray, fine-grained limestone, freely effervescing in
ditute HCI, soft and porous and with the stratification line marked by
bluish bands oceurring at intervals. It contains a few pelecypods
(Edmondia?) and occasionally Favosites: 47

Between this and the next overlying stratum is an inch or two of shaly
matter.

¢. YPorous, fine-grained limestone, weathering dark brown. Near the
western end of the quarry it constitutes the lowest bed: 3.5

This bed is separated from the one next above by three or four inches
to a foot of shaly rock. The shaly partings are frequently carbonaceocus,
thin films of the coaly matter covering the laminze. No plant remains
have been identified. Bed ¢ is much like bed a. It contains similar car-

* For the position of the relative outcrops see thie map, Plate VIIL
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bonaceous films. and has also a bituniinous odor. It is very soft and
friable in places.

d. Lighter colored limestone. simiiar in all vespects to bed b. XNo
fossils found. Srratification is well marked, and bituminous films are
common: 3.75.

¢, Nimilar roeck. but filled with swall masses of Stromatopera. The
aspect of this mass is that of a brecciated limestone, or like a conglomerate
in which the pebbles ave fragments of coralline. Where the rock has been
exposed to the weather for some tinie it is rongh surfaced, with numerous
solution hollows: 267/

In some parts the lower four or five feet ave like the rock below,—
massive and uniformy fine-grained, with few or no fragments of Stroma-
topora. In most p}me& however, the vock is fuil of this fossil throughout,
being in fact a coral breccia. Tlie Stromatopora fragments ave of all
shapes and sizes, often angular, and so far as obsery ed never entire. A
fragment, with the abr npﬂy cut-off layers of growth, is illustrated in the
annexed figure. Nolution seems to have gouve on to & considerable extent
in these heads before they were buried by the coral sand which now forms
the limestone. Cracks and solation cavities are not uncommon in the
coralline masses, and these are filled by the coral sand.

Fig. 8. Section of 2 worn Stromatopora head,

The Stromatopora are not the only fossils. Cyathophylloid corals,
Favosites, Conocardium (\nd others have been found, and are sometunes
COmMmMon.

The majority of the S ‘tromafupom masses lie overturned, or in some
other abnormal position, which ¢learlv indicate motion. The matrix in
which the masses of coral are embedded is of a sugary character, rather
soft and crumbling, and effervesces freely in dilute HCL The fossils
which it contained are mainly dissclved onut, and the cavities often lined
with ealcite crystals. No analyses have been obtained,* but report credits
this rock with a high per cent of (aCO,, which in some instances
approaches 100. Some specimens of Atrypa reticularis have been obtained
from the upper portion of this stratum. This stratum may be fraced
along the railroad track to within a short distance of the railroad station.

* The fo]lowmg commercial analysis was published by E. R. %]y'

Mr. H. P. Parmelee says that it runs up to 98 per cent L.
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. Overlying the Stromatopora bed is a cream-colored limestone, which
appears much shattered in the cliff. Fallen blocks, which appear to be
from this bed, are of an earthy, rather argillaceous character, effervesce
freely in dilute HCI, and contain numerous cavbonaceous films represent-
ing narrow, reed-like plants. Other fragments, apparently from this
hed, contain Favosites, but rarely other fossils. The bed is inaccessible.
Estimated thickness, 4.57.

g. This is the highest bed in this section. Tt consists of a granular
lime-sandstone® of a sandy feel, and effervesces freely dilute with HCL. It
is somewhat darker than the rock below and contains numerous large
coral heads, which appavently grew where they arve now found. Diphy-
phylhum panicim makes up the greater portion of the bed. It occurs in
abundance at the foot of the cliff, and must have fallen from above. The
species appears to be restricted to this bed. Associated with it is Cysti-
phylium and Favosites, while Atrypa reticularis and Gypidule romingeri
also oceur. though sparingly. The thickness of this bed is estimated at
5.67. The top of the cliff is formed by a layer of stratified sand several
feet in thickness.

The total exposure of rock in this section is 50 feet.

These beds are the Stromatopora beds of Winechell, who considered them
the lowest of the series. Rominger, on the other hand, considered them
as belonging to the higher members of the group, and with this view 1
coneur. As will be shown below. the name Stromatopora beds is not
applicable to other exposures of this series, where the prevailing coral
is Acervularia, while in some portions fossils are entirely absent. The
name Petoskey limestone is more serviceable for purposes of correlation,
since these beds are so finely exposed at Petoskey. Moreover, beds at a
lower horizon are fully as rich in Stromatopora, and would equally well
deserve the name.

Loc. 0. About a mile west of the mouth of Bear creek, ledges are
exposed at the water edge, consisting of a thin-bedded, fossiliferous lime-
«tone. The lowest beds seen are somewhat shaly in character and are
crowded with large shells of Stropheodonta nacrea. Associated with them
is Spirifer mucronatus, which is likewise abundant. Overlying these beds
are gray limestones containing Leervuleria davidsoni, Favosites and
crinoid stems, besides other fossils. Next above these lHmestones gray,
caleareous shales occur again, in which Stropheodonta nacree is the pre-
vailing species. Spirifer mueronalus and Atrypa reticularis occur with it.

These beds are so well eharacterized by the prevailing fossil, Strophe-
odonte nacrea, which is an easily recognized form, that for purpose of
reference I shall call them Stropheodonta nacrod beds. They will be
referred to again in other sections, where they are apparently exposed
again. These are the lowest of Winchell’s “Tropidoleptus beds” (loc. cit.
p. 42), the upper beds being those of locality 41. In the supplement to
hiis report, Professor Winchell changes the name to Bryozoa beds, since
the supposed Tropidoleptus proved to be a Stropheodonta (S. erratica).
Winchell assumed that these beds and those of the next locality, which
overlie them, were stratigraphically above the Stromatopora beds of
Petoskey. This is probably an error, for the well sections show the upper
beds of this region to be of the type exposed 1n the Petoskey quarries.

* The term lime-sandstone is used throughout for rock made up of coral sand, i. e. 2
fragmental limestone.

26
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These beds furthermore appear to underlie those carrying the Acer-
vularia clays (Acervularia beds of Winchell), since a continuous section
at Loc. 46 from these clays into the Petoskey limestone does not reveal
them.

Loc. 41. About one and one-half miles west of the mouth of Bear creek
is a low bluff, about twelve feet in height, and extending for several hun-
dred feet parallel to the shore, and a short distance behind it the clift
shows gray, fine-grained limestone beds with shaly partings, often several
inches in thickness. These limestones contain Acervularia davidsoni.
Favosites cf. alpenensis, Atrypa reticularis, Stropheodonte nacrea (of
large size, occurring ehiefly in the more argillaceouns portions of the rock),
Pentamerella ¢t. dubia, and Spirifer mucronatus, besidés Stromatopora
and other fossils. The black parting shales contain Pterinea flabellum,
Stropheodonta erratica, and Modiomorpha. The limestone is dark-gray,
fine and wuniformly grained, weathering to a light-gray color. It
effervesces freely with dilute HCI, and has an argillaceous odor, a clayey
residuum rvemaining on weathering. The masses of coral in it are gen-
erally more or less worn, and the contact between them and the matrix
is a sharp and regular one, showing that the fragments have been rolled
about and worn smooth. This shows that at least some of the coral heads
were dislodged from their anchorage, and marks this limestone as probably
formed on the outer portion of the growing reef.

The dip of the strata is as high as ten degrees to the northeast. This
is near the southwest end of the bluff; in the northeastern end the dip is
more nearly horizontal.

These beds are No. C of Winchell's section, with possibly a portion of his
higher beds.

