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CEAPTER I

THNTRODUCTICN AND ACKNCAILEDGEENTS

This little booklset on the Geclogy of ichigsan is intended to serve
a need which has been apparsnt for many years. Numerous rsquests for infor-
mation regarding the geology and minerals of Michigasn have besn received from
students, teachers, and others. It is also believed that this booklet will
be of value to tourists and vacationists in calling attention to the geologic

festures of scenic interest, and giving an sxplanation as to their manner of

0Q

formation and relatiocn to the general geology of +the State.
& & [t

~

several persons heve glven valuvable aid in the preparation of this

report. ¥r. ¥, G, Fardes, Miring Tnginesr, snd Yr. Wayland Osgood, Mining

ical Survey were frequently consulted in regard

revised edition of Monograph LII of the United States Geological Survey. Dr.

W, A, Kelley of the Michigsn Stete College arranged znd directed preparation
of the plates showing typical Michigen fossils. Dr. R, B. Newcombs, Petroleum
Geologist, was consulted in regard to certain problems of the Palsozoic, and

Dr. Richard A. Smith, State Geologist, read the entirs report, making necessary

corrections snd offering valuable suggestions concerning its style and text.

The manuscript copy was preparsd by ¥rs. Gertrude K. Barley and Miss Margaret

L

Huston.



DEFINITICH CF CECLOCY

The word gesology is derived from two Gresk words, ge meaning earth
and lozos meaning a discourss. According to the derivation of the word, gso-
logy therefore treats of the
includes a study not only of the minerals and rocks which wake up the earth;
the various features of the land such as mountains, valleys, rivers, lakes,
the ocezns, and the atmosphere; but also a study of the forms of 1ife which
have inhabited the earth in the pest. Geclogy is not dirsctly concerned with

1ife which is existant wpon the sarth at the pressent time, since that is the

field of study for the botanist and the zoologist. Gsology is concerned,

wisnts

1™

]

praservad in the rocks of the earth,

pressions, stc., ars 2n 3id to the geologist in determining the asze of rock
’ s fd

iy 2
formatiors and snable him to form a picture of the land surface, climate, and

oceans at the time the animals or plants were living. The remains of living

£
things found in the rocks zlso give us & record of the developments of life

1

from the very sazrliest forms down to those of the present time.

As geological knowledge incressed it was found that the subject of

o L

geology actually consisted of a number of differsnt branches, sach of which
was large enough for detailed study in itself. &s a result seversl of these
branches such as Minerslogy (the study of minerals) and Paleontology (the study
of fossils) have become practically separate sciences; and Physical CGeolog

Historical Geclogy, and Zconomic Geology ars recognized as mejor divisions of

geology. A general knowledge of the above subjects as aoplisd to Michigan is

necessary for an understanding of the g=ology of tha state. In this booklst

he minerals and rocks



1

which ars found at ths surfsce or penetrated by drills, togethsr with 2 history

[15)

of their dsnmosition, fossils contained, and mineral products of commercial

Tsrious land forms or Featurss which have rasulizd from the sction of

=
@
o+

er, waves, wind, glaciers, volcanic

L] 1

As an introducticn to Michipgen geology it is belisved advisable to

start from the very beginning and outline the theories pertaining to the

5z

origin of the earth, followed by a brief discussion of the composition of the

sarth, minerals and rocks, the geologic time scale, fossils, unconformities,

[=3

and other information necessary to an understanding of the geology of the State.
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CHAPTER I1X

CRICGIN OF THEE TARTH AMI

Sevaral thoories have been advsncsd by scisntists to sxplsin the

origin of the sarth. Cne of thess thecries, krown as the lebular Hypothesis,

advanced by ¥ant and LaPlace, assumss that in the begimming thers was an in-
Tinitely large mass or nsbuls of lumincus gas revolving about a central core

or nucleus. It is assumed that by processes of cooling and contraction,

rings were separated off, perhaps to form in appearance a body somewnalt similar

gparated off

b

suoposed to

changed first to a liguid 2nd

parent body while

a body of zas, the rings of which havse not yet broken apart.

The nebular hypothesis would serve excellsntly to sccount for the

n condition.

Ej
0
f_J
ot
u)

belief foruerly hsld that the interior of the earth is in =
Volcanic eruptions of molten rock or lava through cracks in the outer coolsd

crust of the earth gave support to this theory.

The nebular hypothesis was pretiy generally accepted as a satisfectory

explanation of the crigin of the sun and planets, until the latter part of the
ninsteenth century, when certain objsctions tc this theory led to the formu-
lating of 2 new theory by Professors Chamberlain and Moulton. This theory is

known as the Flanetesimal Hypothesis, which takes for its beginnine an ancestral

sun composad of finely divided solid particles, lorng streamers o
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forming 2 Spiral Yebvls., Among these particles corprising the spirsl arms ware
somz larger in size which actzd as nuclei or cenisrs of attraction for the

smaller particles which collected about the larger knots, and by continuval
falling in of the meteoric particles the esarth and the other plansts were gra-
du2lly built up. The plenets so formed remained in thsir original positions
in the spiral arms, revolving about the central sun in the paths described
the arms, except that these latter had largely disappearsd because of the at-

trzction of the planetssimals to the larger nuclei.

Tha sun of our universe is but a star similar in characitsr to the

100,000,000 or wmore stars recordsd by estroncmers.
golar system liks our own, bub billions and trillions of

sun is one of the smallest of thess stars,

hzving a diamet

in contrast to a diameter of millions of miles for some of ths wmors remote

[t¥]

sunsg. The earth, which ranks fifth in size among the nine plansets, has a

diameter of slightly lsss than 8,000 wiles, in contrast to that of Jupiter,

the largsst of the planets, which has a diameter of 86,500 miles. The moon

Py

is someti:

s consider=ad as a2 planst, but since it revelvas arcund ths sarth

as well as the sun it is more gensrally considersd as a secondary planst or a
satellite of the earth. The moon is a little wore than ons-fourth the size of

the earth, and is sabout 240,000 miles distant.

Planets differ from stars in that they revolve about a sun, while
the stars represent other suns or solar systems, sach with its central sun and

accorpanying planets.

& modification of the Plsnstesimel Hypothesis known 35 the Gaseous-~

Tidal Hypothesis has been recently developsd by Jeans and Jaff



hypothesis has its bsginning the same as the Planetisimal Eypothesis but it
he disruption of a2 vast siresmer or filament of internsely hot gas
instead of ths spirals composed of solid perticles. The filament thus formed
is presumed to have broken into segments which contracted into spheres. These

gaseovs spheres then gradually cooled to at first a ligquid and then to 2 sclid

a3

state as in the case of the Febular Fypothesis. Ths Cassous Tidal Hypothesis
therefore combines features of both the Nebular and Planetesimal Hypothesss

the rocks toward the
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and serves fto explain the
center of the earth with 3 probsble core of metallic iron. The metallic core

has bsen strongly suy vatlons but is difficult to sx-

zas to a solid the

would sink by grevity toward the centsr of the wmass. Thare

are sevaral other dhsaerved conditions of “the =arth tary systems which
are 2lso more satisfactorily explained by the Zassous Tidal Hypothssis. The

to have been Fforwed af

by condensaticn of water vapor from an snormcusly thick atmosphers consisting
largely of oxygen but with ample amounts of hydrogen to form water, which fell
in endless torrents, eventuvally filling the low places in the original crust

of the earth.
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CHAPTER IV

COMPCSITICH COF THT ZARTH'S CCRE

t has been determined by scientific wethods that the sarth as a
whole is 5% times heavier than en equal volume of watsr. In other words its
specific gravity is said to be 5.5. However, the surface rocks and those
which we have been able to study in the desep mines and from wells drilled
for oil have an average spacific gravity of only about half as much or 2.7.
Therefore in order to rszise the specific gravity of the =arth as a whole to
rzbly higher specific gravity for thre

garth. Theres are a number of ob-

the probable composition of the sarth's
core. #e 211 kvrow that the =arth is 2 great megnst, the northern pols of which

in Antertica., The only

are resyectively 7.15, 7.8, and 7.5. slues wonld ralse the

specific gravity of the roclis of the earth's crust to approximately 5.5 for
the entire globe. A study of meteorites or "shooting stars" throws additional
light on the problem. Meteorites are of two general kinds; iron meteorites
and stony meteorites. The iron meteorites ars composed almost entirely of me-
tes of

de up of silic

EY

&
(n

tallic iron and nickel, while the stony meteorites are m
magresium, iron and cadlcium. Nc meteoritss have bsen found, howsver, which

have a composition similer to granite and other rocks contzining free quartsz

and silicates of aluminum, potassium, and sodium, which form most of the ecarth's
crust. Vies versa no combinations of metallic iron, nickel, or cobalt have
been found on the sarth, althcough material somewhat similar to this has been

found on an island west of Greenland. No chemical slement has besn found in

3

er metsorites or in the asrth's crust which has not bzen found in the other,

although as shown sbov of elewments occur in each which




CCHPOSITICH CF THEZ JARTH'S CRUST

A11 known matter is made up of 92 chemical selemsnts groupsd into

varicus combinstions. An individual elsment may occur singly or uncombinzd,

such as gold, silver, coppar, carbon, stc. Only a Taw of the elemernts, how-

ever, occur fre=, or native, most of them entering into chemical combinations

to form the various minsrals, plants, and animals. Living thiéngs, such as

vlants and animals, are wmade up chiefly of carbon, hydrogen, oxygen, and
Iy p 8 & &

nitrogen in various forms, and ars said to be organic in nature. Thess and

the remgindesr of the chemical slements form inorssnic substances known as
minerals which compose ths =arth, Cf 211 the 92

glemznts, however, only =ight

oxyeen, a gas without which 1ife as known to us is impossible, is in chewmical

combinrations with other elemants to the sxtent that 30 percent of the mass

the earth's crust is composed of oxygen. The next most importsnt element

silicon, which comprises more than cne-quarter of ths crust, and the bulk

the rema2ining one-fourth is compossed of aluminum, iron, calcium, magnesium,

sofium, and potassium.

combine with one another in characteristic proportions to produce the crys

line substances referred to sbove as minerals.



CHAPTER VI

MINTRALS AWD RCCKS

N

Thera are zbout 2000 known minsrals, but a list of
will include 311l of thos= which zre common ones, and of these about 25 consti-

fad

of all ths rocks making the sarth. Illustrations of

ok

tute mors than 29 percen
rock-forming minerals ars: feldspsr, a3 combination of potessium, soc diung,

aluminum, silicon, oxygen, and sometimes calcium. The chemical symbol for

s a cormbination of

e

feldspar is written thus - Na (K) AlSiBOB. Quartz (3105)

silicon and oxygen. It is a clear glassy wineral which makes up the majority

of sand grains and many of the pebbles found in grsvel pits and through the

. ) S . . N 0 [ T,
soil. Golcite (05003/ iz composed of calcium, carbon, and oxygen. IThe exten-
sive limestone denosits of of caleite.
Cthar irportant winerals ere mica, hornblends, ite, olivine, epi-

dote, chlorits, sarpentine, dolomite,

hak

corundum, apatite, pyrite, g

Tha corbinations of minersls which form the esrth's crust are known

as rocks. A rock mav consist chiefly of 3 sing

stone or reck salt (halita), or it may consist of sevsral minerals as in the

ths entire rock may be wantad, as in the cass of grenite for bullding purposes,
znd limestons for chemical or Miailding purcosss.
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Tre principsl kinds of rock found in

mite, sanistone, shale, conglomsrste, granite, slats, mica schist, znsiss,
auartzite, baszlt or trap rock, 2nd marbls. Thirs ars many other varistiss

tyos to snother, but a2 knowladge of 31l of these is
not Important for a zensrzl undsrstanding of Mic geology.

Foraation of Zocks and Minerals

From molten lavas, by deposi-

(U]
1y
o]
"
)
o8
o}
Q<4
Q
=3
g
[¢/]
ch
1¥)
;.J
o)
X,J .
N}
[\4)
bt
Fe
O
i

Minsrals ars

tion is granits, which contszins crystallized quartz, Feldspar, and wmics.
dnother tyne of ignsous rock is basalt, 2 reck wmuch darksy in color and

finer grained than sranite. Basalt is a Java poured out or extrudsed on

the surface by volcanic action; hence it cools rsapidly and is fine grainsd.
Granits, on the other hand, walls up desp down in the earth and hence
cools slowly; therefore the individual mineral grains are largsr.

