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by glseisl drift ths Viegaran asscarpment thersfore is a promivent topogravhic
feature in the eastarn half of the Upper Peninsula. In Schooleraft this
escarpment hsos a height of 90 fest or more, but at Burnt Bluff in the Garden
Peninsula, Delta County, it rsaches its maximum espression in a bluff nesrly
250 feet above Big Bay de Noc.

Nowhere in Schoolc
the surface. The Richmond formation and the Trenton 2nd Black Hiver lime-

T U I TR . B A I e - S L Pa T gy ~ e Y Ty Mmsanan < 5
128 QCCURY OICE0 0S40 CroSLing Lic cenbral part of the SOULIIGY and nov

b

1 R T S 4
the Ozarkian

belosw the Nisgaran siva, however, more or less heavily
covered Dy glacisl Arift.
Gaolegic Time Scale for Schooleraft County
i Pleistocens Do ios (lacial Deposits
Lockport group ~ Engadine formation
{Cordell

(Manistique (Msmber
{Formation {

Clinton
Group {(Burnt Bluff

Nisgaran CSeries g
(Formation (
(
f
{

(

yetem

Jte
457
U

Silurian

Eainn Yoot Youm ¥

(Mayville
(Formation

PG N, Gy, N, G, Ty Ny fETNG, ST, P, R, P, P TR T, R, P, 67y

3 - oy e
Coneazutcst

S Py T P, Iy g P, P, R Ty T PN TN N Y,



Mohawkian Group

Ozarkian {?] System

I

syohams

(3ig 9111

(
Richmond (Stoningtom
Form tion (

(Rills Cresk

Trenton
Formation ({Prosser

Black River{Decorah
Formstion ({Platteville

.Pater Formation(?)

. i 2 . yy — 3
raiabal rocks.

(Ozontz
(Bay A= Noc



Soe
-
Jie
Lrous

& ] 4
- ﬁwv [ 3, ) 43
] | 1]
ke @ Mw e F=t P “ o
@ £ SO & L o
o o 4 3 R -

o

e55L0:
o8
£t
b e

]

0L e

by R ) o 5
o3 [ ]
3 i L v

i) g ] } an qj
v i 0 ‘

T ey
Lk
S
i

I
O

o - I
D o 6
e % . J.\, (w ®
e [ E~ & i ©
s B ] o 0
Le 1 il Pl ¢ a4
= o 6 e ﬁ na_ .
N o o o) o
[oe] wd is »d A.‘_ nm
o5 = - 4 s o
o i g T - M.W = -
p bt
.m.w 43 & J + = @ ! _'&
i) - m (8] ard i
I @ s - ~ ) -
0] () A2 o b = o 5
= £ 3 A 4 e b
..4 el [ A3 ox b} Lo R ald i
mu R ah & B3} il
[ [ o = . @
s o o S 223
s =

- s =
by &= o]
_.(w mw 2 =
b . e o o
2 ° i e Eo

3 o :
@ ey uM MW

B e : o

ot o] o

TLQ,

=

s

.
&) © °
=t . o f o
et =] A3}
i & o] 20 5
T m oo w3
s o R 0
g 2 T oy [
o et s o,
o Ko =1 . &£
o3 i) fea) i [
ey 2 M » ;
= =4 3] o 3} <
3 -

A

L PN

oeed 40
o o ;
P "= ]
€2 -




W

o

I}

L3

YLy

VB0 GL;

i

VIO

h e

Do nGes

[> 2%

P
h g

st b

T

o
B

1oV

)

i

e
AL BEE FRE

mEll

e
Sig

(s
Y

howe

ERFRS S

TR ST S RT I

i

1 age.

ustpl

~

7]

]

has

tate Ceoslogz

o
o

s

in I:

';'.j" b

2

i

was

a8

FEgEToNIve

e

Iig

-

20T he

=
)
w3

-
pa3

[P




(2]

the northsrn

LLE L
Miend,

o e T o S I, ; 3 3 T ey na
Guelon faune. s’ Jafinids corvel

to 2

o
LOT

fron

GHDOBE

Penin

an

1wula is

orokably at

could not be adopted by Br. Smith ir

Lomn farn

S

vied ander b

e S T
WEYRA Oi.lztg

el
05

mils east of the moubh

A LLL 2

s ., ] SR T
Tha blulsh

P 1, -
oy ym
TIOTY GRS

LERpRe

In

of the Lower Penlasula.

color apya to ba

affants

Thez Jdarker color may be due to the =Fffacts

belong to the

view of the fact t

AT g Ty ey T\T oY oy ae
Al ld% Xan 2rLes

e loea

=0

L [N T P N
is extancivsaly

in the Upper

hat the Lower Ordo-

I R
orainar

vary chzracherlstic of

VN S T —_ 3
SOWLaErn Lartd

L k)
Foam b
Eap S LS

[N

n Schonloraft Counby the

e 3 5
S raaks and xﬁof,:,llngfa.

of weathsaring, bhut the

Low ¢

uppsr part of the formation and may

bads of Schooleralt County sre—reerths—oo
run to more of a buff coclor than the upper

everywhers a very

L

bedding planss excepb nsar the base of ths

structure very large boulders are found

oubcrop. Owing to thelr

o £ o - I AN P o h A e oo LS RN
surface, zad the orssence of the bluish
- ~ ey o = & .

aege boulders ars easy Lo racognize as

T3ty ab-b» ki n——&rz—m&

mnass

passive character, whihteness

g,;

sz&-m.,m
beds.

sive dolonite, deveoid of apparent

formztion. Because of Hhe=

the drift overlying and

f the

O

¢

*

mobulin &4

[ud

. DR TE
SoiuLien ©

lehely

Sngadine



7
the waves of Lake Michigan have acted upon the Engadine dolomite the sur-
face of the rocks is pitited with innumerable sphericsl cavities about the
gize of marbles. These cavibies are said to be the result of soluticn of
shells of the brachiopod Pentamerous which is of common occurrsnce in the
Engadine.
According to Fhlers the following fossils have been found in the

upper two-thirds of the Eng-dine:

@

Amplexus sp.cf. A. Vhitfield] Biller

Pyenostylus guslphensis VWhitesves

Favosites sp. aff. F.geeidens Whitfield
Trimerella sp. cf. T.azccuminata Billings, and
Tegrandis Billings

Polenmita sp. cf. P.zcamnata Clerke and Reudemann

and cf. Pycnomphalus solaricides (Hall)
The sbove fossile are Guelph forms and Prof. Fhlers states that they
indicate the possible correlation of the Engadine with the Guelph of Ontario
and Wisconsin. The lower one~third of the fngadine produces abundant re-

mains of Pentamerous oblongus Sowerby and poorly preserved species of

Amplexus, Arachnophyllum, Favosites, Syringopora, and Helysites.