Loc. 42. This locality is described by Winchell as situated in the 8. W.
14 of Sec. 2, T. 34 N, R. 6 W, Loc. 861. The section begins about two and
one-half miles west of the mouth of Bear creek, and between it and the
preceding locality is a long, high drift-bluff, with no rock exposures. The
bluff at the eastern end of the section is about fifteen feet high, and at its
foot is a talus of four or five feet. The highest bed of the section is
exposed at the castern end and is designated bed 1. The succession from
above downwards is as follows:

421. The upper beds of the section consist of a bluish calcareous shale,
which weathers inte a brownish-gray clay and contains many fossils,
which may be collected on the talus. Chief among these are Spirifer
audaculus, a small but strougly spinous species of Productella, Atrypa
reticularis, Stroplheodonte crratica, Favosites alpenensis, Acervularia
davidsoni, Cyathophyllum, and Hederella ; also from blocks probably from
this bed: Cyathophyllium iraversense, Gypidula romingeri, Phacops rana,
Craspedophyllum archiaci, Platyceras, and others. Thickness, 47.

42H. Next below thig is a limestone with shaly partings between the
beds, especially in the lower portion. It contains numerous corals, among
which Acervularia predominates: 6.

42G. Next below this and forming the lowest bed in the eastern por-
tion of the cliff, is a gray, porous lime-sandstoue, consisting of fragments
of brachiopods and other organisms finely comminuted. It is somewhat
petroliferous and has a sandy feel. Stropheodonta erratice and other

-

brachiopods and a few corals have been observed in it: .
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The dip of the strata in this region is from five to six degrees to the
northeast, i. e., towards DPetoskey.

These strata may be traced westward for half a mile or more to Rose’s*®
quarry, where a deep section is opened, exposing the lower members of
this series. Before reaching the guarry, bed G and the overlying ones have
been cut off owing to the steady westward rise of the strata. At the
quarry the axis of the low anticiine in which these beds are involved is
located, beyond which the strata dip westward. At the axis the upper
beds have been worn away down to the blue clay, bed D.

42F. Blue clay, rich in fossils. In every respect except thickness like
bed D: 347

4218, TLimestone with Acervularia, cup corals, and other fossils, which
occur chiefly near the top of the bed, where it is more shaly. The limestone
is dark-gray, fine-grained and crystalline: 1147

42D. Blue, highly fossiliferous clay, rich in fossils, among which the
following are the most characteristic: Acervularia davidsoni*™ (well-
preserved, complete heads up to six inches or more in diameter), Cyatho-
phyllum traversense, and Favosites alpenensis often in large heads. Other
species of common occurrence are Stropheodonte costata, Pentamerella
cf. papillionensis, Athyris fultonensis, Terebratule traversensis, Cyrting
hamiltonensis, Bunella lincklaeni, Atrypa reticularis, and a number of
others. The thickness of the clay is 3’.

This is the bed more particularly designated as Acervularia bed in
Winchell’s section.

42C. Shaly argillaceous blue limestone, sometimes in several layers
near the top, with thin shale partings: 2’

42B. Compact, creamy-gray, fine-grained limestone with conchoidal
fracture. This contains numerous heads of Stromatopora, all apparently
perfect, and ranging in size up to two or three feet. The rock is much
shattered and looks concretionary, owing to the presence of the Stroma-
topora. The latter is generally surrounded by a film of carbonaceous
matter, which appears to be the original animal matter. At the top of this
stratum, and also at intervals within it, are thin beds of black car-
bonaceous shales (sometimes stained brown by iron hydrate), and full of
flattened shells of Stropheodonta erratice, with a few other fossils, The
thickness of this stratum is about 5.

42A. Cream-colored limestone similar to the preceding, but lighter
colored. It is fine-grained, compact and with concboidal fractures, and

* Now property of Michigan Lime Co.

47 The statement is frequently made that our species. identified with the European Acer-
vularia davidsoni, 1. & H., has no secondary wall, and that hence our species is not Acervularia.
Rominger placed it under Cyathophyllum, while Simpson (Bull. N. Y. State Museum No. 39,
1900, p. 218) has originated the new genus Prismatophyllum, with Cyathophyllum rugosun:
as the type, and placed this species under it. It is true that there is no real secondary wall
in our species, the appearance of such a wall being produced by the uniform arrangement of
a circle of dissepiments, and the stoppage of the shorter septa at this point. But this is
also true of typical Furopean species, in which the longer septa and often the ends of the
shorter septa also pass beyond this wall of cysts. Whether such a wall is or is not the
morphologic equivalent of the secondary wall of Craspedophyllum and Diphyphyllum, where
the septa do not extend beyond that secondary wall, does not affect the question as to the
generic equivalence of the American and Iluropean species. If we regard the prismatic specles
of Cyathophyllum as congeneric with Acervularia as represented by American species,—as
Rominger, Simpson and others have done,—all of these species should be placed under the
genus Acervularia, and Simpson’'s generic name Prismatophyllum becomes a synonym. I
believe that Simpson is right in separating the prismatic species generically from (yatho-
phyllum. The name Acervularia davidsoni has been retained for the present for our species,
leaving the exact geueric and specific determination for future investigation.
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effervesces freely with dilute HCL A few specimens of Favosites and
other fossils have been seen. The beds are from one to two feet thick, and
some of them are separated by thin bands of brown, bituminous shales.
Thickness exposed, about &8, .

These beds, though in some respects similar to the limestone of Pefos-
key, are from fifty to a hundred teet below it. The abundance of Stroma-
topora in bed B might lead to a confounding of these two beds the one with
the other. In the present bed the Stromatopora heads lie in normal and
apparently undisturbed position, while those of the Petoskey limestone are
nearly always worn and fragmentary.

Loc, 43. Nathan Jarman's quarry, Petoskey. The location of this
quarry is in the N. W. 1/ of the 2. W. 1/ of Sec. 6, T. 34 N., R. 5 W. This
quarry was opened in the hillsides above Petoskey at an elevation of
about 80 feet above the lake, and distant from it about half a mile. The
suceession is as follows from above down:

431, Light gray, compact limestone, much shattered in the quarry
and in places thin-bedded, with occasional thin carbonaceous films., The
rock has a conchoidal fracture, and effervesces freely in dilute HCL. No
crystalline siructure is shown under the microscope, the mass being
extremely compact and fine-grained. Fragments of organic remains and
caleite veins occur. Thickness exposed, 127,

43A. Darker, fine-grained, somewhat more crystalline limestone, with
petroleum odor: 6.

Below this are other beds of similar quality, with some carbonaceous
filins.

These beds probably represent the lower portion of the Pefoskey lime-
stone, similar to those shown in the quarry at Petoskey. At the shore
below this point the beds of Loc. 41 ave exposed. The interval between
these beds appears, therefore, to be in the neighborhood of a hundred
feet,—taking into consideration the southward dipping of the strata over
the half-mile interval.

Loe. ). About a third of a mile west of the point where section 42 was
measured (Rose’s quarry), limestones crop out on the beach.

1. The first beds seen are apparently at some considerable depih below
the limestone 42A. It is a dark, crystalline but fine-grained, compact
limestone, with brachiopods (Atrype reticularis, etc.) sparingly repre-
gsented. It dips 10 degrees northeast.

2. Ledges are shown at intervals under the water of the bay, in going
westward. Those clearly belong below the preceding, Some five feet or
more of these limestones are shown in a series of low anticlines. About
half a mile further west, the following section has been opened in a small
quarry on the shere:

A. The lowest beds are gray, erystaliine and somewhat fossiliferous
limestones, rather shaly in the upper portion, and containing large heads
of Acervularia and Stromatopora, over which the strata arch as on Thun-
der Bay Island. Sowme thin layers of black, bitmminous, shaly limestone,
with a strong petroleum odor, occur toward the top: 18 in.

B. Limestone similar to A, in beds from 6 inches to a foot in thickness.
No coral heads seen: 3.

C. Beach material.

Along the beach occur many slabs of shaly limestone containing Stro-
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pheodonta nacrea in abundance. These are from ledges near by, but
probably submerged.