Py

N L o Iy .
2. 2edimentary rocks are formed ss a result of the brsaking up o

morphic, or other sedimsntary rocks by the action of rain, heat or

cold, running water, plant growth, ste. The rock snd s0il particles thus

formed are ws:




ocks are arranged in distinct layers
g

kind of materisl washed down by the

3. HMetamorphic rocks are those formed from igneous and SOdlnnnt vy rocks by

sme as that descrived un

]
&

Cu
&0}
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W
ot
2
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. + . - The v sas 18 Ehs
great ressura. Ihe Trocess 1S Lnx

formation of minsrals. Zxamples of metemorphic rocks are gneiss, mica

schist, and quertzite.

and is not nacessery for the purpesas of this booklet. It is more convenien

that some point or process be taken as the ultimete scurce or beginning of things
in order that later evente may be based upon thess sarlisr happenings. We shall
therefors proceed on the assumption thet ignesous rocks are of primary origin as

o 3

a result of crystellization from @ molten condition, and that

ct

he origiral crust
of the sarth's surface was composed of rocks of this type formed during the

period in which the earth was being built up under the planstesimal or gaseous-

tidal hypothess

O1dest Enown Rocks

For a long timz it was believed that ths vast ares of
greisses in the region about “udson Bay, in the Lake Supsrior district, and in
various other places on the Nerth American Continent, as well ss on othsr parts
of the =arth, revresented the original crust of the =arth because they every-

where underlise what were thousht to be vounrar rocks.
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It has since been shown, howsver, that the granitic rocks of the

"Canzdian Shisld," 2s zsologists call 211 of the arsea about Hudson Bay, are
not the oldest kncwn rocks on the surfsce of ths =2arth, but ars younger thar
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the pressnt

£
tered the pre-existing rocks which originally appesrasd to consist of carbonaceous

shales, conglomsrates, limestonszs, and basaltic lava flows. Thesz rocks have

, slate, marbls, and gray-

wacke, and are the oldest rocks axposad at the surface of the zarth. The
still, however, may not be considered as the original crust of the sarth since
they are for the wmost part altered or wetamorphosed sedimentzry rocks; wherssas

the original crust of the earth would necessarily be composad of igneous or

stated that nowhere on the earth can thers be

onstituting the original crust of the sarth.
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The major portion of the westsrn half of the Upper Peninsula of

ich*gan is composed of rocks of the ab

(o]

ve described character which are among

the most ancient on the earth. From Marquette westwsrd the geologic history

~
3

oe

5]

1 P .
back to the earliest happenings on our planet and tells a story of volcanic

D

ruptions and uphesvals of the strata and profound changes in the charscter of

By =1

the rocks. From Marquette sastward the rock formations become progressively
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youngar and undisturbed except for a gentle dip of the
It ray be szid that Michigan offers one of the best aress for geologic study

on the sntirs continent, since the exwosed rocks cover practically the entire
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CHAPT=R VIT
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The Zeoclogic Time Scale is the geclogist's method of recording the
passing of events in the earth's history. In modern life we have our calendar
to record the passing of the larger divisions of time, and our clock to re-
cord the passing of the smaller units. In earth history, however, the week,
month, or year ars much too small compared to the age of the sarth to be of
value in recording the passing events of its history. The geologist instead

of yesrs, months, or wesks and days, makes use of ©

b} 3

he term sra, period, epoch,
and age, which are in the seme rslation to one another except thst they revre-
greater periods of time. These terms refer to no definite numbe
of our years, nor are 2ll eras of the same duration of time, nor all pericds,
epochs, =2tc. A single era may equal to 100,000,000 of our years, another era

N Ty A P A
Ooe L0or Uhz g3

comparison with

our divisions of time an =r3 may bhe s2id to cover hundreds of millions of years,

periods tens of millions, and the smaller divisions in proportion.

The total age of the earth has been variously estimated from 100,000,000
to 2,000,000,000 years. The latter figure is based on the rate of decomposi-
tion of radic-active substances and probably repressnts more nearly the magnitude

of time we are dealing with than the smaller figure.

Layers of rock having more or less the same character and containine
y &

(=

certain kinds of fossils are called formations, and a number of formations are

known 28 a ssries. Formations are somstimes subdivided into mermbers.

!__h
&
o
-
i..h
<3
o)

&3]

Geologic history is divided aras, namely; Archsozoic,

Proterozoic, Pelsozoic, Kesozoic, and Cenozoic. Sometimss a sixth, Agoic, is



placed below the Archeozoic, and 2 seventh, Peychozoic, is sometimes placed

he tarm Azmole, when used, covers ths periocd bstween the time of

b

formation of the earth, its cceans and atmosphers, to the time of the appear-
ance of the first forms of life. It rafers to the period in the sarth's history

when there ws

no 1ife of any descripticn. The term Psychozoic is sometimes
used to cover ths period of mental dowinaticn and world civilization in which
we are now living. Previovs eras are characterized by domination of so-callad

rals and birds in the Cenozoic;

progressively lower forms of life, nemely

e IO, SN TR . P £

shelled

dincsaurs and othar repti

animals in the Taleozolic, with nrimitive invertebraztes and vnicellular lifs,
charscterizing ths Proteroczolc and srcheozele 2ras. The era or perloed to which
a certain group or serises of rocks belongs is deterwminad by the fossils found
intombed in the rocks. Fossils are the petrified skeletons or shells of animsls

or plants or the casts or impressions of ths shells, which, upon the dsath o

the animal, are preserved by burial in sand or sud which lster is formed into

stonz through vpressurs sxsrited by accumilated thicknesses of sediment or by
action of circulating wster in depositing cementing material. The remains of

sea organisms are wuch more likely to be preserved than those of land »nlants or
animals, inaswuch as 1t is nscassery for the land forms to be coverad soon afte

death in order to vrevent decomposition. or this reasson the history of life on

Correlation of Formaticns

I_J-

o
a
-
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the entirs YWorth American Continent, but the formetion namss, with few excep-

tions, are teken from 1 cr adjoining stetes. This is due
to the fact that it is gererally difficull or impossible to tracs a single
formation over long distences unlsss its gsologic position, minsrel cheracter,
and fossils are so characteristic as to msks the beds essily idantifisble.

T

Trenton formaticn is named from the town of Trenton in Hew York

tions of the United 3tatss. This rasgion was svbmergad by & shallow ssza which

tinuity of this formation over much

gzneral use of the nawme "Trarton” ih

iels of rock weathe rlmw availebls at d4if-

o
Poroert nlaraas AT Harmaat+d e oo ad in Fovrmatiorns Ya43 dow at +3 +4
= SLTHL PaaliBs OO0 COPOSATLON IESULTEd 1N LOrTactlions rt&lia down 8t ths szme tims ’

which were often very diffsrent in minsralogicsl character. Long distance cor-
relation of beds to determine if belonging to the sams geclogic psriod is

] g o

generally attempted by mesns of a study of the Fossils contsined in the beds.

~ N .

Several Yichigan formstions, such as the Berea, Bedford, Sunbury,
~ . - q . - -
Latoaract, 5a3lina, Richmond, and Utica asre considersd egquivalent to similer

o

formations in CThio, Indiana, and Yew York; but in the cass of the majority of

ISEIPS A o = 5 E 3 i
the Michigan formations no such correlation is possible; hence the Fformstions
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1 names correspornding to localities st which the rocks outerop and the
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Unconformiti=s

In the geoclozic time scale the younges

Plsistocene) srs nlzced at the top of the veze, followsd beloy by succassive-

1y older rocks with the oldsst known rocks,--the Arch

1.

the list. At intervels in the time scale the work "Unconformity" will be noted

This term is used for the intervals during which the lsnd erea t

of erosion or wsaring down of the land which we can cbserve today. The sand,

mud, and silt derived from wesring away of the land would bs carrisd awsy by

o
(a3

streams and deposited elsewhere in the sses, with the rssult thet deposits

wonld be built up in those water coverad arsss which would not hsve egquivelent
In otler words, during ths interval that Michipsn wes

vic record or histeory of events. In sdlition s
2 portion of the formeticons constituting the lard

and washed away. «&n unconformity therefore somstines

long periods of time (millions of our years) cf wrich

Later burial under wster of the eroded surfsce znd ranswed dscosition

of sedimsent results in the new bads being leild down upcen ths irregular surface
or dipping beds of the old land; hence the new sediments are said to be uncon-

formable with the older. Whers cohditions bhave made it possible to observe
such contacts tre lack of conformity between the old and the new beds may be

clearly seen.
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CEAPTER VIII

BRANCHES CF GRCLCGIC STUDY IH MICFIGAN

-~ - PRI DA T - s L S B} ., oy e
Thers ars thras widely differant divisions of geology reprssantad

o
>

:ch of the thres divisions. The lowest of these divisions comprises ths

0y

Archeozoic and Proterozoic or Algonkian, which are commonly referred to as

the "Pre-Cambrian." The Pre-Cawbrian is characterized chiefly by igneous and
metamorrhic processes represented by corresponding typses of rocks, although

deposition of sediments was profound ant long continued. The second divisicon,
the Peleozoic repressnts sn 2noricusly period of time in which sedimesnta-

or volcanic ect

tion was the dominant procsass

of time in compari-

gon with an entirely differsnt
tyoe of z=ology and one has determined to a marked extent the topogranhy

soils, and timber gzrowth of the Stats, as well as the place of setilement,

occupations, and zctivities of the people.

Michizsn is one of few states in which thess very different records
of geologic processss may be studied. The diversified zsolog gic history of the

tate has also resulted in a veriety of wmineral products of eccnomic value,

n

probably not equalsd by any other stats.

Discudsicon of Geolecic Formations

The discussion cof the rock formations in Michi igen commences with the

lowest and oldest formetions and troceads to successively younger and higher
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nowhere has ths original cooled
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the original crust, but it was later proved that these rocks are younger than
aam

the formations which they underlie, having besen intruded inte these latter by

volcanic eruvpticns.

posad chiefly of

zzalts and other lova flows, of similar type, with somes sediments metamor-

C]

phosed tc slate and 8 banded rock cf hamatite and Jasper known as Jaspilite.
There is an older seriss of rocks known as Coutchiching which cccurs in the
£

Lake region of Canada, but which does not occur in Michigan. The Cout-

.L.

chiching is composed of mica schists and dolomite and is ths oldest group of

rocks known on the earth. The fact that these oldest rocks known are composed

15

of metamorphosed sadiments sgain shows thet the original crust of the =zarth is

owhere visible. It is possible that the vocks of the Coutchiching may have

3

been formed from the originsl solidified crust of the sarth, but ths earliest

history of our planet is too shrouded in chscurity to offer proof of such a
theory.

Keszwatin rocks occur in two arszs of the Uppsr Paninsula. One of

northwest of ¥z 2 the sscond is located

= o N s 1 £ Lt = A A = e AT Vr A
bic County. The rocks of this ssries ars zererslly dark
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Lzurentian Series

The Laurentian Seriss which is named from ths Laurentisn Mountains of

Canade, consists chiefly of grenitss snd granite gneisses, with lesser awmounts

1 (=1

of syenite and syenitic gneisses, which have been intruded into the overlying

v

m

but older Keewatin and Coutchiching rocks. This igneous activity occurred all

g Kad
i

over the "Cansdian Shisld" in the Laoke Superior region and as in othzr parts of

the world. The intrusions took place at great despths below the surface, but

. P .. § e} oSS ]
later desp srosion removad feet of overlying and e=xpossd thz in-

tursive masses of pranite and related rocks over vast arses in the Hudson Bay

&

Leurentian Seriss of granites cover

and Lake Supsrior regions. In Michiga

a smaller er=s near lrorwood in

. T . ~
ar=gs in Lickinson vounty.

The Archean rocks in Northern Michigan have not produced winerals of
grest commarcial value. The greenstonss, schists, grenites, and gnelssss are

not well adapted for use as crushked stone for road metal and concrete sggre-

sy e

4

gates in the type of roads requirsd for wmodern traffic. It is very probable,

1

however, that granite for building purposes, as attractive as much of the

{x.

stone produced in othar perts of the country, could be found in some of the

granite areas in Marquette, Gogebic, and Dickinson Counties. Some feldspar

suitable for pottery has been produced from Archean rocks nesr Republic and
Iron ¥ountain, and there is a possibility that kaolin (china clay), mica, and



Prabably the most valusble resource of the Archean rocks is to be

found in the rangze of peridctite hills just northwsst of Ishpeming. Perido-

<4

tite is an ignsous rock consisting chizfly of the minerals olivine and pyroxens

g £ » g
which ars compounds of silica with iron, calcium, ard magnesium. The peridoé
tite occurs as dikes of Lsurentisn age forced intc cracks in the Keewatin schists.
Later alteration of the peridotite diks rocks produced secondary chemical com-
binations to form magnesium silicates and carbonate minersls namely ssrpentine,

~

talc, dolomite, and magnesite The complsx rock thus formed is known commer-

cially as verde antigue and when polished produces a beasutiful green surface with

stresaks, veins, and mottlings of white. It is in great demand for decorativs

v

purposes such as store fronts, beseboards, and other intericr trim.