P R N i

Thickness of the Engadine

In the southern part of the Lower Peninsula wells have penetrsted up
to 345 feet of white, blue white, and blue-gray dolomite, which is generally
correlated with the Guelph of Ontario. At Cheboygan 320 feet of "white"
dolomite were penetrated and at St.Ignace 278 feet. In these places, how-
ever, the Niagaran fcrmations are deeply buried and have not been subject to

erosion. In the Northern Peninsule where the Niagaran rocks are exposed
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106

Niagaran in the Upper Peninsula. According to Smith's classification the
Manistique includes all the beds bebween the base of the Engadine dolomite and
the top of the Fiborn limestone. Ehlers, however, includes some of the Dbeds
above the Fiborn limestone in the Burnt Bluff formation. FEhlers assigns a

maximum bthickness of about 100 fest to the Cordell member of the Manistique

quarry, Chippewa County. The thickness agsigned te the Schoolcraft member

is approximately 56 feet, all of
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of the Manisticue,(after Fhlers) (corals)

Streptelasma conulus Rominger

w

treptelasma patuls Rominger

it i S sy e

|

5

Zaphrentis stokesl Fdwards and Haime

<

Blothrovhyelum caespitosum Rominger

Diphyphyllum huronicum Rominger

Omphyma verrucasa Rafinesque and Clifford

Ptychophyllum stokesi Edwards and Esime

Arachnophyllum pentagonum (Goldfuss)

Arachnophyllum stristum (D*Orbigny)

Cystiohyllum niagarense (Hall) var.

EN

Lyellia papillata Hominger

Coenites crassug Hominger

Coenites laminatus Rominger

Favocites favosus (Coldfuss)

Halyeites labyrinthiais (Goldfuss)

Syrincsopora verticillata Goldfuss
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13

T.42 ¥., R.14 W. {90-foot Bluff), and sections 23 and 34, T.43 N., R.14 ¥,
In gections 8 amd 9, T.42 N., R.14 V., the cumulative height of two bluffs
is about 150 feet and probably 80 to 65 feet of the ledge is exposed. High-

way M-94 going from Manistique to Shingleton

Lol

aEGSS

™w

over the Niagara escarp-
ment (Big Hill Bluff) about five miles north of the Manisticue city limits.
The total height of the bluff here is about 70 feet above the swamp to

the north. The strata are well exposed in & smsll quarry opened for road
materizl, and occupy the same position in the Hendricks member as the
previously described exposures of Burnt Bluff sirata. The beds exposad

in the quarry and road cut aggregate about 33 feet and other beds alter-
nating with coverad intervals occur above these to the sumnit of the

bluff. The lower 20 feet of the

war 1uff is covered with talus. Rock is

e

at the surface over most of the area between ¥Big Hill Bluff™ and the
Indian River, and since the strata dip to the southeast, higher and higher
beds are encountersd. Practically the complete section of the upper part
of the Burnt Bluff formetion can therefore be studied along M-84 and
adjacent roads north of Manistique.

Beds occupying the upper portion of the Hendricks are exposaed in a
quarry two miles north of Cocks and at several plzces near Cooks School.
Lower beds are exposed north and west of Cooks,but these bedé ars not as
extensively exposed as in the area north of Manistique and in the south-
eastern part of the county.

As indicated previously, the Burnt Bluff formstion changes its lithologic
character in passing from eastern to western Schooleraft County. This change
from pure limestone and magnesium limestones to beds generally

dolomitic in character is noticeable in the upper part of the Hendricks
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member (Fiborn limestone), immediately west of the old Calspar quarry. Dolo-
mitization in beds below the Fiborn is observed at "90 foot bluff" and more
distinctly at "Big Hill Bluff" and in all outcrops between Big Hill Bluff

and Burnt Bluff.

In spite of the westward change in composition of the Burnt Bluff theee
are several beds that possess characteristics which cause them to be ubmis-
takably identifiable whersver encountered. In the small quarry on U S 2
at the western boundary of Blaney Park there is a 8-foot bed of brown lime-
stone which seems to be formed from pebbles of lithographic limestone very
similar to the Fiborn and cemented by a granular argillaceous limestone
cement which gives 2 peculiar mottlsd appearance to the stone. The striking
appearance of this bed therefore renders it valuable as a key bed should
it be found persistent at other localities. Stone similar to this bed is,
however, found at only one other locality, along Bear Creek in sections #w
33 and 34, T.43 B., R.14 W. The succession of beds there indicates that
the nodular stone found at Bear Creek is higher than the 6-foot bed at the
Blaney. The fact that this bed is repeated at least once in southeastern
Schooleraft County is proved by its = resurrence at the very top of the
Blaney Park quarryon the south side of the quarry only where about l% feet
are present. Going south from this quarry to Green School #e this is the
only kind of stone that can be found along the roadside except about one
mile north of Green School where the stone exposed is more lithographic
without any nodular character. The nodular bed forming the top of the bluff
along Bear Creek im Section 34, T.43 N., R.14 W., was measured to be about
13 feet thick.