For perhaps two miles along the shore, rock is exposed at the water’'s
edge, with a few interruptions by sand and shingle beach. The dip of
these strata vary in direction and amount, disclosing many small anti-
clines. Along a portion of this distance the dip is toward the shore
at an angle of nearly 10 degrees. As the shorve is along the strike of
the strata, no great stratigraphic ascent is made. The Stropheodonts
nacrea beds are represented by fragments all along the beach, and the
beds are occasionally in place. ILimestones with Acervularia and occa-
sionally Stromatopora and Favosites, as well as other corals, crop out
continually and appear to be closely related to the Stropheodonta nacrew
beds. The total thickness of beds exposed appears to be not much over 10
feet, though this estimate may be far short of the truth.

The Str. nacrea beds of this locality are dark-gray, argillaceous, thin-
bedded, shaly limestones, crowded with the S. nacrea, which is of large
size. Spirifer mucronatus occurs with these, but other fossils are rare.
The similarity of these beds to those of Loc. 40 is very striking, both in
lithic and faunal characteristics. In both localities shaly strata, crowded
with Stropheodonta nacrea and containing Spirifer mucronatus, are asso-
ciated with limestones carrying Acervularia and Stromatopora. There
are probably several alternations of such beds, aggregating a thickness of
perhaps some 10 or 20 feet, or perhaps more. But I do not think that there
is more than one horizon in this group where these strata occur. If the
correlation of these strata with the beds of Loe. 40 is correct, it is prob-
able that the lower bed (A) in the quarry on the beach is the equivalent
of bed A of Loc. 42. The occurrence of Stromatopora in situ suggests
this equivalency.

It must, however, be borne in mind that correlation of beds in isolated
outerops, and with only a few paleontological characters to relie on, is
a very unsatisfactory matter, and the correlations here made should be
considered as tentative and subject to revision.

Loc. 45. This is about half a mile east of the next locality, and is a
cliff 10 or 12 feet high, with the base talus covered. The upper portion is
a shattered drab limestone with numerous heads of Acervularia and
Stromatopora, some of which are very large. The rock closely resembles
bed B of Loc. 42. Below it is a similar though more compact rock. It
contains black carbonaceous seams, which appear more particularly near
the top of the bed. The cliff is nearly continuous with that of:

Loc. 46. This is at the Bay Shore Lime Company’s first quarry. Itisin
Enmet county, four miles west of Petoskey or two and one-half miles
east of Bay Shore. The locality is that described by Winchell under 862
(p. 45), and located in the 8. W. 1/ of Sec. 4, T. 3¢ N,, R. 6. W. Rominger
also described this section (p. 57). The following is the succession, from
the top downwards:

46K. Blue clay covered by drift, fossils not observed.

46J. Limestone, compact, dark and somewhat argillaceous, with Stro-
matopora and Acervularia, the former chiefly in the upper portion. All
lie with their longer diameter parallel to the stratification, and are usually
broken and worn. They are frequently overturned, and in general are
much like the rock of Rose’s quarry at Petoskey (Loc. 39) : 167,

This rock is burned for chemical works, the burning being from 9 to 12
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hours, and on the average 750 barrels are burned per week. The rock
effervesces freely in dilute HCIL. The dip of the bed is 3 degrees east.

16, Blue clay with Acervularia davidsoni, Favosites alpencensis, Stro-
pheodonte crratic, and many other species of the same type found in
42D, to which bed it is uwndoubtedly equivalent: 1%,’.

46G. Compact limestone like 461, with Favosites, Zaphrentis, ete., well
stratified: 1357,

46F. DBlack carbonaceous shale with Favosites, ete.: 2 in,

4615, Compact grayv limestone with Zaphrentis, Favosites, and com-
plete heads of Stromatopora: 17,

4613, Black carbonaceous shale, fissile, with Stropheodonta erratica:
5 in.

46C.  Stromatopora bed with large heads from two to three feet in
diameter, mostly perfect and commonly covered on their upper surfaces
by a carbonaceous filin. Small Favosites and a few other corals also
occur. This is the equivalent of bed B of Rose’s quarry (Loc. 42). In
some parts it is a regularly stratified limestone with scarcely any Stro-
matopora: 8.

B. Black carbonaceous shale; no fossils seen: 1 to 2 in.

A, Compact limestone, with broken and worn fragments of Stromato-
pora lying in all positions; in beds from one to two feet thick, separated
by carbonaceous black shale 2 to 5 inches thick; exposed 4-5'.

Loc. 47. Bay Shore Lime Company’s second quarry, near Bay Shore.
This locality is in the Buff Magnesian beds of Winchell, which he sup-
posed to be next to the highest in the series. In this be was correct, but
he erroneously placed these, and the underlying Acervularia and Bryozoa
beds above the limestones of Petoskey (the Stromatopora beds). There
can be little doubt from the present more satisfactory exposures, and the
well records, that the “Siromatopora” and “Buff Magnesian” beds are
equivalent. This equivalency was held by Rominger.

The cliff in the quarry consists of about 12 feet of porous, dolomitic,
brown limestone, which effervesces feebly with strong HCl and gives off a
strong petroleum odor. Under the microscope it shows a finely crystalline
structure, the crystals being stained by iron oxide. Apparently over-
lying this rock, but only exposed at one locality, is a coarsely crystalline
limestone, loose textured and consisting largely of fragments of crinoid
stems, The cliff continues, with slight interruptions, to Bay Shore.

Loc. J8. This is the third quarry of the Bay Shore Lime Company, at
Bay Shore, and forms the end of the Khagashewung Point section of
Rominger. The following section is opened in the quarry, the thickness
of the upper beds being estimated:

48 f. Brown earthy dolomite (?).....cvovviviiiienennin
e. Drab dolomite (?) breaking with square blocks.
d. Yellow saccharoidal dolomite(?)..... ..........
¢. Grey dolomitic limestone like (€),...............
b, ‘Grey banded saccharoidal dolomitic limestone
a. Brown earthy limestone, effervescing freely in dilute HCl................ 10 ft.

The porous earthy beds usually give off a strong petroleum odor when
freshly broken. No fossils have been observed in any of the beds during
the hurried examinations made.

The dolomitic character of the upper Leds of this series has not been
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verified as yet by chemical tests,  Some of them may be limestone. Romin-
ger, however, gives an analysis of one of these beds {exact position not
given) which proves that some of them are at least good dolomites. The
analysis gives:
Per cent,
o8
38
1.5
0.5

98.00

A number of exposures occur between Khagashewung Point (Bay
Shore) and Pine River Point, three miles west of Charlevoix pier. These
have not been studied as yet. A description of some of these is given by
Rominger, from which it appears that the Stropleodonte nacrea beds
crop out again.

Loc. /9. Pine River Point, three miles west of Charlevoix pier, is
located in the N. W. 1/ of Sec. 28, T. 35 N., R. § W.

The limestones first appear on the beach in low anticlines, and are of
a compact texture and dark color. They contain few fossils in the lower
part, but higher up Favosites cf. alpenensis, Acervularia davidsoni, Atrype
reticularis, Spirifer, etc., are found. Beyond this are low cliffs, not more
than five feet high, and rising to a height of 10 feet above the lake. They
consist mainly of shaly limestones, with an occasional hard, compact bed
less than a foot in thickness. The shaly beds are rich in fossils, especially
Stropheodonta nacrea, while Spirifer mucronatus and Atrype reticularis
are likewise abundant. Another cominon species on certain layers is
Chonectes cmmetensis. This is closely related to Chonetes mucronatus
which is characteristic of the Marcellus and lower Hamilton shales of
New York. Other fossils observed in these beds are Proetus sp., Para-
cyclas lirata, Tropidoleptus carinatus (?), Actinopteria decussata, Avicu-
lopecten cf. insignis, and other pelecypoda.

The highest exposed beds of Pine River Point contain Stropheodonta
nacree and Spirifer mucronatus in great abundance. Some layers are
made up of the comminuted remains of crinoid stems. Atrypa reticularis
is common, and other fossils observed ave Pentamercile dubia (?), Stro-
pheodonta costata, Spirifer sp., Gomphoceras, and Cyrtoceras (7).

