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The writer takes credit for nothing original in the following
writing; knowing that the accumulzted facts and information were
inherited from others through sssocistions or writings.,

It is inspiring to know that many associzted with rosd construction
are not only interested in the soils with which they work but are
intensely inquisitive in the geological background for these same
soils, .

Numerous requests into this relationship between Michigan soils and
geology from the writer's sssociates have prompted this paper,

The guestions range as follows:
I. EARTH -~ ARCHEAN PERICD ‘'arz 4

Thickness. Taye iy ) &, nrd 7
Density. ‘trece 7

Composgition, ‘tnpe 7

Expansion and contraction. inpe 7 spd 2

. Stability ~ fission eand fusion, Frge D oana §

°
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II. IRON RANGES -~ HURONIAN PERIOD

A, Origin - Geologicelly, Fose L0 oand 11

B. Fig. 1, 2, and 3 ~ Meps of iron deposites ~ pockets,
synclines and fsults. Chon 10

. Various ores and their rlchness° roos Loand 12

Methods of enriching ores, Fare 11

Iron and steel smslting. bagrn 12

Special steels, FTrog 17 urd 1%

Iron renges: Minnesota - Ontzario - Michigan -~ Lske

Superior Syncline, Pere 103

H. Erosion, Yome 1, '
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III. COPPER RANGY KEWEZNAWAN PERIOD FIG. 1, 4.apd 5. Fare (T-f ond e

A, Geologicel History.

1. Taconite Sea, lure

2. Wisconsin Dome. el 1

3. Michigan Basin. FPaee 14 19

4, Deluth Basalt, ¥Faze 16

5. Keweenawan Lava Flows. Pape 16

6. Copper Veins, Amygdeloids and Conglomerates, ivijge 17
7. Lake Superior Continental Syncline. FPuie 14, % apd 1y
8. Refining. Parc 20

9. Mine Depths and Temperatures, Fuoc 12

10. Other Locations of Copper in World. Trnoe 20

11, Atomic Numbers, P=re §
12, Heuweesrnaw Fouls, }JTV L7 s 1R



IV, ICHIGLY BaSIN = GREAT CONTINMNTAL BASIN - FALEOZOIC 5Ta8,
FIG. 6, 7, & 9, 10 and 11, Page 20-A

A, Connecting basins - Illinois and Alleghany, Page 21

B, Connecting troughs - Logansport and Chatham Saps, Page 21

C. Boardering domes - Canadian Shield, '“isconsin Dome,
Cincinnati Arch and Ontario Dome, Page 21

V. PALECZOIC SBAS - HXTHENT, vSPTH AHNL ORIGIN.

A, Giant Contirental Iake, PFage 21 and 22
B, Great Seas - Cambrian, Ordovician, Silurian, Devonian,
Mississiprian and Pennsylvanian, Page 21, 23, 2L, 25, 26, 28,
29, 30 and 31

VI, CBVELOPEMENT OF THE GREAT LAYES,

A, Dissolution of salina salt beds, Page 23
B, Collapse of unsupported arched beds, Page 23
C. Scouring of trough by ice lobe, Page 23

VIT, UEVELOPEMENT OF STRATTS OF MACKINAC,

Dissolution of salina salt beds, Page 26 and 27

Collapse of unsupported arched beds, Page 27

Continental depression, LOG! down-warping - Kast of

Georgian Bay, Lakes - Chippewa and Stanley, Straits Gorge  Page 27
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VIII., WNIAGARA BSCARFMENT.

A, Erosion of soft sedimentary beds on both sides, Page 26
B, Formetion of door Penninsula, Garden Fenninsula,
Backbone:of Upper Penninsula, Drummond Island,
Cockburn Island, Manitoulin Island, the Bruce
Pennirsula, Jutting up from Ontario and Niagara
Falls, Page 26

IX. FARST REGION - ALPENA AND PRESWSE ISLE COUNTIRS,
Figures 12 and 12-A, Page 31

-

Limestone sirks, Page 31

Sunken Valley - Fletcher Ltate Park, Page 32

Underground rivers - Grand Lake, Long Lake, Narrows, Page 32
Sink or river openirns in Hisery Bay, Page 32

OO W

.



X, CORAL RICFS - OUTCROPS

L. Locations - Petoskey, Alpena, Long Lake, Grand lake,
B, Cement Plants - Petoskey and Alpena,

ZI, PLLISTOCHNE GLACIATIGH - HEOMETRIC SCUPTURING OF STATE, Fig. 13, 14 & 15.

A. Keewatin-Labrador - continental ice sheet. Page 33
B. Local Ice Lobes - Erie, Huron, Saginaw, Michigan and Superior,

. Land

12,
N 130
14,

Forms.

Moraines - General., Page 35, 36, 37.

Ground moraines or till plains, Page 36

Glacial discharge rivers,

Outwash plains - South Boardman to Flmira, Page 37,39, Inter-
lobiaste area - Oxford-Drayton Plains, 39, Manistee East,
Baldwin orth, South and ‘est,

Valley trains, Braided river valleys~between Defiance and
Fort Wayne Moraine-Northville Morth and South, Page 37,39.
River terraces,

Kames-Lachine, =72 Hapid City to Barker Creek, 40,41,
Eskars, Jackson to Lansing, Page L1,

Drumlins, Aintrim-Charlevoix~Leelanau and Cheboygan Counties,
Also Soo South-floating in 65! of lecustrian clay of Post
Glacial Iake Algonquin, Page L2,

Clacirl ond Post Clacial Lake beds and rlains. Page L3,
Reach Ridges-Shorelines South of Charlevoix on US=31, L3, bl
Storm beaches, Page Lh.

Ice ramps, Yoge Lb,

Cliff cut shorelines, Nipissing and Algonquin Old liission
Perninsula, West Shore of West Bay - Traverse City North

to Suttons Bay - Petoskey. Page L5,

Continental uplift - Hinge line. Pages L6, L8, 52, 57 and 60,
Sand Dunes - A1l along Fast shore of Lake Michigan and East
Shore of Saginaw Bay-Southwest of Pte. Aux. Darques, North

of Ludington, Horth of Manistee, Glen Arbor, Petoskey. Also
in thumb fast of Pte Aux Barques, Page L7.

D, Glacial and post glacial lakes and their spectacular drainage

way's
1.

and outlets, Page 43, 49.
lake Maumee, Page 51, 57, Fig. 16, Fig 17.
a. Fort Wayne Outlet, Fig. 10,
b, Brown City Outlet, Fig 17.
¢. Imlay City Cutlet-Lake Zersley, Pine and Maple liivers
Page 5L, 55 and 56. Tig. 17.
lake Arkona and Lake Saginaw, Page 56, Fig. 18,
a. Orond River Outlet., Page L9, Fig. 17.
Take Yhittlesey and Ubly Outlet, Port Huron River Lstuary
and Cass iver and Crsnd River Outlet, Page 49, 58, Fig., 17.
lake “ayne, Page 59,
a., Syracuse - lohawl: - Hudson,
lLeke warren, Page 59, Fig. 20.
a, Grand River, Page A8,
Lake Clenwood rnd Chicago and Lake Grassmere. Intermediate
stage between ‘arren and Elkton, rig. 21,
a. Syracuse - liohawk - Hudson,
Lake Czlumet, Chicago and Lake Elkton, Page 59, Fig. 21,
a, Troy, k.Y. through Col - lohawk and Hudson, Page 50,



T 3 . ] . - - T . T ey 4
P, Lave Toleston, Lake Algonsuir, and Tale Duluth/inTroin-

. e To
'nitefish chennel,
a, First stage of Lake Algonaguin,
1. Fort HMuron-lake T rle~d1ag ira River-lalke Iroquois-

Yohawk 2nd Fuison, Pages L6,49,50,59; Fix, 22
b, Szeond stare,
1. Kirkfield Cutlet, Georgian Pay - Kirkfield-Trent
Valley - lLalee Iroou01s.
2. Three outlete: Kirkfield, Port luron and Chicago, 56,60 °
rd stace. Fig, 23
. Port Turon rnd Chicago Lutlets, Pare 49,060, Fig, 23,
2. Pert luron Outlet, Page 0,
9., Lakes Chippewa and Stanley, %1” ”1 LP, 57, 60,
a, Straits of fackinase, flv, +250'. Pare LE, 57,
b, feorgian Eay - Tasterly,
10, lLake Niﬁi“ozrf, Fig. 25,
a. North Day Outlet, Pape 57,
b, Port Huron Qutleu.
11, Take Iipissing, Yorth Bay Outlet, Page L6, Fig. 29,
12, Local Drainageways.
e PeuOSkej - lound Leke - Crooked Lake - Burt lake -
Mullett Lake - Cheboygan River - Cheboygan ~ By-pass,
53, 506 and Fig., 24,
b HmeLQOT ~ Tahquomenon River and Falls - Newberry - Mclillan
Pass - Manisticue River - Manistigue, Fig 24,
¢, Autrain - Au Train River - “hite Pish River - Ranpid
Rivdr, Fig., 22,
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XII, Radio-Carbon-Dating, F

The writer will try to explain the abeve within the 1imits of his ability to
do 80, lNotes relative to central statenents will follow them and 1*e Vllgbt-
ly indented., The writer has also interrosed vorious notes not directly
associated with Geology. en. Cres, steel furnaces, tronsmutation of elements
such as oceures in atomic Fission and Fusion, table of atomic nunters,
hydreearten series ete., These coan be gimply ignored if found un-interesting,

TARTH - ARCHEAN PERIOD

THICKNESS: First of all let us study this eaurth as a sphere apprroximately 2,000 miles
in dismeter and 25,000 miles in circumferencs,

We think of our earth as being quite stazble and solid, This is not true,
fictually, we are living upon a peper thin sheet of rock over & blast furnace,
or upon a huge skillet,

Cecasionally this thin surfoce is torn allowing molten rock to ooze up
through the cracks, IU is no wonder that natives in lands freguented by
volecaniec action believe Hell to be in the center of the ecarth,



Tris thin, ccoled, snlidified surface insulates us z2gainst the hot
fluid interior., This surfzsce is 3.5 miles thick benezth ocesns and
sone 30 miles thick on the continents.

The increased skin thickness on the continents is due to successive
volceznic eruptions (extrusions of compressed molten or izneous rock
from the interior). The extrusions pour out of the ruptured surfzce
and nile up heavy messes of rock upon the surrounding arez, which
cool 2nd solidify upon exposure to the stimosphere,

The newly built up extrusive rock is similar to 2 surcharge used in
constructing a road grade through 2 pest marsh., The great weight of
the concentfeted surchercge eventuelly bullds up to an unbalenced and
unstable condition which results in the downward movement or sinking
in of the gzeneral sresa.

When the surcharge resches a hei-ht of 5.5 miles above the surfece

of the earth, the #res begins to settle. This seems toc be the great-
est heiszht of mountain mess thaet cen be flosted above the ses level
before an unstable condition arises.

After many successive volcanic eruptions and the acconmpanying sinking-
in operations, 2 30 mile thickress of solids is formed.

This thickness can be checced very easily. The heat gradient
in the earth reises at the rate of one degree fahrenheit for
every additional 60 feet depth &s you descend into the earth,
(For example)

30 miles x 5,280 ft. = 2640° F,

60 ft,
FUSION AND Note: This note is introduced to establish within the reader's mind
BOILING POINTS that nost metals and earthly minerals and men made rocky substances

OF MATERTIALS fuse or melt between 2500°~F and 3000°-F.

The following are the nelting or fusion points and the boiling or
veporizing points of some common rock minerals, metals (elements)
and men-made earthly products,

Volcanic rocks of granite end bzszlt melt at between 1800°-F and
2700°-F,

Portland cement consists of a filler and anhydrous celcium silicstes
and fuses to & clinker st 27009-F., Celcium sulprete (Gypsum) is added
and the whole nass is ground to & fineness of & 360 screen.

Fire brick of refractory brick consists of hydrated aluminum silicates
(A1 * 0 *2°810 - 2 * H * Q) plus minerals of risgh sluminum oxide

2 3 2 2
content (Bauxite, Diaspore and Kyanite) plus sources of silica (sand
and gnartzite) plus chromite (chromic oxide) plus carbon and plus
mica (Vermiculite),

Nt



THICKNESS

Thls man-made eorthy oroduct is used to line xilms in the production
of clinkers for portlend cement and in lining oven-hesarth busins and
bessemer converters in the cooking of ifon ore to make steel.

Tilis product melts between 2?6S°—F and 3614°—F.

Glass is mede by fusing sand (Silica) and limestone (C cap o COq) into
cslcium silicste. This product boils a2t between 2372°—F and 2912°-F,

Pure iron melts at 3004%-F., Iron with 5% of Ferric Cerbide melts ot
24400-F,

_mﬁgﬂéé ézQ&IC N, SELTIRG POINT BOILING POINT
Iron  Pe 26 2756°%-F 4955°-F
Copper Cu 29 1976 4703
Silver Au L7 1760 3632

Gold Aq 79 1950 4712

Lead Pb 82 622 3154
Mercury Haq 80 -40 675

The heated surface of the sun is 10,000° ¥,, while = nose cone
of an I.3.M. reaches & temp=ratuare of 15,000% F. through air
pressure when re—entering our atmosohere st = velocity of 15,000
miles per hour.

Metecrs entering our stmosphere acquire & temperature of 16,000Y F,

These latter temperatures appear fantastic dbut become compre-
hensible and reasonsble when we coansider the volstile or boiling
polnt of iron at 49550 F.y that calcium czrdide is made in an
electric furnace at 54000 F. Air heated by a2 flaning electric
while agron gas c&n ve heated to

i

ava e ranah Vi G/\r\ ol 3
Al LI LCalll L7 pJvu - ey L
erincipal called megnetohydrodynamics,

W
17,500° F. by an electric 1l

Even common fuels cen produce fair temperatures, e.g., wood fire
800 - 1100° F., charcosl fire 22009 F., coal fire 2400° F,

Returning to the sphere, we note that the solid crust is only 30 miles
in thickness or less than 1% of its redius,

30 miles.chust) x 1004 _ 0.75%
4000 miles (radius)

The e=rth's shell compared to a2 two inch dismeter apuvle would be less
than the thickness of the spple skin,

It is no wonder that this thin skin occesionzlly becomes wrinkled and
teers open gllowing the extrusion of melted rock to form lines of
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mountaing, such as the copver renge (backbone of the Keewsznaw Pen—
insula), the Rocky Mounteins, Jzpan snd the Aleutizn Islands. If
the cracks do not exteand completely down to the molten rock, water
will enter them forming periodic exvlosions and exoulsions of water
in the forn of geysers and hot springs (Yellow Stone Park),

Note: One BTU (British Thermal Unit) is the smount of heat required
to raise the temnerature of one vound of water one degree fehrenheit,
Onre BTU egquals 778 foot-pounds of work, It tazes 972 RTU's to convert
one vound of water “t 212° F, into steam 2t atmospheric vressure of
14.7 1bs./su. in. This seme volume of water expsnds explosively 1696
times into steam.

The density of this earth skin is approximately 180 pounds per cubic
foot., This holds true for most sedimentary, metauorphic and igneous
rocks, It is easy to see how this rock will float over the heavier
500 nounds per cubic foot densities for iron and nickel formation

in the core of the sphere,

lgneous rock is formed from volcanic megmas in the form of in-
trusive and extrusive lava flows, e.g., granits, bsszlts,

Some sedimentsry rock is formad from disintegrated igneous rocks.
The minerals =re sorted out, graded, transported by wind end water
to a locetion where they are devosited in leyers,

Other sedimentary rocks such s2¢ limestone is formed fronr the skeletons
of small marine 1ife such ss uni-vzlves and bi-velves and snails,
Their bond stractures sre ground up by weter sction and first form
marl. Merl uvon compressicn forms limestone,

Also limestone held in solution as cslcium~bi-carbonste 1s precipitsted
s calcium cerbonate (limestone) when acted upon by czrbon-di-oxide.
This sction also forus marl,

Compression cements them into rock., e.g., limestone, shale, sandstone,.

Metamorphic rock is igneocus or sedimentary rock which h=s its structure
altered through heet and pressure, e.g., gneiss, schist, msrhle, slate.

The earth's surface can now be compared to the flux of limestone and
silica (slag) that flosts upon the molten surface of iron in a steel
mill furn=zce,

It is interesting #t this woint to compare the 5.5 mile mountains of
this e2arth with the § mile high mountains on the moon., All in=
dicetions are that these later mountezins were formed when the moon's
outer shell was relatively thick compared to its 2000 mile dismeter,
and could float higher mountains over its fluid core.

Eruptive, explosive, volcanic action 1s caused by the shrinking of
the earth's crust through cooling ection., The outer surface, 2s pre=-
viously shown, hzs cooled about 2500° of fshrenheit znd hss con—
tracted 70 feet per linezl wile of surface.



STABILITY

e.g2. Expansion - contraction of granite - 1 part per 187,560
per 1 deg F.

5280 ft. x 2500° _ 4 gy,
137560

This contraction amounts to about 1.3% and represents 330 mileg in a
25,000 nile circumfererce around the world,

This shrinking action of the ezrth's skin comvresses the interior
fluid mass., The earth's crust can sustain conpression in the amount
of 175 tons pressure per square foot. However, its elesticity or ca-
pacity to stretch is practicelly zeroc. Ther=fore, when the exterior
surfece contracts, it splits open, and molten izneous megna (rock)
flows up through the fractured surface creating volcenic cones
(sometimes islands) =nd mountain ranges.

A reptured surfece can be compared to & crack in the skull of a
hard boiled egz; the extrusive rock to the white coesgulated albumen

Ty

issuing from the crack.