(f}

crushed form chiefly for terrezzo floors owing to ths fact that lar

free from fracturas znd suitabls for cubting inte slabs were not obtsinsgble
at that time. In recent years it has been proved by test drilling that blocks

suitable for this latter purpose can be ohtainad. This development should ensble

"‘>
o

4

the New Englsnd

the Michigsn varde antigus

()

to compete favorably with stone from

Gold is another constituent of the Archean rocks which has been pro-
ducad in commercial amounts. The gold occurs in veirns of quartz which cut

through the peridotite dikes northwest of Ishpeming and in soms casss through

grenite and other rocks. Several wmines, among them the Ropes, Michigan, Gold
Lake, Superior, Peninsuls, and Fire Center, produced nearly thres-quarters of

a million dollars worth of gold during the ysars from 1880 to 18358, but due to
2 7
lack of caplital, insxperienced wménsgsment, pinching out of veins, etc., all

operstions cegassd nsar the end of ths last century.
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of the western state

é linqusnt farms and timber lends. Considersbls aresas are zlso ocwned

ne

[}

4

and set aside by the Federal CGovernment for MNational forests. The amount of
unsurveyad Government lend in the State is now so small as to be almost negli-
gible. It may be obtained fr-m the Faderal Covernment only by homestead or

purchase and then the minsral rights are subject to reservation by the Govern-

ment. Certain Stats owned lands moy be purchassd, homesteaded, or trasded, but
mineral rights are always reserved by the Steta. The mineral rights to a

property wmay, howsver, be lessed from the 3State, and the propsrty developed by

paying & specified royalty on the winersls produced.

T gy 4, -
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mistaken for gold all through the ages, largs numbers of p2ople continus to

v

become sxcited upon finding these materials. Pyrite is hed from gold
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in several ways. It is not a true golden yellow color but is more the color of

(=}

5

brass. Pyrite commohly occurs as well developed crystals in the form of cubss

or figures which have filve sided faces. OGenerslly fine parallel lines can be

seen upon the cubs faces. Fyrite is attecked by dilute nitric acid while gold

‘Jc

i3 not.

Mica often is of a more truly golden yellow color than pyrite. It is
a flaky minerzsl which can be split into very thin scaless which will float on
water. Gold, on the other hand, is ninetssn times as he eavy as water and sinks
readily to ths bottom. Gold is malleabls and can be harmerad into sheets
o

while mica, being of a non-metallic naturs, simply breaks into pisces.
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CEAPTER X

ry,"\'T'

‘LO 1 .__JRL'
(Algonklan)

Hyronian - Kewsenawsn Periods

The term 4lgonkian is dsrived from Algonguin sfter t
dizn nation which inhabitad the Lske 3uperior country. This era differs from
pracading Archean in that the rocks ars chiefly sedimentary instead of being

dominantly lgneous in cheracter. The Algonkian is also lsss highly altered

and s order of the individual beds is much more =2asily detersired. During
X 3! &

the later stages of the Aicheowoic profound desp seated ignsous activity domed
up the earlier sedimentsry formations into mountains or highly elevatsd tracts
which were then subjactsd to long periods of srosion which produced generally

then submerged by shallow gsas and & long pariod of Asposition o

and wud from the Bordering lands fol
uneenfermably the

turn is overlsin

Ty
geology of Upper
ribzd by dis-
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reas to )bollC attention and the opening up of wminsgs facili-

tated the study of the geology of those

Marquette range, the Iron River district, Yenomines ra Gogebic range,
Crystall Falls district.
Lowar t

of Laks Yoron in
Canada whera the 1 the lowest Huronisn
Corma and conglomsratas.




These fornstions sre considsrad ss sguivzlent but heve hesn assignaed diffsrent
names on the Jiffsrent ranges; thus ths tara ¥esnerd is usad on the Margustis
rangs, Sturgeon in the Vsnomines district, snd Sunday cn the Yogzshic
rsnze.

3imilarly the Xona dolomite overlies the Masnard quartzits on the
Marquette range, hut on the Cogshic range the equivalent forwmsticr is known as

the Bad River limestone, znd on the Menomines range as the Randville dolomite.
At Iron Rivsr the Sturgeon gquartzite and Randville dolomite cannot be positively

> i I

identified but there is a succession of interbedded cherty dolomites, cquart-

zit2s, and slate known as the Zaunders formation, which is belisvad to ba

w3 . — B S T hd -
Handville. COn the Yarguette range the Kona

Lomite is ovarlain by tha
changes. However this slate 1s not present in the
It may have the G the desep eroslion which the
unconformity st the top of the Bad Hiver limestons indicstes. d&n unconformity

at the top of the Wews slats on the Marquette range indicates that the land

was above water and being worn or eroded away. Irosional unconiormi

the top of the Wawe slste, 3ad

tween ths

the dividing line be duronian formations at this

point. In the Crystel Falls district it apoears thet conditions were somewhat

different and the presence of a bhasaltic lava flow known as the Hemlock forms-

tion, interbedded with cherty slates, and lenses of iron formstion and limestone

indicates that during the period hetwesn the Lower and Middle Furonian when
the Gogsbic and Merquetts renges were being sroded, the Crystal Falls ares was
under water and sedimentation interrupted by submarine lava flows was occurring.

Hemlock fermation conformebly overlies the Rendville and is in turn con-

fermably underlsin by the Yiddls Huronian slates.



Midd1ls Huronian

Ead

The lowsst formation of

which rest unconfernably uvpon the

from the Wawe slate to rocks of Keswatin age. The ajibik quartzite grades up-
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ward into the Siamo formation which consists chisfly of grs
crzined slate contzining a considerable quantity of iron oxide (hematite and

megnatite) in its upper and lowsr horizons. This iron bearing or ferruginous

nto the overlying lNe-

e

s

character hecomes more pronouncad as the Siamo gra

€

gounee iron baaring formation which is the chief source of iron ore on the

rangs. In the southsrn part of the district, however, the Siamo is

absent and the Yegaunesz grodes into the Ljibik quartzits.
On the “ogebic range there is no formation ecuivelsnt to the Ajibik,

¥3d41e Huronisn group beling the Faolms formation, which is

corralated with the Siamo slate of the Marquette range. The Falms formation

consists of conglomerates, clayey slate and quartzite, and rest unconformably
upon the Bad River limestons, and also upon the Archean rocks, indicating that
in those areas the intervening formetions have been ramoved by desp srosion.

The Palms is overlain by the Irorwoced iron bearing formetion which is egquiva-

)

lent to the Negaunee iron bearing formation of the Marquette rangs. The
change from the uppsr quartzite of the Palms formaticn to the iron bearing

formation is abrupt, there being only minor transitional stages. The Ircnwood
is the wain productive formation on the Cogebic range. OUn the Menominee range
the iron bearing formation is known as the Vulcan, and at Crystall Falls as
the Amasa.

TT.

Upper Huronian

Furcnian is merked by the
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generally with a conglomsrate st the base, resis on ths discordently dipping
AT
bads of ths Wegaunss iron formation, or on clder formaitions where the Megaunes
3 . ST dn] 7
has haen sroded throngh. The Goodrich formation grades upwsrd into thes Ureen-
1T T =y . 2. - .} 1. 1 l - ¥ T ~ s A —«1.1. ,\TDJ.
wood Iron Formation, which consists chiefly of slaty iron ors and slaty gquart-

zites overlaid by the Clarksburg an to he sxtrudsd a2t the

time the Goodrich formation was being deposited. Since ths rocks are very

imilar in character to those of the Hemlock, the Clarksburg may represent a

continuation of the same volcanic activity but occurring at a different vent in

the surface. The flows werse in part poured out into water, while the wuds
wnich later forwmad the Michigomme slate were belng washed in. This volcanic

activity subsided before the end of Jichigewmns time, bul deposition of mud con-

tinued, with the result that the volcanic rocks grade above into the Michigsmme

consists of slotes, mics schists, chlorite

The

schists, gneisses, and graywackes, some of the bads bearing iron ore. The
iron bsaring portion is known 3s the 3ijiki schist. has been ex-

trems in some portions of the Michig

formation, with the developument of

l_l.

characteristic minersls of advanced metamorphic processes, such as garnet,
staurolite, and andalusite. The Bijiki schist, which is intarbedded between
the lower and uppsr parts of the Michigamms slsatz, contains comrercial iron ore

beds in the form of ferruginous slate, ferruginous chert, and grunerite-magne-

tite schist. The ors thus produced is in striking contrast with the soft

(_.1..

hematite core of -

aunee formztion.

In

a series of schists 2nd intrusive

&

a

rocks of about the ssme age as the Clarksburg of the Marquette range. The
schists include graenstons, chlorite, amphibolits, felsite, sericits, and

zneiss, which have

upon
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basalt, dicrite, gabbro, diabasse, granite, and cther igneous rocks with which

the schists are associated. No eguivalsnt of the Goodrich guartzite is prassnt

gamme slate rests conformsbly vpon the Vulean formation, and in the Gogsbic
district the Tylser slate, which is corralatad as the eguivelent of the Michi-

gamme, 1s conformsble on the Irormwood irom bessrin

Prescus Isle Granite

On the Gogebic range in the vicinity of Msrenisco znd occupying

[35)

Tanite

11

whilch were formerly considered

up from below or in-
truded the Furonian formations; hence are of Upper Huronisn or possibly of
Eewesnawan Age. It is believed that they rspresent offshoots from a great
granite mass which underlies the sandy arez from Iron River to Marenisco and
extending southward into Wisconsin. This area, because of the lack of outcrops

and resulting difficulty in study, had viously been wmapped as "undiffer-

entiated pre-Cambrian.”

Zedtnonic Products of the Huronian

Iron Cre
4s indicated under the descriptions of the Huronian formations this
is the time of deposition of the grsat iron ore bearing formstions of Michigen,

T2

"Wisconsin, and Minnesota.

Tron ore was first discoverad in 1844 near the present site of Hegaunee

by a party of Government survsyors in charge of ¥illiem 4. Burt worlinz under

@]

the direction of Douglass Houghton, first Stste Ceologish
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Falls and Iron River districts in 1820, 2nd the Jogsbic range in 1884, brought
Wichizan into prominsnce as the le2sding iron vroducing State, which peosition

- / > T
was h2ld until about 1900, when devalofment of the larger deposits of Minne-

sota reachsd 3 staze of production surpassing that of the Michigan ranges.

Nature of the Ores

The Michigan iron ores are composed chisefly of the minsral known as

of which is written
f@aou; ar=2 also
physical char-

some 1s harder

On the Marquetie range s variety of hard ore known as specularite or

specular hematite is found. This consists of compacted scales, plates, or

grains of hematite having a splendent metallic luster. Most of the hard ore

comes from the upper portions of the Negaunee formation in the Marquetts region.

Origin of the Ores

Since the iron formations occur as deposits interbedded with slates,
quartzites, and other types of rocks of sedimentary origin, we must conclude
that the cre bodies wers laid down under water in the same censral wenner as
oy the ordinary procasses of erosion and sedimentation, that is by

the wesathering of land arses composed of i

v gnzous rocks, from which the iron was
dissolvad out, carried awsy and depositad in seas. It wes later




concluded that the +twvn2s of igneous rocks which formad the bulk of ths land
surface were inadecuate to furnish sufficient iron bzaring wminerals, to zccount

he denth and extent of thse iron formatioch. In place of this theory 1t has

besn suggested that basaltic laves extruded under water might rasct with salt

&

water to furnish iron salts later chemically precipitated chiefly as cherty iron
carbonats and iron silicate, which appears to have been the original stats of

deposition of the ores. We are reminded that the Hewlock, Clarksburg, snd other

lava flous were more or less contemporansous with ore deposition and that they

were lavas of the basaltic iron besring type necessary in this theory. The iron

formetion as originally deposited probably contained very 1ittls hematite or
magnetite.

a3 indicated under

The 1ron ore 3s minzd at the
of the ores" doss not consist of iron carbonate (siderite) and iron silicate
{gresnalite), nor Jdo these minerels constitute the bulk of the iron formation
at the present time. The iron formstlon now consists chiefly of a flinty mass
of chart, iron oxide and jaspillite, with comparatively swmall bodies of iron

ore, ferruginous slate, greenalite, iron carbonate, and magnetite-grunerite

rocke.