The extreme abundance of Stropheodonta nacree and the constant
association with it of Spirifer mucronelius suggests that we have here
another ounterop of the 8. nacrea beds of Loc. 46. As these beds are
regarded as the lowest exposed in this region, probably not far overlying
the blue shale (Bell Shale) of the well records, it is of interest to note
the abundance of Chonetes emmctensis, which, like its eastern repre-
sentative, C. mucronatus, appears to be an essentially lower Hamilton
fossil.

A short distance farther west, in an old quarry, about 15 feet of shaly
limesfones are exposed. The shaly lavers have their surfaces covered
with fronds of Stictopora incisurate, and with this occurs Chonetes emmet-
ensis in great abundance, some layers of the shale being covered with this
shell. Stropheodonta nacrea and Spirifer mucronatus are abundant and
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characteristic of these beds. Massive layers, two feet or more in thick-
ness occur near the top. They arve made up of brachiopods (Atrypa reti-
cularis, etc.), and of fragments of these. A few small heads of Favosites
have been observed, and crinoid fragments are abundant. These are the
beds called by Winchell, Bryozoa beds in the appendix to his Grand
Traverse report. He recognizes the correspondence of these beds to those
exposed west of Bear river (Loc. 40), and calls attention to the occurrence
of Acervularia on the beach further north, indicating the outcrops of the
Acervularia clays, which overlie the Bryozoa beds. Rominger states (p.
59) that “the blue fossiliferous shale beds (Acervularia beds of Winchell)
just reach the surface of the lake bottom, half a mile west from the dock
at Charlevoix.” This exposure was not found, having probably been
covered by beach material. '

Between the mouth of Pine river and Khagashewung Point (Loc. 49)
the Stropheodonta nacrea beds (Bryozoa beds of Winchell) crop out
again, for Rominger cites Spirifer mucronatus, Chonetes cmmetensis, and
other characteristic fossils as coming from strata exposed on this part of
the shore. In the Charlevoix weli, about 100 feet of the Petoskey limestone
are shown, below which Acervularia davidsoni occurs in separate heads.
The Stropheodonta nacrea beds ave probably not over 50 feet below this,
and these are the beds exposed on either side of Charlevoix, from two to
three miles distant. It thus appears that Pine river lies in the axis of a
gentle syncline, as Winchell suggested. Beyond the point the trend of the
shore is southward, and the beds are seen to dip south at an angle of about
5 degrees. The exposures continue along the beach for a time, after which
a stretch of sandy shore succeeds.

Loec. 50. Half a mile south of the previous locality (on the line between
Secs. 29 and 32, T. 34 N, R. 9 W., Winchell Loc. 881), strata somewhat
higher in the scale are exposed on the shore. The beds, which are some-
what shaly limestones, contain curious elongate hollows, also observed
in certain strata of the preceding locality. These are probably due to
the weathering-out of pyrite concretions. The dip continues to the south-
ward. A little further on some heavy-bedded, gray, fine-grained limestones
appear behind the beach. These belong above the shaly limestones and
are filled with large heads of Stromatopora, generally worn and broken,
and containing besides, Favosites, Spirifer fimbriatus and Meristella (?).
This rock appears to be the limestone underlying the Acervularia clays,
but may even represent part of the Petoskey limestone above it. Rominger
mentions an outcrop on the shore three miles south of Pine River Point,
without giving further details. inchell also speaks of two outcrops
beyond Pine River Point, the first (881) is at Loc. 50, as noted. The other
(882), which is probably the one referred to by Rominger, is located by
Winchell in the W. 14 of Sec. 8 (Sec. 6 on the map, which is probably
correct), T. 33 N., R. 8 W. This locality I have not seen.

Five miles beyond Pine River Point is the last exposure of the Traverse
beds of this region.

Loc. 51. The exact location of this exposure is, according to Winchell
(884), in the N, E. 1/, of Sec. 34, T. 33 N., R. 9 W., in Emmet county. It
is about a mile north of the pier at Norwood village, and consists of a cliff
12 to 15 feet high, and extending for a few hundred yards. The lowest
beds of the section are shown near the northern end, and the average dip
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of the strata is 5 degrees to the south. The following succession has been
determined :

A. The lowest exposed stratum has its upper surface about 3 feet
above the water level. It is an argillaceous, shaly limestone, thin-bedded,
and weathering a dark color. Near the top it contains specimens of
Favosites, which were generally broken or worn before they became
embedded in the rock. With them occur Atrypa reticularis. Thickness,
2 to 3.

B. Compact, fine-grained dark limestone in beds varying from 2 to 6
or even 12 feet in thickness, and containing lenticular nodules of chert,
the nodules sometimes nearly a foot thick: 3’.

C. Slaty limestones and slates, very fissile, in beds up to a foot in
thickness, and separated by beds of banded chert 1 to 2 inches thick,
Thickness about 5.

D. From the point where the top of bed B dips below the water to the
point where the top of bed D dips below the water, is about 300 feet.
This, with a dip of 5 degrees, gives a thickness of about 26 feet for beds
C and D, or of 21 feet for bed D. The top of the stratum shows beds
whose surface are ripple-marked (oscillation ripples) and marked by
sun-cracks. These beds are argillaceous limestones, readily effervescing
in dilute HCl. Estimated thickness, 21’.

L. Shaly limestones similar to A, but more fossiliferous, containing
Spirifer cf. eatoni, Cyathophyllum, Goniopliora, and other fossils. Thick.
ness, 5’.

F. Gray drusy dolomite, finely crystalline, and effervescing only on
powdering, with strong HCl: 5.

G. Darker dolomite, compact but crystalline, and containing fossils
which are weathered out in relief and cavities from which pyrite con-
cretions have weathered out. The cavities are stained by iron hydrate,
and besides these there are numerous drusy cavities similar to those
in F. Near the middle of bed G is a half-foot bed full of a small,
undetermined cylindrical bryozoan. Stromatopora, Favosites, and a few
other fossils also occur. Beds F and G are practically inseparable. Thick-
ness, 4.5”. Total thickness, 45.5—46.5".

These are the chert beds of Winchell, and Rominger describes these
on page 60 of his report. Winchell gives 26 feet of strata; Rominger says
about 25 feet. According to our measurements, which take account of
the strong dip, the total thickness of these beds is fully 20 feet more.

Rominger gives the following analysis for the drusy dolomite of this

section:

Per cent.

CaCO0,. it e 56.00

MECO,.. oo 39.00
ALO; and Fe,O,...oooooovvoiiiiiiiie 2.8
SEO, c vt 0.4
98.2

About half a mile south of the pier at Norwood the black*® shales appear
in low cliffs on the shore, gently dipping southward.

4Tt is this outcrop referred to by Winchell in 1860, p. 72, and even earlier in the first
survey in 1841, H. D. No. 27, p. 108, by C. C. Douglass, which has led me, when informed by
the U. 8. Survey that the name St. Clair, which I had hitherto used, had been previously used
in another sense, to apply the term Antrim to the shales lying above the Traverse, up to the
Berea Grit, since they are well exposed here in Antrim county.—Lane.

27
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THICKNESS OF THE TRAVERSE GROUP OF LITTLE TRAVERSE BAY.

In the Bay View well about 470 feet of limestones are shown above the
hlue clay. In the Petoskey well 325 feet are shown above the clay which
is there found to be SO feet thick. A 10 to 15 foot bed of blue clay was
found at a depth of 250 feet below the surface of the limestone, or 75 feet
above the blue clay at the base of the series. It is probable that this clay
is the Acervularia clay, the well striking it at a point where fossils were
scarce, since the record mentions no fossils. The thickness given is per-
haps too great. Below this “a nearly solid bed of Acervularia limestone”
was recorded. This appears to be the limestone exposed at the base of
section 42, which often contains Acervularia.