At "Big Hill Bluff" on M-94 one is impressed at the occurrence in the

road cut of a bed of brown dolomite having a peculiar appearance reminding
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one of the nodulsr beds described above, but with the lithographic
appearance lost and a granular porous texture substituted. The bed is
approximately six feet thick and in view of the westward dolomitization
of the Burnt Bluff formst
the dolomitized equivalent of the nedular limestone bed at BlaneyPark.
This bellef is strengthened by the presence above the brown bed of
seversl feet of 2 wavy laminsted light buff stone, some portions of
which split readily into layers 1/8 inch in thickness. Some layers are

delicately banded with purple. FEhlers notes at the base of this laminated

O]

bed 6 inches to 1% fest of an "edgewise conglomerate.®
Thig "edgewise conglomerate" was noted by Fhlers at Burnt Bluff,

Big Hi1l Bluff," "90-fgot Bluff," and in the quarry at the west
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boundary of Blaney FPark. At sach of these

banded vurple streaaked bed is found above the brown limestone or dolomite.

)

is remarkably uniform in being not less than
five feet or mors than six feet at any of the localities noted.

The similsr conditions present in ths brown bed and the bed immediately
above indicats that the beds occupy the same stratigraphic position at all
of the localities noted and may therefore be used to correlate the rocks
of Schooleraft County with the type section at Burnt Bluff. Since, however,
the brown bed is repezted probably twice in the Burnt Bluff section, it is
important to examine the beds immedistely overlying in order to be sure that
one is not deeling with a repetition of beds.

Below ths brown key bed there are from 20 to 30 feet of Hendricks

strata exposed in Schoolcraft County, the chief exposure being at "Big Hill

Bluff."
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Comparing the "Big Hill" section with Ehler's Burnt Bluff section one
would therefore conclude that there are probably not more than from 10 to 20

feet of unexposed Hendricks in the county. The exposed straba below the

kay ha
2

£

e

n wastoarn
N Westery

»
P
b

and dense, slaty gray weathering to brownish buff. Some beds, however, are
brown and crystalline and more massive. All of these beds are dolomitic

in character. In the southeastern part of the county the beds are light
buff and light grayish buff, generslly dense magnesian limestones. Al least
onz thin bed of light brown lithographic limestone very similar to the
Fiboern occurs four feet below the nodular key bed in the Blarney Park cuarry.

This bed is about 18 inches thick. The Fiborn limestone is apparently

" - “ . & '’ £
n the wesbern part of the county by massi¥e buff and buff—gray

}oe

represented

dolimites.

1}

T Byron formation is correlated with the Byron beds of Wisconsine Th
beds @ = exposed at Burnt Bluff and consist chiefly of buff to brownish
thin-bedded platy dolomites. The Byron cannot be separated from
the Hendricks lithologically, the division being based on paleontological
svidence.

Ehlers assigns a thickness of 121 feet to the Hendricks member of the
Burnt Bluff, and 117 feet to the Byron member. These thicknesses are based
on the type section at Burnt Bluff.

Fossile of the Burnt Bluff

P14

The most characteristic fossils of the Hendricks member are -

Clathrodictyon vesiculosum Nich-iron and Murie var.

Camarotoechis winiskensis Whiteeaves

Rhyehospirs lowi Whiteaves




(e 'y

T amy
L2

3

Teiateled

Ty EY
P Y

¥

ared
5

Varsayen

P
PRl







Raie

o
L
A
ST}

L ey

B3 A

§ H

Ly L

© - ) R
e

s
5]

£
orn

!
&
3 W INT B W Tr B oo T b [
<Gy ) 0 B e w© 0
MY N N M D s ~

thwes

[l
L 0
) - i
st u P R i [Ep RN TH RS BE o B ks I ! [ RRTO IS 1o B
. WG gt f A MY ed i oo
joN
50 e
o h
i

d

1
to

i

Sy

Par:
it

o

Cr
Ba
Cr




L
P

<
)

Ea

<
by

[EERNT ]

L
)

(48]

@]

26

if
b

oo

v
A

o
=

o atel

3

They
A2
0




ATV £ Y

¥l

oI
g b

2
{3y
/

SEANALE

Dy
50

1

sl iy
jo) ol [AEART e oy
T @© 1 Gy =~
=% el [{eRRi v} Dow
! =i rd e b

; i wlia-ire
ot o2 ol e By
Pt i ) 4 o0

2! =]
& o
o o
© @

A3

e

i

-t IS o
1% [l w.m,
£ & =
] o bl
(] L3 &
Ly . © 1)
73 3

£ I < -
Q o3 o ol
ﬂ [55! o qr 5
§ - Q
L oD -+
& oA 7
o A} =3
P e oy T 4
£ «©
@ oo !

v T e ow ooow

o O arf 3 o

e B (I R |

4

o]
O
&)
[o}

rd
<
o

i

L

i

4
poi
=
&
i
Q2
A
Ui

2

i

&Y
Crat

rnpn oY o e o g oy
P SV NEROL W § S )

Tt
3



Outcror of HEngedine Dolomite
th of Bulldogp River

T
—
—— 11l

TT
1077,
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HE

i3
Plate I, Figure 2.~ Engadine Dolomite, showing
size of blocks obtainable.
(Quarry of Inland Lime and Stone Cowmpany)




SKETCH MAP OF 3EUL CHOIX POINT
Geology and Structure of Beds

(After R.A. Smith)
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side of the creek. In the summer of 1932 this ledge formed & natural pier
extending about 500 feet into the lake, owing to lov water levels. A% the
shore about four feet of stone was exposed above the water. The ledge has

a normal dip to the southeast of approximately 50 feet per mile, but there is
a deeper dip at right angles (northeast) to the regional dip amounting to
aboub 150 feet per mile.

From the mouth of the creek the escarpment can be followed for a distance

(o N

i P T 2
ledge is

(431

degrees west. Th

&

of about one mile in a diresction north sbout 2

f section 10 and is six feet

[

cut through by M-99 in the northwest quarter
in height a2t this point. North of this locelity the ledge passes under sand
dunes and is lost Lo view. Going north, however, on a road a little east of
the center of section 10 and passing through the wést one~half of section 3 the
Fngadine dolomite is atf the surface, forming a flat pevement for & dighance o
more than a mile. This stone area ig limited by swampy ground to the wesb
at about the center line of section 3, and by sand ridges north of the Millikokis
River. Fngadine dolomite outcrops in the rapids of the Millikokia River in
the southwest corner of section 55, and according to W.I.Robinson () there is
an »ubcrop in the north porticn of section 35.