It is desired to esteblish in the above parsgrephs: that the earth

is 2 huse sphere whose core is molten iron and nickel (sp. gr. - 8)
and whose solid crust is of volcanic rock (sp. zr. - 2.7); thst the
earth's crust is relstively very thin in compariscon with the nucleus
of iron, less than 1%; that the earth's skin continues to tishten end
shrink accompanied by surfsce failures which result io fsults, such as
earthquakes, hot springs, geysers, volcanic islands, and mountain
ranses (backbones of continents).

For those interested and worrled sbout the present and future thermal
plcture snd stability of this earth, the following short appendix is
added at this time.

Notest Even though the esrth's crust is very thin esnd the core die—
ectly beneath it is molten, there is no danger that the surface
will ever collspse and become submersed in the core. Becsuse
of its smaller density, it will =lways float above 1it,

However, this does not mean that there will be no more faults =
sarthquskes, volcenoes or volcanic flows. They will continue
to occur infrequently. However, they are very insignificant in
size when compared to the total asrea of this sphere. (Total
area refers to both continents and ocean beds).

The earth has formed 2 solid crust which will continue to grow
in thickness with zage.

In this 2tomic age, the question often arises a2s to whether
an atomic explosion could set off a chain reaction in the
earth's rocks and minerals which would result in the sphere
disintegrating. This is impossible for the following reasons:
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Even though 2ll nass constituting this sphere is emitting
radiation, the redio~active msterial csusing this is so infin-
itesimal and so finely dispersed thet its concentrated effort is
neglizible,

Furthermore this particular energy is being dissipated et a
regulsted rete Jjust like the precision beats of 2 pendulum on
a clock = they czn't be hurried up or slowed down except in
the laborstory under speclial concentration and control.

The stom boubdb is asctually a newly formed laborztory element
whicr ie very unstable £nd when zllowed to bresk down into
more stzble elements. Fission does so with the releszse of
trenendous zmounts of energy. BHNuclear power plsnts in ships
end electric power plants use this same stomic bomb to produce
the hezt energy. However, the release of energy from the
atomic pile is controlled and is not spontzneous,

The "H" bomb is czlled & thermonuclear bomb and is & fusion
bomb, It tuo is azn unstable artifical or lsboratory produced
element which gives off tremendous emounts of heat energy
when it breaxs up., Howaever, this element builds up into
heevier elements during fusion where ss the fission element
breaks down into lighter eleuents. Fusion occurs 2ll the
time in stars such &s our sun,

Now let us study pitchblende. This is the chief source of
uranium, an ore in which radio active material is highly con-
centrated in contragt to the small amounts found in most all other
materials,

In soite of its

PO - Y
vl cululll 1ioy

This ore furnishes the nucleus for stomic bom
e

S
cone tvation of redio
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8
omic chzin reaction set off by sn atomic bomb.

hi oh n
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be exploded or &

Furthermore, the amount of this ore is Just & small fraction of
the eerth's m=zss., All the rest of the earth's mass is in a high
state of stability and would require much more energy to break
down their atomic structures than could be szlveged from energy
releaged when new etomic structures are creéted, for example:

Gold cen be mzde from lead. However, it takes so much
energy to remove the three electrons from lesd in converting
it to gold thet the process is expensive. 1In &n experiment
it cost one million dollars to mske one doller's worth of
gold from lead.

Mow let us concentrate our sttention upon Michigan
MichigZan is unique in that uractically everything that has ever happened

in the geological history of this world has occurred to some varying
degree right here: We heave ore bearing rocks in the iron and copper
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ORIGIN
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country (sedimentary, wmetamorphic and velcsnic); great sedimentary rock
beds (silting in of the Michizan Basin); coral reefs formed in tropical
salt water sess (exposed st Petoskey and Aloena); great earth fezults
such 2s the Keweenaw Fsult and the structurzl collepse of the Stresits
of Mackinsc; continental ringe lines (Arcedis eastward to Forestville);
Kerst Region limestone sinks znd csves (Alpena =nd Presque Isle
Counties); Glaciztion zccompsnied by great deposits of zlacial drift

in verying land forms; vost glacisl lskes and arsinageways 2nd many
other uinor geologicel changes,

Let us treet each geologicsl age separstely and in chronologicel order,

Iron Renge - Huronisn Period
Pig, Nos. 1, 2, & 3

About two billion years ago this esarth was relatively voung. The
igneous magmss sund volcenic lava flows had cooled, solidified and herd-

ened into the Graanitic Canedian Shield, backbone of the North American
Continent,

Some of the volcenic levas extruding through cracss in this huge shield
were rich in both iron =2nd silics, e.g., greenstones of the Vermilion
2enze in Minnesota,

These rocks end sililsr ones, throigh disintesrstion, erosion end trans—
nortetion, furnished the iron and silicz for the ore deposited in Michigan,
Minnesota =nd Wisconsin,

Souwetime between two billion years and 700 million years zgo, s shellow
continental devregsion developed in the zres of the shove stzies., This
depression is not to be confused with the Michissn Besin or the Lake

Suoer or Pasin hoth of whi 1

3 ~h P P o
uperic ceun ¢ WNicn aevelildopeuw .2

4

[0

This depression becaie & huge reservoir covering the Western part of the
Upver Peninsula of Michizarn, Northern psrt of Wisconsin and much of
¥Minnesota,

Into this leske poured water satursted with silica (sand) in soclution and
iron rust which had eroded from the iron rich volcasnic rocks.

These minerals zccumulated in thicknesses of between 300 feet and 800 feet
in the deepest recesses in the lake and formed at this time the orisinel
Taconite, iron ore deposits (iron oxides - rusts - in a wetrix of sand),

Erusion continued to remove minersls from areszs of the Cznadien Shield
ferther North and to bury the Taconite benezth heevy sedimentary beds
of ssnus, silts and clays whick under pressure turne: into szndstones
and shsles,

Pressure snd hest later metszuworvhised the ssndstones into quartzites
and the shales into slstes,



ORES AND
PNRICHVENT

ORES

The next grezt dynamic geological change was the elevetion of the Nerth
American continent well above ocesn levels. At the szme tie the
Taconite sea basin fl-ottened out to some extent and was then re-shaped,

Interngl oressures witiin the esrih's crust werned tre ore besring
stratlificetions into locsl pocsets and bfsins into Locsal Synclines and
Ccoti.ental Synclines such as the Leke superior Syncline end isnterrupted
their continunity in fazults. See Fis. No. 2 end ER

Tre Wisconsin Glacier (fourth invesion of the continentsl ice sheets) with
one center Of accumulation East of James Bay (Imbradori=n), =nd the other
center of accumulation West of Hudson Bay (Keewetir)convered the ore de-
posits with stil) additionsl meterisl in the form of gleciegl drift.

The Tsconite was now conpressed by the hesvy surcher.es of sedimentery
leke beds ana superimoosed glaciz) drift into rock,

Soon ch#nges begen to appesr in the Teconite. Reczuse of its elevation
above & sround water tzble, gravitaztionally .otivated weters beren to
seep throush the ore veins,

his seepaze dissolved and removed much of the silica (sands) enriching
the remaining ireon ore, Some ore beds beczme concerntreted in iron ag
much s 68% (Heratite),

These orus crn be shipped directly to the smelting wills., Other ores

¢t lled w=sh ores zrs crushed esnd the s=and rinsed from theu leaving them
highly enriched., The ssnd welshing Y0 pounds par cubic foot is eesily
senvarated fror the iron oxide weighing 350 wvounas oer cubic foot hecause
cf the grest difference in densities.

The unaltered Taconite hos between 20% 2nd 35% iron and must be svecislly
trested to concentrate trhe iron to zbhove 504 before it c=u be shipped
South to the coal fields end the steel mills.

Notes: On ores and ore enrichment. Tzconite conteining hemrtite must
be finely ground and the send separeted from the iron by (1) water
action and vibreting screens and, (2) "Heavy media sevnsr=tion", an
alloy of 35% iron snd 157 silica, called ferrosilicon, is mixed with
water to produce & liquid with a specific wrrvity hetweer 2.3 and 3.3,
In the heevy mediz seperation, silice flozts to the surfece of this
lignid while the iron sinks to the bottor., The ferrosilicon is
mégnetic and because of this property cazn be selvezed and ro-used,

Tsconite containing magnetic must be finely oround and nognets used
to seperrte the sand frowm the iron. Some ores sre listed belows

Hematlite, Feyp 03, iron rust, is colored red to blue and hes between
65% end 705 iron with 2 sp. 2r. of between 5.0 and 6.5. Prsctically
2ll the silica hss been removed by nsture,

Specular Hemstite is & metamorvhised henstite =nd its crystals shine
egnd sper<le like dimwmonds. Placed in concrete the crystals gZive the
effect of fine frost crystals glistening in the sun,
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Linonite, 2, Fep O3 3Hy © (COﬂt%ite - Bog Iron) is a hydrated hematite
in which three molecules of weter are attached to a2 double molecule of
iron rust, This ore is bright ;ellow to = rich brown in color

Caenetit e, ﬂ93 0L, rametic iron oxice (iron rust) has 707 metrlic
iron, is derk colored and resertles iron, It has a sn, or. of between

Citlerite, Te Ub?, is » carbonate of iron and is found principally in
jlﬂﬂd in clayv forsabisne ecnlled Clev Ironstone. It is grey, yellow,

brown or black and has an iron content of L&,
Ceteorites are distineuished by the Lich percent of nickel, 355 to 8.

Hotes: {m Iron and !

Tron ore his Lo e reduced or caused to lose its oxygzen in order to

convert it into iron, This is done by heating it with coke or charcoal,
e, fuel which when turned with & restricted amount of oxyren, sets free
caroon moncxide, OO, an inotoble gas that Las a great ff_nlty for
T
he

L}_.

additional oxycen to make it into a stoble uvg.
The excess (U unites with ti

iron,

wstone is also nixed with the ore and irn melting the limeslone
eyters into cqemwcql union with the silics of ore to form zn lupure
slass cualled 3 !

5igg. This floats ahrove the molten iron and
is easil; PG“OVCJ from it.

lyron is first smelted in ¢ cuvols or silo. The silo is filled with
slternate thin lavers of chircozl, limeslone and iron ore. These
larers “re repeated umward until the silo is filles, 1t is then
fired and eventually rruyv cast iron is formed and dravm off. This
iron hss no tensile strength,

3

Wrouﬁnt iron is what is called tud led cast iron end has both tensile

and ¢n pressive strengtiis and can te hammered into shape while in
the «1 stic condition, Also iron, pure iron, malleable iron,

Steels are irorns zlloyed with other elements to (evelope srecifie
fe31red characteris tio . Unen hearth steel is cocked in an open
vessel or retort bty hot eises. FPassing over the retort open hesrth
steel is cooked for seversl hours,

Bessemer steel is mede nwore renidly in open kettles and is cooked
Ly foreing hot jgrited gas
in the bottom of the vessel, mlectric furnaces get their heat from
caroon electirodes that arc.

Motes: OCast iron and steel alloys and their specific charactorics.




TRON AND
sCIAL
STEELS

TRON RANGES
AND LAKK
SUPERIOR
SINCLINE

co~Ling: is n&rd an: cnn teke courrassive stresses
ssticity or tens’le

Verious alloys of other wetuls with ivon profuces steel with srecislly
desired charscteristics,

sanzanese - alloy-steel is foush and not Lrittle and is used in the

ushers,

Jaws of rock ¢

)

#1]ov steel is so tousgh thet it can be bent double

fiickel ~l1loy-steel has
cavles,

sreal strength znd elasticity =nd is used in

ste=l is cglled Inv-r, hns rractically no coefficient
5 in engineering tanes,

the four Iron Winses of llinnesota:
Gunflint (u]ﬂF“bObﬂ*’nLu
est oirection end
superior in

The Gunme, Mesahl, Vermilion

211 strike (heve their axis) in a
,'T8_3F7 to the Gorebic Iron lihnge
Lichlgan (dee Fie

n
e}
e

and Gunflint
southerly ‘]
70 Hdeorees in

res dip gently & desirees {(veriendicular to
mlco while the Coocbic Hange dips
vrosite direction, «r Loritherly,
were the game sediaentory beds snd
downfolding ¢rch called & ynolwm ine
Formation bed in tne weszbil is beoween 350
thickness of

huge

Iron
res well with the 500 to 1,000 [eet
he Gogebice,

and 200 Teo
the Iron ¥

cart of the foundation of the Lake Superior Sybeline, a ~own-
mhis indicates thet there were Lrenendous horizontal
roon the once horizontal sediment
A eidl on the orth and the
which coused it to bend downwoard,

Lween YHdsconsin lome on the

411 the iron ore bodies In the Upper Peninsula

Dome, 1n871‘ ihe Tuconite Hock {iron forms
hori zonalls - this are: Convalsive enrth move
Pressures Lrom a southerly
rocl, Later virnstion and erosion renoved
conite except tht wiich wes

sst upon the isconsin
n strota) rested
.ents and norizontsal

21l the evidence of the Ta-
folded into the e:rth's wrinkles,

Four of
iron Jiver-

*ﬂF*U tlhe, Cuinn, Lmasa,
e-relch were Torumed ss down

his extends as & "‘htly folded
les in an -ast-lest lirection between i
les ii

courie and uwfrunee, and is between t ree ~r gix miles

4
5
®
ot
iy
by
"'Ck
o

2y bteds thet lay be-
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clrection crused wrinkles in this thin skin of
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LROSION Hotes: Factors contribaling to the disirtesration and erosion of
lernic roc'rs, '

nsgg whenever the sariice of rock
of woter or

1. Thermnl chanres w tihe ‘rock
is : or cooled by contact with wird, mir, s
isted by the sun, grest interns i3 sses nre set
stween the 1loavers heving ~iffcrent ock con withe
1 between 157 nn "00 tons por squAre foot in cor pression, bul
stress in tension. The thermel chanre cresies eilber exnen—

or COQu“ﬂﬂuwon of tre ov'e“ ]aver in rel&t%on to the internal

n

. The intrus
in Lwo FCthﬁS
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destroy the rock structure, (b) “aster cantured by rock voids will
axpand 1/11 ~hen cha sing into ice and 2t the same tice will oxert

2 pressure of ZO0C vounds per sousre inch, This vressure results

n throwing nort%ows of the roc‘ vin into tension - » stress which
v is iﬂCﬁ‘h. of wilhsbondin Therefirem we hove spoalling setion
nd deen ¢ kJ g in the rocks.

nically grind boulders one against

3. ‘oter ant ice masses will mech
twnﬁilfnf mill]

the otrer #s in » , nd boulders a:
anprasively 25 in s n7 furniture,

Lo ind will a2lso sand blost roclk; transport the particles and relay
then in sevrepated layers,

N

5. Plont 1ife 2nd bacteriza in serrch for food znd -~oisture will to a
ninor “desree s£ssist in rock disintesration,

TIORTACTARY P',':T'Tf-‘.f
B R S WA LS

The reolopical history of the Copper larse is even wore complex and
interesting than that of the Iron Runge,

Dotes: ‘ledimentary heds develoned in the *ron ric% Taconite “ea, This
is the same iron rich soa thet covercd most of iin nesota, dsconsin and
|9 L 1

the Unper Periinsula of ¥ichiran, It had a sea floor {(foundation of
sranite) ;lfs tered over with seiimentary rocks. These selimentury
rocls were laninated and consisted of alternating layers of shale, sand
tOﬂ@o and conslomerate which warped dnd corformed to any chinres or

3
adjustments that occurred in the rranite floor, “This we will see
happen in the develo ment of the Lake Superior syncline, -

-

Hotes: The isconsin Uome is of crystalline rock »nd is about 250 ~iles
in dlameter., Fig. 6.

b

mostern - Harguette, Lichigan to avcedah, lichigan
Zastern - Laucedeh, .iichigan to New London, 'iiscon-
sin (25 miles of Ushkosh, 'isconsin

wouthern - New Jondon, ¥isconsin to Wisconsin 2apids
southwestern - lisconsin Rapids to ‘botsford, Hisconsin
Southern - Ahotsford to Chiprews [Palls

stern - Chirnewa Falls to Howrrard
Morthwestern - Havwerd to Ironwood
Korthern - Ironwood to Hoselawn
sJorthwestern - doselawn to L'ince to Hauron Jowntsin
Northeastern - Huron iountain to larcuette

P

7 rearcraise the seolopical conditions that existed and
t t-e time of the Heweenswan Lava Flows whicl flows were
hter londs of

et us now Lried
were ceveloving o
WLy dmpresnated with copper, and which also corried lis
silver &nd ~old,
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fiat rock: ~ranite called the

of Untario, Michigan,

dan Shield wos the Jnirly tiin sedimentary and
the shr1low tzconite sea,

‘stance of the Lover Penninsula

H P B R R ~ e S - 3
ext we had the bewinnir:- of the
3 3
I g

of .ichifan to

e gisnt conbivental thrist from the forthwest uegan to <down wirp the
cernnTian Shield Sn the neish of bthe present Lake Jsuperior to
finally o the suverior

C nsider the Lake Superior recion s flot with the surface of the
hield level with the lake ~s it exisits today

in

inite Tloor

Fow consider a jreat rinning
at uluth and Leeversing sorbhessterly & % oreenaw
fonr¢1LLLa and the worth shove of Loke quPFlO; and ending midway
et seen Coproser Harbor on the Reweenaw Penninsula nnd Yort Arthur,
3 crack Lreveresed ?olwmwer@ near this hyrotheticel line
t 1011: extenZed farther borth i the Lake Juperior region,

E PRy L~
Lveen the

o

B4

- T I T 1 B
orth all slerns this giont

poe bl
L .
to & poiﬂt sliyhtly heyon! Lhe Feweenaw

‘ic Cecean Ltore
Islands znd Japan,

the b which occured vhen tho Pacid
forming the ileulian

:

flows occured, Long periocs of time occured
en some S gurings these sort of rast perioss the
ex-osed surface of the nost recent liva flow was susjected to weathering
to {form srovel, Trosion then alle trensported t“1 moterizcl down
th@ 01 one .o the ‘thoriood e . ew feveeraw Pen It wes

Y

’Lﬂd ¢ triv sedimentary pravel layer over 1ls parenu, the most
W

sventuall, there wes another voleonic erurtion. This new lova flow
moved uOUuL/L\ its sister iid nnd covered up the thin recently
cevosited seld bed of gravel, Il's Heab cemented and
u.?”TO““mwznu t%js sravel Led into o conglomerate,

P . e

T is is the e the altermate Leds of L and conglomerate were fomed,
Ut *mu hunc reds of l“Vc LTQWS and irtermitisnt conslonerate beds only
: { i beds have been nined and have proved

Juring
tevelop!