Processes which can be observed at the present time indicate that the
iron formation has undergone chemical changss due to action of the varilous
agents of wesathering over a long period of tiue. t is therefore bhelieved that

most of the bodies of high he pressnt time are the result

N

of chemical changes in the iron formation induced by the action of circulating

vy enrichment of the ore by means of solution and

redeposition. OCxidation of cherty iron carbenate and greenalite to hematite

o~

monite and subssquent solution of chert by alkaline wsters to cause resi-

1
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important process in ths Tormation of the ore hodies. important pro=

Ead

the iron during the early sizgss of
vorting of the material downward, and

f£0lding or warping of ths rocks, or at

vious rocks such as slate and guertzi

Mingling of the iron bearing solutiocns with oxyzen baaring watsrs more direct

From the surface is necessary to assume in order to convert the soluble or
ferrous compounds of iron in solution to the reletively insoluble ferric oxide

and cause its deposition at the favorshle points.

- ~ e s
iron Urs in Sacnigan

markst
teel in

bullding construction, has raised the gquestion "How long will the daposits of

last?™  Iron wining comoanies attempt to

iron ore in the Lake Superior rs
prove up

work as

owed a reserve of iron ore in Yichigen

€3
5

‘__J

2930 ths total reserve &8f nroved ore for all the compenies wss listad as

-

-~

168,349,823 tons, 2 dscrease of only 30,800,000 tons of ore in spite of the
fact that 135,000,000 tons were shipped frou the mines during the ten-year

period. This means that nearly four-fifths as much additional ore was proved

by explorations as was mined during the psriod. Based upon the ten-year period

[}

from 1920 to 1930 it has besn sstimated that iron wining mey continue for 100

yvears or more in the Lake Superior region.

L ]
There are many factcrs, howsver, which may tend t ange this esti




infdustry thsn formerly.

In 24dition thers are vast rasserves of low zrade ore repressnizd by

{

the iron formstions, which sre not taken into account at the
3

which mey form an important source of iron ore when the deposits cof high gradé

ore are nearing exhaustion.

Cther Zeconomic Products of tra Furonian

At Mandville and Telch, Dickinson County, the Randville dolomite is

[

for stucco, and for art stone and cornsaental con-

) el N h)
Sarage Uounty, thers are valuzbls slate and

2. Voo L L ]_M

craphite deposits. Quartz has been produced nasr Ishpeming for wood fillsr,
paint, 2nd polish; and *rep rock (basalt)

rooting granules. Crushed storne for rosd metal is vroducad at various places
L) R I

from Huronian rocks. Resources of all of thess materizls are very large.

Keweenawan Sariss

The Kewesnawan series of rocks derives 1its name from the Kewsenaw
Peninsula of Michigan where ths entire succession of formations is present.
The Kewesnawan differs from ths Huronian in that it is practically a continuous

unit with few of the correlation problems of the Huronian. It forms a belt

varying in width from a2pproximately six miles at the end of the Keweenaw Penin-

sula to approximatsly 18 miles in the vicinity of the Porcupine Mountzins. The

balt extends from the Keweenaw Peninsula along the south shore of Lske Superior

into Wisconsin and Yinnesota. In Michigasn the bads are tilted to th2 northwest




he Fewsenawan seriss consist for the most part of coarse fragmental
sediments interbedded with various types of lsva flows. The Kewss=nawan was a
time of profovnd volcanic sctivity over a largs sres in contrast to the local
lava flows of the Huronian. The lava flows of the Keweenawsn diffsr furthsr
from those of the Hurcnian in that they appear to have baen extruded for the
most part on the land rather than under water as in the case of the Hemlock-
Clarksburg formetions. The rocks of the Keweenawsn hsve not been asltersd nearly

o

so extensively as have those of the Huronian, most of which is constituted by

rocks representing an advanced stage of wetamorphism. The changes which have

Ly P T T < B o
oceurrad in the result of circulating

waters and atmospheric agencies, although intrusive rocks which oceur at Mount
“ohemis re2ar the north snd of the Peninsula, in the Porcupine Mountains, and
near Wisconsin border have undoubtedly produced extrawme changes in the rocks.
In some instances the intrusive rocks appear to be ralated to the Zrest Kewee-

ault and may he offshoots from a great intrusive mass known as the Duluth

Three distinct phases of deposition are recognizable in the Keweenawan,

a lower sedimentary phase, a middle portion dominantly volcanic, and an upper
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The lowsst bads of the Kewsenswan rast unconformably wpon the Huronian
and older formations. They consist of conglomerate and sandstone, the materials
for which were derived from erosion of the Furonian and Archean rocks. After

about 1500 fest of these materizls had been deposited volcanic activity began

and numerous flows of basaltic lavs followsd, interrupted by short intervening
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periods of ssdimentzticn when b2ds of conglomesrate were formed. Joms flows
were of the a2cid or rhyolite typs, Wizh in silice, sodiwm, ond potassin, znd

The charzscter of the ssdimants Keweenawan volcanic
pariod, together with the apparent fact that volecanic activity and sedimsntation

[

alternated in rapid succsssion, has led to tha balisf thet these cediments
wers not denosited in continental seas as warse thoss of the Huronisn, but wer

formed sither on ths l2n? or in shallow bolles of water.

The extrusion of the lava flows forming the Zagle River group marked

2k%e Shore traps merked the end of ignecus activity in Michi-

- s vy — i~ s ~
gan insofzr ag known. The sucessding formations

Zconomic Products of the Fewsenawsn

Hative Copper

The Keweenawan Peninsula has long ranked as one of the world!s most

femous copper mining districts. It is unique in that the copper occurs free
and uncombined or '"native", and rsquirss only stamping to remove it from the

ock, and rsfining to remove lmpuritiss, in ordsr to prepere it for the warket.
This is in contrast to the copper eres of the Western states, which occur as
copper oxides and copper sulphides, - very different in character and zppsarance

o Lkl .
from the Michigan ores and

from the or
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hava, however, greatly reducsd ithe iwmportance of Michigen ss a copper producing

state. Soms of tha mines ars more thar
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Hancock, and Calumet are the centsrs of tha corpsr mining

d Crigin of the Coprer Teposits
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Naturs of Cccurrsncs

The copper ore of the Kewsenaw Feninsula is of two main typss. Ths

found in small cav-

e ware Poraad 23 3

maing the conglomsrate snd

contains. Calcite, epidote, and chlorite are also important cementing materials

o
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econdary origin. Although the conglomerate ores as 2 whole ars second in

é
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Importance to ths amygdaloid typss, the C2lumet and Hecls conglomerzte is th
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ngle copprer lode in the district and cne of the lar
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richsst snd largest s
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copper lodes in ths world.




rocks 2lso oceun
tons have bzen

ars relatively
types of orz.

and in the Nonssuct

posits of native copper. Although slightly different in the szact mechanics

of deposition, 2 nuwber of the earlier thsories sdvenced by differ ant investi-
gators all point to the solution of copper from the zssociated basaltic lava
flows by dowrmard circulsting watsrs and depositicn and cencentration of ore by
contact with farrcvs oxide and othser minsrals of a reducing nature

55 the source of ths
copper which would be transportsd by hot solutions sssending from the molien
mass and deposited by ~xidation through contact with abundant iron oxide present

~ 4

in the rocks, This theory points cut that

ths iron contains

sd in the roclk

with which copper is sssociated, was probably in a ferric or exidizing state
long beforz the copper solutions were introduced. It is further pointsd out
that if this oxidizing condition had nct been prasent the copper would havse
been deposited as sulphide ors similszr in character to soms tha copper ores
of the western states. The associatlion of certain aluminum silicates and
minerals containing boron and fluorine, together with the nature of the alter-
ation of the wall rock in the copper veins, lends support to the thecry of
hot ascending sclutions.

Other Mineral Products of the Kewesnswan

Recoverabls zmcunts of natiwv
deposits zsscclated with the msess copp
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silver produc

from 1887 to 1932 inclusive amounts to $5,743,899.

Lside from copper and silver, the only other product of the Ksuse-

1

¢

nawan rocks of commerciasl value at the present time is crushed stone for road

metal and roofing granules. A quarry in the amygdaloid nsar Wakefield, Gogebic

County, has been in opsrztion for s mumher of ye2ars. The "stamp sand" produced
in the extraction of copper was formerly usad sxtensively for rcad surfacing
in the copper country and sdjzcent nortions of the Northern Peninsula. The

copper mines are very prolific in minerals and many fine museltm specimens have

- . . .. o . . s
with the native copper, the orineipal ones heing calclte, qusriz, prebnite,
lavmontite, snalcite, apophyllite, natrolits, orthoclase, dstelite, epidots,

and chlorite.
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re found in the Pro-
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terozeic. These consist of the remsins of microscopic anim2ls known as Radio-

laris and Foraminifera, and the Possilized secrsticns of certain cslearsous

]

algae known as Cryptozocn. Casts of worm treils and bhurrows indicate the
existence of other forms of life fairly high in the evoluticnary line. No

A

fossils have bzen found, howsvsr, in the Algonkian of Michigan. There ars no

o~

dence of the presance of low forms of plant 1ife,
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spots may be mentioned the Copper Range and the Crest Keweenswan foult near
Ahmesk, Tagle Harbor, znd other points: Mt. Bohewmia, ¥Mt. Houghton, and ¥

Horace Gresley (927 fset above Lake Superior) in Keweenaw County; the Porcu-
pine Mountzins in Ontonagon County, 2023 fest above sea lavel and the highest

ican, 2s well as ons of the highest in the middle West; the granite

sle granits) nasr Marenisco and the ancient granites (Leuren-
g the Huron Mountains (1800 fest above ssa level) nerthwsst of

sroustte whers the Cambrisn sandstone over-

Supsrior. The freds sandstons is tilted almost vertieally and forms a very

rocky shore line known locally as the "Irish Cozst". The unspoiled besuty of
Isle Royale has been as a National Park site,

feet in depth but this doss not psnetrats to the crystellins rocks. HNewcoube

{4)
estimates a thickness of from 12,000 to 15,000 feet for the Palsozoic sedi-

ments in Michigan. Whether thers are Pra-Uambrian ssdiments underlying the
Palsozoic of Lowsr Michigen, or whather the latter formations rsst directly

on granite is something which is pursly a mstier of conjecturs.
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The Cambrisn system of rocks dsrives its name from Cambriz, the

of the succesding psriods likewise have been named from localitiss in the

British Islss. Cambrian time marks ths beginning of the more or less tranquil

events of the Palsozoic insofar as Michigen is concernsd. We have sesn how
the Prs-Cambrign was a riod of crustzl unrest snd vulcanism, folding snd

faulting of the sarth's crust rssulting in profound changes in the character
(&) I (=i

mbrian is also characterized by the ab-

crms of life.

Paleozoic, on the other hand, is reprssented by strata more or
less horigoentelly lying with only relatively wminor folds or irregularities of
the strata in with thoss of ths rphic changes

5

dve to folding of the strata or ignecus intrusions are entirsly sbssnt. The

deposits of the Paleozoic thersfore consist chiefly of sandstonss, limestones,
and shales, with beds of gypsum, rock salt, and coal, all of which were laid

down under water by processes of ssdimentation. The earliest Palcozoic rocks
also differ markedly from those of the Fra-Cambrian in that they contain abun-

W

¢. Furthermore the fossils represent
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ivenced than the primitive forms of the

it indicates that
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his is a vary significant fac

a gap probebly of long duration exists in the geologic record betwesn tha P

Te-

zmbrian. It msans that the Pre-Cambrisn formations wers sho
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water and were being sroded and the record of ths dsposits was being written at
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Huronian, or Archean rocks. The the south and

O

st and are in turn overlain by COrdeovician, Silurian, ﬁevonian, Mississippian,

and Permsylvsnian strata.

™Mo nans awn I~
1AST=2 2SS QL

which are oxide, glving it a3 red color; and an uppsr
cclored portio g2 free from iron oxide. Ths red membsr is known

as the Jacobsville from its occurrence at Jacobsvill

white membar is known as the Munising from the cccurrsnce near Nu

Alger County. Dr. F. T. Thwsites of the Wisconsin G

<

n Cewbrisn with rocks of

There ars two arezs of Cambrian rocks exposed at the surface in

Michigan. One of these is a belt verying from % to 20 miles in width extending

fose]

enominse County, north to Marguetts, and ssst along

sula and extends south-westwsrd to the wicinity of Lake Gogebic. From the
vicinity of L'Anse south-wsstward the belt is 20 miles or more in width. Cam-

brian sandstons also occurs on the sast side of Kewesnsw Bzy snd forms a fringe



causad by the structurs of the

"Sasin® aBout 2000

are encountered in St. Clsir County than ars presen

the State., & well wore tha

pears to be about 1000 fe=

Tconomic Products of tl

n 5500 fest in depth loca

Cambrian.

he Cambrian

The lower re?d =3

purposes during the "brownstone front" era.