The northern boundary of the main body of stone appears hto be 2 hardwoed

2 1 3 2 1 ° 4 ™ o
ridge located near the smell mud lake in the SWz of section &4, T.42 N., H.13 W.

In all it appears that rot much more than one square mile of gtone ig near
the surface in the Millikokias-Bull Dog area About three-guarters of s mile

south of the Bull Dog mouth the Engadine forms rugged bluffs rising about 10
feet above the water level and extending along the shora for about 1/8 mile.

The area of stome under shallow cover here, however, is very small.

L 0ral Communication
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cast chore to aboub the middle of ssction 15 ave occupled by the Cordell cherty
beds, but Engedine dolomite again occurs in sech ion 15, thres-—qusriters of a

northeast at lowsr

mile south of Bull log Crsek. Hare

engles of from 1 to 23°. $see skeuvch map by K.i. Buith)

The relehively sheep dip to the beds on fhe

for

fishing boabs.

Other Arsas of IZngadins Dolomit

[
=
f\J
/

\.L
..Jp-

on bo the exposures °f ngadine dolomite in the Bull Dog-Mi 1lakokia

area,S6ul Choix Foint znd McDonald Lake, there are small exposures north and

east of @hitedale, at Marblehead quarry snd one mile ezst of the mouth of

Varblehesd cresk. Ab Marblehesd cuarry there is a capping of Ingadine dolo-
mite t feet in thickness nag boen quarrisd over an ares of about 40

. 4

acres for magnesian lime. This quarry was aban ndened about § years sgo. The



axposures st Whitedale and abt the wmouth of Marblehszad creesk ars small ont of
no importsnce except for very emall locsl uses.
Propertiszs 2nd Uses of Fngadine Dolomite

Dolomite iz = miner=1 cryetallizing in the hexagonal eystem and having a

chamical compogition as follows:
Calcium Carbonate 54,.35% Megnesgium carbonate 45.685%

It occurs in extencive bedded deposits ig generally known ac limestone or
simply "lime rock Limestons from the minerslogical stondpoint is 2 rock con-
taining only very small cevcentsges of magnesium carbonate, but there are all
gredstions from o relstively pure limectone to delomite. The intermediste
varities are known as nmagnesium limesltones or dolomitic limestoneg. The
exact mechanics invelved in ths formetion of the vasht deposits of dolomite =re
not thoroughly undershtood., It i generally accepted, howevar, thai dolomites
are formed by some manner of replacement of the calcium carbonate of limestone
by magnesium

Thet the Fngadine is a noym=l deolomite is by analyses of the stonse

t Marblehead and Millakokis River. For comparison srnalyses from the type

locelitiss at fngadine and Ozark, lMackinac Counlty, are also given.

Si0s  0.26 56 .87 1.05 56 1.50  1.85 .88 .70 1.08
Fe20z)

) 1 1.5 .22 .28 .26 .40 0.84 .2 .24 .38
A120%)
CaC0z  54.02 55.70 56.55 54.38 55,00 55.24 54,76 55.60 55.82 55,39

MgCOz 2.85 42.68

44 85 46.66 44 .2

pr—— S

45.74 44 q 45.04 44,79

41.02

1 & 2 Ozark quarry; 3 2% 4 one mi.¥W.of Engzdine; 5, 8, & 7 Marblehesd cuarrys;
8,9,% 10 Millakeokiz River quarry (8pper 10 ft.). Analyses 1-7 incl. from Pun.21,
Mich.Ceol.Surveyy 8, 9, & 10 core analyses, courtesy of Inlend Lime and Stone

Company (Indiama Zarbor laboratory).



Tha above ourity of the Sngyadine dolomite which

o

gspeclially adapts  che stons for use as

T

g basic lining in oven hearth furnsces
and for the manufacture of paper Wy Lhe sulphits process. Unfortunately, how-

..C'
..L

r delomite for thege purposes

sver, the demand

®

racent ysars mehallie masium has been coming to the front as bhs important

ast magnesium metal hss bheen de~

P

1rbonate minad in the

Westarn gstates, an? from nzhbursl brinse containing megnesium sulphzte and

howevar, Lo the

iz=d +f Aomgshia masnosita and the anormeous guantiiy of bri
; . . et e ] - . e
in contrast to the almost oniversel occurranee of large deposits of high grade

Lid Ll

R S .
ie2g Tor proiuc

n Fandanme b
FTEALLTT ,.JVVJ

magnesium from dolomits. If it is found that siis con be accomplished satls-
factorily und economically this will open up a largs and profitable field for
these large deposits of stone, the magnesium conhbent of which was formerly
considersd a debriment bo their development.

Whils ths area of Engadine dolomite in southsasbsrn Schoolcrzaft County
would undoubtedly be of cousiderable importance as a source of magnesium, the
reserves ars small in comparison to those of Mackinac County.

