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Dear Dr, Steinman:

I am pleased to forwsrd herewith my final geological report
dated April 20, 1956, This report summarizes the genlcgicai
history of the area known ss the Straits of Mackinse and
presents concliusions based upon exploration and study of bed-
rock conditions beneath the piers of the Mackinac Bridge and
surrounding area,

The fipal boring logs with exploratory materisl and a com-
plete set of 35 MM Xodachrome slides of the core recovered has
been forwarded separately,
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Very truly vours,

D. B, STEINMAY
Consulting Engineer
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Yhe Straits of lackinac is g 70-mile connecting link between

Lakes Michigen and Hureon; its width at the site of the Mackinace
Sridge is 4 miles and its depth ié known to be at least 290 feet
below lake level (572,5' U3LS, MIID), The grestest denth to rock
is more thon 350 feet and is locoted about mid-stream. A second-
ary rock wvslley, depth 237 feet, is located one-half mile from the

south {Mackinzw City) shore. Both valleys were formed late in the

glacial period and occupy the northern rim of a structursl basin
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They penctrate the Bois Blanc and 5t. Ignsce Tormations and the

3

main channel cuts into the Pointe iux Chenes Formation. Eleven
of the seventeen southern plers of the Mackinsc Bridee are based
on the cherts and cherty dolomites of the Bois Blanc., The remzin-
ing piers arc based on the dolomitic limestones, shales, secondsry

or “stack” limestones end brecclated rocks of the St. Isnsce

%

Fomet

ormation {Figure 1}.

The origin of the lackinac Breccis as presented by ¥, K. Landes

is partially substentisted by the core borings, althoush the con-
ditions of extreme chaos anticips ate ed were not encountered. Geolog~

ical exploration has esteblished the solidarity of hedrock under-
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lying the Straits of .5 adeqguacy to support the

%
comparatively modest loads Hut will be imposed by the structure.
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GEOLOGICAL CORRELATION CHART
MACKINAC BRIDGE
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D. B. STEIMMAN, CONSULTING ENGINEER
MACKINAC RRIDGE
CLOLOGICAL CORFHELATION CHART DATA
mbmwm". Lezend:
Norizontal: 1 = 5001 Bois Blane J
Vértical: it = 251 St. Imace
Vertical ixaggeration - 20% Pointe Aux Chenes e

for row of rumbers, 1 through 34, are bridge piers at which one or more borings
were wode during 1954 and 1955,

Lower mirbers, beginning with 12 at left and ending with 13 at the north shore,
were borings macde for the Michigan State Highway Department in 1939, :

Borings marked 1 and 2,on the right side of the drowing, are VWater Well Borings
made by the Ameriean Bridge Division, U, S, Steel Corporation, 1955,
J. C. Rosenau, Resident Geologist
D, N, Hart - March 1956
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During the long periocd of collapsa; and for some time Tol-
lowing, this portion of the Unner Peninsula wes exposed to Torces
of erosion; whilc simultaneously, compaction, settling, and
cementation of the broken rock of the collapsed zone bezan., It is
probable that recrystallization occurred zlong fractures znd in

caverns below the then-existing lake level. 4 submergence of the

land followed., Beginning sbout 300 million years ago, the deposi-

tion of younger rock materials berssn - the Dundee in the Straits

o~ o G, - FANI S NN LY P U . S P P
cementation of the breccis zone and

o
increased crystellization in void areas occurred durines the high

Bstablishment of the HMackinae Diver or Submerged Valley

The great ice age began about 2 million years ago and com-
I

)
& e

n order Lo amassg suc
been & milse or more thick
over portions of Michigen, it wos necessary Tor water levels
throughout the world to be drzstically lowerced by evaporstion

I 4+ Tym g 3 o . oyt 1
and the noisture carried to growin:

o
fde
0

e field centers seuth of
the Hudson Bay arcs by wind circulstion and deposition. Thus,
an episode of land emercmence resulted with companion erosional
forces leaching and dissolving -- weatherins the rocks o

areas. The movement of zlaciers into

exceeded 130 tons oer square footb. “lzgciers moved into 1
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by way of establis
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river valleys, now the Loke Michigoan aond Iake Huron basins,
S - 3 - £ - k/ 1 3
some dovm-cutting of the velley through the Straits region mey

have precedad the onslaucht ofthe glaclers.