In the Charlevoix well, as before stated, about 100 feet of the Petoskey
limestone are exposed, below which the Acervularia clays occur, as shown
by the perfect calices in the fragments of A. davidsoni and Favosites.
Eighty feet below this, or about 110 feet below the first appearance of
Acervularia in the well section, is the top of the blue shale. The record
of the Charlevoix well is the most satisfactory, because the fragments
from 5 to 10 feet intervals were carefully preserved. I shall consider the
bed at 335 feet depth in the well, in which the fragments of Acervularia
with perfect calices were found, as the Acervularia clay exposed in some of
the sections. This would then give us a total of 110 feet for the lower
strata below the Acervularia clay.

Putting together the records from the three wells, and from the
exposures, we have the following succession and thickness of strata, which
may be considered as a tentative summary of our knowledge of these
beds:

Feet.

ANDTIN DIACK SHALB. ¢ttt veeeeete e tiiane e asats s rretatiiiienatatnraesineereans
ORI DSt e v v v v e esteensannaeniansnasnsnoanssssssnassrosoasosesassnstasnieess aanseens 45-50
Petoskey limestone (the Stromatopora and the Buff Magnesian of Winchell . 360
‘Acervularia and Stropheodonta nacrea beds (Bryozoa beds of Winchell)....... 110
Basal shale (Bell Shales). .. ..ovveiein it 86
TTOBAL « e v ees e e s ren s eacanansaceareassssotntosssecsntsnensaanessusaninonenssnotocsscns 600

It thus appears that the thickness of the Traverse group throughout the
northern portion of the southern peninsula of Michigan remains very
pearly uniform. In the western region, mostly limestones were deposited,
the shale being limited to the 80 feet basal layer, and to a few thin bands
occurring at intervals. In the eastern area shale bands were more
prominent, occurring at intervals in considerable thickness.

From our present limited knowledge of the faunas, correlation of the
beds in opposite sides of the State is impossible. We may perhaps say
that the Petoskey limestones and dolomites are, in general, the time
equivalent of the Alpena limestone and the limestones of Thunder Bay
Island. But beyond this little can be attempted in the way of correla-
tion. The basal shale layer (Bell Shale) is of course an exception to this,
for from its constant thickness it gives us a very clear and sharply-
defined base for the Traverse group wherever it occurs in this portion of
the lower peninsula.*®

49 It is also recognizable to the south.—L.
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DEEP WELLS AND PROSPECTS FOR OLL AND GAS,

Every time of prosperity brings extra activity in explorations of all
kinds. These in Michigan take largely the shape ot drilling,—mainly with
rhe diamond drill in the upper peninsula; with the churn drill in the
lower.

Jrilling for coal has not generally been over 400 feet deep; for sali it
has varied from 800 to 2000 feet, while for oil it is liable to be any depth
and not infrequently over 2000 feet. A perceptible fraction of my time has
been occupied in studying samples and answering correspondence before,
after and during the drilling of these wells. T have taken special pains in
the collection of data regarding these wells, because if they are not col-
lected at the time they are likely to be forever lost, and at my own expense
have subscribed to the Michigan Press Clipping Bureau that none might
e completed without my hearing about it. It has done good service, and
I think should be continued from the appropriation.

In the fifth volume of our reports, Vol. V, Part 11, p. 85, I called aiten-
tion to the prospects for oil and gas, and the beds and areas most likely
to contain them, according to the information available to me at that
time. In that report, and the sections at the end certain anticlinals were
somewhat vaguely indicated. The recently issued coal report gives one
section which if correct would indicate an anticlinal beneath Saginaw
and between Lgnsing and Owosso, and to these I have called attention
in the public press. Dr. C. H. Gordon’s report was received so late that
it had to be relegated to the end of the report, and only this reference
to it inserted here. It is an important paper, for besides the anticlinal
somewhere north of Mount Clemens, which T refer to below, he has
located an anticlinal close to Port Huron. As Prof. Russell has remarked
to me such an extensive basin as that of Lower Michigan can hardly
exist without minor corrugations especially around the margin, which
ought to collect oil in valuable quantities. We may, for instance, from
Grabau’s paper just above, infer the probable existence of such a minor
anticlinal near Khagashewung Point (Plate VIII), and from the records
helow one east of Niles and one near Stronach are rendered somewhat
likely.

One thing is worth noting,—that wells which vield only a barrel a day
or less, and are liable to be scorned by those whose eyes ave filled wiil
visions of gushers. may nevertheless be of value, if conveniently located
and enough of them can readily be obtained.

In describing them it will be most convenient to use a partly local,
partly topical arrangement, because in certain districts all the wells have
ane object. In others wells for different objects throw mutual light. Coal
records have been very largely summarized already in my recent report.

In discussing the borings and prospects for gas and oil it has been con-
venient to consider a southwestern and a southeastern district, which
really extends to Port Huron, though it may be convenient on some
accounts to divide it into two parts. I have also considered separately
the possibilities around Saginaw. The prospects for Alcona county are
included in the report. Some recent explorations serve as an excuse for
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describing some interesting wells in the upper peninsula. Finally I have
made a few remarks about the northwest part of the lower peninsula at
Muskegon and Manistee.

In studying explorations for oil and gas, one thing is apparent to the
geologist—that the Neo-devonian black shales are responsible for most
of the surface indications which start oil fevers and set people boring.
1t is also true that such indications have proved delusive. In fact, so far
as surface indications in springs® are concerned, they indicate a leaky
yescrvoir® if they indicate anything at all, and that is not a good sign for
great accumulations below.

The same black shale is often wmistaken for coal’

It is true that deep wells into the drift, especially just above bed rock,
will find quite frequently gas, and this may often pay for the well, for use
in 2 house. But no great quantity can be expected, nor very long life.

Oily-smelling rock* at the surface, or gas or oil, have little value prac-
tically in this State in searching for oil.  Almost all over the lower
peninsula such strata can be found at some depth or other, and on the
beli where the Devonian rocks lie beneath the drift, surface signs of oil
may be expected.

SOUTHWESTERN DISTRICT.

It is not to be denied, however, that oil and gas-bearing strata exist
beneath the southwestern point of the State,—both the Lower Devonian
limestones, which vield the oil and gas around Petrolea, Canada, and the
Trenton limestone, which is the famous oil rock of Ohio and Indiana.
But the numerous wells drilled, and reported in Vol. V, at South Bend,
Llkhart, Michigan City, Niles, Dowagiac, Constantine, Benton Harbor,
Allegan and Kalamazoo, have not been successful in finding commercial
quantities of gas. In spite of their failure, however, prospecting has not
been entirely checked.’

It remains, therefore, to give a few facts regarding the new wells and
new facts regarding those already reported on, and see what light they
throw on the prospects for the future, the important thing being to see
whetler there is an upward flexure of the beds which might tend to collect
the oil or gas.

1 Kalamazoo Telegraph, 3:9, 1901, also 10:3. 1901.—S8everal wellg in Lake township, Ber-
rien county, strike gas in small quantities, and at Bridgeman a spring with a coating of oil
was found by a planchette.

Niles Star, 6:14, 1900.—Gas at New Buffalo at 60 feet.

- Grand Rapids Herald, 1:24, 1901.—Petroleum vein at cottage of Mrs. H. 8. Cole, Benton
arbor.

See also Vol. V, Part 1I.

2T mean natural reservoir, though (Niles Sun, 12:11, 1900 : Detroit Tribune, 12:13, 1900
Battle Creek Iinguirer, 12:25, 1900 ; Detroit News-Tribune, 12:2, 1900 ; Detroit Journal, 12:22,
1900) at Buchanan oil leaking from Lee & P’orter’s tanks was taken to be natural.

3 Three Rivers Iribune, 9:12, 1901.—Six-foot vein of coal at 150 feet near Benton Harbor.

Detroit Tribune, 6:6, 1901.—Coal at 550 feet. Compare record of well below.

+ Benton Harbor Palladium, 1:23, 1 .

s Detroit Journal, 12:26, 1901.—Near Niles by B. F. Earl.

Detroit Today, 10:8, 1901.—Near Mendon by Darling Bros.