The TBagadine dolomites varies in color from light buff to buff, bfownish buff,
and light brown. Where vnweatherad the freshly fractured stons is mottled and
streaked with blue. Theee hluish colorations, however, are not psrmanent but dis-
anpear upon long expostwrs. In the guarry of ths Inland Lime and Stone Company near

the moubh oFf the Millikokia River the stone is mniformly mottlsd with blue exceptt»f

the surface and adjacent to cracks, whers the done is of a light brown color.
» 3

well-defined bedding nlanes in the massive

The nton2 is crysbtalline g

Upon long exposure the stone develops a pitted surface
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Tne
ne

brachiopod Fentamerous. Owing to %

two parts;
namely the Cordell member ani the ©¢ Qoolcrsft mber. The vordell consishs of
limestones and dolomibes, the School-

gr is characterized by the thin-bedded bluish dense stons with more

5

bousf to brown crystaliine stone and much less

iy

The
in Schooleraft County. Cordell beds ars most conspicuously at the surface in 2n

north of

s 1 ’ iy ) .
area extending about 25 miles wesh of Whitedale. There is 2

shitedels where the Cordell and underlying Scheoleraft beds are vary near to the

o

Beis)

vicinity of Henisticue, south of ‘hompsen, znd nesr Cooks. ©ma2ll cuarris=e have

heen oparabed for rozd meitsl two miles west of Whitedale, in the SEp of section 2,

T.41 ¥,., R.15 W., and in the NEF WE: of section 34, T.42 W., B.R5 W,

r many yearg, the stone being burned for

o]
o]
s
w
cr
Fde
Re
o
o]
H:
Q

The vordell beds, bscause of their uniformly high chert =2nd silica content have
no apparent commercizl value abt the cresent time. The ESchooleraft beds where fres

from chert, may be of some limited potentisl importance for thair magnssisn content.

The more importunt exposures are, however, rather rervote from weter transcortation.

Sehooleraft bads are most prominently exposed about ons mile north of Cooks and in

the NWi of section 28, T.42 N., R.14 W., where s small quarry was at one time

1y

operated for ztone for foundatieons an’ other local uses.



Plate II, Figurel. - Cordell Strata at Manistique.
(White spots are chert nodules)

Plate IT, Fiéure 2. — 01d quarry of Inland Lime and
Stone Company at Manistique, showing Schoolcraft beds.

(Courtesy Prof. G. M. Ehlers)
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. ) Analyses of Schoolersft Member® .
¥ Prom Pub.21l, Mich. Geol. curvsy (M snigtigue wuarrv) —
1 2 3 4
Side 1.14 210 1.92 .93
Fe?Og )
{ oS4 W40 « 30 .51
ﬁlggz )
GaCO? 57.00 84,72 54,04 54 .83
MgCOx 39.87 33.75 43%.81 45,45

The above analyses show

that the Schoolersft beds vary in composition

from magnesian limestone to normal dolomits
Burnt Bluff Formetion

The Burnb Bluff formstion has been divided by Ehlers into the Hendricks
membsr and the Byron member. From an economic standpoint,howevser, the Byron
beds nan be ellminated from conslderstion zs Shey ars upparsetly not exposed in
Schooleraft County. The Hendricke member is therefore the last group of rock
strabta 4o consider under the discussion of Gconomic Geology. There ars htwo ob-
vious divisions of the Hendricks from the utilZzation. = Tus most

impaorbant is the

may be designated simply as "Beds Below the Fiborn."

ol

few beds

Fharn bed and its dolomid

Fiborn Limestone

The Fiborn limestone was so dss

ignated by

e

ReldeSmith

. The szeond

Abave the Fiborn thers

of magnesian limestone which are of no importance commercially.

ars

a

from its occurrence at

Fiborn quarry in Mackinac County. By far the most important exposures of Fiborn

limestone

ar

In fact

vary large.
whicn is almost limited in commercisz

County in the Uppsr Peninsula.

vells

ey
b

in the maay v s which have penetrat

Michigan. Outcrops of undoubted Fiborn

in Chippewa Ceounty

g

wWe

s found in Mackinac County and
$he Fiborn bed appears bo be simply =

extant to the

d the Niagaran series in the Lower Pezain

Lz

but eastward it cannot b

51 o T P
Lhe I'ebelves UL

Ui

sy Q
W3S

o
o ES
TS L

Py

o

igh
. lens of

tarn one-half of

.
alcium

0

e
pure 1

M

yund by Smith just west of T-

shone ars

imestone

ackinac

The equivalent of the Fiborn hag not bean found

sula of

.. Lake

traced because of heavy drift covam
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Fragments resembling the Fiborn were found by Smith on Lime Islanl, &St.Marys River,
and a 3-foot bed of high calcium limestone on Drummond Island, reported by Rominger,
was considered by Smith as being possibly the much reduced eguivalent of the Fiborn.
Enhlers, however, is of the opinion that this is one of the thin high calcium beds
found below the Fiborn.

In Schooleraft County tha true Fiborn is limited to the sastsrn part of the
2 miles. The chief
exposures are in section 3, T.42 N., R.13 W., where a quarry was operated for many years

b\ n 1% W

at Calspar, sechion 2 of the same township, and sections 34 and 35 of T.435 R., R.15 Ww.

Owing to the lack of soil and forest cover in much of this ares, and the white appear-

dotermine from aerial survey maps. In sechion 1, T.42 N., R.13 W., 2nd in

@
&)
\G]

3
P
&)
Lé..

section 36, T,43 N.,R.13 W,., the Fivorn has a sandy drift snd swamp cover, which
amounts to from 8 or 7 feet or more. At the Nicholson farm in the southeast corner of
section 1, it is 7 feet to rock in a well at the house, and one~fourth mile east of
this corner it is about an egual distance to rock in a railroad ditch.

Undoubted outersps of the Fiborn limestone have not been found west of a point
about one-gquarter mile west of Grsen School. At this point Smith noted an oub-
cropping of tyrical Fiborn limestones a few paces south of the road. OSeversl paces
farthsr crystalline magnesian limestone was noted. Similar conditions ars to be
observed along the road leading south from Green school where fairly typieal Fiborn
limestone is found adjacent to crystalline stone. In the basement of the house

ust west of Cresen School & grayish to brownish buff crystalline magnesian limestone