The erratiec pulsating retreat of the last glaciers

Great Lskes area caused the development of numerous rlscizl lskes

or lzke systems., During g low water stage between Tlacial Iake

I3

Algonquin (Ficgure 2) and Clacial ILake Mipissing (FPisure 3) the

T

Subnerged Valley (G. M. 3tanley, 1938) or Mackinac River {(J. L.
Hough, 1955) was completed while tskins the waters of Lake

Chippewa from the basin of present Lake Michigsn to lLake Stanley

in the Huron basin and thence to the Atlantic by way of North Bay,

o

Ontario, and the Ottawa and 3t. Lawrence valleys. Humerous
beaches, sea stacks, ses caves, terraces and cliffs testily to
the activity of Glacial lakes Algonquin and Nipissing in the
Straits region. An upwsrping of the northern lskes region bezan
lare in &Igomquln time - the result of glacial abandonment of the

Great Lakes area. With the uplift of the land msss and the Horth

Bay outlet, water levels gradually rose to the VNipissing stage

[} vy

k *

and then stabilized for some time before uplift amzain occurred

and estsblished the present syste m of Oreat Lakes. The long

i

period of time during which the Strsits area was above lake

followed by an age of submersion and recementation that existed
during Pleistocene and Recent times,

The exploratory progrsn across the Stralts of
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ivtineg Lo here point out Lo discoveries
that matericlly =2id in the dating of the cutting of the Submersed
pre-late Tisconsin till wss Tound
the north shore, when core drilling encountered 2
1 £ill or ‘eclaypan,” & reddish-browm, very hard,
pebbly material. This till bottomed at a depth of 7L fcet on

vedrock and was trapned between high bedrock to south and north

{Mirure L). Secondly, preliminary rock probings at a point 1.8

u

niles south of the nerth shore (and south of the location o
North Tower Pier) reveasled an extremely irregular surface. After
niaking eichty-one probings to bedrock, it was established that a
ses stack {Figure 5) was there burisd under a hundred feet o
clay, ssnd and grovel., The base of the south face is st a depth
226' below water level ond the top of the Tstack" is at 1857,
a near vertical drop of 41' in & horizontal distance of 7'. Omne

hundred feet south of the "stack!” the bedrock surface has decreased

only 6', to a depth of 232', Thig establishes & new low Alzonquin
| e Be o & Y e e . P PRI T 2 oY e e o, £ “r oy
{post~-Payette) beach at present depth of 230" (60! below the Payette

level or 250" below the highest Algongquin beach), or 430" before
e i

uplift, and extends the level of Glsciazl Lske Stanley consideraly

lower. DBorings znd probings established no other "stack-like"

conditions.,

”

m
o

his formotion rests on the St. Ignace and dips basinward

[+

P

an average rate of 55' per mile (L0 to 70' measured). The form-

1

we exploratory drilling bubt no merker
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beds were located. The lithologic contrast, however, between the
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base of the Bois 3Blanc and the top of the 3t. Icnace iz sharp ond

stonez making up the Bois Slanc Formation showed definite siens of
having been fractured, there is ample evidencs of recementation
and none of solution cavities. The drillers occasionslly reported
seamg of clay which are belisved to be the buff-argillaceous,
'

soft materizl delined as clay-carbonate {a rottenstone or zrzil-

lit

&)

} in the logs of the dorings
underwent an actuzl collspse, in the area under the Straits, is
impossible to state from the core uorlnﬁv. o fazults or areas of
vertical displacement were 1ocaﬁea, and although the base of the
formation is somevhat irresular, classification as a "disconform-
able contact” is not unreasonable. The Bois Blanc rocks are
toush and resistant enoush to have served gs the caprock for the

highland between the major and sccendary valleys (Fisure 1).

The St. Ignace Formation

Fie 3 TR sy * Y PV T ) . o * " .. Ty s
This formstion is 2037 thick zt the Mackinae Bridge and was
the most extensively drilled formstion, as it is the foundation
3
o LB o e ST aen - mameyesd e .
rock for 08 per cent of the plers. It consists of dolomitic

"stzck® or secondary limestone
and areas of breccia. The upper 75' is generslly free of the
brecciated "stack” condition and is topped by a 20-foot massive

Limestone bed that is easily re

Q

overed by core drilling.