- e of tre love thegurerior syncline was slowly
“hercfore L“o most fzsterly ceds or priwary beds are much
ess, or 038 you cross the Penninsula from
>ds decresses,
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The sedimentrry heds, althoush not truly vertical, din te-
tween 76° and 279 downward toward Leke Juperior to the North-
) west: : ' '

Dip =t Cogebic = 760, at Coprer Herbor 270

SOPPER ORIGIN +hile the brsalt masma was still hot and plostic, a flow of wyro-
thermal~hydro currents carrring coprer in solution, originnting
from the same liquid basalt chomber, flowed in the same path

-l—nbn Yy -Ir o
A NTL W7 ne

o)
oy
2

H
o]
ot
ct
ot
a3}

hl

]

s thece therwzl curronts cooled and the
pressure Was released, they devosited th
copper, This wos de osited in three ways:

ir hydro stetion
eir leads of

LO2GS3

VARIOUS LOCATICNS a, In & : in the
solid b salt rock,, e.c. Thoenix Centrel .ines -
vicinity of Jentral iichigan,

b In ¢

}\

wmysdaloids {grs bubbles - voids in the basalt
rock)., e.z., ainey and Fewabic ines - vicinity
of Hencocle,

c. Interbedded in the porous conglomerzies (not jasper
or vuartzite conglomerates), e.7, wolumet ant Hecla

.h

z i atedd e AP TaYvinat
dne - vicinity of Calunmetl,

NOTES Fewecnaw coprer conslomerale is o sedimentary sravel
hted in o onatirix of copper, This is in contrest
ne jesper cni quartzite conglomerates with which
sroe gmore frmilisr, These lattor are also found
nis formation, They are zravel beds which were
metsmorphized by dircet contact with rolten bLnszlt
lava that Tlowed over ther, Thev were literally
cooked and fused torether by the =reat heat,

Pyro-hydro-therasl currents are cctually super
h@ﬂued Twunlz stenm (temperature of “oilins rock
- 2500°%F, ) kert 1i.nid by tremendous external
srassures ccting uron them, {(Jome vressures that
extrudsd the molien rock). ilelting point of
coprer is 200Q°F,

y

KEWEFNAW FAULT Formetion of the Jleweensw Fanlt Fig. o, ©

The same horizontal rressuve which created the Lake
Juperior synecline cortinued to increase until an slmost
virtical shear crack apreared at the contact poiat be-
tween the Touth besaltic edege of the syucline and tre
lowland vlairs on its right., This shesr crack ran
lomitvdinall - the length of the Yeweenaw Penins
continuied to the vicinity of i vw“rm, wiscongin on the
Cest side of the fi?c*nsin vote, The feult can be
triced 211 the way to Yanses Jity, . issouri,




LAKE SUPERTCR SYNCLINE

MINE DEPTHS AND
TEMPERATURES
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”he south 1ip of tu@ Lake superior s mecline then shot
O

oo+
oL

,CVO fcbt Letwaen the o
“ids 1z erlled = thrust
couthwesterly to ilayward,
hos remowved much of this

urntil only 2oout A0 feet of it

Tt is over 15

sliced throush ocecasionally |
vy lowland so

o0 he

0 miles long; bebween
width; betveen 500 and €0 feet nlo
low

Gisplrecamert of sone

erch side of this crack,
This is vigshle

ovsin. Jrosion since

teau

& miles in
ve Lnke Superior;
verse valleys
1sins on each

vy
(VIR

ile, Lak S~n@r*or nns an elevaiion itself of H02

52}

nis feult couvlsd be conpared to o
concrete pavement, The vre:

SUres

1 level, It is truly
he Keweenaw Yon, nsula, It extends well dinto

the backuone of
Liscornsin,

blow-cut of a slab of

built up by expansion

through the absorption of heat become -~reater than the
slebls ability to wilhstarnd such pressures under

coinpression,

To mate the coprer nore difficult to

Ice She }

over =11 the peninsula,

.,z

the end of the veni
‘t the oot of the

line in =t Surface

eet dumned betwean 100 snd 2

(AN G ¢ 2]

+ . N o
Lo the Sorthwest, |

town d bhe botbtom of Like

weninsula

he .dsconsin
acisl drift

+
w

o, -
VTt L)f

. P
he dncelinetiern of the

/ \ 3 - Y
neula (277 ) and relther

Dip rt jower Levels

Central 270
Calunet & lHecla 380
incey 549
Chemplon 73°

o

Mine tempercthures increase with

210
369 {one mile)
270 {(one mile)

depth

Vertical Distances

60' to 10CC!
50T to 20007
£0t to 2000
60" to 5400!

This is lower thanr the averave
ezree rahrenheit »s given on Page 5,

Calwnet ond He
Z10CY and a ve
LSOUT is 84,20

.

ive. No, feet reaquired

per egree I

s 2y inelined
SO0, doc! CIHD

distance of 40' per
’\




MICHIGAK BASIN

SYNCLINE

distence of SAQCT anid a vertical

o overticsl
Foisl in the

the few sources of pure copper in the world.
: Imece "ines, 50 miles tast of SLault .
ir the ted sandstones at Joro (oro,

Iy -

frec copper is removed Trom the rock matrix passing it
crustor or & siunmpd mill to separate it from
it is then smelted with o flux to make
and to ramove the ~anmue as slae, The
reverberztory or open henrth type,

the rock
it Mlow tor

o Lerm for the rock matrix in which ore is lodged,

eltineg point of copper is 1970

lowin. o
ussion), Fipg, fo. 6 & 7.

e 1 .
OO Laoer

forthem - nuth shore of Lake rom
dlchivrn to Jault Ste “arie, Idichigan.

7 the suisistonce of
nlﬁced ”1ujd rock

Damma 2 e o 1, + svnelines
LIE3Tion ©f HKe »11 erioy syncllnie:

(Downward arched

floor betieen the Canadian Shore lirie on
} ~

tihie vorth and the Feweenaw Peninsule or the South) cresbted bty
horizontal nrezsure hetween the Canadien Shield and the YWiscons

SOINC,

southaost o = prisins Wisconsin Dome
fkoluted Sy oo continontal thrust froo Lorthwest and

teds (ancient Trconite en) witl the
flows percred on them which rornally
Ln the douth fro. the On ian Fhore were
in the vicinity Ferdinsu

lar to ¢
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forces (norizontsl) row towed the sea [loor
form the simcline, Fis, wo, 1, 7, 4L and 5,

3, ixcessive forces ihorigontsl) created the Kewe.naw

Pault, Fig., o, L and 5,

The upward thrust on the rlene of foilure wes aprroxinctely
20000,

4 syncline is #n earth structure thot curves
downwerd., An anti-synceline is an earth structure
that arches urward like Homan Arch,

The erosional shearing off of 140G' of the top of the
syncline on the Youth limb (Keweennw Pepin“ula). This
exposed the open faces of the sedimentary beds of the

:ee and the Yeweenawen Brsaltic Lava Flows,
These resenvled the end of a yﬁece of plywood and were
exposed horizontally, The eKuopthn to the statement
that this is entirely a source of floit, free or notive
copper is found in the “hite Pine nmining location neor
the Porcunine .ountiins and st the Southwest end of

the copper district.

J

Taconite

OTHER LOCATIONS The copper found in the Western Utates of Fontana and
arizona is also the sulphide,

“his ore sup-lies copper bottom in the free state and as
copner sulphide (Chalcocite) and is found in the bonesuch

Shale, & seiimentary bed,

RAFINING COPPER SULPHIDE Common treatient includes:

®
L]

Zoasting to drive off so.e sulphur as 502, leaving
CU2 end FegO3.

b, Plast urnace treatment with new green (unroasted ore),
sand »ne coke to remove iron as silicate in slag,

c, lJessemer furnace trestment with additional sand to
emove the rest of the iron in slag,

d, Dlister copper (Cu and Cup0) is melted and “poled” with
green wood, ‘the hydro carbons in the wood reduce the
Cuo0 to copper,

FMurther refineuwent can be had by the electrolytic method,
fs a matter of curcsity and interest the following table
is given:
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is sone L0 miles
It is

M ICHIGAL\I BASIN

CONNECTING TROUGH o“rizinally it had two trov
r vasin L)

3 (inlets an? outlets) which conrected it
AND BASINS Lo two otie 1015

Basin to the bouuhwest and the

A 1 £ it
Notes: he | !

i > is 65 ~iles wide and 5000 feet
deer at tie oir % (Heulek s on & Southwesterly
line between Lattle Creer, sdichigen and Lo? NOY Indiane,

“ovelr or cuonnel throat,

: ush or o is 40 miles wide sul LOOO feet deep st the
welr (Hjnw v Arch), Its ~2xis lies on 2 Loutheasterly line passing
throuanh Port iluren, 7 ichiscan,

sediments cnd slneisl drift prohibits the
~ner ores vhich way exist in the usrenite

he three
exploration
foundation

Any rromotion for the scle of pinins stock for zold, silver, copper
cr iron in the Southern Peninsuls of iehion would be si a
fraud,

asin only produce salt water,
oxen salis (gollum and coleium
~nd brnwlme), gypsuna, linestone,

j.o<‘"= :lne, !f]_i

Dasin is not only corf}.yzecte}fq to two adiccent basins tul is
tel domes: Wisconsin Dome to the est,
ario vowe to the rast ond the

BOARDERING ]
DOMES SUrroun: ed bv four conti

1

Lourentian Highlands to the Lorth,
Cineiratti Arch to the South,

GRFAT SEAS Gix times this basin was invoded by foreign wnlers creating major
' sees: Cambrian, Urdovicicn, Jilsrian, Devorden, ~ississippian and
Pennsylvenian,

-ach vericd sen , : .5, each of which
left uh@lr own in~ivicuslistic auhwwertﬂrv "@ds as thew vaporated;
e.Z., 3alt beds, ~:psum, limastone, shale,

(\_3

was its fauna
red grestly from
the fossil 1life
ifies the sea

euishiry feature,
life (marire o3
existed in anv

- .
P T il ERSUUS (¥ g
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CONTININTAL
POND

“EDIMENTARY
EDS¥EG SALT

LIMESTONE AND
DOLOMITE

SANDSTONE

ORIGIN OF
MINERAL
SEDIMENTS

COAL

: L copbrian sendstone
enme ooed sao dorosits as the
ian sandstone found ﬂt “1ov> sin Dells, Horth shors of the Drictol
annel, Usles or in the deep off-shorz oil wslls 2t lLouisinna and
liforrda, or in the deserts of iLrobia,

It must be remembered that ns onch sea evaporated its sediments formed
a crust within the bosin - sinilar te the caked lime in a tea kettle,
thereby reducing bthe volvme capacits of the besin,

ntil the
wes 460 miles
Pensylvanian,

Iach succeeding sea becorme ssaller in
entire basin wes "silted in", The oricgi
in diameter and three miles in depth.

wes only 175 miles in dismeter and less than 600

f the bagin bhad not zilted in, Hichigan would have been a continental
pond todey.

Gravitational pressure from the more recently formed upver
praessed and cemented the lower beds into rock,

The numerous sedimentery heds of salt, limestone, delemite and gypsum
resulted frowm saline ocean woters, The salit becnme concentraied a2g the
ocean watesrs evaporalsd arnd were rerewed many times. This reneated
cycle built un salt heds to thicknesses of over 1700 feat in the saline
hed of the Salurinn Sea

The limestone and delemite heds were formed from the sheletons of

serine 1ife, such & ils and coral, Their body structures
became ground up and yulvericed ond formed & rarly matrix or mortar
wiich encased a few undestiroyed fossils, Pressure irom overlying

beds dehydrated the beds and corpncted them into rocl, Further pressure
and heat converted (metamorphized) this rock into .arble,

clams, on

n

ine sanastone, shale snd conglonerate rocks derived their source of
rinerals from the four Continental towmes, The gronites and bosaltis
disintegrated and were c¢carried iito the sens by streasms and rivers

(fluv1dl) and were deposited there,

soretes into quertz, feldspar eand mrica,

¥otes: (lranite disi:
stones which if metamorphized

the «uartgz (qund) forms sa
changes into quartzite,

The feldsprar and mica form shale beds which if metromornmiized changes
into slate

The gravels become norous conglorernates and if netznornhized chnnges
inte quartz cong ates and desper conpglomerates,

veriod sea, the

The coal measures are coriirad
& 1 formdng peot

Pennsylvanian, The Ve;etation
beds which in turn became eonpre
heds of overburden (lncustr*'
and sands which bazeame sandsto
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Just north of Jron Hiver is on old bundoned siine shaft, The
mine shaft cuts dovm throuzh “he Combrian cenistone and meta-
worp~ic rocl 2t the line of conitact hetween these tso, It is
nlrnost like stending uvon svcred ground to look at the cross-
section exposed by the sloring shaft, llere we can see the basic
rock sloning up »t ciout a 75 degree ansle with the horizontal
cedding of the sandstone butling up sczinst it,

not only to be the point of contact wvetween the ,

is the earliest shoreline ol the uOot aricient sez, ”he princiyle
sub-seas are: TﬁﬂanVLWW ‘ n, Lrempealuuu; ‘ Cledre,
It, ja - 21l Sandstones,

{CTAN

Trie next sea to form in the basin created by the consolinted
sedinents of the Cambrisn ses is celled the Urdovicicn, It has
a dlameter approxinately 5 es and is comvosed princioally
of limsstone beds his cea redeived its nourishment from the

.

sst sHouth and Vest, :

y 35 a band atout 15 miles in widih ana

sh Islend to Biz Bay De loc with towns of
Seney, steuben snd Lscantd
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treced southerly in
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In Llqugln it csn be traced southerly from Jamesville to lock-
mvim' wtor Lowards lankakee, This :
sin southerl: into the 11

Tn Indizna thie Upr ovicisn continues to overilow into the Illinois
Basin. (nly one small outzrop occurs and thet in a suell are
vrogressing easterly frow Jofiesboro to .ston to Portland, an &érea
50 miles south of Fort Wayne,

There is a discontinuity in - the edge of the Lichigan Dasin
hetween Irdiana and Ohio, lowever the Urdovicdisn Deds oubtcrop in
southers Ohio in 2 band O to 40 miles wide on the Cincinneti Arch
(Dome) from lzmilton to wctavia to Georgetown,

In untarioc the Jtcr0pu1ag shows up in a band 30 wiles wide from
Trenton (Lake urie) to the south end of eor:ian Bar., It is washed
oul or ¢t leagt it Adissprears the trough of Ceorgian . and

1 '
orth Chamnel and appears a-ain on lleebish Island in ichinan,

iyuch of this limestone bed is verr soft and has been eroded both
its outeropping %oriyontﬂl face or
. lkls setion hes

bv streauns Iloving along
by the suarrying sction of glocial ice
cut « sway so much of this bed ver*lc@Lly
of the next descrived Jilurian formatior

creas this erogsion hes been so deep as to ¢
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n under gound stream formed in the dalina Galt Bed between the
e Idchigan and Lake iluron ﬁ;31ns, anid fr“1ed water from one
rze bted ol salt, up

e

brgi Lo the other, ovenitunily vuite a 1+
etween three and fiv

)

5

to three hundrad fest in thickmess and b
miles in width was dissolved out,

The overlying beds of tackinec Limestone and Pt. fux Chenes
shales chLq~ no reinforciig steel in theuw and not heing a per-
foct arch failed. These formstions collapsed and down warped
in 2 sort of syrcline, The vorious beds maintzined their
COPtinuity hut they were cormpletely Lroken up by the fall into

w1l brick-like blocks called breccistion,., These brick-like
perus still remained in the sase relationship to each other as
they Jdid before ithe heds became all cracked up,

[he vrick-ike particles eventually iLecaune recemented into beds
referred to as brecciated limestone or rotten limestone,

The down
rock cut
of

the Lackiﬂac Linestone can he sesn in the
I-75 on the Lorth apprroches to the Stroits

ac bridge.