Gl

forms the floor a2t a depth of 4 feet. Going east from Green School typical Fiborn
stone is emcountersd in a low ridge crossing the road one-—quarter mile east of the
school. Along the side of the road, however, there are ledges of crystalline

magnesian limestone. About one-third mile east along the railrozd from the camp of
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the Buckeve Lumber Comnany in sscbion 8, the tracks cross a low ridge of brownish
3 §

buff porous crystalline dolomite, very similar to the stone found in the quarry in

the MW} of section 1%, T.42 N., R.14 W. Drill holes of the Inland Lime and Stene

Company in the area between Green school and Calspar show 2 decided trend toward

The Fiborn bed in the Calspar quarry, according to Smith, has a maximum thick-
ness of 26 feet. In the new quarry opened just scross the line in Mackinac County
about 4% miles east of the old Calspar quarry about 80 feet of high calcium stone

are -resent, but in the Fiborn end Hendricks guarries the bed thins to 30 and 18 feet

e

',J-

respectively. It ble thst the pgreatar thickness of stone availalle at the

&
=

3

oss

3

new location may be due to 2 loeally higher purity of the beds of the

o

endricks

formebion immediately below the Fiborn. This situation is suggested by the high

hao
ne

s

0 EETY Alinna s
caleium charactor of

beds outereopping eleng U S 2 from a point one mile north of
o 1 L] we 3 h Ca] 5 e 2
Green school to a point about 25 miles north of the school. The decided increase in

®

width of the Fiborn oubcrop ezst of the old Calspar guarry may, however, be significant.

Physicel and Chemical Properties of Fibeorn Limestone

The Fiborn limestone is easily recognized in the field becauge of its smooth
lithographic texture =und conchoidal fracture, together with calcite geodes and dis-
seminated crystals and grains of caleite. The color is generally grayish buff to
brownish buff and light brown and the stene is usually thick-bedded snd irregulerly
jointed. It is soft and brittle and caleines easily.

The stone is of high purity, =nging generally from 95 to 98 percent calcium
carbonate, which esvecislly adapts it for blast furnsce flux and other uses demand-
ing a very pure limestone.

The following analyses of Fiborn limestone in Schooleraft County ars taken

from Publication 21, Michigan Geological Survey:
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Nos. 1-7 incl. Czlsper quarry, cec.d, T.42 ., 3.18 W,
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collacted o samole
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(Ca0 98.7€, Mg0 2.52) from

corner of sachion 2, T.42 H,, 8.14 W. The writer

v

brown lithogrsphic limestone from b boblom of &

smell gravel pith worksd to bed rock on bhe farm of Jo ¥e B
corner of sechion 12, T.42 N., £,14 %, This is very near to the Smith locality

menbicned above snd rossibly 1S the same bed, The stone from the gravel pit con-

w,

te cryghels. Lboul ons—
guarter mlle soubheast of the gravel

dolomite ocubtcrops.
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magnesium or magnesisn lime.

ght be of value for
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Anslyses

AleOz Callx MeCOx

.62 58,85 21.10
L.28 54,05 2082
1.2 54.79 2L.8%
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T2 N,y an escarpment is

bufl snd porous, very similar to the exposures east

tha center of gection 35 the thicke-bedded stone over—

Juet nerth of

s brownish

arry in the SW corner of gection 26, T.42 H., R.k6 . It is probsble

quarry for m

nagnesium or megnesisn lime could be worked to the base of the stone
nich would make available an arsa about one mile aguare in ‘this

sed in this

s only about 3 miles fromthe
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~ke ouperior railrosd pacsss very close to the eastern
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Plate 111, Figure 1. New Quarry of Inland
Lime and Stone Company  (Mackinac County)
(Fivorn Limestone)

Plate III, Figure 2. "Big Hill Bluff" M-94
5 miles north of Manistique, showing
Burnt Bluff strata (Hendricks Member)

(Courtesy Prof. G. M. Ehlers)
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of Irndisn BRiver ars a2s thick as those at "90 foob Bluff" a totzal of 50 fest of stone
may be availeble. Howsvar the Fiborn e.ulvalent apparently bhins to the west snd

sible thet for magnssium

content & guarry migsht =1 desper Lo include bele of hhe Lowsr Hendricks which
ars generally dolimitized on tihs

#egt of Mandishticus the rock

to & depbh of 15 fest in & small guarry in the soubheast cormsr of sechion 9, T.41 1}

Pin & guarry in bhe OW cornsr of sec—

o

R.17 V., in thes vicinity of Cooks cchool, s

thickeheddad dobomites are ex-

sence of 10 or 11 fesh, and o buff o

dolomite is encountersd in the bobiom of the ounrry.

1 b

to be mors than 7 mile n gidth in this part of the

i
=

county it i possible that the 12 to 14 feat of stone in the top of the quarry in sectior
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of consi

It is nobt probabls thnt any commercinsl developments ars practical in the Fiborn

equivalent in the west rt of ths county. way U 5 2 1s located on the strike

of the oubcrop which sppesre bo meke a right angle swing to the south at bthe northwest
corner of eection 17. It is at sboub thies range v

changs the trend of their strike from a generally east-west directl

3

)

nn to southwesterly.

Beds Below the Fiborn

Under ths diccussion of She Fiborn limestone it wmas indicated that the lower beds

of high calcium stone found in the nes guarry of the Inland Lime and ttone Company mirght

A

possibly corrsspond to ths beds exposad along U.8.2 north of Grsen School. A 8-foct
bed of high calcium nodular limestons and = l-foot 8-inch bed of lithographic limestone

r

very similsr to the Fiborn ere excosed in the cuarry at the center of section 29, T.4%5 N

el
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Very small

. ol ot s ; o . . -
SE corncr of sechlon 28, HWz of seciion 84, ng of gection 12, SE of FE of gection 29,

ravel pit at the approximate center of sechisa 4, T.42 U,

Rold k., s2id Lo be ths mosh important cource of swaterial af the county.
At the time of inspection bthis it was being operated by the county for bridge meberisl.

k1 "'“'a

The maberizsl is very goarse cobbly limestone gravel with sglabs of limestons on the surface
o &

UJ

evidsncs nregentad by the oit one would be led

and through the gravel. Wers it not for tl

o

Lo believe that bedrock is very near the surface ah this point. The vit

which ths pit

a depth of aboutb &
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1t locatad abh Lhe roadside. The

different from thot in the pit o
nabble size and no larvee s1labs o ars arasent. The pebbles also have 2 decided an-
f g i

wave besn formad in part as 2 ber resuldiag

o By g @v AT s o ¥
Las up i L LA araen

8 Y kol gy
l,rl 0(311 Hay %%v&?L*S ey

the edge of the bluff

somewhat angular and poorly graded ond conbtains large blocks of limestone. The gravsl is
not guitable for eoncrete paving bub considerabls materisl for surfacing may be available

nie bluff shallow pits have besn worked in bars formed whan

o
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&
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]
Cln

at this poiant. A%

gravelly bluff forming ths shore.

the waves of Laks !