Fashiorahlzs resic

£,

tractive £

\i.r

deposits for buillding purposes.

u)

andstone of

2n?d othsr places.

ce bhrick now on

Cambrian v

ara lozated

stene is known

vicinity of Marquette for produvcing road mstal.

Formation of Sandsto

Sandstone is formed by

down in shallow water near

above watesr to form land.

o

from the weatharing of grenite and ot

is vsually silica, calcivm

carhonata,

It is composed largely of

2r crystalline

was in some favor for bul

+5

operation in the
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land sreas, clay and silt being the chief constitusnts. These materials being

much finer than ssnd are carried in suspension lenger end deposited at soume
distance from szhere. Consclidation of clay bensath great thicknesses of later
ceposits results in the formation of sh rock is gsnerally

o - . PRI . - W B T
goft and splits resadily into thin layers. acted upon by grsat
3 - L oy o] (5 W S
heat or prassure 2 hard dense rock which splits into slabs is formsd. Lhis
iz knoun 2s zlate.
tion of marine ani-

watzr for beilding into

A

mals and plants which

and hony structurss.

but thair shells and shaoletons accumilate on the bottom of tha sea. Vany
stones consist largely of thase remeins, but othazrs have a different texture
by chemical reactions with sea water or hy deposition

of limestons flour carriad in suspension by the waves. Limestones form in
warm se2as at some distance from ths shors whers sand and mud cannot be carriad
ertow, but fluctvations of the shore lins may result in

by the currents or un

limestone heds. Great

rasult in rscrystalliza-
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~23r the shore owing to inshility of the currents to transport the pebhles to

outside of the State., It is, howsver, an

is wnrobably

objacts such as csdtles, pulpits, battles

vins, ete. Caves and archas of rock

are also common. Many bsautiful waterfslls in the vicinity of Munising are
sculpturad out of Cambrian sandstons capped at the brink of the falls by the

cnsible for the de-

velopment of the escarpmsnt over which the water f3lls. The hAgsts Falls near

formed by the Ca” brian Sandstons. Tha grast Tshquamenon Falls in Luce Courty

. (7)

are the most spectacular exampls of this type of formation.

Ordovician Period
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lower portion of this formation is corsidsrad to be tha szm2 as the Permans-

ville. In Cntsric, Wisconsin, Illinois, and Indiszna spparsntly equivealent

By . ™ . . .
formations are known as Beskmantown, Lower agnesian, or Przirie du Chien

A desp well in Cttawa County shows 2 thickness of sevsral hundrad fast of
Fal

sandy, cherty dolomite at a depth of A000 fsst, some of which is probably of

5

he Jermaensvills. In the southsrn part of the State this for-

mation is morzs easily comarad with occurrsencss in adjzacent states t

o one
.,')u., one

upon the locstion of the well.

It not the State, but ssveral wells drilled
in the Upper FPsninsula have ercounterad varying thicknasses of white sandstone

In

In the Lower Peninsula the desp well in Cttawa County psssed throusgh

500 feet of mostly sandstone at depths of from 5490 to 599C feet. This sand-

stone may be 5t, Peter.

Trenton Formati
(Tranton - Black R

o

on
ive

1 15 the lowest formation in the
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on tha wast side of Gresn Zay and Little 2Bay de Noc, and along ths zapid,
Q) /r\)
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Writafish, Ford, Escanzbs, and 3t. YMory's Rivers. Hussesy ststes that ths

of low to high me

blue to buff and brown, loczlly shaly in character zand conteining oily or
bituminous matter. In the Lower FPeninsula the Trenton hzs been penstrated

by wells in sbout twelve countiss bordering the southsastern, southern,
southrestern, and western pertions of the State. It varies in cepth from
2130 fest in Monroe County to 6385 feet in Newaygo County. The Trenton is
vary thick in the southesstern part of the Statas, the thickness amognting to

oo

[
<t
3

from 750 to 900 feat. ©On ths west

thick., The fTormation is generally normal limestone in the southern part of

the 3tate, 2lthough delomite heds occur. In the sxtrems southrestern rart

£

5]

of the 3tatz the hads are practically all dclomitic. In 211 wells in the

eninsula the Trenton is characterizad by a remarkably uniform brown

o/

color which makes it eazily rscognizable.

Economic Products of the Trento
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The Trenton limsstone is quarrisd scansha, DBelta County, for
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ailrozd ballast, filter beds, ete. In the Lowsr Feninsula a

small production of 011 has bessn obtained from the Trenton nesr Deerfield,

Cincinratian Ssries
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y Serizs includes severa

formations. The Richmond formation outcron



Fz2et high, and at szversl other noints in the Stonington

P b ~ A S o < - r - } < ¥
limestone at the base. At other points light gray to dark brown shales occur,
as well a5 gray to brown shaly and cherty limsstonas. 4 dstailed study of the

. (10
Cincinratian rocks in Michigan has been mede by FProf. R. C. Hussay) who
the Richmond formation into thrae members bassd upon the character and rela-

tionship of the beds and the fossils present. The Cincinnatisn rocks of the

5

Upper Peninsula are all designated 2s Richmond, but in the Lower Peninsula,

Lorrainse an

L

- .
T Y 1 ~ . .y » . .
hasn beds may be present. he Utics is

3

{

) 1.
:

shales with some greenish gray and reddish shales. DRBeds of limestons wav

occur locally.

Zeonomic Products of the Cincinnstisn

D

The Cincinnatizn rocks havs commsrcial pur-

~t

boses.  The shaly limestones and limy shales occurring on ths Stonington
Peninsula mey contain about the right proporticns of shals and limestone as +o

constitute a natural cement rock,

The lowest formetion of the Silurisn in Yichigsn is known as the

¢33

its apparent corrslation with the Catsract

b

/7
.. \1%9
211s, YNew York. Ehlers found

pical of ths Cotaract in well cubtings from the Lower Feninsula.

%)
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The Catarzct is divided into two menbers, the

-3 + =~ £ rma - I s . puuy, iy P el AP P PO 3
consists of zray and gresnish wrey shalss with bads

limestone of varisble charsctzr and thickness known as

'._J-

Yanitoulin lims-

tnown

outcrop of Cataract strata in the Upper Pzninsuls, but raddish shales similar

to those described above are present bslow the base

ples from a well drilled at Ssul- Choix Point, 3chooleraft County.

Falls

tant beds of the lowsr part of this seriss. In Michige

form probably thse wost nsarly cond

mations in the 3tate. They cccur as 2 belt sxtending

4

Lakes Michigan and Huron from the Gzrden Feninsula,

Island, Chippswa County. The conditions under which
in Michigan marked the beginning of a long pericd of t

wers dominantly limestons and dolomite, with very few bed

stone.
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A rumher of 4

Niagaran. The continuity of the beds and the excellent

=y
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w

work covaring sevaral years

ffersnt investigstors have mad

lagaran in sam-

then arny




Ehlers divided the Niagersn into four formations and assigned the

names Mayville, Burnt Bluff, Manistigue, and Zngadine, to these formations.
J

The names Engadine and Msnistique were first proposed by Smith and ars approxi-

mately the same as the divisions made by Zhlers. The Yoyville is correlated

L

directly with the formaztion of the same name in Wisconsin, but the other for-

mations are given Yichigen names becauss of

crerty and fecssiliferous in some beds (Manistioue), but containing loeslly in

the Burnt Bluff, hads o

o

thick snough to be of great commerciszl importance.

~

The four part division of the Nisgaran recognized in the Uppsr Fenin-
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sula cannot be applied to the Nisgaran o
he uwpper part is, howsvsr, one of the most constant snd easily re-
cognized of all Michigzan formations. In well samples it is a uniform bluish
white to light bluish gray color and is in marked contrast to the darker over-
lying beds of the Salina. It is probable +that portions of this formation
corfelate with the

isconsin. On the outercp the Ingadine formaticn runs more to a light buff

color with streaks and mottlings of blue.
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Beonomic Products of the Niszgaran %, «
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r blast furnace slag. Ths Fiborn stons is of very

Q

high purity and well suitasd for use as blast furnsce flux, lime burning, and
all chemical uses to which stone is put. West of Blaney quarry the Fiborn

grades into & normel dolomite which forms a feirly large aresa of magnesium
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content. Quarrying conditions and transportation facilities ars excellent.

b arpina - 2 . v
ne the i rocks form an impor-
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tant source of water suooly for the region which they underlie. Meny flowirg
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are pressnt in this area,.
AT fon
Hiagaran 2censry

The Miag

e

aran rocks form a hluff rising 235 feet directly above Big

type locality for Thler's "Burnt Bluff" formztion. & sscond bluff sbout one-

half 2s high as Burn 31luff is locsted at Fayette shout three milses to the north,
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third but lower Hluff at the entrances to Garden Bay about four

miles north of Favette Bluff. The rock feormations of the Gardsen FPerninsula
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ninsula, hut cwing to it
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On M-G4 about five miles north of Manistique ths tourist is

to the sight of a 75 foot wall of rock rising precipitously from a swanp.
This is the famous Niagaran sscarpment and a continuation of the rocks from

ornt Bluff and the Garden Feninsula.

pring located on the wast side of indian Laks nesr Manistioue

ront

ST

is ons of the bhaauty spots of ths Stste. Th

ressure from the underlying rocks to form a crystal clear, emerzld gresn pool

"f"i

and L0 fest dean flows to

&

178 by 300 fast 2cross from which a lsr

Indian Lake,

Salina Formation (Salt 2eds)
Cuterops of the Sslina Tormation hava not been positivaly identifizd
in Michigan. Ths area of possible outcrop is confined to the 3t. Ignace penin-

,sula and the nearby islands. Zlsewhers the S2lina iz balievad to underlis

the basins of Lakes Michigan and Huron since the Niagaran dolomites, which

&

immedistely vnderlis the Saline, wrap themselves almost entirely sround the

o)

outer shores of the lakes. In fact the lake basins ars belisved to have bean

mation of the lakes. Outcrops of dolomite, limastone, and gypsum at 5t. Ignece,
St. Martins Island, and Mackirac Island have been thousht to ba of 3alina age,

but owing to the similarity of the 33lina to the overlying beds of the MNonros,



The 321lina is, however, well known in the Lower Peninsula whers it
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s hesn dri

!
bt
O]

[N
g‘_.
@
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tremelv variable in character. In the Detrolt arsz it consists for the most

part of buff
shales, but at Sagin

L Q. P g
1NaTES. 10

1y

with brown

feet at Cnaway, Presone Islz Commty; 750 feet in ¥

Cttawa County; and 550 fest in the

ot . ~ 1,
Saginaw County

raach the bottom of the formation. &t Detroit the tobtal thickness of

is 1245 feet, at Manistee 1235, and at Cnawsy 1220 fest.

Teonomic Froducts - 3alt

-

1 . e
dustry has hecome one of the most stables in the Dtaste. LFor zsny vea:

L kS

salt smounts to ovar 200

Howaygo County; 725 feet in

from about 1860 and the in-
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Wyandotte. At Detroit rock s31t is mined by mezns of a shaft 1100 fast

depth. This is the only salt mine in the 3tate.