These chanse Irom level, laninated teds to as much as 30 dezrees
of dipiing Lowards the ch: nel,

1

This s;mneline should not be confused with the 350 deep by 3000!
wide canyon that swings up throush the middle of the Straits and
which dictated the span Tor the sus vensmon bridge between the
two sets of towers. The towers straddie this canyon or gorge,
This gorse was eroded durings the latber p:ft of the Pleisltocene
era of lales Chippewa and Stanley and will be discussed later,

This salt is mined at Detroit from a 400' bed, pumped from wells;
Uidland 1700Y bed, Ludington from o 600" - £00' bed, ioniste
COY ~ 800' bed, They are 1200 feet thick ”t ulVPﬂq

Leke Michisan is 920 feet decp, Iake luron is 750 feet deen, It

is ensy Lo see how a salt bed vory] between LOO' and 17C0Y in
thickness if dissolved out could esasily crecte depths that would
satisfy these lakes,

Of course there were otber CO“tPl\HT]n” factors to the construc—
tion of these lalves such as crosion Ly stresms of water and ice
in their troughs,

The retion of the Silurian Jes furnishes brine from
its 's at Ot, Clair, Port Huron, Ludinglon and renistee,
Lot water is pumped down into the bed rock from one vnipe, The

rock sall is dissolved and forus brine and is returned to the
suriace by snother pive locsted 1000! sv from the first vipe,

se Lrines are rich in sodium salts of tihe Halozen Family:
lorine (table salt), Jodire, Flvorine ond Lrowine,

Vs
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Table salt and rock salt are sometimes the end products of
evevoration, Sometimes throuch mechinical and chedcal processes
other sults ars rwioved, Through chenical processes the lialogen
gases are also separzted ~nd used either as gzases or are united
w1Ln other elements to form other compounds.

Te brine purped to the surface at - idlend is also Salina and

comes from sluost inexheustatle sources, The Salina is 1700!

high in this loeition and suprlies Dow with base chemicals for
many pharmaceutical products and drugs,

The Jalina bed is near enough to the surface in the Detroit
arez so that 1000' shafts can be sunk down to and into the 4LOO!
thick bed, This bed is mired in the same menner as coal and
metal mineral ores are mined in dry conditions.

DVOr TAN

The Devohianr Series of lake beds were formed in the basin created
L7 the solidified sediments of the Silurien Seas, This sea was 300
miles ir diameter snd has a number of very iuportant beds and
2 its nourishment from the fast,

Une of the most interesting beds is the limestone formation at

the Straits of lackinaw called the Fackinec Limestone, This bed
was uentioned in the preceeding discussion of the Szlins Sub-Sea of
the 3ilurian Seasz, This will now be vriefly reviewed,

At the Strrnits it is in & brecciated condition so called from
the vrick like sherp edged and vlain faced particles that
cenented tovether 2s oprosed to weter rounded edges of conglo-
merate aggrezates,

This brecciated corditior came zbout through the followingz action:

A lower bed of Salina salt fros the Silurian Sea previously menticned
dissolved out leaving a cavern. The Mackinnc lirestone formed the
ceiling of this cavern and having no steel reinforcenent and not
being in the share of a perfect arch, collapsed. Upon falling it
kept its same continuity as a bed but cracked up into innumerable
small pieces, These vieces through age and limestone cohesive
influence becane recerented into a low grade limestone,

inother important bed of the Devonian Series is the Sylvania Sand-
stone wiich outcrops at Sylvania, Uhio, This is tlie source of a
Lokl forﬂld, graded, rounded ssnd called Ottawa which is universally
used in making cement -~ sand vbricketts - for testing tensile
strengths of cement,

Anothcr very imvortant bed is the Dundee which outcrops at Dundee
and ‘onroe and in the Detroit River Bed and is a very reliable source
of o0il and ras through out thie state,



It also outcrops at dogers City where the larrest llmvstone
quarry in the world exists, This guarry is elso termed "Colcite
and is owned by United Stntes Steel and is shinz Pd uf Lake
freishters - Bradley Fleet alsoc owned b © Steel,
This stone is used for road and concrebe rrerates and a5 o flux
in the cleensing snd refining of molten iron ore &nd 235 ingred-
ient in the manufrcture of Portland cement.

ot}

averse Drift which
o~ T ~ P P

beds Cfle LOIN7T LAKS,

nother very important Devonien
ided into four SOTLANY L2
Thunder Bay wnd the Traverse.

s one other Traverse bed cnlled lie Thje is a
nin Led lS' or more in thiclness an s brocer
formation and is always found vebtween the Long Labv and the

+

underlying Dundee,

The Alpenz bed outcrops in tke Detroit Hiver sed ”nﬂ st Alpena
and at the VQCQrUM\ nt 2t Boy View and Petoskey., /At the Alpena
nd Petoskey locations it is in the form of old uoiul reefs and

is ouarried and used ‘n the manufacture of Portland cement,

vy
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v
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0
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In the menuiactor of cement, “oth Petoskey and Alysna plints use
shale to furnish ine arsillaceous or clsy mineral reguired clong

with the limestone to form the initiel clink hese ave
secured fromn near Ly shale beds of the 213;15J4uu¢vu seas,

Petosksy uses Illsworth Shale, a shale thet _comes in pastel
colors of blue and green., Alpena uses Antrim Shale, a black-
brownish shale,

West and Korth of Alpena is a Karst region which is not as well
dleveloped as the csve arens in Kentucky. UHNevertheless, the sinks
are present at Lachine, Long fapids, Fletcher Park and the Narrows,
The Narrows is the outlet channel for Long Lake, Ilost of the sinks
are atout 50' to 100! in diameter with shear vertical rock walls
751 to 100" deep, These sinks, when plotted, outline an under-
ground river whose ceilings have collapsed at points along its
route, This will be discussed more fully in the end of this
chapter,

LTSS IB3TPPIAN

i very colorful seaz series is the Nississiprnian which is 225 miles
in diameter. This formed in the basin of the Devonisn eds and
received its nourishment from the south,

Black Antrim shales meke thelr apvearance on the east shore of
Lake :#ichizan one mile south of Norwood on the north shore of
Lake Charlevoix, south shore of the bast Arm of Lake Charlevoix
(west of Boyne City) at Paxton (7 miles west of Alpena and on

Squaw Bay 5 miles south of Alpena,



This shale is black and hes crystols of iron pyrites imbedded
in sort of tubbles in the laminctions The shale at Paxton
furnishes the crpitlaoceous element 1'n he cale:rious clinker

in the manufzcture of Huron Portland cement at rAlpena as
mentioned earlier in correction with the Devonian - Traverse
seds,

rllsworth shale outcrops on the west side of the valley leading
north to Jast Jordsn, This is colored a pastel blue which upon
sxposure to the air becomes a pastel rreen and then o yellow,

This shale Turnishes the argillacious mineral used in the menufact-
ure of Fetoskey cement, cs mentioned sarlier in connection with

the :evonian ~ Traverze Deds, This shale is corrolative with
Coldwater shale out not the Coldwater shale =nd outcrons in the
southern part of the State in the vicinity of Coldwater, Foth

are beautiful sholes and impose real osroblems in road bu1lding.

ear as outcrops at laticnal City and f]ﬂbfster

and are cut from larsg open quarries at these locotions and are

mined at Grand dapids

[ 7rp um ‘v ve 3( 8«}‘

g Tormation or led of this sea is the .arshall
S stone used in oramental stone work. This outcrops at llarshall
an% mlSO at }01 it Aux Papgues on Saginow Bay in the Thumb region

T

and 1s called the Thumb hail of Lichizan,

Another interesting

A little east of Point Aux Eoraues is Grindstone City where this
sune sendstone was guarried yvears aco for cutting inte grind stones,
2" to 4" vein of pex gravel in this formstion rulned many blocks

of stone. The advent of emery, cerborundum and sloxite mwrmuloc—
tured stones also contributed te the abandoment of this quarry.

The bed of ¢ little creek on the east side of the quarry is alive
with a coccina formstion of fosselized tiny brachiopods called
Camerotoechia, These are aversse belbween ]/A” and 1/”” in diemeter,
Another location for tiese fossils is in the rock escaruiment
{Ferrusinous Sandstone) along the iuron shore 2t the lwron County
Lighthouse Park, two miles east of Huron City,

w

At Bayprort and across Daginow Bay at Augres are outcrops of a
liuestone used for ornomentol %uilﬂiny construction (foces of
structures and fireplaces) and for road nggresties,

3
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The Pennsylvarnian Jeas were the {inal waters whose sediments
completed filling up the Lusin aend received its nrurishaent

from the south - outhwest These were 125 miles in diameter,
This occurrsd during extremely hobt tropicel westher accompanied
by much precipitetion, Unusual growth of vegatation persisted
which tuilt up peat swanmps and peat bars, These were compressed

under later sedimentory deposits and became etamorrhized and
turned into bituminous c#al and cznnel cocl, lichisan had many

shallow coal mines in the vicinity of Flint, Jerinaw Say City and
Uniorville, These wers abandoned after “orlq ‘ 0, 1.
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This conrlet tiie hiistor: of the developuent and the formelion of the
colorful sedi.entery bheds of the wor: trorictl ocenn sens in  ichizang
che f£il 11v~ in asin converbinr: from a lake to a

~= N v e i by
nsula, Anobhs

e - Y
uplift, tivis raise

OCoan WILOrs, ift is not
whid C‘f' lat ar traat of a LU ,;)
R L TRT Tro e g Ty T G
Pl Al DU T LA GLUTIYTES

era]l sunken Ilalies, Cee laps

formned in

Tryires g
5 e At o/

It ozcurss where the linestore
witar howe “p'm nalifted so 4
cenerslly sots Iished water talile,

eric Pra,i tated roing ccoumulste on the surfsce of the bed
roclk and by oro 1 fo flow vertically Jdowm the crocks
antil they meet o horizcnbcl impervious bed of shale, They then move
norigontally

=5

Theve streams of wabter are hishly fmpremmated with Carbon Dioxide
frov the atmosphere which converts thew into a wesk 2cid called
cartonic Acid - not to e confused with carlolic acid, a very strong

Voo 10 3
L0 \i‘ﬂ@nOl).

,

Liﬂcsuwr , Galeite, or Calcium Carbonate is almost insoluble in water,

However : carbonic acid converts the lisestone into Calcium
Bi~Corbonste which is thir‘y times mere soluble and thercfore the
linestone is very rﬂﬂdjly dissolved, This crestes turnels, in the
livestone iliavedialely alove the shale or other im~crvicus horizontal
e rrier,

r!‘
O

“hen the cavern reaches a srding shane and
dianeter, its roof rot Lelig @ ome or arch and not being
reinforced with steel as most other sdores and srches are, collunses
and the rock imuediately above it shears off vertically end falls,
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1 this occures at 5 ioirt in the lire:tone, a limestone sirY, circular
in cross-sectior an. wit- vertical wails will form. Jometimes there

is much rleaecizl drift superimposed upon t"e surface of the iLed rock,
During the crestion of the sink, the slacial drift also falls into the
sirk ~ivivg it “n irverted conical shape.

If it ocecures ~long o cruck, ~ rift “nliey will be formed such #s =zt
Suriren 1~ke 2t Fletchers lark snd two vsnllevs Lo the west of it., -
sr2ll rift valle, occires 2.1 - il'es north of Cathro »nd on the east
side of the road. Devils lake, = three nrmed lake, on Longs lLake Creek
outlet imieditely after it lesves long Lake is nnother exsmple of
three red rock crrcks Jormine rift valleys.

.

inother interesting sink is found in £l Cnion Bav (Misery ay). This
occures in very shallow witer and is 76 feet deep with water flowing
up through it.

Circular sinks viry in size from 50 feet in diameter with or without
shear wills depending upon whether or not rlacial drift has sluffed
into them) and ~re from 10 feet in diameter to 0 feet +deep L~ the
lirger ones 500 feet in ‘irmeter -nd 10C feet deep.

The rift val'eys var: from 1000 feet in lergth Lo one and one half
miles in length,

Ten of the most interesting snd spectacular sins are to be found
between Long lapids and Leer, Four very represenative sinks are found
by following a small foot trail into a forest. These are about 50
feet in diameter and 80 feet in depth with shear wertical walls of
beautiful limestone, These a2re located about 4 miles north of Long

Rapids and on the east side of the road,

Six miles north of Long Rapids is Fletchers Park, The two sinks are
at the west end of this long rift valley. A dam has been constructed
across the valley cutting it into two parts. An artifical lake is
permanently formed in the east end, The west end with the sinks is
still an open valley.

Devil's Lake on the outlet to Long Lake has two sinks on its south
arm, In the summer of 1938 the writer observed these two inverted
conical sinks obsorbing a 1' x 2' outlet stream from Long Lake.
Mevil's Lake tliat summer had completely dried up., Ordinarily the
outlet is easterly into Lake Huron via Long Lake Creek,

Great cracks, some 20 feet in depth, have formed at Misery Bay,
Firzgerald Lake and Sunken Lake, Please refer to maps,.

PLEISTOCENE GLACIATICN
Down from the north swept a series of glacial ice invasions, The

first ice sheets removed most of the unconsolidated mud beds from
the Michigan Basin and deposited them as heavy glacial till in the



states south of us, The later ice sheets picked up glacial drift from
the disintegration of the granite and basalts of the igneous mountains
of the Canadian Shield. These were brought down and vlastered over
the lNichigan Basin, building it high above its sedimentary lake bed
elevation,

This radical change in conditions from tropical to frigid weather
isn't too hard to visulize inasmuch as a mean change in tempera-
ture of 9 degrees here in Michigan would cause a state of refri-
geration, This is what would happen:

An accumulation of presumably ten feet of snow would fall during
the winter, Nine feel and eleven inches would mell during the
following summer, No vegetation or crops would grow and we would
immediately have a state of starvation, There would be 2 mass
migration of people to the south who might meet with resistance
from southern people and a war.would result, The next year ten
feet of snow would fall and only nine feet and eleven inches of
it would again melt, /e would then have a minimum accumulation
of 2" of snow at the end of the year. This accumulation would
first fill the valleys forming valley glaciers. The valley rlaciers
would merge together to constitute a continental ice sheet. Vhen
the ice became Letween six hundred feet to two miles in height it
would begin to squeeze out like the batter of a pan cake mix or
the tar from a leaking barrel,

LABRADOR GLACIER Fla, /b

The most plausable theory advanced so far for the creation and
extinction of the four continental ice sheets, (Nebraskan,
Kansan, Illinoin and the Wisconsin) is as follows:

The ice sheet flowing across Michigan had its source of accumulat-—
ion east of the Hudson Bay Region, This accumulation center had

to have a source of nourishment. This came from an open sea from
the Bearing Straits on the west between Russia and Alaska, easterly
through the Davis Otrait between Greenland and Baffin Island of
Canada,

The warm Japanese current flowing up from the tropics in the

Pacific Ocean past Japan, the Alentian Island, through the Bearing
Strait, across tiue Polar Seas and out into the Atlantic Ocean via the
Davis Strait, kept this Polar Sea open as long as the drainage

course was continous and allowed the Japanese current to flow.
Prevailing westerly and northerly winds passing over the open

Polar Sea picked up moisture and carried it southerly, VWhen

these moisture ladened winds began crossing the northerm part

of Continental Canada, they were met by winds of sub-zero
temperatures and precipitated their moisture as snow,



This continued and eventually great concentrations of snow were
deposited, The weight of the snow compressed the underlying snow
into ice., The ice was brittle and fractionable and solid at first
but as the accumulation became higher and higher the pressure on
the lowest portion became greater and greater until this tremendous
pressure changed the physical charactor of ti'is Basel Ice from a
solid into a plastic, flowing state, The ice sheet then began to
move southerly,

When this one to two mile in height sheet of ice had moved southerly
to the margins of the Ohio and Missouri Rivers, over half the contin-
ent of North Amgrica had ice two to three miles in thickness covering
it. Consider that this was also happening in South America, Europe
and Asia,

These large ice sheets had removed large volumes of water from the
oceans, therefore their level fell about two hundred feet,

A 8111 of rock between Iceland and Europe normally lies at two
hundred feet below the ocean's level., This was the lowest sort of
welr over which the warm Japanese current could escape from the
Polar Sea,

When the ocean's level dropped to the level of this sill, the Japanese
current was trapped in the Polar Sea, It couldn't flow; became
stagnant; froze over; and therefore cut off the moisture necessary

to nourish the ice sheets,

The ice sheet was starved for lack of snow and began to retreat
northerly.

This moving front (if it is two miles in height) would have a
bearing pressure of 260 tons per square foot. Considering that
the best of soils will fail and start to flow at 10 tons per square
foot, -- we now have an unbalanced condition in which something
would have to give., The ice itself has a strength of 144 tons per
square foot before fracturing or becoming plastic, Therefore, the
lower ice being under a stress of 260 tons per square foot is
plastic and smorphous and resembles axle grease, soap or candle
wax, Therefore, this state of plasticity must not be thought of
as being soft like a sponge rubber ball but very hard and rock
like similar to glass under pressure.

The ice front acts like a huge giant bulldogzer kicking up much
of the loose weathered rock in front of it, displacing it like
the surcharged sand nose of a fill displaces peat as it moves
across a swamp,

Now this varying front is less than 2 miles in ehight, Instead
of maintaining a sharp cutting vertical edge like a grader blade,
it is curved up to some extent, Although it pushes soil in front
of it, yet its sleigh like runner or shoe rides over part of the
soil which is later either quarried and picked up as basel drift
or it acts as a lubricant for the ice, rolling along to some
extent with the glacier,



MORAINE

The upper part of the sedimentary filled ocean lake beds were seas

of mud and soft while their lower depths had turned to stone be-
cause of the atove pressure, The isconsin Ice Sheet used this mud
as a Jubricant, greasing its skidway. Some of this material moved
along under the glacier as basel till and did not move but relztively
short distance - something like under 50 miles. This to be true for
Devonian fossels from Petoskey resion. There are very concentrated
in the till south of Petoskey up to a distance of some 50 miles and
then they die out almost entirely.