Cooks Pit

The Cocks pit ie generally considersc

fsie}

surfacing. The material iz fairly well assorted ani roughly stratified, with very Iitile

large stons vressnt. The pebbles ars generally nngular

renders it excellent for gravel roads. The pit has been worked to a depth of about 20 feet

wwraghearly dirsel
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Plate IV, Figure 1. City of Manistique
Tntake Park ({(Indian River)

‘.

Plate IV, Figure 2. Flowing Well. Manistique
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Plate V. City of Manistique - Water Works



*

6

Niagaran



- £ vy
RS e

her Hhol ocou

*
1T
4

.

&3

whag

sadva

ol

3 e
MOTLMTE

ey oo

-




Tz

e

, bromides, loili

.
i
usad

foa,

4

e
1L uvi_i ®

ol

1

D

£y ey
[SEWES]

11

-
I

aand

P

)

roe

2]

Q

-~
C

£

medi-~

»

am

les

RS A SN

o et 5
LA Aot
LA

T

4
a

i
G2

praven

o
@

o,
P

i

3
>

Ienov

s

1rsy




'

aprd

L ek

e

=




"

.
op!

!
SUEWETE N S

&

W

o

Ry
SRk

{

1l

iv

(9]
oy

-3

Lo,

Tt

™y

3w
rj i

g

e

in

a0

el

[




R

e

5

Al

i

R4 1

354

1

anisbign

M

oy oy

nty.

UL

5

e o
Guﬁy.!....,?—

o

£
+2

o
L]

e

Eag
WL

A

in

230

i
W




3o
i,

4
[
w2
€
ke

[t )

a4

Ly

N

=

bl

g

(]

4 T

e
i)

§

4R

T

e,
e~
[&¥]
e et a4z
3 G- )
2 =
Hn - &
.,,Cﬂ Di.
n«. Gy
- o o
o pol [ et
[ o [ 1
T o
nd &y ]
ap-d whd
£ Lk
T P

S
Lied

.

ROV

I

~ £F
A




51

At Blaney a large flowing well taps a water-bearing bed below the Niagaran
Series, ©Since a bed of shale is penstrated in the well it is probable that the
flow comes from the Cataract formation which underlies the Niagaran rocks. The
composition of the water is very different from that of the flowing wells south
to Seul Choix Point (see analysis #24).

Flowing wells in the glacial drift are not numerous owing to the lack of devel-
opment in the heavily drift-coversd areas. Flows have been obtained at Blansy,
Germfask, and Walsh.

In drilling for cil at Seul Choix Point a heavy flow of fresh water was en-
countered at a depth of 1370(?) feet. The water over—flowed at the top of the cas-
ing which was pulled to the top of the derrick, a height of 80 feet. This water comes
from the Lake Superior sandstone. 4 head of 80 feet could easily be developed in this
formation since the Lake Superior sandsbone outerops in Alger County at elsvations of
300 fest above the level of Lake Superior. The dip is from Lake Superior southeast-
ward to Lake Michigan at the rate of about 50 feet per mile.

The temperature of flowing wells is affected by latitude, depth, volume of flow,
and local conditions of the well as regards protection from the direct rays of the
sun, and in regard to moisture conditions of the soil and sub-soil.

Leverstt has shown (United States Water Supply Paper #182) that the temperatures
of flowing wells in the Lower Peninsula of Michigan show a range corresponding to
the range in aversge annual air temperature from the southern part of the State to
the Straits of Mackinac. Alr temperatures in the Southern Peninsula range from an
annual mean of about 4812 in the southern tier of counties to 42° in the extreme
northeastern part of the Lower Peninsula. Flowing well temperatures, according to
Leverett , show an almost identical range but average almost 4% higher than the
air temperatures. Temperatures of wells should, therefore, average from approximately
§2% in the southern part of the State to 46°% in the extreme northern paert of the Lower

Peninsula. Local conditions will, of course, vary these figures.
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The average annual air temperature of the Northern Feninsula is about 40°F,
and the lowest observed temperature of flowing wells in Schoolcraft County is 433°F.
The highest observed is 493°F and the average for 20 wells is approximately 45°F. The
wells tested in the city of Manistique all run remarkably uniform in temperature,
ranging from 45% to 46%0. Wells closely spaced in other areas and of approximately
the same depth also show a uniformity in temperature.

Tae effect of depth on temperature is negligible within 200 feet of the surface.
For the deeper wells an incrszase in bamporaiues 1M Jeoath oon gensee1ly e oBoorvad
Volume of flow is, however, very important. In & well of very small flow the time
element involved permite the water to absorb more heat than if it issues from the
pipe very rapidly. Since the upper layers of the ground are warmer than those below,
the temperabure of the wabter will be raised if the pipe is carried horizontally

through the soil for = distance.
g ny

Tabulation of Flowing Wells in Schooleraft County

Owner Location| Date Depth | Head Temp{ Gal. | Driller! Remarks
. | Drilled] Ft. °F.! per |
— - SO SR [ Rin. i
Inland Lime & Sec.l +22 ‘ ¥m. | Piped to
Stone Comparny 43N,15%W 1928 173 {(In'l) | 46 | 12-15! Bowman| fountains in
—— — b 2 office & piant
L " Sec.l i i
43-1% 1928 | 165 | 41 x 45%—% 3 | "
1] ]
Nicholson farm Sec.l 30~407 | {
42-15 ¥ |
i -
M.St.P.& SSM RR Sec.28 About :
| 4R-138 1902 +1 45%—% 2
" " " Sec.22 " i 43% | 1-3/4 i
42-13 § :
Dave Lancour ! Sec.3C | 1928 865 | (Bst)! 45 4 w o
42-13 i o 16 ‘ !
Tm.Vertz Sec,20 | About | 75 #3 | 44 7% L
- 42-13 1922 | * : !
Israel Fornea Sec .86 About | 88 +10 | 44 | 6= " i TWater has slig
42-14 _11g9ee | . (In'1) 3 L. 1 sulphur odor
Andrew Michaelson! Sec.25 | About 125 46 | 3/4 "o
42-14 1922 ! ! |
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due to the thorough mingling of all water brought in to the main stream
by tributaries and from underground sources. In the case of well waters
local conditions of the soil or sub strata may csuse wide variation in
chemical composition of the water obtained.