: 1 . = R . 1 I W R TR | B3R o
It is generally belisved that the thick deposits of roclk szlt

occur~ing at various places have besn formed by svaporstion of sea water. 1t

Poot
+L

aceans would

a bay | from the open ocesn by
takes place mere rapidly in the bay than in

salt is deposits Lowsring of the surfacs

evaporation and ra2filling of the

existernce and climatic conditions remsin th

zkes such as axist

Q7f\+ 11* ’3"' '41'- '\U ;1 %

rainy periods in the
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Monroz Zroud
= RS ™ .
Tha Yonroe group s of %
- Mz ,aa -~ = 3
cr Lower Yorros, the Sylvenia cr 11421s Honros, and

Tha Pass Islend formation ovarlie

L) L3 B Al - .4
consists chisfly of gray, brown, and buff dolomites,

ing soms bads of gray shals. Iimestons is not of co

Island. According to Dr. A.

satisfzctory division between the Bass Island and 32

salt beds ars absent by placing the top of the 32lin

1

hase of the 5vlvania sandstone, which can be saslily

her of the Bass Island, which is known as the Basin

o .
Svlvenis Formation

The Sylvania ssndstons overlies with a slight unconformity

Igland formation. The Jylvanis is one of
crmations bec of its unigue wsthod of Tormation

purz white sandstone,

Flsewhers

=

wites, but at

ieclogist of Michig

the mest interssting

L1 T e T2

tha Toss lslend

L Rlrra T Temes s
s SAVer or vrrer

mmon occurrence in the Bzss

k)

an, a
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lina can bz made whers the
a at 400 feet b2low the

recognized. The upper wewn-

fiver dolomite, cutcrops
i the vallsy of

and 1ts ical

unusual phys

very loosely cemsnted and

“lalkalla in Yzson County on the opposite side of the 3tate from
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Zeonomic Importance

szndstone, because of its high purity, is especially
re of plate glzss znd lenses for microscopes and fine
terops or 1s undsi cover near Whiteford and

3 . Ly [
Steinsr, MYonreo County, and n

Rockwood,
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County. Locally the Svlvania yi
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Beautiful cryvstals of cels

Detroit River Formation
(Upner Vonros)

The Detroit River fermation outcrops aleng the Detroit River and in
other parts of Wayne and Monros countiss. S3everal divisions have bsen recog-

nized by Grebau and Sherzer, who mede detailed zsologic studiss of Wayne and

Yontoe counties. These are namely thse Flat Rock dolowite, Anderdon lin




mewhars, the Detroit River Fformation consists chiefly of dolowmite with ons
Jazne countiss. The Menroe-wayms

sxposurss, however, rapresent only 2 portion of the entirs formaition and we

find from 2 study of well samplss from other points in the southeastern pert

of the State that the Detroit River formation contzins in some aress 3s mu

]

Ssmples from one 3t. Clair County well, for instance,

show sn upper bed of limestone and z dolomitic middle portion, but the lower

b

half of the 400-foot thicknsss is 21l limestons. Szmples from a Hacomb Sounty
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ency counties in ths northern part of the

5

but limestene and the Detroit [iver caznnot bs sepsrated from the overlying

tion is lergely of dolomitic it fron the Dundee.
Rather thick beds of anhyﬂrite nz2ar the top of the formstion ars alsc important

in distinguishing it from the Dundses in w2ll samplas. Chert, which occurs

L4 OLL LT LD

lecally, is also helpful in this regard. Celestite assoclated with native sul-
phur cccurs in ths Detroit River formation at Gibralter, Weyns County, and

[ R, A o~
\;,'}J;‘JS Jmo13 S]_o\) C

the Detroit HRiver formaticon in the

nerthwestern parts of tha Lower Paninsula.

T

Seonomic Products of the Monroe Group

Aside from the Sylvania formation many cuarries have besn operated

in Monros County in hoth the Upper and Lowsr Monros bsds. Only one, however,
is operated at the prassnt time snd this is located in the Zzss Island beds 2t
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onnar plecas. At somz of thess qusrriss stone wss burnsd for 1lim2. S guaryry



e plants at XManistse and Luding-

ton is from the Detroit River fermation. It was formerly thought that the

s2lt wells had penstrated the 321lina beds ot depths of about 2000 feet, but

deeper drilling proved conclusively that the production is from the Upver
(17)
¥onros.
Salt beds hzve glso been ercountersd in wells in luskegon, Roscommon,
and the thickest hads heing found in Roscomaon County.
In addition to brinzs for
medicinal purposes occur Detroit River

These waters, in addition to containing

large guantities of sodium chloride, are

with hydrogen svwl-

t

phide gzs. They are exploited on a commercial scale notaebly at Mount Clemsns.

Bromine is produced from the Detroit River formation at Manistes.

Dundes Formation

]
]

xposures of which ars relzstively faw. There 45 a small outerop

I3 2 3 .
south of Detroit st Sibley, 2nd larger exposurass in Presgu

o]

Isle Covnty near

01l fi2lds the Dundee is encounterad at
Tha Dundee is fe2irly uniform in chsracter
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cver ths Stzts. 2 vure limestone formstion sxespt on the
N ~ s P} - 1.4 oL — 1 T-

west side of ks 3tate, ~here dolomite beds occur, chiefly at ths hase. 1t

¥ . 3 2 - i T2~y 2 -
The Dunds2 limestons is' one of the wmost important rock formetions

ay

gest quarry in th
5 Lol man . . B .
world. Another large quarry is opsrated nesr Prasque Isle, Prasque Isle

County, hy the Kelley Isiand Lime and Transp
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County, 3 cuarry is opers

other chemical purpeses. At Sibley it is quarried chiefly for the manufacture
of sodium carbonats, caustic soda, and othsr products by treatwent with brinss.

At this latter guarry

o

peds belonging to the underlying Dsiroit River (Anderdon

limestone) are guarried with the Dundee stone. Quarries have also been operated

i

n the vicinity of Dundez, Yonros County, from which the Fformation is named.
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41 and Gas




- 1
—i r . o 1]
o] r—i 0] + o 0 0) - el [re]
S ord K o O i ) 0] .0 v ] @
| + &) -+ o 194 -4 L —l & @ ~ £ n

@] o T 6] 4] o o o &1 G I O £ - -+ s 2

I 0} 1 ot o] o & o b [aal o8 Gy e e} 0] K] -+ o} @ i e
2 > 0} £ 0} ot I} &0 ® Ke! e} -+ > g o] +3 e ® a8

o =~ e o e -+ ] o » 0 © o -+ 4
1 @ &y o [0} o K & & 3] < 0 -+ < Gy o Gy ® 0}
! e o £y © o @ 6] el 4} &y O e} e = >

w o . 8 B8 B I Y B 8 P w o 0 < 0

& @ o] o N . hE o 42 o 9] (e} O [} ©® n I By S .

» &0 e} [0} o O o} 55} L -+ o e} e} i Il

. et [9) ot A &y -+ — S s o n (&) ] 4 R Q o o] o 1 O
s toy 42 R 42 £ G ] -+ o ot @ G = L2 = ot O i -+ 6]
+> ot O] @] L1 I £ ) e} ¢ o] (@] ofed R o3 &
- o e 3 [ O -+ - i 1] 6] 1] H o [\ -+ +2 ko]

™ w £ T3 . By O o o o —i ® @ 13) ke O, o o & s
1 ¢} ) o] o j & m o . e} ol oy O o ! Kol [0) 9] )
[ &) o2 @ St O o o] (o] e 1 St 4> R o} L )] ©0 & (6] i

= [@)N e O ort O W Q @ i -+ 43 +3 -+ o O o o))
- i 42 + =} o @ o e <3 -+ Gy 0 < O A2 ¢} [

o ) o o] s o A @ s 4+ ja O 0y o o I I 4+ L s} vt

sl i) o o ~ & O 2 -+ ) e 0 £ A — &) o}

o vt ot [ [ 1) > 1 L o 4+ o, By O o s}

i i ® O B ® = B <3 -+ ra) o i i ER) AL ® g}

- i o) 0 [} Gy il . -+ - < O s @ ) = S Ee
] B I 1 [ & 0 -+ 0 = [} Q ol Gy o ] o “ ) © &)
) o) — @ ® 9] @ el 2 2 . -+ + o ] - O o i =N w
3t - Q, o & 0 L O o) 2V £ - = B £y - w ® a I 4

& & = O 1 -+ &} [\ [ o (@] ] e s 1) - I - 0 o o ol

e @ © £ O O 1 o -ri @ 4} G ® 0 =4 a) - & o
< &0 [4h] S o P Qy < on d 4 — Q mﬂ_ 0 — o < @ o
i ® I @ & ) -+ [ oy O S = ) Iy ey » a5 4 e ®

i Ias! ® -+ o O <5} o} ol W ot 1 I 6] 0} & o} ] [60] O £
- — o BN o = - [ (9] Q - > O < o o ® Ne) © [

< 1 (@) 4] G-y s 0] v - O 0] (6] [} el s [43) Q &) [ L3

[} 4 42 ® o &4 o 1 9] a9 o 0 O @ o > 0

ON o o £ 1 L — o o O 0 ol O O o o .

1 N £q W s} B o - ® [©] s3] Gy o 6] K @ + ! T o M

i o3 0 " o] @ & - Qn Q @ £ 4 o 0] [0} -+ a o]

4 [ fia o £ S @ i o o +2 ol ! (] Ty £ 0 or-i
o3 D e O 0] G b o (0] e ) Bl o 0 o © &y e <+ 2]
O @ o} £ o £ ! o} G o &) Dy Iai} N A i O & @ e}

O [ K -+ @ G-y -+ € i N [T o) o o e @ = n 0 Gy et & 3

=i} i +3 ot 0] o o [0l = 4 < = A [ &

o ko) £ ] n O O 3y 3 Sy a kel st} Gy 0 -+ 15} < O
o P o + -rd @ @ &h "> O £ A @ o = o o ] - Oy B
. M Q i o o) € [ &y = = o o) &S o o o 0 e
D = Q 0 i -+ O o) S £ n [0} i -+ ) [

+2 O e - e} T oo 03} 9] O © L@ £ o (@} el ag o - G f3+]
M Ky Y 0] - Q@ 3] w O Q = O o Gy — o] @ [ 0 [ $4 a

-4 4+ £4 - @ O £ o X i @ , L ) ® i £ e} o) © 4 0

€21 ®» O [0} = &0 “ + < O N o . £ o I O (&}
& > -+ o) o ] Q - n o [ [} © [0} 4} 0 [} O = 0 ®
® 6] 0 0 < O < - < 42 i aj - @ L 3] o} i = n ] o K
< Sy () O m “ ad (o) o ot O &0 42 o) O ) [63] Q w0 Q 8} . K BN

42 L 0 & f [eh ot 0] +> i O o = et A e 4} (] o+

vl «r o £y 10} o} [T st Gy —i a o -2 -+ 0 -+ e as [

3 o] ke ! @ ) - ety < &) O @ > o j <t} ju O
o @ K — © o) el - = o I [ Q B L] T -+ o ol

ol 0 Q@ +2 9} 4] - @ Q s} & = 3 & ] Ke] O ® [0 [w] & oo

1 = 41} Q o ] i . < -+ ()] [ 4 il O Kt (o8 e} 4 O

ot W et o] O O + ] S ¢ L oy (6] < By By [&] 4D [t b RE)
O 4 [ 4+ o O - . 1 e o S < Q 5] — — i m L

o 2 > s F N @ = = O o) J) I o B ) SR G0

G e} ~ A T @ o © & €y o S & o ) oy O @ 4 e} D
O )] Q@ £ - [} o~ 0] 3 O S~ ] +> [ & 45 > £ +)

[5] o [©)] - jon S 93] & o i <3} I ] o I o O] fas] O s 6]
[} o Gy = ® ) ® L o o} g} . 1] [3v} i —i -+ a joR -+ [2y] sy
O 4 +> [G P ) o £ O @ & fel i © 4 : -+ 2

ol o g} @ 0] j o o = ) e o8 bl K ® 43 ol £

43 o I o @ & 2 [} Q - +3 © 6] [a] @ NS O Gy o] -+
o o) w0 ed O B Y 0 o ! D ) IS O @
51 o ! T - o -+ o @] 40 o] ] o Hel Q a ® %) Q &

ol + £ i © I < -l o+ o £ 1] -l i oy > ol = o o
O ] 9] 1 £ o N O & ) 0 2 42 @ 54 o 5] o] ® £ i
- =~ - Q @ ol 9] o O il @O = @ 3 2] o (o] [ + R O [} )
o8 e} P = = Gy o e Gy Gy ] o Y +2 & 0 O 0, 4 -+ & @ <



is found in almost svery othsr kind

Jocalities contain anormons cuantities of cil,

too small to parmit recovery of the

Where oll occurs in sandstone

5 r
oil by

but the openings in shale

other than distillation processes.

sand constitute the reservoir for the oil, but in the case

dolomite there are no such

dus to badding planes, Jjoint cracks,
made continuous by solution of

portant structural changes

nticline or Jdome whare ths

which the oll and gas, being

upward into the high places
gas well depends, therszfore

oll companies employ geologists to map t
of the surface outcrops, or in aress where the roc!

drift deposits, as in Michigsn, drill a

knowm tha

upcn the

and Dmnlncs WhlCcn

the calcium or me

t oil 3

L3 L

1N unese
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ve Dasnh enls

arched upward t
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the a2ssoclstzd sa

he rock structurss

sasily recognizable "key bed," by means of which they are

the structure over sz fairly large area. If

favorable structurss 2 dssp -

0il bearing formation. The

or logs of salt s

=

stween ths individual

grains of
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Scenery in ths lraverss

raverse Tormsticon furnishes 2 type of scenery which 1s ag sp2e-

o ba found in the vicinity of Long

Long Leka, Alpsna County,

Moo ee e 2
NErrows in

Isla Commty flows entirely un-

jt

sevara

- hundred vards downstream.