A few of the Petoskey stones are found up to several hundred miles
away from their source, This is due to the faect that some basel

drift is literally jetted up through fishers and vertical cracks in
the ice up into the upper region of the ice by the tremendous hydrost-
atic pressure and there they become super-glacial till,

Because of the excessive pressures of the ice sheet, something like
150 to 260 tons per square foot, some of this basel till became quite
indurated and almost like rock before the ice sheet left it,

With the complete disappearance of the ice, the super glacial till
rested upon the basel till creating a heavy till that had moved
some 50 miles with a capping of superglacial till that has moved
several hundred miles,

The Wisconsin Ice Sheet followed the Illinoian Ice Sheet and pounded,
packed and compressed the original Illinoian Till in place and made
it a little more dense. It seems to me that the Illinoian Till was
rolled out like pastry under a big rolling pin above the original
Nebraskan Ice Sheet, and beneath the Wisconsin Ice Sheet,

The ice sheets built up their concentrations of glacial drift
principally during their northern retrest. The sandy moraines

and the till plains were constructed from the same basel and
superglacial drift or material that they had gathered up north and
accumulated during their passage south,

The difference in the materials in the various formations is due

to the amount of sorting action by water and this depends entirely
upon the amount of water used, The water was in direct relationship
to the amount of ice melted. The formation of a moraine can be best
illustrated by an elevated belt conveyor which moves backwards toward
its source of supply. If it moves slowlyy the stockpile formed

will be high and large; if it moves rapidly it will just dribble
material in a thin path behind it.

It works the same way with a glacier. If the front stands almost
stationary and retreats very slowly, the ice front is almost in

a state of equilibrium. This means that forward movement of the
front actuated by the pressure at the ice center up in the Hudson
Bay Region is almost equal to the eating off of this face by melt-
ing, Therefére, a tremendous amount of drift is deposited in front
of its face and a large amount of ice is melted, creating a great
volume of water,
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This water will separate the granular material from the clays,
carrying away the clays in a suspended condition, Some of the
granular materizl will be deposited in front of the moraine in
the form of an outwash plainsg, This granular material will

be segregated and deposited according to the velocity of the
outwash flood waters, Heavy boulders will first be dropped as
the velocity decrecses, next to be dropped will be the gravels,
then the sands,

The clays supported in colloidal ast part
of the load to be released and they will be deposited in a lake
where the water's velocity is zero.

suspension will be the las

Let us get bacY to the block of ice moving up to the ice face,
there to he melted off, The face, in retreating two or three
miles, may melt up 2 block of ice a thousand miles in longitudinal
depth that has moveduup to it. This may take an interval of ser-
eral hundred years, This was the way the huge Kalamazoo and West
Branch meraines were formed,

When the climate next changes and there is more heat present, the
ice face may melt off an area Len miles in width in its backward
retreat in just a few years, The block of ice in this area may
be completely stsgnate or nourished by only a slowly moving ice
mass, In either case the ice block melts vertically down and
becomes like honeycombed ice upon a lake in the spring. Its
small load is also dropped vertically and since there is very
little water action or sorting, this drift remains a heavy clay
or sandy clay. This land form is low in relief in comparison to
the big sandy moraines; is gently rolling; is called a till plain
(farming country) or a ground moraine,

Let us again return to the Big Granular VMoraine, This was formed
from a discharge from the face of the glacier similar to the dis-
charge from a conveyor belt., The materials are not segregated
and they are piled up promiscuously. The great volume of water
removed much of the clay with the outwash waters, However, large
clay boulders 50' to 100' in diameter are dropped off this belt
into the mass of debris being built up, These clay boulders are
frozen, and before they can be completely melted, they become
buried in granular material, This is the reason why moraines,
although typically granular, will have pockets of clay in them,

#e have seen the development of the large sandy moraines when the
ice front was in a state of equilibrium and the ice face melted
off as fast as it advanced, and the Ground loraines or Till Flains
wnen the retreat was so rapid that it left large blocks of stagnate
ice to literally melt and die in their own footsteps.

We have seen the development of the large sandy moraines when the
ice front was in a state of equilibrium and the ice face melted
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off as fast as it advanced, and the Ground Moraines or Till Plains
when the retreat was so rapid that it left large blocks of stagnate
ice to literally melt and die in their own footsteps.,

The retreat of the ice sheet was a series of stops or hesitations
followed by backward movements; building up massive walls and forti-
fications of granular soils with low lying, gently rolling clay
plains between them. Sometimes the ice front would remain so long
constructing a moraine that the discharge waters from it would
carry enough sandy outwash over the adjacent Till Plain tq
completely submerge it in sand, filling in the small depressions,
and plastering sandy material over the whole clay foundation
structure; creating an outwash plain,

Qutwash plains with thin smears of sand over a clay till cause a
Soils Engineer a great amount of anxiety while the thick granular
outwash plains are a pleasure to work with because of their free-
dom from knobs of clay, wilt pockets and seepage.

The outwash water usually collected in the trough of till or out-
wash (or combination of these two) between two majestic moraines
flowed longitudinally along them until it found an opening in the
cutside moraine and a change to escape. The glacial rivers liter-
ally were flooded Amazon rivers during glaciation, particularly
those emptying into the Lake Michigan Area., I1f you examine those
drainage courses of the Kalamazoo, Grand, Muskegon, Pere Marquette,
Manistee, and the Betsie you will see where torrents of water cut
passageways 50' to 100' deep and one half to one mile wide through
the existing drift to carry their billions of cubic acres of glacial
melt waters to Chicago and to the Mississippi River.

The sight of these old spillways demands awe and respect of the
writer. Just imagine the volume of roaring, seething water, and
the billions of unharnessed horsepower, It gives one an idea of
the magnitude of Noah's problems,

Returning to the outwash plains it can be said that deep outwash
plains are a joy to the road builder, These plains are sometimes
the source of large deposites of gravel,

A good example of an excellent outwash plain is located along US-131
between Kalkaska and the Elmira Hill., This narrow plain containing
thick beds of Rubicon, Kalkaska and Mancelona Series Sands lies
between a very, high, formidable moraine on the east called the
Quter Ridge of the Port Huron Moraine and a much lower appearing
ridge on the left called the Innér Ridge of the Port Huron Moraine,

This latter morainic structure although of low relief when approach-
ing it from the east is actually supporting the outwash or holding
it well above the adjacient lake plain country to the west, The
west slope of this moraine is very rough, and stands out in relief
much as does the west slope of the outer ridge. It actually rises
gome 500 or more feet above the Algonquin Lake Plain at its base,
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Another beautiful outwash plain lies adjacent to US-10 and on both sides
of the luskegon River from fvart ‘est to Reed City with a huge gravel
deposite at Hersey,

A very interesting outwash plain is the commerce-Drayton Plains-Oxford
Plain with a Hortheast-Southwest Axis,

This plain is in an irterlobate morainic area, The Huron Ice Lobe
constructed the wall on the Northeast, (Hadley-etamora-Romeo ioraine),
The Saginaw Ice Lote constructed the ’orﬂlnlc wall on the Vorthwest,

(The Portland-Lansing Crtonville lioraine), The irie Ice Lobe conotructed
the lloranic “all on the Southeast (Outer risice of the Defiance loraine),

This was ihe site of the collection of tremendous volumes of melt water
which sorted out the drift and left only the sands, gravels, cobtles
and noulders, This is a good source of gravel nroducts,

This outwash plain can e divided into three major areas each of which
secured it's drift from one of the ice lobes,

The Southern most area is in the vicinity of commerce and hes a definite
downward slope in a vorthwesterly direction indieating that it was
hourished by melt waters flowing off the defiance moraine.

intermediate area is in the vicinity of Drayton Plains and has
.gatjvo grade in a southeasterly direction lndl"”"*‘g that it receiv
ts nourishment from melt waters flowing off the Portland-lLansing-
rtonville : ?ralne.
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The Northern area is in the vicinity and south of oxford and tilts
downiward to the southwest indicating that it peceived its nourishment
from melt waters flowing off the Hadley-lletamora-Romeo ‘oraine,

Valley trains are usuall: nsrrow, glacial river “rainage courses hemmed
in my very high, steep, sloped moraines., All the melt waters are
confined in this narrow flune or channel, The small cross section
creatss swift velocities in the melt waters and this results again in
great sorting action or segregation of the various particle sizes,

This action almost elliminates altogether the clays and silts leaving

a braided valley train composed of sands, gravels, cobbles and

and boulders., These valleys are good sources of base gravel for
manufacturing aggregates,

Such a valley lies between the inner and outer ridges of the deviance
moraine, lLarge lobes of gravel are located in this valley just south
of Northville and two miles Northeast of Bloomfield Hills,

All existing rivers that lie in outwash plains between two morainic
walls and which during glaciation carried away melt waters, today
occupy drainage channels which are only a fraction of the size of
the original drainage ways,

Many of these now smaller rivers have by erosion or down-cutting
knifed deeply into the original river basin,
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A good example of this stream retrenchment is to be found in the Glacial
Outwash Plain and Glacial Manistee River Basin locazted between five and
six miles North of Manton on US-131.

North of the present river are four river terraces that step upward to
the north, These indicate the various stages of the river from a width
of over a mile during glaciation activity down to only a hundred feet
in width and occupied by the river today,

As the nourishment for the river decreased, the river became smaller and
cut down in the older, wider, river basin a channel only large enough

to accommodate its volume at that particular time, There are four older
channels visible atove the present river making a total of five river
stages,

Another good example of this stream retrenchment can be seen in traveling
Northeast on US-131 between Kalkaska and Mancelona,

In this case we are crossing the Glacial River on a long diagonal and
dropping at the same time down over three escarrments, Each escarpment
is an Hasterly retaining wall or bank of the Glacial River which flowed
Southwest down this Outwash Plain,

Immediately after crossing the third escarpment look over to the West
and one can see the final river basin which is less than two hundred
feet wide and is dry today. This is a stream retrenchment of four
stages,

A dry Glacial River Channel of only 200 feet in width crosses X-88
orth of the Cemetary at the West Village Limits of Mancelona,

Five hundred feet East of US-131 at the South Village Limits of
Mancelona lies a valley which is cut 100 feet deep in this Outwash
Plain and 300 feet wide, and which runs South for a half mile, It
also runs Northeast toward the Village water tower in a series of pot
holds, From the water tower it can be traced by small, deep valleys,
small, lime lakes and pot holes for a distance of twelve miles North-
east almost to Elmira,

This outlines or traces an extinet glacial river which actually froze
solid during an exceptionally cold weather cycle, When there was a
resumption of glacial activity and melt waters again collected on the
outwash plain, they formed another river channel for their discharge,
The old frozen river eventually melted and left these traces of its
existance,

Kames are generally formed of very granular materials ez, sands,
gravels, cobbles and boulders, They are excellent sources of base
gravel for the manufacture of aggregates; for subbase, for backfill

for peat marshes and for grade raises through high watertable soils.
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They take two Geometric Forms; a cone and a semi-sphere kamic cones are
formed on either the outer or frontal face or on the inner or retreating
face of a moraine, They appear to be formed by streams flowing off the
top surface of the ice sheet at an indented "V'"-s in its vertical face
and look like the cones in the borrom section of hour glasses,

Good examples of these are located lorth of (1d }-72 between one and two
miles Zast of the railroad crossing at Rarker Creek; along the inner
face of the Port luron lioraine 2t its contact with the Algonquin Lake
Plain, Zast and South of Rapid City; and along the North face of the
Port Huron Out-lyer Moraine along }-75 from Boyne Falls ¥est to Boyme
City,

Kamic Cemi-spheres are formed on till plains, and are also formed by
streams flowing along the top of the glacier, These streams find a
vertical passage-way in the ice at the intersection of two vertical
cracks, The movement of the melt waters downward takes a rotating or
whirl-pool motion and constructs a half sphere as it deposites its
thoroughly water washed and sorted materials. As the central mass is
deposited and Luilt up more ice is melted and worn away by the streams
action between this mass and the adjacent ice, thereby making more
room available for the enlarging of the half sphere,

A good example of this is the Kame just South of the junction of =32
and =65 at Lachine between Hillman and Alpena,

Another structural formation closely related to the Kame is the FEskerp
and it is also formed on a Till Plain in the shape of a long, winding
hill, This is formed in two ways and both from granular drift carried

and deposited by melt waters of a stasnant bloek of ice. The ridges

are parallel to the direction of the ice movement but opposite in
activity and in direction to its retreat,

1. Melt waters from the surface of the stagnant bloek of ice flow
vertically downward along cracks in the ice and deposite their load
on the till plain floor being formed,

2, Melt waters from the surface of the ice find a vertical funnel in
the ice and flow vertically down to the till floor, They then flow
foreward under the ice towards the recently formed moraine. They wash
and melt away the ice above and about them and deposite drift in this
tunnel under the ice., This creates a snake or serpentine shaped hill
sometimes called a hogs-back,

The material is predominately granular and can vary from gravels to
coarse sands to silts and will sometimes have mud flows of sandy clays
and clays,

Good examples can be found principally South of 01d US-16 between
Lansing and Howell on the till plain between the Lansing and the
Charlotte Moraines,
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Drumlins nre long cigar shaped hills formed from till rlains by the
re—-sdvance of the ice sheet over the recently deposited glacial till,
The till plain or sround morazine is plowed up into longitudinal hills
with their axis all parallel to each other and in the direction of
the movement of the ice. They wvary from 1000 feet to two miles in
length, They generally have smooth barrel shaped sides,

Ixcellent examples of drumlins can be seen along a band /4 to ten miles
wide along the Lake lMichigan shore in Antrim and Charlevoix Counties
and West of Leelanau Lake and North of Suttons Bay in Leelanau County,
They 2re full of crushed rock which is embedded in a Matrix of pink
sandy loam. This Matrix will somelimes vary from loamy sand to sandy

loam to sandy elay,

Another location is along 01d US-2 between Kinross and the Sco, This
drumlin field is almost totally submersed or drowned in a 4O feet to

85 feet bed of Lacustrian Lake Clay of post glacial lake Algonquin

when Lakes, Michigan, Huron and Superior were confluent,

The drumlins in this field have only their backs protruding above the
sea of clay. They look like submarines that are surfacing or fish that
are swimming in too shallow water with backs and dorsel fin exposed,
Incidently this lacustrian clay is 6-% to 70% moisture and similar in
fluidty or wviscosity to toothpaste. Crdinary clay found on till plains
has a natural moisture content of 15% to 18%,

Another very interesting drumlin is located on H~204, 0.7 mile East of
the Bridge at Lake Leelanau Village,

A four hundred foot long face is exposed along its left side or flank,

From the floor of the vallev up to a height of approximately twenty feet
the texture is a pink, loamy sandy till suturated with crushed limestone
cobbles from,l/2" to 4" in diameter, This core would fit the "C" horizon
for an Onaway Series Soil,

This indicates that this part of the drumlin was formed from a ground
moraine,

Resting upon the till plain is a four to five foot thick bed of nested
cobbles and boulders embedded in a matrix of gravel, The cobbles and
boulders vary from 6" to 18" in diameter,

This indicates that there was a resumption of very great glacial activity;
that outwash waters were traveling at great vellocities, that only the
heaviest and largest sized dtift particles were deposited at this
location; and that there was a great amount of sorting action,

Resting upon this boulder bed is a seven foot bed of intermittant minor
beds of varved silts and varved clays,

This now indicates that there was an ice block across the neck of the
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valley to the south which took the form of a dam and ponded the melt
waters in this area above the plain, This was a lake stage,

The varving of the silts and clays is the deposition of alternate

thin layers of different sized and colored particles in lenses, These
thin layers are similar to the annual growth on a tree, OSpring freshets
will bring more silts and large particles of clay than quieter flowing
streams will transport in the winter. Varved lacustrian clay has no
grittyness and if placed between ones teeth, feels like wax, These
flows with different velocities carry clays and silts in suspension of

variable size and color and as stated above, deposite them in thin
lenses, The composite section of these lenses is said to be varved,

L one to three foot bed of gravel surmounts the bed of varved clay and
silt indicating that glacial activity had started again,

The final twenty to thirty foot top layer is composed of outwash sands
placed in more or less a braided pattern. This also indicates great
glacial activity but ocgain with reduced velocities,

The final act was the surging foreward of the recently received ice
sheet plowing up this heterogenious drift into a geometrically shaped
drumlin,

Glacial and post glacial lake beds are to be found all around the
perimiter of the lLower Penninsula in the form of small and large
embayments eg., a twelve mile embayment exists inland vetween South
Haven and Muskegon; an embayment between Ludington and Manistee extends
inland as far as Scotiville, Free Soil and Filer City in these areas;
an embayment from Petoskey to Rogers City sweeps northward to Mackinaw
City and Northeasterly to Lake liichigan,

The larger embayments include, Saginaw Bay which extends to Hational
City-wWest Branch-Gladwin-iount Plgasant—Ithaca—Elsie-Pine an and
Vassar. Lake aumee extended South and Yesterly from Port Huron-
Romeo~Rochester-Birmingham-Plymouth~Ypsilanti-Adrain to Fort kayne,
Indiana,

These Lake Plains are very flat and broad without any relief except
Beach Ridges of sravel and sand perched upon them. Various lakes
invaded these plains and established their shore-lines in the fom
of these Beach Ridges,

These Beach Ridges are sometimes the only source of granular material
for road building that can be found in the larger embayments for many
miles, They are also good sources of base.material for the nanufactor
of aggregates,

Post glacial Lakes Algonquin and IHipissing have built strong Beach
Ridges along the Horthern shore of Leelanau County and the Lake
Michigan shore of Antrim, Charlevoix and Enmet Counties,
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These besches are zlmost 907 round particles that vary from the size of
golf balls to vase balls and which zre zlmost entirely limestone and
which belong to the Alpena series soils,

These Bezch Ridges vary from 5 feet to 10 feet in height and are between
100 feet and 200 feet in width., They look like huge contcur lines
curving tack and forth upon the lake beds,

Storm Beaches are constructed similar to Beach Ridges but usually occur
on points of land jutting out into the lake in a Northerly and forth-
westerly direction facing the predominate winds ecross a large expanse
of water. This lLortherly exposure and wide lake area are conditions
which create very extensive and strong wave action,

These beaches are composed of a small amount of sand and large quantities
or rounded particles of limestone varying in size from golf balls to

base balls to foot balls, The soil series is either Alpena, hancelona
or Rodman,

These beaches are from 1000 feet to 2000 feet in width and from 10 feet
to 20 feet high,

Good examples are located at Levering in immet County and tetween
Korthrort Point and Lighthouse Point in Leelanau County,

Ice ramparts are usually formed along existing shorelines of the Great
Lakes where the lake floor is a outcrop of limestone bedrock.