a
s
%
et

A
Juod
it

L-Toot zone of grey shale and s mestone with gray-black,

banded, chert-nodule-~fragnents, was found 135' Irom the top of

the Tormation. TImmediately beneath it is 3 10-Toof area of thin-

ly-bedded, pale-orange, dolomitic limestone that contsins many



D. B. STEINMAN, CONSULTING ENGINEER
MACKINAC BRIDIE

GENERALIZED STRATIGRATHIC COLUMN OF BIDROCK
PENETRATED CROSSING THE STRAITS OF MACKINAC

§ al 3 » o .
o 5 % 4 g w Redrogk Deseription Comments
ol £ & 2 :
Bl 2B BalE
ol & o 4 ©
24 S S A
gl o . - | 142 ft, gray anc yellowish=-ray, very | Core recovery
o 2l 8 cherty doloritic limestone, fossil- cenerz211ly noor
I T I - iferons, 3ome thin seans of s0ft, and bzdly brolken|
5 g 0 Ll arzillaececus raterial, Many small Very difficnt
2 21 81 < - frectures in linestone and chert drilling,
el PN B filled with ealeite,
TR e SRR Ho e S —— - T |
20 ft. rele~oranze, massive P"Jgtal_}__ Gord 4o erpelio
ine dolomtlc lmestone, fossiliferousd =nt core recov-
Top 2 to & ft, of unit is oolitie, erz,
11> Lt. vellomsn—g*r 5Y, fi:e-*ramed Poor to fzip
dolomitic limestones, Many acicular core recovery,
and rod-shaped ealeite inelus ssions.
Quartz oolites in irreculsr seam ) %
throuzh top half of unit., Shaly
sear:s in lower portion, Mueh secon-
dary or '"Stack" type limestone and
limestone breccias present in lower
half of_' unito
g TSR - SO S R U it s coenmammmety
=) o
3 8 L ft, gray shale and shdly limestone Core recovery
g g; with included chert breccia. Chert fair, This
© fragments,, gray and black banded wi chert is unlike
m - = s ) . = TR
d | suu'ntreous lustery; nodular. that found in
" ‘ the Bois Blane
formation,
g 10 ft. pale-crange, fine-grained, thint Good to excell-
5 bedded, dolomitic limestone w/ sma,ll ent core recov-
0 ahemcal caleite inclusions, eryo
£ o v . s o ot o
54 f’co yellomsh-ffmy to lt. brcwn, Poov to Pair
fine-grained dolomitic 1mestones ' core recovery,
with rod-shaped calcite inclusions,
small spherical cavities and bit-
uminous partings. Some "Stack" lime-
stone and 1mcsto ne breceia.
] 50 ft, mottled creen and red shale w/
é-:': thin Gypsum seams,
g a S 64 ft. interbedded 1t, brown to brown | Fair to good
b = Tl doloritlie limestones and red and core recovery,
@D . .
3 _g o | green shales, Thin Gypsum seams i i
7 ¥ .3
* s :

TJ’J.n'uz'e 6. . March, 1956
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small opherical coleite irnclusions. These savved g2 the Ot, Irnece
Formation morker boads. Thav hove szn aversre ooutherly div of 527
ner mile. The accomnanying exagrerated bedrock nrofile chart

{Fizure 1) shows the correlations made. From Pier 18 north to

o - IV, WA A DR LoV e s R o A Ll D . e ot o T =4
FLET 20 (1NCIUSLVEe;) Correidlion o6 LNs 0%, Li70nace Was noun CLaINGO,.

may
hardness and condition of the rock @Gﬂﬁtrut ed, or may he dus to
the smount of vertiecsl disvlacement, or %o breccistion, or most

n

O

probably & combinstion of these., At the South Cable Bent Pler
fanult gone rust senarste two borings which show very dis.
similar litholories., The west side (represcnted by borinz 12-.D2Z,
114% west of 18-B1) appears to be the dowm~throwm side. Such
Solution cavities thought to occur in the 3t, Ismsce Formation

and in the "stack® aress prevalent throushout the 5t, I=nace “orm-

33

ztion were not found. Althourh the formation was once badly broken
)

snd contoined much void space it has obviously been thoroushly

Ey

5]

comented by sccondary lime deposition. This fact was substantisted
by preassure grouting and unconfined compression tests conducted on

the ck {Fisure 7) and by the study of surface outerons and the

This formation has been penctrated at only 3 locations: (1)
by borings made near the Uorth Tower Piler , {2} st the north shors,
and {3) while drilling two water wells located 700! north of the

shore. Ho msrker beds were identified but the Tirst red shale
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In conclusion, it is clear that the dsta svailable
the 51 borings obse ryed, ths voluminous reports ond the tests cone
ducted -~ leave no doubt as to the condition of the rock Tormations
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ater strength than necded to withstand the moderete pressure

conaitions.
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