In addition to the spectacular sink hole development of Alpens and

resque Llels counties, the Traverse adds 2 milder beauty to the landscape in

o shorss of Little

-y

]
EN
|93

the form of limestone bluffs along

)
b

Michigen nesr Petoskey and Charlevoix. At Elpsna fossil corsl resfs cccur in
the limestons in the form of wounds or ridges. Thess ars not spsctacular to
chserve but their pres: is of int=rest in thot thess reefs tell 2 story of

s .

times when conditions in Forthern Michigan wers similar to those existing cff
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cast of
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The re2fs are garnerally vary hizgh in c2leium
=7 < R T = 3 ™ - ks
commercizl vzlus ¢f the stohe. The fzlls of

O o m< Pra - T
Cnaway, Fresgue lsls

with the Traverse. Wz can s=ze, however, that treznsitional stzvex were undsr

s of Jimsstone were formsed

partial withdrawsl of the s=a, with ths result that conditions bacame favorzbhle
for the deposition of ssnds and muds which were latsr consclidsted to form
several thousand fest of chiefly shales and sandstonss with only minor besds

-

The Antrim formation consists of black shale, which has a dark brown
appearance on a fresh fracture or when powdersd or finely ground. Drillers
shale due to the resawblance of the drill cuttings to
, .

black color is due to the presence of

L

organic matter

The base of thz Antrim shale constitutes one of thes

e}

zons in the 3tate since i



200 to 250 fest in thicknsss. In the centrzl Michigen oil fields the black

shals runs from 400 to 4820 Test in thickness.

The outcrops of Antrim shals are restricted to the northern part of

the State. Tt is exposed at saveral places in the vicinity of Norwood, Poyne

City, and Wslloon Lake, Charlevoix County, near Afton, Chzhoygen County, and
at Paxton, Sgusw B2y, and Sulphur Island, Alpena County. At Worwood ons can

obsarva a bluff of blsck intrim shale along the laks shers Just south of the

of iron carbonate or sider-—

ite, (2) cemposed of 3 core of bituminous or oill baaring limestons or dolomite,

£

with an outer shell of the same material but having the crystals of bitumincus

limastone <8nthPBCOﬂite> arrar 121l fashion, forming a nesdle-like
or columnar structurs with the needles radisting towsrd the centsr of the con-

cretion, (3) composed of pyrite (iron sulo%ide>. The pyrite concretions are

&

[©]

generally much smaller than the other types, ranging from one to three inches

in diameter. Pyrite is more or less common through the formation.

Zeeonomic Products of the Antrim Shzle

£

Alpena County, for the production of




Very thin seaws of coal have been found in the FPaxton quarry. Thes2
~ . ' RYNE IR - . 1 s
are of no economic importance since the thickest seam amounts to only 1z in-

nterest in thet they reprssent the first coal formation

[VORE 1 Kol oy e T IR N - ~1
may be tho of as a prophescy of the grsat cosl

e

to come in the Pennsylvanian period.

position sbove the Antrim shels but in different parts of ths Stats, znd por-
tions of sach are nossibly to be correlatsd with the other. The nomes ars from

locslities in Ohio whers occur ths the Michigan beds

are correlated. The Berea formation does not cuterop in the State; hence all
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m well records and samples. se show it to
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consist chiefly of gray sandstons, generally ut somewhat cosrse

in ths

and pyrite ars characteristic minerals

gray shale occur bhetween the sandstonz beds, 2nd in the

sray shale occurs below the
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The Berea i3 rrasent 2s 2 sandstons orly on the eastern side of the State;
1 ) Ras 1 = - = KRER] . PRI N, -~ . Y omy oo 23 T maee
whersas the Sadford is present with certainty only on the west side. There

P TP 1 7 Vmn - 2 Al 2 31 - Y ~L o
are certsin rsd shalass which occur in the southwestern part of

rad limestonss farther north which occupy about the safe position in The
zeologic sscticn and possibly correlate with the Persa.

Tha Bedford formation cutcrops st a numbsr of localities in the

™

northwastern part of the Lower Feninsula., The chief sxposures ars at Tlls-

L3

worth, Fastport,

Ll

entral Laks, snd Chestonia, &ntrim County, =nd at
and Tast Jordan, Charlevoix County. The shals at thsse points is
bluish gray to gresnish grey in color, very soft, and free from concrzstions

and other foreign substances. 4t Boyne City zreen shale is finely intsrlsin-

shzlé intsrbadded with very fine prainsd, light gray sandstone beds. These,

r, disappear towsrd the bass of the Formation and the green shals bacomes

A

interbadded with brown and finally grades into the dark brown Antrim shale.

l

the west side of the 3tate. In view

[e]
Py
ot
)
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with the Bedford of Chio, Newcombs proposes the name Ellsworth for this thick

ssetion of greenish sandy shales.

Teonomic Products of the Jersa-

211 and Gas ~ The discovery of oil in the Deres formation at Saginaw

}.J.

was responsibls for stimulating recent intersst

n oil and gas in Michigan with
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cil content the Beres
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ey and Hewaygo. 1hs guarry 1s locatzd at
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Antrim Ccount.

tile st Boyne City =nd “est Jordan. The
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Tn 2 well in southwes

was encountered. The Sunbury

the Antrim with which it way be cernfu
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at Sunbury, Chio, =znd is used in

~ .
sunvury formations is

shals 1

2 no outcrops of this

County 200 fzst of Sunbury

s dark brown to black and very similar to

sed when present in 2bnormal thicknsss.

4

cap rock for preventing ths uvrward

Sunbury 1s taken from tha cccurrsncs
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of limestone or dolomite. In the central Michigan o

attains a thickness of slightly mors than 1000 fest. Fractically the entire

trickness is blu
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oenly about £00 faot +)

. “
for the latter. Uzar the hase of the Tcldwater
a red limestors or dnlomite oceurs. The "red rock® has haen found to consti-

that vert of the Ztzte. In the southwastsrn part of the 3tzts the red linme-

Zecnomnic Products

The Coldwater is =& scurce of shale for portland cement at Coldwater

m

and “uincy in Branch County. Soms production of mineral waters has also been

obtainad in ths =astern part of the State where sandy heds occur. Bromine has

The YMarshall Tormation overlies the Ccldwstsr and the

difficvlt to distinguish from ths laiter formation in the zbsence of the red
K3 - T oo Y 3 -
heds which are characteristic of the Lower Marshall., The Marshell is divisible
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thick with a meximum is named from

the type locality at other

points in Jackson County snd in 2djscent portions of Czlhoun County.

Wigel

some locslities, gs at Lensing, well rscords show the group to consist almoest
ale. The maximum th

500

and other countles

o nct

thovgh the rocks

{.

ocrmaticn wss so designated

Gsologist, from exposures of an iron stained sandstone nssr the old Woodville

coal mine in Jackson County. In ths mine a thickness of 30 fest of this sand-
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stone wes sxposad appsrently as the uppermost or capping sar
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¥uch betisr eyposures of the Woodville or Grand River crovm z2re to bha
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found near Joniz and at Grand Ledg

Q)

thick bedded, cosrse grained, a2nd stainsd red or brown by iron oxids.
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Zconcmic Products of the Pennsvlivanian-Farmian Foriods
The Fennsylvanisn Period wes the time of grestest coal formstion in

Horth smerica and Juropa. The climate o is belisved to

have bsen warm and humid and lares arsas
for}

be near sea level which permitted the formetion of great cosstal swamps simi-

lar in character to the Great Dismel Swamp of Virginis and Worth
) Yool T T A4 3 ¥ o 3
The warm swarmpy conditions favered the development of the most luxuriant lznd

Giant rushes, lycopods, and fern-like
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eneration upon generation of this profuse growth accumulating
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T I~ E . .
on the bottom of the marsh formed grsat thicknesses o artly decayed plant

ko]

2at. Deep burial bereath later deposits of sadiment resulted in



-7

® = - 1 43 o} 0}
& < ~ SR VI o A g
42 ® 3 o =SS " +2 o { o} o3 < 0n Ea) 6} O
4+ K& 4 o 1 o & u ) o & % I o
" 4 4+ W0 0,0 €y N = O ST ©® D Gy ¢}
s o o 0 [ 0y %) o . 0 4 3] 1 ] [ < @] 4 e
. Gy e ol sy =} 3 ¢ 4 o s} o3 iy o o
- @) o3 0 19} m ) A a} B ¢ o O ot . D 3} 42 €y I3
4 = o @ 4 - £ (] 0] - 0n O
® ) 3 € Es N O g Q o -+ -+ 1 O @ ® o 0 0
oo b O 2 -+ o © , - a I T = X e o
O e &) -+ 9] ] 4 =Y o L 0n 9] -+ s — ol
(&} %) I 4 [} o = 0 i ) - . = -+ o3 o I
O € a3 [0} ) — Q o o Ko fo Ly ot 42 i . a 4
QO n o RS ots} G = 3 [ v < = - a0 kel 3 6] 4 O
-+ [ o ay [0} [®] 43N o] < 8] 16} = 0] D] Ko o)) & ) €y
5 K Q m o =T el o Ll 75 o I hi) 2y N
® 4 O o - B O e ) [o7 n Q 4+ o < - = ot o 1))
1 ) -+ O o — QO ot = o 14 I L —
42 o £y [ © o o\ & - S i @ n N =3 @ . 2} Kol
0 i3] (1 O i i o~ o ! 0 O o el O 14 R O o 42 ]
le] Oy I he] [)) o e o - o) O 2 [oN 42 ] r 4
5 0] [0 +) [a] 3] & [0} - 6} @ = i n O o
- o %) 4 a3} [ (o i ko a Gy e} o] Q [N 0 )
m [N [0} ] 4} & ) © 4 o O O )] - 03]
o - i < (& 6] @] 9} — Kl 0 1oy o) o . [
-+ G el 4 O Q - | e g -+ -+ <3 I Iy = A4 ) -+ Emy
= o (@] i 6] ¢ o O o 43 [0 [e] M 3] n ] —i
[l O o o 1] @ [ 9] - [p] 43 a 0] ) s 6] & 4
[ (&) e L @ 0 3 fand o [o N -3 0 9] = S € Sy i
[o»] 42 o ] D &) 3 @ 0 - o 43 4 i o 24
8] o ] - O ) O 2 1 ] s e © O - o}
. 0] ] o < o Cr [#) @ -+ o} . o ot &
] R jo o ke o] < o vl £ 5] 3 o o N ) I
[$y] +3 o~ o < ¢ - Eal S 42 o] 5 S O ot 42 i <3 70y
0} SN ol 5 £ i 5 43 [l o RE} O S| n ) D
S o o N e R . ] = I i a & g 1 ) a < - )
@ - ~ B e ko) o o} o > i O ey 43 o m 1 R o IS
4o 4+ O o K [0} 0 q £y Gy ) £ o
o] 03 = ord s - ' +2 o 5 e [0} ol 1 O O o [} [} -
10) . 0} o = e~ o > & Ko 0 ® (&) I o 1) +
O] -+ B Qy O e} Q R £ = i8] G -+ 0 e -+ 0] ) <3 .o o
o I [ © o | b ol O D e} @ & [} N ) 1 © 0
0] -4 ) Gy . ot 0 i - Kol Gy O O o < I
9] S o) £ & ® = f 2] o] 0] 0] g &) -2 - o)
-+ ] sl 4] o] o] = o 0] @ T o o o ® | o 3
M 1 eV} 42 o] @ o o [ o > i £ + ot (8] @ il Q o 42
o} i) ~ [0} O o a5 - ) 0 ] 9] o o] ) @ O Q [
o, X W) -+ -l i T g @ = & Q 9 £ 9] ® N fioy
L] (6] g a = - +r o M o ol @ o O 5l 2 o < 4 B O
G- [0) £ -4 C [0) = ol I L 16} o Gy I o) B 4o ® 3 .
O [ o uwy = i i . 1 & a O < I @O O 1) 0]
ord 0 @} = 5] 1 EA] 6] -+ 5] j - <7 M Ty < o ey o 0 e —
1) @ o 1 o O ot «y [} o O © 0 . ¢ @ ey O 2] i o]
m j 9 g i [W] > . [ @] 3 [ o -+ o] o ay n - O
v &) 0 & e} < io) [ 4= [} . @ ES) & = ] =] D mn O
42 [ O 0] i Q 4 — b [ o € iy +2 ¢ D O 9] -
o By ¢ 4 < [0 8] o + Q, &) o “ i 0 Gy o m [y] 0] S G € o] [
) — o [o P A Q, < I5i] -t 1)) +2 (1)) et D 4] [$M] “ Q =
o b 1 N a3 o e -t =~ & 05 O Lol 0 & {2 o) ® [ )
<0 o) mn G 9] ] Q ) o (ST o @ Ko -+ I - + > 43
) ) O Ke) b ~ [T o & I o e 3 & I 0
o' N i ol ) O -+ O a o o 0] O D 1)) IS
e i} o4 S @ 8} O 3 5 o oy — 3 ) L @ ) 1
o - -+ €8] joN 1 ] 32 O =} —f I o e 5] 3
¢t -t o jed 1 o 3 - Al [0} O -+ + 6] [ o I3
[ o} O & o I @ (0] o Gy o ol O s} - [ o o
© kel e} K (3] S o o] L @ (8] o z ~ ] D O ot 0 0
= - 4] @ = © 9] E i » & Iy - o e o
@ o S o) o o 3 i Gt e O O O & e <
1 n . £ ! 4 o 0] Oy $t G~y 3 ) 3
n o D &) 3 42 & i > By O %] o) w Oy Gy o] Gy <
Q 8 o " O] €a] 43 ol -t o 8] oy 0 <2 o O i
+ m s ot o [ B I e i ol ] @ o] a3 I
] s ke £ - i [ (9] i v B D Ei $4 @
= ) o e O By I} O o ! R 0 + £ -+ = 4+ & ¢
o & 9] 4 o o . @ Sy + ) ) o O I
—i @) O O [0) o O < a = o] ol @ [} B>y 0 @ [0 54 T4
o i + “ $4 & ~ D & 4] > 0 Q0 v B O Gy £