Allegan Chronicle, 4:77, 1901.—Valley Oil, Gas & Coal Co., near Allegan,

Grand Rapids [Ierald, 8:18, 1901 ; Allegan Gazette, 89, 1901,—R. W. Brown, at Allegan.

g Benton IIarbor News, 6:6, 1901, and 6:26, 1901; Detroit Tribune, 6:6, 1901.—Berrien
Springs.
Niles Daily Star, 9:7, 1901,
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An important recent well is one at Berrien Springs, an authentic record
of which we owe to Hon. Roscoe D. Dix.¢

Record.
Gravel...........ooo oo, 40
Blueclay.........oooeviviiiiiiiin, 70 110
Reached 550 noon June 5.
Soapstone..............h ciiiiion. 440 550 Compare Benton Harbor at 280 feet,
Niles at 415 feet.

Black shale with pyrite, bitumin-
Lo 70 620 Compare Benton Harbor at 475 feet,
Nilesat 460 feet. Dowagiae at 675 feet.
Limerock with indications of salt
wateratbottom.................. 80 700 Stopped at 670 feet, June 15. Compare
Dowagiac at 874 feet,

See also Grand Rapids Press. 7:9, 1901 : Detroit Tribune. 6:6, 1001 ; Three Oaks Acotn,
7:12, 1901 ; Benton Ilarbor News, 6:6, 1901, and ¢ :26, 1901.

The striking feature of the Berrien Springs record is the depth at which
the base of the black shale was found, greater than at Benton Harbor on
one side or Niles on the other. This indicates a downward flexure of the
strata.

CONTOURS OF (ANTRIM) o .-
DEVONIAN BLACK SHALE <727
ABOVE SEA-LEVEL (A. T.)
iN SOUTH WESTERN
MICHIGAN.

_A. C. LANE, 1800
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Fig.4. Contours showing the elevation of the base of the Antrim (Devonian, New Albany) black
shale, and the top of the Traverse (Hamilton)in Southeastern Michigan, above tide level, indicating an
anticlinal pitching northeast, about 12 to 15 miles east of Niles.

The dip into the trough is also indicated by comparing with other wellg
as shown in the accompanying map. Fig. 4. While the strata all grow
deeper to the northeast, there is a subordinate puckering or fluting, with
a downturn between Niles” and Benton Harbor, and an upward turn

¢ Well 60 rods from north bank of St. Joseph river and about 50 feet, i. e., about 650 A. T\

7 Five wells have already been put down in this neighborhood. Mr. I'' W. Cook of the
Daily Star and H. Gardner have heiped me to gain information.

No. 1 was put down in 1865, close to the river and just below the bridge, was 500 to T00
feet deep, and yielding some gas.

No. 2. On Second street 20 rods this side of the railroad, yielding a large flow of water,
Omne of the drillers told Mr. Cook that in driving for gas they met quite a little oil but were
hired by the Standard Oil Co. to drive past anything of the sort. Drilled in 1885 to 1886.

No. 8. About same time (Plate XLIV of Vol. V), near C.,, ., C. & St. I.. R. R., about 650

. T,

No. 4. South of town one or two miles and on terrace 46 feet above river, i. e., probabiy
above this. There was 70 feet 10-inch casing through clay. over 70 feet quicksand with
water, 185 feet casing (or 280 says Dalton) to bed rock; then about 200 feet clay shale,
toward bottom brown and bituminous, with petroleum smell: then limestone: at 546 feet
strong brine, which rose to within 30 feet of the top, i. e., 15 feet above river. (Compare
Berrien Springs at 700 feet, i. e, about 150 below tide.) 'Theveafter progress was but 8 to 6 feet
per day to 580 feet. Cased with 5-inch casing, which was later recased to 880 feet to shut
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between Niles and Elkhart. Consequently the more hopeful district to
explore is east and southeast of Niles, say near Edwardsburg on the
Grand Trunk, or Mendon, where oil boring is said to be progressing.?

There was a deep well drilled at Bangor, the record of which I have not
been able to obtain,® which might be of interest as showing whether there
was a marked upward bend on the other side of the Berrien Springs trough
or not. The elevation of the base of the black shale at Allegan (387 A. T.»
and Kalamazoo (over 423 A. T.) shows that as a whole the dip is to the
northeast, but not at all inconsistent with such minor flexure.

SOUTHEASTERN DISTRICT.

Lying, as this district does, close to the Toledo fields and two large
business centers, this district has received a disproportionate amount of
attention. Prof. Sherzer has recently®® described quite fully the wells of
Monroe county, but the dips seem to be uniform from 29 to 32 feet to the
mile to the northwest, and no pitching folds have been located. To the
records previously reported in Vols. V and VIII we may add old weils at
Blissfield and Ypsilanti, whose records have been recently obtained, and
wells recently drilled at Ann Arbor, Milan, Britton and Riga.

YPSILANTI.

A number of wells have been put down here for sulphuretted brines,
derived by a combination of the waters from the Berea grit and the
Praverse and Dundee limestones. The original well was the Cornwall
mineral well on the river flats, about 680 A. T., the record being:

out salt water, but got fresh water below, which rose as high as before. At 1000 feet they
were told they had T'renton rock. (Compare rock at 1500 feet at DBritton.) A little gas
came in all the time, foaming up the water. At 1438 feet the well was abandoned. Dalton
says his well was 1600 feet deep, and {hough higher than the down town wells seems to
strike corresponding strata as soon. I, TL. Crane of Colon is said to have a record.

No. 5 was but 200 feet or so from No. 4, aeross the river, and but 2 or 3 feet above the

river level, i. e., about 636 A. 1.

Ifeet.
Clay, 10-inch CASIME. ..ottt e 70.0
1429

Water, sand and grave
Tight-inch casing to bituminous shale as in No. 4.
Casing 6-inch, shutting off water
Sand pocket, 6 inches salt water.
15 feet from top, magnesiau lim
Gray limestone .....0.... ... ... .sneen

iray limestone ... et e

L0
3.0
S

B

Then put down a packer and got some gas under salt water.

November 14, 1899.

What oil and gas appears in the wells is all from the Dundee or Canada horizon apparently,
except that in Nos. 8 and 4 a little accumulation was noticed near the top of the Niagara.
The Trenton was not reached.
| 8 })etroit Today, 10 :8, 1901. Darling Bros. heavy rock at 200 feet may also be or an upward
yend.

9 Jixcept that it is 1260 to 1300 feet deep, is cased down 300 feet, and according to M. E.
flaguire and C. B. Charles, flows a strong brine.

10 Vol. VIII, Part I, Monroe County.
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Pleistocene—

TS 32 DT T I I L I .
Clay . . 4 Z
Gravel . 30
Blue clay .. 34
Gravel ........ 41
Fireclay .........c00.0 43
Hardpan gravel ....... 48
Sand ... e 8¢
Coarse gravel .........evonnn .. 89
Fine quicksand ..........cooiiivianiiiienn 109
Qoldwater—
SIALE v v v vrvvoeerssornsoassasaatensorsoanasans 330
B3 0 A I R e 5 355
SANASLONE vt v et it it e e 393
Soft slate or sandstone . 550
Bedrock (i. e., hard limestone) (?).... ... ercarnviriiaranan s s T50

This is a very poor record. Of the Moorman well we have only the
record of the casing. It is higher than the other (about 703 A. T.). At
125 to 150 feet there was fresh water. Down to 185 feet was the first
casing to bed rock. At about 400 feet was the first flow, which was salter
than the lower flow,!! and was at one time cut off by a casing down to 550
feet.

At about 550 feet gas came in (H,8), and the well continued down to
about 965 feet.

The Atlantis well of T. C. Owen is about 80 feet higher, and the fresh
water comes at 200 feet and the salt at 404 feet, directly under a very

hard streak.
ANN ARBOR.

The old deep well at the court house, which is about 835 A. T., has
already been reported by Winchell and Rominger. The following may be
a provisional account of the new one,'* which is about 875 feet A. T.