The upper two or three feet of the vedrock becomes cracked and jointed
in rectangular geometric patterns; Lecomes weathered and breaks up
into smaller sngular [ragments, These smaller particles on the sea
floor in shallow waters btecome frozen in the bottom of the ice., The
one eleventh volumetric expansion of the water is being converted to
ice moves the ice sheet shoreward, These fragmets of limestone which
are firurativelly (uarried Irom the bed rock are moved shoreward

year after year

This sliding action grinds the fragments against the bed rock and makes
them flat like slate or shingleo, Gventually they reach the beach
where they are pushed together and pilled up in wind rows 10 feet to

25 feet wife and 3 feet to 6 feet hich in sort of small beach ridges,

These irasments are now .uite small and flat eg., 1/2" to 2" long on
an oval face and 1/4L" to 1/2" thick, There is no sand matrix to speak
of,

Good examples of ice -amparts exist at Light House Point park on the
far Northerly point of Leelanau County; along the Lake Michigan shore
South of the City of Charlevoix; along the North beach at Mackinaw
City, and on the North shore of Mackinaw Island,
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Another very interesting glacial and post glacial structure closely
associated with melt waters of ice sheets are c¢liff-cut shore-lines
and lake terraces cut into existing moraines, till plains and drumlin
fields by wave action.

Excellent examples of these features were created by post glacial lakes
Algonquin and Nipissing, These lakes existed when Lakes Michigan,
Huron and Superior were confluent or all one giant inland lake, They
carved and etched their shore lines in the form of contact beaches and
broad, flat lake terraces in the drift structures boardering today's
great lakes,

These two lake terraces are parallel to each other and are 25 feet and
15 feet respectivelly above the present elevation of Lake Michigan
from Arcadia South to Chicago and thence North to Sturgeon Bay., They
are in the same relationship to each other and at these same elevations
above Lazke Huron from Forestville North to Port Huron South to Algcnac
and thence North along the Canadian Shore to Grand Bend North of Kettle
Point.

These are beautiful terraces and resemble giant steps ascending up from
the present great lakes. These terraces are wide and strong on points
of land jutting Northerly into the existing great lakes due to exposure
to severe wave action whipped up by prevailing Northerly winds, In
these areas these points of land have profiles resembling alligators
floating on the waters,

A beautiful Nipissing Lake terrace is cut into limestone from Mackinaw
City South two miles to its shoreline at the base of a steep escarp-
ment. The Algonguin Lake terrace cut in limestone works inland from
the top of this scarp as far as two miles South of Carp lake, It is

a beautiful Lake Plain,

Excellent examples of both lake terraces can be seen along both shores
of 0ld Mission Penninsula above Traverse City,

}¥-22 pests upon a 200 feet to 300 feet wide Nipissing terrace with an
escarpment to the West and an Algonquin Sea Floor perched above it
from Traverse City North to Suttons Bay. Both terraces exist from
Norwood North Charlevoix and thence East to Petoskey.

M~66 fronf the Loab Farm North to Charlevoix rides along a narrow
Algonguin terrace from a very wide Nipissing terrace ,

The City of Charlevoix rests upon both these very broad definite
terraces, Part of the City of Petoskey also rests upon these two
terraces., Also these shorelines and terraces in much of this area
are cut into coral reefs of the Little Traverse Limestone bed of the
Devonian Paleozoic Sea, This is very perceptible from the business
section North to Bayview,
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Incidently this same limestone coral reef outcrops also at Alpena and.
in the Detroit River Bed.

US=31 from Bayshore East to Petoskey rides along a beautiful 200 foot to
500 foot wide algonquin terrace notched into a drumlin field to the scuth
125 feet above and overlooking beautiful Little Traverse Bay. The high
plain in the City of Charlevoix on both sides of Pine River and Pine Lake
is also 125 feet above the elevation of Lake Michigan., Bear in mind
that this same lake terrace is only 25 feet above the elevation of Lake
Michigan a2t Arcadia, This brings us to another geological wonder and

fact~continental-uplift,

A Continental ice sheet or granular two miles in Height creats a load
at its base of 250-tons per square foot, This amount to 11,000,000
tons per acre of countryside,

This tremendous pressure acts upon the surface of the continent in the
same way that an earth surcharge placed during the construction of a
road above the surface of a swamp, The underlying earth is compressed
or displaced resulting in down-warping, This down warped surface be-
comes greater as the center of the ice accumulation is approached. In
our case this ice center was in Labrador,

The ice sheet eventually melted or retreated to its center with the
removal of this huge ice load the areas that were depressed began to
slowly rise to their former elevations, This quality of elasticity or
resilience is usually thought of as applying only to certain metals,
However, in this case it also applies also to our underlying beds of
rock,

Down warped areas are always in contact with areas that are not
depressed, The line of contact between two such areas is celled a
hinge line when the depressed area begins to rebound upward to its
original elevation,

We have had several minor hinge lines across Michigan, However, the
most important one is diagonally across the state from Arcadia South
of Frankfort to Forestville in the Thumb Area North to Port Huron,

As has been previously stated, Post Glacial Lake Algonquin occured
about 10,000 years ago and has an established shore line elevation
25 feet above Lakes Michigan and Huron, South of this line, However
due to continental up~lift this same shoreline is now 125 feet above
the elevation of Lake Michigan at Petoskey and Charlevoix showing an
up~lift of 100 feet,

This same shore line has an up-1ift of 200 feet at Cheboygan and
Mackinaw Island; 290 feet at Grand Marais; 335 feet at Munising and
L17 feet on Manitoulin Island, This continental up-lift is fantasiiec,

Post glacial Lake Nipissing occurred about 3000 years ago after much
of the continental up-lift had taken place, therefore, even though its
established shore line elevation south of the hinge line is 15 feet
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above Lake Michipan as compared with that of Post Glacial lLake Algonguin
at 25 feet above Lake Michigan, yet its up-lift of lLake Algonquin, eg.
up-1lift at Petoskey is 20 feet; at Mackinaw Island 33 feet; at Grand
Marais 30 feet; at Munising 45 feet,

Continental uplift also sealed off the south flowing AuTrain White Fish
drainage way which was transporting Lake 3Superior waters into Lake
Michigan, this drainege way then separated into two rivers flowing in
opposite directions,

Continental uplift also blocked off the southwesterly flowing Tahguamenon
Manistique drainaze way which carried Lake Superior waters into lake
Michigan, this drainage way lilewise separated into two rivers in
opposite directions,

Continental uplift increased the length and gradient of south flowing
rivers in the Upper Penninsula increasing their velocities, vivaciousness
and activity., It shortened the length and decreased the gradient of
north flowing streams making them slow and sluggish in activity.

Sand dunes are very recently developed land forms. It will be noted that
these occure in their grentest relief on the easterly shores of the Great
Lakes and on the southeast shore of Sasinaw Bay,

The reason for this is that the prevailing winds are from the west and
northwest and that they received sand nourishment from dry sand oars
existant at that particular time in great lake basins which had water-
tables 350 feet or more lower than they are today. These sand
ladened winds transported the sand shoreward and eventually deposited
them on what is today dryland, '

These dunes vary in thickness of from 25 feet to 200 feet and are
perched upon post glacial lake beds, outwash plains, £i11 plains and
moraines,

Sleeping Besr Dunes are 200 feet of dune resting upon a 150 foot ground
moraine,

The dunes that circle the east end of Little Traverse Bay at Petoskey
and that sealed off the west end of the Cheboygan-tullett Lake-Burt Lake-
Crooked Lzke-Petoskey Glacial and Post Glacial Drainage course are he-
tween 100 and 150 feet high,

High sand dunes occure between Ludington and Manistee. North of both
of these cities are dunes that are sources of core sand used in the
foundaries in Detroit and Chicago. Train loads are removed from Morth
of Ludington and ship loads from Manistee,

Large dune areas exist from ¥uskegon North 15 niles, Muskegon South 10
miles, Macatawa North 10 miles, South Haven South 15 miles, and from
St, Joseph through Gary, Indiana and almost to Chicago.
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They also occure from Port Austin southwesterly to Sevewaing on the south
shore of Saginaw Bay,

These sands are clean, of uniform size, with rounded surfaces and are
classified as Bridgmen and 'W2llace Jeries Soils., They are excellent

for use in road construction as backfill for peat marshes, for grade

riases, for subbase and for backfill in frost heave excavation,

The period of low lake levels when lakes Chippewa and Stanley occuppied
only the deepest portions and just a fraction of the existing lale
brsins of Michigen and turon occurred about 6,000 years ago.

This came stout when the ice meited brek exposing an unkrown outlet south
of the Georgian Bay orth Bay-Ottaws River drainsge course,

This whole 2rea un to the eﬂst ul( e of Lake Huron in i }c viecinity of
Georgian Bay hed been down warped almost 500 feet or almost to t%e

elevation of the Atlontic Ocean

«; Lake Huron dropped over L0 feet, {(Llgonauin Beach
snd has an urlift of 417 feet). This Jrained much of

Lﬂ”e eron ﬂnd left Lake iiichiran hich with 2 sort of dam or low weir
etween lalke [dichivan and Lake Huron, The SW]11]1L out of lake dchisnn
1nto Loke Furen eroded a gorze in the ctraitsc about fifty miles long
called tre fackinac Jdver,

During this time the elevotiorn of lake -ichiecan drovoed and its outlet
waters “own-cut the [oclivow LLriits river bed 350 feet to an elevitim
of 230 feet Atlantic Table,

This drop in elevation of lolly Lake Chivpewa and Stanley exposed 1ree
areas of sand in the form of sand bars

and river deltas, He stoted
before these volumes of sand dried out and were trnsported londward
by west and northwesterly vrevailing winds., They were the source of
the sand in Lhese dunes today.

This low elevation of lake Chippewa increased the length of such rivers
as the letsie, !lznistee, Peermariuette, Grand, aalammzuo and St. Joseph
Rivers and also increased their gradient,

They down-cut thieir charnels by the erosional effect of swift currents,
Continertel uplift of the region esst of Georgisn Bay and the cpening
up of the leorgian Bay-lLake Nipissing-North Bay-Cttawa River drainage
course restored the elevistion of the waters in the Lake Nichigan basin
to aboult 595 feet Atlantic Table,

This new highwzter table drownded or stagmiated the deeply eroded
channels of many rivers at the new shore line. This state of stasnation
cre sted thick beds of peat and alluvial materizl and in scme cases

wur r]ed old, deep channels., In the St, Joseph Hiver lie two such
channels, one alt 180 feel depth and the other &t 220 feet depth from

the elevation of lLake liichigan. At ircadis the channel Lottom lies at
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50 feet depth and at Elberta at 65 feet depth below todays surfacd
elevation of Lake Michigan.

GLACIAL AND Some of the most fascinating and often appearing paradoxial drainage-
POST GLACIAL  ways were creations by glacial melt waters escaping to the ocean,
DRAINAGE These exist today as dry abandoned drainage courses; reversed drainage
CCURSES courses; and ship, barge and sanitary canals,
The dry drainageways often have huge water falls, gorges, cataracts,
plunge basins and gravelly delta plains.

Some of the old drainage courses which flowed entirely in one direction
have been separated into two streasms flowing in opposite directions,

All are utilizing drainace basins today that are only fractions of the
original glacial stream,

CHICAGO One of the "naturals" for the engineer to construct with very little
SANITARY effort into an active canal is the Chicago Sanitary and Ship Canal
AND SHIP Drainage Canal.

CANAL

The Chicago Hiver with its discharge and Lake Michigan water is now
directed intec this canal which flows southwesterly to Lockport where
it drops some forty feet into the Des Plaines River. This portion of
the system is a reversal of todays existing drainage, However, at
one period in glacial history this drainage was southwesterly and
required only deepening and cleaning out to re-activate it,

After the discharge cuts over the divide at Lockport it follows
the Des Plaines River westerly to the Illinois River which flows
south to the Mississippi, which in turn flows south to the Gulf of
Mexico,

This is exactly the way the first glacial waters discharged that were
ponded in what is called Lake Chicago at the south end of the Lake
Michigan trough, '

This outlet not only carried melt waters from the Lake Michigan Ice
Lobe but discharged melt waters collected on the west end of Lake
Erie and Saginaw Bay and carried to it vail Imlay-Maple River-Grand
River cross country drainage course and also vai Port Huron-Black
River-Ubly-Cass River-Maple River-Grand River cross country drainage
course and others,

It is one of the first glacial outlets to be formed. Glacial Lake
Maumee discharged its waters via this route when the Imlay Outlet
was uncovered and available to use,

Glacial Lakes Arkona, Whittlesey, Warren, Saginaw, Elkton and
Algonquin in turn, also shared the use of this outlet.,
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In recapitulation this should be notes: The discharge from Lake Chicago
was Southwest through the Valparaiso Moraine which boardered it; thence
South to Joliet via Des Plaines River; thence Southwest to the junction
with the Kankakee River at Channahon to form the Illinois River; thence
West to Depue; thence South to Peoria,

This was the drainageway that cut through the Valparasio Moraine and
seven other minor morainic structures and was 150 miles long, Glenwood
Stage of Lake Chicago outletted through the Valparasio Moraine 60 feet
above Lake Michigan, This outlet was eroded down to only 25 feet above

Lake Michigan when Lake Algonquin discharged through it.

Another "Natural" for the engineers to construct with very little
effort into a ship and barge canal is the valley north from Buffalo,
New York to Tonawanda and Lockport and thence East through Rochester
and Syracuse to Utica to the Mohawk River.

The Mohawk River flows east to the Hudson River at Albany., The Hudson
flows south to the Atlantic Ocean., A splendid dry water falls plunge
basin and gravelly delta exists at Syracuse.

This canal was easy to construct because during the glacial period,
Lakes Warren, Elkton and Algonquin discharged part or all their melt
waters through this valley carving it out for future use,

At one time during glaciation ice in the St, Lawrence River to the
east of Sorel (Northeast of Montreal) blocked drainage in this direct-
ion and forced it to flow southerly down the Richelieu River into

Lake Champlain; thence south via Lake George River; through the valley
which contains the Champlain Canal to the Hudson River. This also

was a "natural" for canal construction,

Continental uplift has sealed off this drainage course, It then be-
came separated into a north flowing Richelieu River and a south flowing
Hudson River,

Glacial Lake Deluth formed in the west end of the Superior Basin, The
St. Croix River valley became its outlet to the southwest where it
entered the Mississippi River south of Minneapolis and St, Paul, Lake

Duluth which occuppied the west half of the Superior Basin found a
lower outlet to the south to Lake Michigan as soon as it had melted
easterly enough to expose the Au Train-White Fish channel cut into
bed rock,

The Green Bay ice lobe ponded water in front of it as it retreated,
Two glacial drainage ways removed melt waters from its accumulation
basin, - The Wisconsin River Valley discharged southwest to the
Mississippi and the Rock River Valley discharged southerly to the
Mississippi,

The ice lobe retreated opening up the Lake Winnebago ponded aresa
and eventually the southern end of Green Bay,
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it this time the Rock River ceased to be a glacial outlet and melt
waters poured southwesterly out of Green Bay through the Little Fox
River into Lake Winnebago; thence southwest via the Fox River to the
Wisconsin River at Portage; thence via the Wisconsin River to the
Mississipoi at Prairie Du Chen,

We have prewiousely discussed the Chicago outlet via Des Flaines-Illinois
River system, Let us now go the Detroit-Toledo-Cleveland area where melt
waters first began to accumulate in front of the Erie and Huron Lobes,

Water accumulated in a sort of triangular area between Port Huron,
Cleveland and Fort Vayne, Indiana with the outlet through a cut in the
Fort Wayne Moraine into the Wabash River,

This huge ponded area in the Maumee River,Basin was called Lake Maumee
and stood at an elevation of 812 feet above Atlantic Table when it
discharged into the Wabash; thence into the Ohio; thence into the
Mississippi.

This is 24,0 feet above lake Frie today. It is amazing to know that
Metropolitan Detroit would be submerged in over two hundred feet of
water if this stage of Lake Maumee existed today.

This lake is one of the bodies of water which contributed to the
disposition of so much Lacustrian clay in this area. OSome of this
clay is 60% water; has the consistancy of toothpaste; has shear
values of less than 1C0 pounds per square foot; is quite unstable
and flows under pressure; and is a real challenge to the designer,

The Green Bay ice retreated northerly exposing the Au Train-Whitefish
channel cut into bed rock from Little Bay De Noe north to Autrain Bay,

The Lake Superior ice retreated easterly from Duluth forming Lake
Duluth with its drainage southwesterly vai St, Croix River to the
Mississippi River,

Eventually the Superior ice exposed the Au Train Valley which was
lower than the St, Croix outlet, Therefore the S5t, Croix course

dried up andg the Au Train took full charge of the dischurge,
Eventually 411 the ice melted in the Superior Basin and Lakes Michigan,
Huwon and Superior became confluent,

With the removal of this heavy surcharge of ice, the continent in
this region began to spring back to its original elevation. This is
called continental unlift.