th

f3eNn,

Edac

a°

a
4
=
43
(]

al

o
RIS

3

il

b KN
LR R an

ABISIS R

son

m\_

fate

T
¥

titute an

=]
hv}

tion con

[ergits

G

art of

9]
&

s scuthern

1
e

oo
of water

wree

SOV




s
o

o]
RO
M35

fia




Cambrian, on the othzr hand, contains abundant remzins of some of the
highest forms of invertebrate life, emphasizing again the great break and
loss of record between the Pre-Cambrian and Psleozoic. Trilobites, very
complsx orzanisms, dominated theVCam@rian'seas, but brachiopeds and corals
were also common, Succeeding geologic periods brought a multitude of new
forms with a progressive development of higher tvpes of life. Brachiopods,
cephalopods, gastropods, graptolites, bryozoans, corals, crincoids, and
trilobites swarmed in the seas during Ordavician and 3ilurian +ime. TIn

the Upper 3ilurian higher forms of life such as nautilids and scorpions

&

i

ppear.  The scorpion hecame the first air-breathing animal in geologic
history and theses are followed by fishes in the late Silurian and Devonian
where they became the dominant form of 1ife as well as the first known

vertebrate animals.

The first land plants also made their appearance in the Devonian,
impressions of the leaves and stems of which are preserved in the Antrim
shale of Michigan,

.

Mississippian and Pennsylvanian time was marked by the creeping
out upon the land of many forms of animal 1ife, with the result that fhe
amphibian, a creature which spends a part of its 1ife in water and the
remainder on land, was developed. In Permian time there evolved the reptiles

s _ . . .
which lived entirely on the land. As these higher and higher forms developed

+ £ - . +
the ancestral forms remained, but many became less prominent. The seas swarmed



all through Paleozoic time with the various types of invertsbrates, but the

0]

end of that era saw the virtval extinction of some of the most important
forms. Trilobites became entirely extinct and the older orders of brachio-

. pods disappeared from the seas.

As indicated under the formetion of coszl, Pennsylvanian time was
characterized by the most profuse land flora of all time., The warm moist
climate and luxuriant plant growth also favored the development of more
than 1000 species of insects most of which were of gilant size, varying from
two inches in length to more than a foot, with a wing spread in some in-

stances of 29 inches.

Bvidences of Paleozoic Iifs in Michigan

With the exception of the Cambrian period, fossils ars abundant

Ordovician brachiopods and other forms are to be found in great
abundance along the shore of Little Bay de Noc at Stonington, Deltz County,
and at many outcrops of the Trenton limestone along the various rivers in the

vicinity of Escansba, and near Trenary.

Silurian corals and other fossils may be obtainsd at many exposures
of the Niagaran Series from Burnt Bluff, Delta County, to Drummond Island,

Chippewa County.

Fertile hunting grounds for Devonian corals, brachiopods, and

L

occasional trilobites are present in the old quarries nesar Alpena and



_So-

yd

Petosksy, in the bluffs along the shore of Little Traverse 3ay, and at
Partridge Point and E1 Cajon Beach, Alpena County. Fossil fishes also

occur, but the remains of these are generally too poorly preserved to be

recognizable by anyone not trained in their identification.

Mississippian fossils are found at Bayport, Huron County; Bellevue,
Eaton County; and Coldwater, Branch County; and the dump heaps in the vicin-
ity of coal mines offer possibilities for finding the fossil plants of the

Pennsylvanian,

Plates XI and XIT show the most common types of fossils occurring
in Michigan rocks. Reference to the geological maps, Plates I and IV, will
show in what belts or zones one may expect to find the fossils of the dif-

me are comaon in the glacial

=1
D
]
ot
o]

farent periods. 3Slabs of fossiliferous limes
drift and may be found at considerable distance from the zone of outcrop of
that particular kind of rock. The nature of the fossils pressent, however,

may give a clue to the formation outcrop from which the slab was transported

Post-Palebzolc in Michigan

At the end of Paleozoic time, the greater part of eastern North
America was elevated above water and has remained as a continental area to
the present time. In western United States, howeVer, millions of years of
sedimentation followed the Paleozoic to record the events of the Mesozoic
and Cenozoic eras. With the Michigan land area standing high above water
throughout these eras, deep erosion occurred with a complete absence of
geologic record and loss of much of that which was written during Paleozolc
time.

1

Warping, faulting, settling, and other adjustments of the rocl



strata were also in progress during the Mesozele and Cenozoic eras. It is
probable that there was abundant 1ife on the land which is now Michizan

during the unrecordsd eras; possibly even the creat dinosaurs known to the

v .

Masozoic of the western states roamed the Michigan hills, swamps, and forasts
only to have their remains blesached to powder and washed away; oOr if by chance

2 more favorable resting place was found beneath river sands or silts the ice

sheet of the glacial spoch swept away and destroyed any possible record of the

1ife of those times.

Pleistocene Period

We now come to the third great division of Michigan geology, but

one which in moint of time was relatively of short duration in comparison to

the Pre-Cambrian and the Paleozolc. We have seen how the Pre-Cambrian in

W4 Al an Tro e
sacnigan was

etivity, althourh vastly long
periods of sedimentation also oceurred, and how the Paleozolc was characterized
by tranguil events with but few breaks in the long continusd deposition of
sediments. The Pleistocene is a type of geology found only in the northern
portion of the United States. t is a story written in the form of scratchad
and grooved rock surfaces and thick deposits of sand, clay, and stones, spread
over Michicen and adjoining states by the Great Ice sheet which invaded the

North American continent in Pleistocens time.

Centers of Accumulation of Ice

A decidedly colder climate than that of the Cenozoic and Mesozolc eras
permitted great fields of snow and ice to accumulate on the North American
continent. The centers of accumulation were to the east and west of Hudson
Bay and were lnown as the Labrador and Keewatin ice shests respectively. These
ice sheets are believed to have been of the same character as those which
exist today upon the continents of Greenland and Antarctica; hence were probably

—as much as 10,000 feet thick at the centers of accumulation, thinning to probably
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der clay or till are refsrred to as till plains or zround mo-
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The outermost morsinss in Michigan sre found in ths scuthwestern part of th

he FMissisgingws 1

orainic system which was formed b

at about the same time the Michigan-Saginsw lobes formed

the Kalamazoo moraine ths ice front recedad to form the

enters Michigan from Defiance, Chio, passes north to I

Lansing, énd thsn passsas northward to near Cadillac, swinging
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it was laid under water, and scross ths north centrsl part of ths Lower
Feninsuls to nesr Manistze. The Port Turon morains w2s bullt up 23 2 result

The last stand of the ice in th2 Lowsr Paninsula appears to have
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and the deposits sre vwredominantly of sand. The glacial histery in that regicn

has undeoubiedly bean complicote tions not fully undsrstood. In the

gninsulz the glszcial drift is thin cor absent over large portions

Peninsula have besn worksd out. Thers is 2 strong morains, howsver, in the
western part of the Upper Peninsuls which forms the divide bstween Lake Super-
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have basn formad in

rominent eskesr wast of

™ .
Feninsula,

he University of Yichigan is

on thaz till »lain hills

located on an outwssh plain. “ithin

25 kames and appsar to reprasent deposition in a crevice in

by

wre ths watsr was pondsd so that the heavier sand and grave

ximately 20 miles.

in the 3tate has its north and at

lebberville, Howell, and Lima. In the northsrn part of the 3tate

ezt in height in places. In the Uppzr Peninsvla eskers

nerally versy
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usually lsss than
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of 3laney, in 3cho h“@raft County.

mall in comparison with those of the South-

mile in length and 10 tc 15 feet in
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prominent esker is located two miles
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zction of the ice . Trass 2rs known 23 Jrumlins and they spozer to havs
besn formed through shaping by the overriding ice. & prominent drumlin area
is locsted in th2 northwesisrn of Lowsr Faninsula in CGrand Tkovsree,
Lytrim, and Charlavoix countiss. & short distance north of aAtwood, Artrim
County, 2t the Charlevoix County line, U. 31 runs 2long the top of 2 drum-
1lin and others can be cobszrved on sither side of ths road
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e thickness of the Jdrift in th

it raznges from this figurs

down te 100 fest, but in Newsygo, Mecoste, Laks, Csceols, znd Wexford counties

w2lls have encountersad

fici
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in Austin towns nip, Macostz County, reports

eleveticn of 1710 fe=t above =3 Zevel, the highest point in the Lowsr Penin-
sula. It i3 nossiblas thot the thicknsss of the drift 2t this point is more
than 1000

T - { P = 2~

Mrher of Glecial Periods

It is belisved that during Plsistocens tims the ice cams dowm not

ces of

cne, hut from threse to six times, due to changes in climats. IZvid

this are found in burisd scils, bads of peat, and bonss of snimals found be-

the rscords of the =sarlisr ice sheets so that the

cribsd are those laid down by the latest or Wisconsin glacisr. Ixposures of

<

3.

blue unoxidized till believed to belong to an sarlier stage of glaciation have

been found at 3 nurbsr of localities.
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and Suvperior lobe (Lale Duluth) were

. . . e
2 final withdrewal of the ice merged Lakes Superior, Michigsan
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and Iris. The history of tskes Chicago and Duluth, whils similer to that of

the lakss in the Zris Zasin in fluctuations 'of ths water lsvel, was not as

complicsted, owing to ths fact that thé shores were higher end the lalkes wsre
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largely confined to the prasen

Poninsula. HMeantims ths
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Lake Algonguin found an cutlst past Kirkfisld, Cn

Iroguols, and the
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or nearly so, with the result that Leke Zris dropped to 2 lowsr lsvel than at

the presént time. An uplift of

outlet and sant the flow

barrier at North 2y, Ontario,
to the Champlain sez, 25 ths awrence diver was called. This wss

knewn s oka Zrie was

remevel of the ice from the region resulted in uplift in the North Bay regiorn
gsending the flow back to Fort Buron, establishing the wodern lrest Lakes and

warking the beginning of recent gsologic history.
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The highsst llaumee besch has an elsvation above ssa levsl of 785
fest at Fort Weyne, bub 2t the Michigsn-Chio lins it is 800 fest and nser

o

Imlsy City 850. The Whittlssey baesch is 735 to 740 fest in Chio, vrsaching

ian bhaach is 407 fest in the scuthesrn

feat at Msckinac Island znd 1090 feet
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ths same lake should be nesarly hori-
50 that the progressive riss to ths
s lcez wmoved off,
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is about 320 feet sbove the prassnt lake
- L

4

was coverad by Lake Algonquin. Since that time, however, the island has been

uplifted over 200 feet. The wavs-cut terraces of Lzkes Algonguin and Hi-

[ RN /

pissing are plainly visible from Mackinaw City or St. Ignace. Arch Rock,

™

Sugar Loaf Rock, Castle Rock, Rabbit's Baclk Pesk, and othsr rock formations

k]

a3t Mackinae Islend ard 3t. Ignzce ars the result of wave erosion by lake

o

-t

Algonguin.
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cccurred has besn computed from the measured rats of rocession of Nlsgara

Falls from ite originel position at Lewiston, New York. Figurss th

tained range from 10,000 fo 20,000 yesrs. IHecent geologic history is being
made today, and by ohsaerving ths processes now in prograss on the sarth the
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Beonomic Products of the fecent

nsive marks

to some extent for faritil

akes and sWamps .

and are veluable for fsrtilizer and for the manufacture of pertlend cement.
The great sand dunes of Lalke Michigsen and ths Crand Sauble Banks

of Lake Supsrior wers fcrmed in Recent Gzologic time by the prevailing south-

>

westerly winds which pick gp the sand was

into ridges. The du
loited at Muskegon, Manistes, and Zudington for foundry sands and other

TUrpcses.

The most spsctacular dunes are located near Sauysr,
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