Pleistocene—
SOIl, fIMAd SANA. .. ot et eiie s 45 45 Down 60, Sept. 14.
Large boulderat............... 30
Gravelly, 10 ft. casing to....... 45 00
Large boulderat............... 13
Bluishelay...o.oovvviiaenen, 142 232
O DEArOCK. c e orr et it e . 3 235 Oct. 13.
Coldwater Shales—
Bluish Shales. ... cviveiiiiiriinienarennseissararnoaisoes 30 265 Oct. 16.
BT ) s Y L - E R EE AR E R 15 280 Oct. 17.
Plugged June 28 at 287 ft. and water above analyzed 4.3 per cent salts.
BIUE SHALC. . et veioranie bt 7 335 to 375, Oct. 18,
Berea Shale—
BlacK Shale.e. ot itiiiiiiraaitiee tirearata ey 30 38 to 400, Oct. 19.
BlUish 8Dl .o overttiiiiiie ittt s e 13 400 .
Berea Grit—
[T R i T e ¢ L TS R X R R R R EE R 15 415 (No water noted).
Shale.... 60 475 to 425, Oct. 20; 465, Oct, 21;
475, Oct. 23.
Lighter shale with streaks of 273 (1 P I 85 560 to 505, Oct. 24; to 535, Oct.
25; to 570, Oct. 26; to 585,
QOct. 31,
Salt WALET Ab. v vecans i ieriirraaiar et 515 and below.

11 Qee 1. 8 G. S. Water Supply Paper No. 31.

12 Personal glance at samples. Record in Ann Arbor Daily Argus, Dec. 2, 1899 : Jan. 3.
Jan. 19, Feb. 16, Feb. 23 ; Ann Arbor Times, Teb. 15, June 28, July 1, July 6. Letters from
Tberhard and motes from Prof. H. D. Campbell. ' Prof. Russell looked after the samples, and
Mr. Frueauff of the Argus, at my request, took particular pains with the reporting.
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Antrim Shales (Neodevonian)—

Black bitwminous shale..................... .o oo Lo 20 580
Black sand with white crystal 25 605
Black bituminous shale................. 20 625 Nov. 3.
Black shale harder.... 4% €73
JACK S1ab8. .« ot i e 2T 700 680, Nov. &.

Traverse Group (Meso devonian)—
Light slate .......
Limestone (cherty).
Limestone, very hard g tty and
Black shale...... .ooiiiiiiiiiiiiiii i

Sample at 810 appears
Limestone, some gas indications ..............ooie 33 883  Nov. 15.
(Samples appear like the shale from %25 to 885, probably a blue argillaceous limestone such as is
characteristic of this group.)
Lightshale..... ... o i e 93
(Sample at 920 has note ‘“‘struck hard %)

755
770
805

Dundee ( Corniferous) Limestone.

Limestone (at 960 feet struck a mineral water charged with He8 which rose 300 feet and contained 13
per cent salts, according to Eberhard.13)

November 18 operations were suspended for a month at the end of the first 1000 feet,
in an oily dolomite or limestone. Between December 13 and December 28 work was resumed
and remained the rest of the way in limestones or dolomites down to 1240 feet.

Monroe Beds—

There was a granular buff dolomite apparently at 1040 feet. On January 5 at 1065 feet
a red rock with much iron was struck. From January 12 to January 19 the hole was reamed
out and the 6%%-inch casing carried down from 1000 feet to 1150 feet, shutting out the
water. At 1235 feet the rock appears like a very fine-grained dolomite.
Total limestones and dolomites,.......... .. cievunns [ .. PN cveaes 310 1240

Sylvania sandstone—

Samples below 1240 are a fine (34 mm.) quartz sand as far as they are taken, 1270 feet.
According to the newspapers at 1275 feet on February 10 another mineral water strong of
HoS with 17 per cent salts (Ilbherhard) was struck in limerock, in which a progress of but
7 or 8 feet per hour was made. 'The driller evidently did not report or recognize the sand-
stone, which may continue. By Wright it was taken as Oriskany.

At 1300 feet the rock is said to have been a little softer. ™The well was shut down
February 26 at 1326 feet. It was then plugged at 283 feet and tested. Then a cethent plug
of 25 feet was put on top, but the analysis remained practically the same, to wit:

1.039 or 1.0588
.0235 or . 032 or .027

-0305

1.040 or .885
.295
0245

It will be seen by comparing the wells with those at Ypsilanti that the
dip continues fairly steady to the northwest. This will also appear from
the Milan well.

That the dip continues appears also by comparing the Sylvania sand-
stone with its position in wells near the Detroit river, for instance those
given below.

13 Campbell says the water analyzed was at 930 feet.
gpeéuﬁc 3 3 5 P 1.094

Directly determined....................... e e et e 12.89
Saturated with HoS.
This is a characteristic water of the Dundee or Cormfelous limestone.
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J. B. Ford (Michigan Alkali Company), Wyandotte, The “limestone”
is generally dolomite, sometimes anhydrite.
No.1, No.4.

SOOI (BUTTACE) e vttt i e to 63 60
Limestone ......... e 262 195
Sylvania sandstone 372 375 435 to 460 “‘soapstone’’
Limestone ....... 830 783
Salt......... 876 1100
Limestone . 968
Salt......... 976
Limestone . 984
Salt......... 993
Limestone 1126
alt.......... 1213
Limestone . 1223
2 1300

Strol’s brewery in Detroit, on Gratiot avenue, is geologically higher
and the well is said to have gone through:

B D 110 110
Hard PaN. i e e e e e 30 140
BOUIAOIS . oot e e e e e, 14 154
TTAVETSE BIOUD. ..ttt eet ittt ie it iaeteteteeneeiananneas 164 300
Dundee limestone with sulphur water in Monroe beds to......... 615
Sylvania Sandstone. ... .vviui ittt ittt s 85 700
The lime rock hard at 730, sandy at 800, and hard pan 906 to 1150.

1 S 55 1205
Limestone ....v.vviiiiiiiiiiiiit s i e 201 1406
=2 3 24 1430
BT 0 s T 135 1565
) 250 1815
LAMESEONE ..ot e e e e, 282 2097

The Wyandotte well, reported in Vol. V, reached the Trenton at 2610
feet. To the south the Sylvania sandstone rises, outcropping, as we have
said, in Monroe county, and at Trenton we have for one of the six Church
wells:

Dundee
Light brown HINeSTONe . . ...ttt et e ettt et et et s eettetaiaeanrneiieens T6-140
Bofter Hght brown mMestone. .. .. oo i i v e eiiiiaaaeaans 150-220

Monroe—
Dark brown dolomite. . .....uiiiii ittt i it s 230-280

Sylrania—
White SAnASEOTIC. .ottt ittt ettt et e e, 290-400
Band of dolomite..... ..ottt . 410-420
Calcareous sandstone ....... ...iiviiiiiiieniiiiees ciaias . 420-470
Dolomite with much white chert. . 480-490
Shaley in streaks.......c.oovieeiiinennnvinen.. . 500-590
....................................... . 600~-680
Gyspiferous dolomite, passing into. 690-710
Bluish gray gyysuin shales.......... 720-840
Very rich in gypsum . 850-880
Gypsum bed, the gypsum is really anhydrite . 880-890
Dolomite.......o..iiii i e . 890-900
GYPSUM it iie i e, . 910-930
Dolomite, light yellow............... . 940-950
Dolomite bluish and buff.............. 960-980
Dolomite, light buff with some bluish 990-1000
Bluish gray gypsiferous shale........... 10191090
Deeper blue shale, (gypsiferous 1000-1185) . 1100-1190
More largely cream colored dolomite (salt in some wells . 1190-1240
Largely bluish gypsiferous shales........................ . 1240-1290
Bluish passing Into brownish dolomites . 1290-1320
Brown dolomite with a smell of gas.... et ea e ey 1340-1370

To the north wells are very numerous. We cannot here give all the
Solvay wells. They must be left for a special report. The Sylvania sand-
stone occurs in No. 6 from 410 to 490 feet, and in No. 10 from 420 to 523
feet, while the first salt begins in the one case at 873 feet, in the other at
891 feet.