The region south of a line between Arcadia (south of Frankfort) and
Forestville {north of Port Huron) had not been perceptibly depressed,
therefore it remained unchanged in elevation after the ice was
removed,
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This Arcadia-Forestville line is called a hinge line., The region north
of this line bezan to rise like a trap-door and its rise is called

continental up-lift,

Continental up-lift eventually raised the Upper Penninsula out of Post
Glacial Lake Algonquin,

It was at this time that the Au Train-Whitefish drainage course began
to carry melt waters from the Lake Superior Basin south to the Lake
Michigan Basin,

This drainage course was narrow, steep and soon eroded and carved out
a channel in the bed rocks of the Silurian, Ordovician and Cambrian
formations of the Ancient Pzleozoic Seas,

Continental up-1ift is 93 feet in just the 14 miles between Trenary
and Chatham or 6,6 feet per mile,

Continental up~lift eventually chocked off the inlet at Lake Superior,
A divide occurred a2t Trout Lake 3 miles east and 3 miles south of the
Village of Limestone,

North of this the waters move into the long and narrow Cleveland Cliffs
Power Basin and down through the Penstocks of the Electrie Power
Company or over the Au Train Falls located just south of the Village of
Forest Lake,

The Au Train Falls is 100 feet from crest to base and is sort of broken
in the middle with a step and is eroded into Siliceous, Hermansville
Dolomite of the Ordovician formation,

At the base of the falls is the contact between the overlying- Ordovician~
Dolomite and the top of the underlying Cambrian-Lake Superior Sandstone,
This sandstone forms the walls of the gorge leading to Au Train and to
Lake Superior at Au Train Bay west of Munising, This is a beautiful
sicht,

Returning to the divide at Front Lake, we find that the south flowing
Whitefish River also has its head-waters here, The Whitefish River flows
swiftly south through this narrow valley cut into bed rock down to the
City of Rapid River on Little Bay De Noc on Lake Kichigan,

At the sametime that Lake Superior discharged south through the Au Train-
Whitefish drainage course to Lake Michigan another similar drainage

course opened up on Whitefish Bay on Lake Superior and flowed southwester—
ly via Tshquamenon-Manistique River Basins and outletted on Lake Michigan
at the City of Manistique,

This system had a narrow channel hemmed in by 300 feet high walls of the
Newberry Moraine on the south and the Munising Moraine on the north, two
to three miles wide and ten miles long with an east-west axis between
Dollarville near Newberry and Danaher, Thris gorge is called Mciillan
Pass and through it poured torrental currents from the Tahquamenon River
to the Manistique River,
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This mad rush of water stood 1,50 feet deep during the highest stage of
Lake i4lgonquin,

This discharged waters of the late stage of Post Glaclal Lake Algonguin
or early Lake Chippewa stage and functioned until continental up-lift
blocked off the inlet on Whitefish Bay,

A divide was created in the Newberry swamp near Danaher separating the
system into a northeast flowing Tahquamenon River Basin and a southwest
flowing Manistique River Basin.

From Danaher easterly and northeasterly the present Tahquaenon River
drops approximately O.4 foot per mile for 49 miles to a point one mile
south of the Upper Tahquamenon Falls or a total drop of 18 feet, It
then down-cuts through 8 feet of bed rock of the Hermansville Dolomite
Formation to the crest of the falls,

The first 4O miles of this drainageway is slow and sluggish and through
flat swampy country, This slugeish action is due to continental up-lift
raising the river's bed un to a more horizontal attitude.

From crest to base of the Upper Falls the River cutls through 4O feet of
Cambrian sandstone, At the crest of this falls is a thin layer of bed
rock of silicocalcareous dolomite of the hermansville formation of the
Urdovician Faleozoic Sea, This is a very hard dolomite tough capping

it,

From the plunge basin at the foot of the falls, the river rushes through
a narrow gorge cut out of this same paleozoic rock cascading with a

sort of cataract effect for another four miles to the crest of the lower
falls,

This new gradient is approximately seven feet per mile and the total
down cutting amounts to about 28 feet,

The drop in elevation between the crest and base of the lower falls is
20 feet and is also cut down through Cambrian Sandstone, The base of
this falls is only Yfour feet 2bove the watertable of Lake Superior,

During the last stages of Post Glacial Lake Algonquin and the early
stages of the Lake Chippewa and Lake Stanley, shallow lakes which
occupied the Lake lichigan and Lake Huron throughs, the drainage

from west to east split and discharred through the Straits of Mackinae
and from Petoskey to Cheboygan by the inland route,

This route passed from Petoskey on Little Traverse Bay eastward to
lullet Lake via Route Lake, Crooked Lake, Crooked River, Burt Lake
and Indian River.

The drainage course turned north at Mullet Lake and flowed up the
lake and into Lake MHuron via Cheboygan River,
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This drainage course was eventually blocked off at Petoskey by a huge
circle of sand dunes which ringed the east end of Little Traverse Bay
at Petoskey,

These sand dunes were nourished by dry sand from deltas and sand bars
which were exposed to the prevailing westerly winds when the watertable
of Lake Algonguin fell some 350 feet to an elevation of 230 feet
atlantic table,

This old dreinage system could be easily converted into a beautiful
cross country inland waterway between Lakes Michigan and Huron by means
of locks at Cheboygan and Petoskey and with a little dredging. At
present pleasure boats can sail all the way from Cheboygan to Conway
just outside of Petoskey,

Now we must return to Glacial Lake Maumee which stretched in a sort of
triangular shape with its baseline between Port Huron and Cleveland
and with its apex southwesterly from here at Fort Wayne, Indiana where
the ponded waters broke through a col or low sag in the Fort Wayne
Moraine and reached the Wabash Ohio and liississippi Rivers and traveled
to the Gulf of lexico,

This was the highest stage of Lake Maumee and its shore lines stand
between 200 and 205 feet atlantiec toable at Birmingham on the Defiance
Moraine,

As has been mentioned previously, this elevation at shoreline is about
225 feet above present Lake Erie and represents the stage when the
outlet was at Fort ‘layne and the melt waters stood about 200 feet deep
at Port Huron and along the inner face of Lhe inner ridge of the
Defiance Moraine from Romeo-Birmingham-Plymouth-Ypsilanti-Saline to
Macon, From Adrian southwest these shorelines are banked against or
notched into the inner face of the outer ridge of the Fort Wayne-
Defiance Moraine,

These foregoing paragraphs attempt to establish the existance of Maumee
Lake, its highest shoreline elevation and the Wabash Outlet at rort
Wayne, Indiana, the first outlet of three for this lake,

Two other consecutive outlets let the.melt waters of lLake liaumee escape
to the north through the Imlay Outlet, The first outlet lowered Lake
Maumee to an elevation of between 755 and 765 feet above atlantic table,
(lowest Lake Maumee),

It is believed that the first so-czlled Imlay Outlet brought melt waters
to a point near Brown City through three channels:

1. Waters flowing north across the broad lake plain east and west of
Fmmet turn and funnel westerly in narrow lake plain three miles north
of Yale,

2, vaters ponding south between Capac and Imlzy City flow northerly
through a channel three miles east of Imlay City.
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3, Waters ponding gouth of Imlay City flow northerly through a narrow
vallev one of three miles wide directly north of Imlay City.

From the viecinity of Brown City these collected waters flowed westerly
to liorth Branch where they entered the Flint River Valley, 4 little
west of North Branch and adjacent to the Flint River Valley lay Lake
Silverwood, to the north a Reservoir Lake, Maumee waters flowed south-
westerly along the Flint River Valley through Columbiaville to Kersley
Lake at Flint, another reservoir along the route,

They left Kersley Lake at Swartz Creek and flowed westerly through
Durand, Corunna and Owasso to Ovid where they divided into two drainage-
ways respectivelly: Stony and Hayworth Creeks,

Hayworth Creek flowed into the Maple Hiver at Maple Rapids, The Maple
River and Gtony Creek united near Lyons to form the Grand River,

Drainzge was now west in the Grand River Valley past Ionia, Lowell and
Belmont, and thence south to Grand Rapids,

From here it traveled southerly all the way south to Lake Chicago

just inside the lake Boarder lioraine or just outside the Lake Boarder
lioraine and confined between it and the receeding face of the Michigan
Ice Lobe,

At Chiecago it drained to the (ulf of Mexico via Chicago Sanitary and
Ship Canal-Des Plains River-I]lincis River and the Mississippi River,

As mentioned before, a re-advancement of the ice in the neighborhood
of Brown City or south of there constructed 2 morainic structure which
blocked off the free gravitational flow of melt waters to the north
and therefcre closed off this section of the Imlay Drainageway,

Lake Maumees Shore stood at about the same boarder between Port Huron
and Imlay City and moved northward through the same three channels as
they did for the previous dreinageway., However, this time they
collected about nine miles directly north of Imlay City,

From here théy moved northwesterly to the Flint River Valley at North
Branch via Madison Drain and Cedar Creek,

From here on glacial drainageway was the same as for the first stage.

The elevation of the Glenwood stapge of Lake Chicago was 640 feet
atlantic table or approximately 120 leet below the elevation of the
first stare of the Imlay Outlet and 140 feet below the elevation of
the second stage, Ulost of this change in elevation occurred in the
drainageway across iichigan or in about 150 miles, This was the
first of the drainage courses that crossed ilichigan from east to
west,
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The waters of Glacial Lake Shittlesey from a point seven miles west of
Port Huron, ponded in an estuary one to six miles wide and fifty miles
long, north of Ubly, This is the Black River Basin and today drains
south,

At the time of Lake “hittlesey melt waters moved north to Ubly in this
quiet, lake, like pond; turned a right angles at Ubly; dropped into the
southwesterly trending Cass River Valley; and began a very rapid decent
for the next fifty miles into Lake Sapginaw, They flowed past Cass
City, Caro and Vassar and entered Lake Saginaw between Pine Run and
Frankermnuth,

This valley also is between one and six miles wide, The waters were of
torrenal megnitude. They left a gravel delta at Ubly where they poured
out of Lake Whittlesey and rolled boulders along the floor of the Cass
Valley,

They moved slowly westerly for fifty miles in Lake Saginaw and entered
Stony Creek, Hayworth Creek and the llaple River at its west edge,

These creeks and river formed the Grand River which flowed westerly to
an embayment of Lake Chicago at Grand Rapids,

These was the calumet stage of Lake Chicago and the Chicago outlet had
eroded its floor down some trwenth feet to an elevation of 620 feet
atlantic table,

Lake whittlesey stood at an elevation of 740 feet in flowing through the
Cass River and the CGrand Rivér Valleys, This amounts to 120 feet in
100 miles of one foot per mile,

There is much merit in the conjecture that an unknown glacial dreinage

course lies close to the contact line between the Algonquin Lake Plain

and the Morainie Structures that arize above it in the northern part of
the Lower Penninsula,

This Lake Plain sweeps southerly from Lake Huron with its shoreline in
the vicinity of a line between Petoskev-Indian Riiver and Rogers City,

Post Glacial Laeke Algonquin in which Lakes Superior, Huron and Ifichigan
were confluent, had four outlets: Chicago, Port Huron, Kirkfield and
Horth Bsy

lielting of the ice sheet north of Lake Ontario flooded the lake Cntario
basin and created Lake Iroquois and also uncovered the country north of
it to the southern end of Georgian Bay,

This also exyosed a2 drainageway travercing a southeasterly course between
Georgian Bay and Lake Iroquois that wes lower than the Chicago and Port
Furon Outlets thereby drying them up.

This outlet wns from Victoria liarbor to Lake Simcoe to Kirkfield to
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Fenelon Falls to Trenton via Trent River Valley,

This wes another one of those "Natural" drainage courses that the hngineers
with very little dredging and some small locks were 2ble to convert into

a veautiful inland waterway by which small pleasure craft could cross the
Penninsula between Victoria Harbor on Georgian Bay and Trenton on lake
(ntario through a series of beautiful lakes, streams and canals,

The Kirkfield Outlet continued to drain Lake Algonguin until the ice
receeded and exposed the Ottawa River Basin, The north end of Ueorgian
Bay was repressed between 600 and 700 feet and lay at an elevation close
to that of the Atlantic Ocean, In other words the itlantic Ucean shore
was brought westerly next to Georgian Bay.

This immediately emptied much of the water out of Lake Huron creating a
muick smaller lake called Lake Stanley,

This created a sort of dam or welr at the Straits of Mackinac which held
back Lake Michigan, :

Tt wasn't long before Lake MNichigan waters rouring through the straits of
lackinac began to erode or cut out a deep channel 3,600 feet wide out of
the weakly cemented breceiated limestone in its floor.

This narrow channel soon became a gorge as the waters of Lake lichigan
dropred to an elevation of 230 feet, atlantic table and became Lake
Chippewa,

Continental uplift raised ihe Ottawa River basin and Post Glacial Lake
Nipissing took the place of Lake Algongquin at an elevation of 595 feet
atlantic table,

'y

Lake Nipissing found an outlelt easterly through Georgian
Lake Nipissing via French River; thence from City of North Bay to the
Ottawa and on to the St, Lawrence at HMHontreal, This is a noble river,

s +
Bay to present

Lake Nipissing continued to flow in this outlet until continued Continental
Uplift raised the North Bay Cutlet too high, This sealed off the inlet
for Georgian Bay waters entering the Ottawa River Drainage; raised lake
level and the Port Huron Outlet began to operate again,

S50 far we have discussed the many glacial and post glacial drainageways for
melt waters that accumulated in the form of lakes south of the several ice
lobes that retreated from great lakes region, Now let us turn to study
these lakes in chronological order,

This lake formed of melt waters at the west end of the Erie Ice Lobe and
extended graphically in the form of a triangle with its base line extend-

ing between Port Huron and Cleveland and with its apex at Fort Wayne, Indiana,
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The initial outlet was past Fort Wayne into the WaBash River Basin and
on to the Ohio and the isississippi and south to the Gulf of Mexico. The
water level of Lake lMaumee stood 2t an elevation of between 800 and 812
feet, atlantic table or zbout 235: feet above existing lake Erie. The
Maumee River flows into Lake btirie at Toledo today,

The second and third outlets for this leke were through the Imlay Outlet to
the Flint-Maple~Grand Hiver Urainage course to Lake Chicago and thence
through the Chicago-Sanitary and Ship Canal to the Des Plaines, Illinois

and Mississippi Rivers and south to the Gulf of liexice, The elevations of

these stages were respectivelly: 755 to 765 feet, Atlantic table and

775 to 780 feet, Atlantic table, Lake Glenwood stage of lake Chicago stood
at 640 feet, itlantic table or between 120 and 140 feet lower than Lake
Maumee,

The ice completely retired from the Erie Basin extending Lake Maumee east-
erly to Buffalo, The ice retreated completely off the thumb region allowing
lake llaumee to become confluent with Lake Saginaw which had started to form
from ponded waters in front of the 3aginaw Ice Lobe,

This new Lake was called irkona and established three beaches indicating
three stages between 710 and 694 feet, atlantic table, These stages
represented the erosion and down cutting of the Maple River OQutlet,

The haple River flowed into the Grand Kiver and into Ulaumet stape of Lake
Chicago at 0620 feet, atlantic table, The drop in elevation between Lake
Arkona and the Chicago outlet varied between 75 and 90 feet,

There was an impulse given to the Huron Lobe of ice and it moved fore=-
ward covering the thumb region inland to Athins, Jeddo, Croswell, Apple-
gate, Carsonville, lc Gregor, Deckerville, Palms, North of Ubly, Green-
leaf, Cass City, #llington, Caro, Wahjamego, Vassar, Tuscola and
Frankenmuth,

This is tlie east bLoarder of the Black River Lstuary from Port Huron north
to Ubly and the northwest toarder of the Cass River Valley.

This movement of the ice separated Lakes Saginaw and Arkona and removed
the short-circuited drainage around the thumb causing Lake Arkona to rise
ard to seek another drainageway,

The new lake was lLake Shittesey which occupied the Erie Basin and the
Black River embayment with an outlet at its north end at Ubly,

The Cass River carried its discharge southwesterly to lLake Saginaw, It
left Lake Saginaw via Maple-Crand River drainage course and entered the
Calumet stage of Lake Chicago and left this body through the Chicago
Cutlet, Lake Shittlesey stood at an elevation of 735 to 740 feet,
atlantic table or 120% feet above the Chicago Cutlet,
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The northerly rétreat of the ice of the Ontario Lobe began to uncover the
Lake Ontario Basin and to flood the area to form Lake Iroquois,

The withdrawal of this ice also exposed the lowlands in which the Erie
Canal was later constructed,

Melt waters from Lake Srittlesey now found an outlet in these lowlands
80 feet lower than the Cass River drainage course,

Lake Whittlesey dropped to an elevation on 660 to 665 feet, atlantice
table and became Lake VWayne,

The drainage was via Erie Canal Valley to Syracuse where it dropped
into the Mohawk River and continued eastward to the Hudson; thence
south to the Atlantic Ocean,

The Ontario Ice Lobe surged foreward sufficiently to block the Syracuse
Outlet,

The ice in the thumb region retreated into the Huron Basin and the
Saginaw Sag enough to allow Lakes Wayne and Saginaw to connect up again
as they did during the Arkona Lake Stage,

Blockage of the Syracuse Outlet caused Lake Wayne-Sapinaw to rise, The
next lowest outlet was via Maple~Grand River Valley to Calumet stage of
Lake Chicago at 620 feet, atlantic table,

The Ontario Ice Lobe again retreated exposing the Erie Canal Valley and
re-opened the syracuse outlet into the Mohawk Valley.