Waters from rock wells vary greatly not only among the individual wells
but in comparison with drift and surface waters. The rock wells contain
much larger percentsges of calcium and magnesium carbonates and marny of
the deeper wells have a high sulphate content.

The average hardness of 14 samples of lake and stream waters from
Schoolceraft County is approximately 90. Nine samples of water from wells
in the‘glacial drift average 110 in hardness, and ten samplesof waters from
rock wells have an average hardness -f 520. This latter figure, howevar,
is perhaps misleading as it includes several wells from deeper formstions in

which the hardness of the wata=r is from 1000 to 1500. Bhe waters from

the more shallow formations will average from 200 to 250 in hardness.



Analyses of River, Lave, and Spring waters in Schooleraft county¥®

(Samples collected oy S

5i0o Feolx

TGo Dergouish

Total Hardness,

Solids as (2003
Gullivegaiake Wé:S —w::- BOsOv—ié:ém*~5°2 4.0 10.8  142.5 lof 130
e teke Tie s 20 1l Tr. 4.0 1s.8 180 152 120
Lake Michi;;; 5.6 e 35.5 11.2 8.0 5.0 15,£~_ 135.0 154 *_iSO
i;;;;;";;;;;*&:;g 8.8 M%f» 45.0 9.3 4.1 3.8 88.C ligju 188 150
E;;;;;—g;;g“ “”%02 <31 41.0 8.k Tr. 4.0 43.2 107.0 162 lgg”“
Tndisn Leke T
Soubh End 15.2 Ir. 47.0 10.0 2.3 3.0 56.8 122.0 £gl4 168

Driges Leke 0.4 .25  24.0 5.6 Tr., 4.0 4.9 5 88 80
T Y s 15 s me. 4.0 4o 72.5 76 68
Smith Lake 4.0 .34 5.0 1.5 4.5 4.0 6.5  20.0 36 18
Thunder Loke 10 215 7.5 7.6 4.0 8.8 99.0 106 82
darohy Fiver 7.2 —— 7.0 8.2 2.7 3.0 14.8 107.5 1 100
o obime Aver | 8.0 .34 8.0 6.6 8.2 4.0 25.0  95.5 154 100

Sac.24,T45N, R13W

Fox River—Seney 8.4 1.02  1B.5 4.5 4.3 i.00 7.2 72,0 78 80
west Branch R R
Driggs River 5.8 74 19.5 5.0 5.0 4.0 4.2  85.0 82 70
Thompson Spring 6.4 21,5 13.8 9.6 2.0 5.9 125.5 133 110
Big Spring 17.6 ——— 230.5 21.0 3.4 8.5 532.0 130.C 878 700
Indian River

Sec.34 T44N, R17F 18.8 ———-  27.0 7.1 5.7 4.6 6.5 113.5 124 95

¥Analyses by Miss Alime Exworthy of the #ichigan Uepartment of Heszlth



of w211 waters from Schoolcraft County®

T
i3
0

e
g
w
[
w

arts rer Million
8109 Feale Ca. Me . Ja+K Cl. S04 HCOx Total  Hardness
Solids as Callg

Drift datbers
1 5.2 Nome 515 8.8 Ir. 4.0 2.0 108.5 128 112
2 2.6 19.4 2.5 7.5 12.2 5.0 4.0 157.0 188 110
3 1.0 i 1.3 64.C 15.7 16.9 o 55:5—~~~;;:~~—"££g:5—“~~é04 220
4 Red Ir. 4.5 2.2 Ir. 4.0 8;5 ~—5‘5 28 25
g———"~——*~ J.8 .24  15.5 7.§— 317 11.0 1.2 113.5 156 88

None 52.8 18.8 Ir. 4.0

12.8

224,58 204

7 4.8 .34 18.0 11.2 3,0 20,8 25.7 14.& 270 28

8 7.2 ir 14.0 i;:g‘“”gg:g 5.0 3. léS.Ew—~~;42 78

9 4.8 .85  Pl.E 8.4 Ir. - g:E 7 95.0 9; QSW

gQ 15.2 1.83% w566 igé 14 11 . 11806.0 134.0 1752 1355““ o
;;w“ S —— ————e e e e e e e e et e e . s et e

1. 4.0 74 54.0 30.0 Ir. 4.0 3.8
14 5.8 Ir. 45.5 1.2 2.9 5.0 5.
15 7.2 .83 12.6  Z21.8 Ir. 4.0 9.2

268 258

293.0
R34.5 184 200

212.0 194 195

45.5

238.0

17 11.2 1.2 173.0 82.0 46.8

425.6

243.0

18 6.4 None 40,0  20.0 2.2 3.0 4.8 235.0 124 182
192 72 Hone 43.0 R20.4 3.9 3.0 5.5  RBR.C 1398

20 2.6 Tr. 340.0 44.8 Tr. 5.0 870.0 157.0

21 6.4 126.5 54.8 0.2 6.0

440.0

1346

144.5 7286 540

o e e e S e e e i S S S e e A S T 355

22 .17 170.5  539.6

.24  45.5 19.9

8.8 43.8 75.0

23 5.6 9.€ 10.0

480.0

17.0

ig2.0 928 668

204.5 23 195

5.5

24 8.8 .81 5B0.5 43.2

16.5 1368.0

172.5 2180 1580

*Analyses by Miss Aliee Exworthy of the Michigan Department of Haulth
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