28
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Between them and the VWyandotte wells near the River Rouge, Mr.
Dalton put down wells for the Tecumseh Salt Company in which, under
dolomite, with heavy flows of sulphuretted water, the Sylvania sandstone
was found from 365 to 492 feet, and the salt also came a little higher—at
828. This is higher than it is north or even than across the river, as shown
in the Windsor well given below, but the pitch to the west is strong. The
Detroit Salt Company got salt from 906 feet on. At the Brownlee well
the salt comes in at 875 feet.

A little farther down river toward Wyandotte the River Rouge
Improvement Co. put down a well for the United Alkali Co., the record
of which is as follois, with notes from samples, which the survey owes to
the kindness of Mr. H. M. Campbell:

(63 77 A E R L TR PR 30 80
Gray lime (dolomite) 270 350
‘White sand (cleanrounded glass sand, Sylvania ................... 100 450
Dark sand (with chert and dolomite) .......... 50 500
Lime (blue dolomite) 315 815
Salte. . .oeierniiinns, . 52 867
Lime (buff dolomite) 30 897
Y £ T T T T 23 920
Lime (dolomite with acicular cavities).. 25 945
L 15 960
Lime (buff dolomite) 35 995
SAlbee e e v ererererncr e aaar e 70 1065
Lime (blue and buff dolomite)........ ..... 95 1160
Graylime.......cooooviiiiiniiiiin 20 1180
LT Y R L L LR EE R 20 1200
Salty shale and lime (anhydrite?, bluish, dolomitic) 1256 1326
E N T R R 120 1445
Salt shale........ 15 1460
[SEY LTS 78 1538
Lime (dolomite) 35 1573
Sand (granular dolomite) last two total 622.........covvieniiennns 30 1603
WINDSOR,
Canadian Pacific Railroad. Well No. 11.
Dolomite, hard, WRItE. ... ... oemiieiiiieriiiii e
b L 7 ) N R R R AR
“ MALLY ATAD ...t e it e
s “ L R LR T
Limestone, dark colo > e
DOloMIte MATLY .. o ttiett i atae et
““ L % T R P P R R
o L - 2 R R
“ VesICUIAr Grab...covnereruiiiiiiiii it e
BT YT 1702 1] = B R AR
Dolomite, crystalline fawn.. ... .ooviuiiiiiiiiiiiiiiiieiiiaieiiiene
Limestone, drab.......ooveieieriiiiiieiiii i
e L R R LR R TR R
Sandstone, quartzose (Sylvamia).........oveviniiiiiiiiiiiiiicne
Dolomite, fawn. ..........oociiiiiiiiin
o with Gypsum, grey..........o.c..-
f: shaly, drab, somewhat arenaceous
[y :
H L BAWILL s
# Bard, drab grey......o.oooeceiiiin i
0 ShAly, GTeY . ooiiiii
U RWILL Ll
i ) SAPATINN MADORMPRNIY
‘¢ b3 (0 ) RAERETRER
b drab grey with gypslin.......coiiiii i
¢ Shaly, ATaD ZIeY. ... ovriieeen it ot
“ ATAD GIeY . oottt aar e e
£ K g R R AR

28 February, 1894,
H. P. Grunnell.
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RIGA.

A well was put down here some two years ago, but owing to a dispute
and legal proceedings the only record I can give is that from 1165 to 1275
feet the samples appear to be in the white dolomites of the Niagara.
such as occur from 1570 feet down to the bottom of the Britton hole, and
this is the depth at which they would be expected.

BLISSFIELD.

On Sec. 30, T. 7 S., R. 5 K., is a well costing $5,000 and 2402 feet deep,
down to the Trenton. Only a meager record from memory could be
obtained, which we owe to Horace Wood. It agrees fairly well with a
35-foot to the mile dip from Toledo to Adrian, i. e., there is no sign of a
fold.

5. o R 100 100

Gravel; water rose and filled first 8 inchcasing..........coovvivi i 20 120
First limestone about (to (?) dark slate and black water).... ..

‘Water in limerock at... 1600
Struck Trenton at.... . 2342
B35 -5 1 00 £ 18 T < . 60 2402

MILAN.

A few rods south of the line between Washtenaw and Monroe coun-
ties, a well has recently been drilled. A record and samples were kept by
A. E. Putnam, and I made two flying visits during the progress of the well.
The record may be summarized thus. The well is about 685 feet A. T.:

Pleistocene—
Surface (drift, clay, quicksand about 60 feet, and clay)..........c.evvmiiniiiiiionn, 130 130
Traverse—
Cherty limestone 30 160
Blue shale ............ 45 205

Blue shaly limestone.
Limestone (fissure?)....

The top of the Dundee cannot be clearly made out owing to the caving. It is surely somsa-
where between 165 and 298 feet, more probably at or near the latter figure.

Dundee—
Limestone quite fine, HoS water (brecciated and caving)......c.coociiiiiiiiiiiiione 97 395
Monroe—
Dolomite acicular, caving to 425 feet 30 425
b n 10 435
A with gypsum.. 20 455
Gypsum, mainly 80 535
Sylvania—
Sandstones, pebbly at 820 823
Various veins of water, calcareous shale...... 830
Dark oily dolomite, more sulphuretted water 15 845
55 890

Cherty dolomite.................cooviiiiiias
BRITTON.

Here a well was recently put down at the remarkably low price of a
dollar a foot for 1700 feet. Comparing with Milan, we find corresponding
samples from 100 to 150 feet deeper. The top of the well is only about 20
feet higher, and the record is:
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Pleistocene—

Surface clay ald Gravel .o it i e 93 93
Neodevonian (Antrim)—

53 P 1T Y- T PR S R R R PR 67 160

Pyritiferous ﬁrey shale.......... .. 15 175

o lack shale 35 210

Traverse Group—

Cherty dolomite. . 25 235

Green shale..... 30 265

Cherty dolomite................... . 40 305

Blue caleareous SHale ... ..o e 95 400
Dundee (Corniferous) Limestone—

‘White or brownish crinoidal limestone with water and traces of ciland gas........... 190 500
Monroe

Gypsiferous AoIoMIte ... vt it i e . 7 57

Gypsum.....c....ov.un 50 625

Dolomite............ 50 €75

Dolomitic limestone 33 708

Dark cherty dolomite 37 T4b

THe SAME, DIWOT ..o\ttt ittt iia st e et sttt et sa e aa e ioataana s 5 150
Sylvania—

Dolomitic sandstone . 26 178

Gypsiferous dolomites ... 50 825

The same with a little cher 75 900

Dolomitic sandstone.................... 100 1000

Salt water .. .

F8 472 15 1015

Casing to 1012 or 1015 feet.

Dolomite, Aark blue at 1180 feet....covvoviiriat ittt cis i 585 1500

Rope black, and HeS at 1200, where there is a slow very salt seepage. There is said to be 30 feet of
brown oily dolomite at 1400 feet. (?)

Dark brown oily dolomite. . v.ueir it e 50 1550
Niagara—
Light white sugary dolomite typical Guelphld. ... ..ot i 84 1643
Mineral WaterId A, .. .ouuuiiiin it iiiiieiiaien i aiaiertantracenestmtatae iy 1600
[0 0 S R R R R 20.507
B O] T R P N 6.516
o T LR REET 1.685
Insoluble.. e .114
53 g S R 39.452
' £8.274

The balance being water of crystallization mainly. This is net as strong as a Dundee or
Salina water would be at this depth.

At 1617 feet the thermometer stood at 63 degrees F.; at 945, 59 degrees F.

The water from the last bailing was at 5214 degrees F.

The water at the bottom is probably not as salt as above at 1200 feet, and there is some

circulation going on.

14 §mall residue of quartz, rounded or not, with minute particles of microcline, hornblende,

magnetite, etc., usually ahbout 0.2 mm. in diameter.
15 Specific gravity, 1.059; 90.648 grains per litre by evaporation. Partial analyses by F. 8.

Kedzie,
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