The elevation of Lake Warren fell to 640 feet, atlantic table, the level
of Lake Grassmere., A later opening in a col or pass in the mountains at
Troy, New York lowered the watertable to 620 feet, atlantic table, the
level of Lake Elkton, :

With continued lowering of the Lake Erie-Erie Barge Canal Valley-Mohawk
River Outlet, Lake Elkton dropped from 620 feet, atlantic table to 605
feet, atlantic table, by the Port Huron River,

The waters collecting in the lower reaches of Lake Huron were called early
Lake Algonquin and the initial outlet was through the Port Huron Channel,
through Lake Frie, Erie Valley, Mohawk Valley and down the Hudson to the
Atlantic Ocean, '

Eventually all the ice retreated from the basins of Lakes Michigan, Huron
and Superior and these lakes became confluent to form a huge post glacial
lake called Algonquin,
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The ice margin of the Ontario Lobe retreated uncovering a lower outlet than
that at Port Huron, This outlet extended from Victoria Harbor on the South-
east end of Georgian Bay to Lake Simcoe to Kirkfield to Fenelon Falls and on
to Trenton via Trent River Valley. This discharge continued across lake
Iroquois to the l.ohawk Valley and on to the Hudson and South to the Atlantic
Ocean,

Continental uplift in the Trent Valley Region slowly closed the Kirkfield
Outlet and Torced the Port Huron and Chic%go Outlets to carry this discharge,

The Chicago Outlet was at an elevation of 600 to 605 feet, atlantic table
and was called the Toleston Stage,

The Chicago Cutlet was seated in Bed Rock and eroded very slowly. The Port
Huron Liver Channel traversed a plain of glacial till which eroded more
easily, therefore this channel eventually cut down deep enough to carry all
the discharge and the Chicago Outlet dried up,

The Cntario Ice Lobe continued to withdraw north and soon uncovered the
Ottawa River Valler, This region was repressed by the weight of a two
mile ieight ofiice sheet to between 600 and 700 feet, or almost to the
elevation of the Atlantic Ocean.

This brought the shore of the Atlantic Ocean adjacent to Georgian Say,

Leke Huron spilled out of its basin to the east into this sort of an
erbayment of the Atlantic Ucean and shrunk to only a fraction of the
Huron Basin and became lLake Stanley,

This created a weir of the Straits of ihackinac which held back the waters
of Lake liichigen,

These waters plowed through this sag and cut a gorge 3,600 feet wide and
250 feet deep with almost vertical walls in the weak brecciated limestone
of the Mackinac formation of the Devonian Paleozoic Sea., Lake lichigan
became Lake Chippewa at an elevation of 230 feet, atlantic table,

Continental Uplift raised the Ottawa Valley about 60C feet, This raised
the elevation of Lakes Stanley and Chippewa up to 595 feet, atlantic table
and inaugurated Lake Nipissing, this Lake included Lekes Huron, Superior
and lichigan and dreined to the St. Lawrence Hiver via Georgian Bay, French
River, Little Lake Nipissing, City of North Bay, Hattawa River and Ottawa
the river,

This outlet was eventually closed by further continental uplift and drainage
since that time has been through the Port Huron River, Lake Irie, Lake
Cntario and the 5t, Lawrence River,

This discussion should begin with an
of all natter in whatever form it is

understanding of the basic principles
found: Gaseous, Liquid or Solid,

An atom is the smallest division of an element without destroying its
structures. Atoms unite with each other to form molecules,
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Frankfort
Traverse City
Northport
Harbor Springs
Cross Village

Frankfort
Traverse City
Northport
Charlevoix
Harbor Springs

St. Ignace
North Bay

ALCONQUIN  (HIGHEST SHORE)

609
648
674
709
746

59
609
606
601
615
628

698

Port Huron
Port Sanilac
Grindstone City
Port Austin
Sebawaing
Bayport
Kawkawlin
Omer

Tawas
Greenbush
Harrisville
Ossineke
Alpena

Posen

Rogers City
Mackinaw City
Glenwood

Calumet
Toleston

NIPTEEING

Port Huron
Grindstone City
Bayport
Sebawaing
Kawkawlin
Alabaster
Oscoda
Greenbush
Harrisville
Alpena
Rogers City
Cheboygan

606
605
615
615
605
607
610
610
617
642
653
663
688
741
741
804
640

615
600

595
598
596
597

595

599
601

603
60k
613
621
626

Correlative of Arkona
(Highest)

Probably correlative
of Algonquin




Location Lake Nipissing * Lake Algonguin
Arcadia 595¢ 605"
Frankfort 599! 6051
Northport 606! 6581
Suttons Bay 607! 6547 approx.
Traverse City . 602! 648!t

Elk Rapids 606" 6351
Torch Lake 608t 655"
Charlevoix 611°* 690
Petoskey 61518 7094
Mackinaw City 628" 804t
Cheboygan 626" 800"
Rogers City 6211 7410
Alpena 6131 6881
Ossineke 6131 663"
Harrisville 6041 6531
Greenbush 603! 6421
Oscoda " 601! 630' approx.
Tawas City 599¢ R SVA
Alabaster 599! 6171

Pine Run 506% approx. 6104

Bay City 5951 610¢
Sebewaing 597! 605¢ "

Bay Port 5961 6071
Point Au Barques 598% 6151
Grind Stone City 598¢ 615!

Port Sanilac 5951 6054

Port Huron 59579 606"
Years B.P. Lake Stage Elevation above
Before Present Sea Level

Lakes Michigan & Hyron 5811

3:500 - 2!500 Algoma 595'

5,000 - 3,500 Nipissing 6051

8,000 - 5,000 Chippewa-iiichigan Trough 230!

Stanley-Huron Trough
11,000 - 8,500 Algonquin 6051

* Someday this shore line will be called Lake Algoma as noted above.




STAGE

Maumee

Arkona
Saginaw
Whittlesey
Wayne
Warren
Elkton

Algonquin

Nipissing
Chicagoe

Whittlesey
Warren
Elkten

LARE STRGES™

ELEVATION ICE BARRIER OUTLET

805-800 Defiance -~ Birmingham Wabash

785-775 Imlay - Yale Imlay

760 7

710-694 North of Thumb Maple R,

710

740-735 Port Huron Ubly

650 Mohawk

680 W. of Alpena Maple R.

640 Grassmere Mohawk

620 Dane

607 Kirkfield

595 North Bay

640 Glenwood Arkona Correlative

620 Calumet

607 Toleston Algonquin Correlative
AINGE LIRES

Algonquin-Nipissing

, Warren

Ann Arbor
Goodells

Atkins

Amadore

Charleston

Ruth

Verona Mills

Bad Axe

Popple

Gagetown

Vassar

- Near Birmingham
- Near Richmond
- Near lexington
- Near Forestville

SHORE LINES

685-675
680

707

709

725

750 N, part Sanilac County

748

775 *

765

754 ¢
7hdy

709 Spit of Warren Beach at water tower,
808 AuSable sand plain.
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MrT CULE A molecule is the smallest division of a substance without destroying its
structure of atoms, i

ELEMENTS There are approximately one hundred elements which in combination with each
other form all the inorganic and organic compounds and substances in this
universe,

These vary from simple metalic elements such as iron, copper and silver to
simple salts such as sodium ehloride (table salt), calcium chloride, caleium
carbonate (limestone), silicon dioxide (sand) to very complex minerals such
as the orthoclases (clays).

These also include such simple compounds as the hydro-carbon series, (gases,
fuel oils and lubricants); more complex molecular structures of carbohydrates;
and the miracle drugs such as streptomyecin,

The amazing thing about all this is that it just takes these one hundred
elements or atoms re-arranged and connected to each other in different

ways and quantities to make up all the multitude of molecules or substances
in our material world.

For instance just the three clements of carbon, hydrogen and oxygen are
required to form the molecules of the big family of hydrocarbons and the
family of carbohydrates,

Add the element of nitrogen to the above eclements and we can build up the
big family of complex molecules of the amino acids and the proteins,

W OF IN=~ One 1law of chemistry is that matter cannot be destroyed or created nor is
DUSTRUCTABI~- there any change in the total amount of energy involved, In other words
LITY OF MASS in a chemical reaction, there is no change in the total number of atoms
AND INERGY involved, One starts out with a total number of atoms of x, of y and of

z, and no matter how they are re-arranged the sum total of each will remain
the same at the end of the action or re-arrangement as at the biginning of
the action, If heat is involved, either absorbed or released, it would
require this same energy in reversing the reaction,

To recapitulate the above, it can be said that in the final analysis of
a chemical action involving the rearrangement of atoms that atoms are
neither created nor destroyed and that energy has not been created nor
destroyed.

The Alchemists tried for centuries to create gold out of lead and always
failed.

FISSICN AND This now brings us to an apparent violation of the above low, However the
FUSION above low still holds good for chemical reactions but does not apply to
fission and fusion in which the element's atom is internally disturbed
resulting in the alteration of this particular atom; sometimes destroying
it altogether; up-grading it into a heavier atom; or down-grading it into
a lighter atom,
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This creation of one element from another is called transmutation and was
discovered in 1919 by Sir E., Rutherford in the transformation of nitrogen
into oxygen., .

A discussion of the internal structures of an atom, (smallest integral
of an element) is now in order,

A1l atoms are small models of our solar system, The unstable atoms of
thorium, radium, vranium and plutonium could be compared to stars that
are burning up,

Stars such as our sun are constantly under going atomic action called
fission,

Fission is the disintegration of a heavy or high type, very complex,
unstable atom into smaller, more simple stable, atoms,

Fusion is the construction of higher type larger atoms from smaller atoms
by a reconstruction of them,

Transmitation of atoms is either up-grading an atom into a higher type
or down grading it into a lower type atom,

As mentioned before, atoms are similar to our sun and planitary system,
The heavy mucleus center resembling our sun is made up of positivelly
charged protons and neutrally charged neutrons around which orbit negat-
jvelly charged electrons and positivelly charged positrons which are
much lighter in mass then the mucleus and resemble our planets,

The relationship between the masses of the protons and the electrons is
1830 to 1. The electron is relativelly small and is the body in orbital
motion,

The electrons in any atom are identical with those in any other atom,
This holds true for the positrons, protons and neutrons. In other words,
all matter can be resolved into these four types of bodies. Also all
matter or atoms can be formed from these four basic bodies., Scientists
may add to these someday,

]

At p;esent the relationship follows that for every proton in the mucleus
there is one electron to balance its charge and to encircle the nucleus,

eg., Hydrogen has one proton and one electron, Helium has two protons
and two electrons, Lithium has three protons and three electrons,

The atomic number of an element represents the number of electrons in the
atom and likewide represents an equal number of protons,

The atomic weight of an element is the weight or mass of an element relative
to that of one element given as a standard, Carbon is that standard and 12
was assigned to it,
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Below is a table which gives the atomic numbers and weights of a few of
the elements that seem more interesting to the writer:

ATOMIC ATOMIC
ATOMIC FLEMENT SYFBOL NUMBE WEIGHT
TABLE
Hydrogen H 1 1.008
Helium He 2 4,003
Lithium Li 3 6.939
Beryllium Be I 9.012
Boron B 5 10.811
Carbon C 6 12,011
Nitrogen N 7 14,007
Oxygen 0 8 15,999
Iron Fe 26 55,817
Cobalt Co 27 58,933
Nickel Ni 28 58,710
Copper Cu 29 63. 540
Zine Zn 30 65.370
Strontium Sr ) 38 87,620
Silver Ag L7 107.870
Barium Ba 56 137.340
Platinum Pt 78 195,090
Gold Au 79 196,967
Mercury Hg 80 200, 590
Thallium T1 81 204,37
Lead Pb 82 207,19
Bismuth Bi 83 208,98
Radium Ra a8 cesvaes
Thorium Th S0 232,038
Uranium U 92 233-234~235-238
Neptunium Np 93 ceevoee
Plutonium Pu 9L cesseas

It will be noted that the atomic weight is almost twice the atomic number,
This holds true for the first twenty elements. Beyond this point the
elements gain weight above the factor two. This increase in weight is due
to added neutrons and not to additional protons eg,

Lead has an atomic number of 82 and an atomic weight of 207,
2 x 82 = 16l - protons and 16/ electrons.
207 - 164 = 43 - neutrons,
Total: 164 protons and 43 neutrons make up the nucleus or sun while
164 electrons encircle it as planets or satellites.
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TRAKSMUTATION low let us return to the study of the transmutation of elements,

Irtene Curie and F, Joliot in 1932 discovered that if they bombarded Baron
(5) with alpha rays (double protons relessed during the disintegration of
radium), that radio-active nitrogen (7) would be formed along with the
release of a nositron and a neutron, This was the transmutation of boron
into nitorgen.

Sir E. Rutherford bombarded gaseous nitrogen (7) in 1919 with these same
type alpha rays and found that oxygen (8) was formed with the release
of one proton (nucleus of hydrogen atom). Alpha rays are double protons
and the nucleus of helium, this was the transmutation of nitrogen into

oxygen,

Atmospheric nitrogen bombarded by protons from the inner band of the
Van Allen Radiation Belts, located 600 to 800 miles above the earth,
rroduces radio-active carbon (6).

These bombarding protons are in the form of primary cosmic rays, are
sub-microscopic electrically charged particles that travel in space with
almost the speed of light, When they collide with nitrogen atoms in the
air, they also give off part of their energy to electro-magnetic radiation
called photons,

]

ISOTCrES Six carbon isotopes are formed when the cosmic rays (protons) drive their
way into the nitrogen atoms and down-grade them into the next lower
series atoms,

These new carbon isotopes have the same atomic weight of 12,011 but they
all differ slightly from each other until their radio activity energy is
dissipated. Following is a table of these isotopes, their given numbers
and their half-lives:

Carbonlo, 20-sec,.} carbonll,
carbonll, 5568 years; carbon

§0'5 min, ; carboan, stable; carbonlB, stable;
s 2.4 sec,;

Note: These numbers must not be confused with atomic weights because

they have no bearing upon mass but are used to separate and identify each
individual isotope,

Most of these isotopes revert or change into carbon 12 or 13 in a relativelly
short time, However carbon 14 has a relativelly long half-life and is

used in dating archeological and geological times quite accurately up to a
range of 50,000 years,

Constant bombarding of atmospheric nitrogen by cosmic rays maintains
carbon 14 at a level of radio-activity of 15,3 # 0,1 disintegrations per
minute per gram of contained carbon (14) at all times in the atmosphere.

The nitrogen atom in the form of a gas immediately upon transmutation
into carbon becomes a solid. This is the form of very fine dust which
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settles to the carth and becomes food for plant life foring the complex
molecules in the plants and trees such as cellulose structures, starches
and sugars '

A
Mammals eat the plants and use them for fuel. Carhon dioxide exhaled
by the animals returns the carbon (14) to the atmosphere where plant 1life
again lives upon it.

There is also a possibility that at the time of transmutation there is
enough heat energy released and oXygen gas present to form carbon dioxide
directly through simple chemical action,

This would make carbon (14) available for photosynthesis action in plant
life in which carbon dioxide from the atmosphere and water is converted
into carbohydrates (sugars and starches) by the action of the sun's
radiation and the green chlorophyll of the rlant,

All plant and animal life maintains a level of 15.3 disintegrotions per
minute per sram of contained carbon while living,

As soon as the plant or animal ceases to take in atmospheric carbon into
its system, either directly through carbon dioxide s in plants or in-
directly through eating the plants as in animals, the radio active carbon
(14) begins to decay and change into the steble carbon (12).

This rate of decay or disirtegration of carbon (14) follows a legarith-
mical scale and is not a straight line function. It also has a half life
of 5568430 years,

-

4
7.5

Thece means that at the end of 5568 years it will be enitting 7,45
disintegration per minute or half of the original stren th of 15,3
() 1 & g

“lsintegrations per minute,

Lt the end of 11,136 years it will be radiating 3,825 disintegrations
per mimdte instead of 7,65,

At the end of 16,704 years it will be radiating 1,9125 disintegrations
per minute instead of 3,825,

This logarithmical scale as stated is good for acurately dating archeo-
logical artifacts, and skeletons of mammals and plants up to 50,000
years ago,

The logarithmical curve for carbon (14) for the Tirst half life of its
activity or 5568 3 30 vears has been very accurately checked with wood
from funural ships found in the phramids in Egypt; from wood in the toombs
of Vezier Hemaka, 3000 B.C., Snefru, 2600 3,C., Sesotris III, 1800 B.C.,
deep sea SC rolls 100 % 100 B.C.; and tree rings 100 B.C. and 60C 4,D.,
from the giant redwoods (Sequoia—Gigantea) in California,

fadio active carbon has been useful in dating glacial and post glacial
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lakes from wood burried in btesch formations and in sctiing the dates for
certain ¢lacial stoges such as the two creeks interstadial period in which
an inter-glacial forest was burried later by till upon resumption of glacial
activity.

the writer would like to submit some
This is also associated

Now that we are in an ztomic age,
information relative to radio-activity or radiation.
or related to what has been immediately said,

htomic discharge, activity, radiation, disintegration or decay is measured
in curies (l-curie equals 3.7 x 1012 disintegrations/second) or in
Rutherfords (1-Rutherford equals 10 disintegrations/second).

The nnit of rediation energy ~bsorbed in by tissue in x-ray work is called
the roentgen (L) and is equivalent to between 84 and 93 ergs of work
depending uvon whether long wave lengths under low voltage is used or
short wave lengths under high voltage,

1-Rad equals the release of 100-ergs of energy per gram of matter,

1-Rem eguals the dosage of radjation which hes the same biological effect
as one rad of x-rayv radiation,

1
1-Erg is the amount of energy required to 1if¢ 98l gram vertically through
one centimeter,

(ne foot pound of energy equals 1,356 x 107 ergs,

T hope this dissertation has been of interest and informative to the reader,

) ablh

i -y Sy o3
CHESTER H. FINSTER
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