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_ INTRODUCTION

Tﬁe Silurian-age Salina salt, one of the greatest deposits of
bedded rock salt'iﬁ the world, underlies most of the Michigan basin and
parts of - the Abpalachién basin in Ohio, Pennsylvania, Néw York, and
West Virginia. Interest in this salt deposit has increased in recent

years because there may be one or more areas where it could be used

' §afe1y as a repository for the underground storage of high-level radio-

active wastes.
The purpose of this report is to summarize the general geology
of the Michigan basin and to describe the major salt deposits, in the

hope that these data will be useful in determining whether there are

any areas in the basin that are sufficiently promising to warrant

further detéiled:sfudy; Distribution of the important salt deposit; in
the basin is limited to thg Southern Peninsula of Michigan (fig. 1).
Asvrecently gummarized in‘a docuﬁent by.the'U.S. Energy Researqh
and Development Administ;ationv(1976), permanent'geologic storage is the
leading me;hqd for the safe, long~term management of solidified, high-
level radioactive wastes derived from the domestic nuclear fuel cycle.
And it has been Qell established, in the long-standing opinion of many
investigatorsl(National Academy of Sciences—National Research Council,
1957; QeLagunaa 1966, McCiain and Bradshaw,hl969), that salt constitutes
the most‘promising rock type in which to permanently store high-level
radioactivé wagte. The properties of salt (halite) that make it

1
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Figure 1. Base map of Michigan's Southern Peninsula showing surface drainage,
counities, county seats, and area underlain by deposits of bedded rock salt
(halite).
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promising include its low permeability, low‘moisture‘content, high

-thermal cqhductivity, high plasticity, and high gamma-ray shielding. An

éggregatevtﬁiqkness:of 200lfeetifor a given salt-bearing sequence con-
tained 1,000 to 3,000 feet below the surfacg is considefed well within
acceptable limits for insuringvisoiation of the-buried waste material.
| Sites for geologic isolation of ra&ioactive waste must be

selected to assure that there will be no release to the biosphere, and

~ thus no radiatioh'exposureAto the general public. Because geologic

environménts vary appreciably, this assufance of isolation can be met in
differéq; Qays at differgnt éi;es, p:ovided ;hat‘ail'prospectivé sites
are carefuliy evaluated:and tested prior to selgct;onf Inasmuch as cir-
éulatiqg,ground water is the moét likely means By which'radionpclides
might escape a permanent geologic;storage site, each mﬁsf be studied in
detail to. establish its,oﬁn uhique'geélogic and hyd;ologic features, as
well as its geologic his;éryf Major factors to;be consi@ered are the
following: o

1.: Depth to disposal horizon - Disposal intervals should be located

. at depths sufficient to isolate waste from surface phenomena

.such as eruslon and blological processes.

2. Thickness and extent of host'rock - Vertical and lateral
dimensioﬁs of the:host rock used'for storage should be suffi-
~cient to.a;low for adequate heat dissipation. They should als;
permit effective closure of any fractures that may develop near
ény repository.

3. Homogeneity of host rock - Homogeneous rock units are preferred

over nonhomogeneous ones. They commonly are more easily mined,
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can better dissipate heat, and generally lack features that can

lead to ground-wa;erlproblems.

Host-rock porosity and permeability - The mbre—favorgd host

rocks exhibit both low pdrosity and . low permeability .to preclude
movement of ground water. Rocks immediately adjacent to a
soluble host rock should exhibit a similar low porosity and

permeability.

Nature and occurfencé of: ground water - The nature of water-
bearing intervals near potential host rocks is of utmost imﬁor-
tance. Tﬁg direction and rate of groﬁnd—water movement and
resource utilization are some specific considerations.

GIacial drift - In glécia;ed regions, it is preferfed to avoid

siting repositories where thick glacial drift contains. important

water or other mineral resources.

Tectonic stability - A répository site should be located in a
tectonically stable area that is distant from recorded earth-

quakes of moderate intensity, or greater.

Dip or inclination of host rock - The preferred dip of
sedimEuLary rocks 18 less than a few degrees, because mining is

easier and the rock is less likely to be faulted or fractured.

- Geologic structures - Joints, fractures, and faults in a host

rock are deleterious because they can serve as potential conduits

for ground-water movement.

Mineral resources - It is preferable to avoid sites that would
éonflict with present or future production of o0il and gas and

significant deposits of important, nonpetroleum mineral resources.
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11. Boreholes and mines - Sites are preferred in areas where

’5§feholes or mines do not penetrate a potential host rock,
because these man-made openings may‘allow water to enter and/or
leave a'iépositqu. |

12, Remoteness - Répositories should not be located in or near
urban and resort areas, because this might conflict Qith
specialized and high—priority.use of nearby lands.

13. Transportation - Sites must be accessiblé to transportation

such as highwafé and réilways.

Appreéiation is expressed to the Michigan Geological Survey and
the Water Resoufcgs Division of the U.S,.Geolqgical Suxvgy for assistance
in obtaining datauusgd in preparing parts of this report, and to the
. staff members of the,Officg‘of Waste Isolation in the Union Carbide Cor-
;poration for unpublished_data‘and for discussing the project and makihg

suggestions during the course of this study.



~'MAJOR SALT DEPOSITS OF THE UNITED STATES

ThickAseqhences of bedded rock salt have formed in a number of
sedimen;ary basins by the'precipitation of halite (NaCl) from evaporating
sea water; The méjor salt deposits in the United States are in the
Michigan aﬁd Appalacﬁian basins in the northeast, the Gulf Coast basin in
the'south, and the Permian basin in the southwest (fig. 2). Other large
salt deposits include those of the Pafadox, Williston, and Suﬁai basins
in the West. For the purpose of this report, however,'only the Michigan
ahd.Appalachian basins are discussed in additional detail.

Siluriaﬁ;age salt deposits of ‘the northeastern United Sgates are
one of the greatest accumulations of salt iﬁ the world (Lefond, 1969;
Pierqe and,Rich, 1962). Thgse thick,. high-purity depésitq occur in the
Saling Groupvandlthey underlie a ;otal area of about 100,000 square
miles that eﬁb;aces both the Michigan and Appalachian basins (fig. 3).

The Micﬁig;n basinléontains the major portion qf the Salina Group
salt.  Fo: example, thelsalt attainé an aggregate thickness of more than
2,000 feet in the~cent;al part of the basin. The thickness of individual
‘salt beds aﬁq of the entire salt—beafing sequence deé:eases toward the
edge of thg'basin. The depth to the top of the sa'lvt ranges from about
6,000 feet in the center qﬁ’the basin to between 500 and 1,000 fegt
albng the margiﬁé.

| The northern hélf of the Michigan basin also contains salt in the
Detroit R;ve: Croup of Devoniaﬁ age. This salt secgién is more than

6
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500 feet thick and contains as mahy as 8 differgnt sait beds, the thickest
'of which is more than 100‘feet thick. Aithough the top of tﬁe salt is
more than 4,000_feet~dé¢pi1n the centrai part of the State, it 1s 1ess
than l,300-feetldeep loéally élong the northeaéteﬁn margin of the basin.

:ihe Appalachian baéin'contains a southeastward extension of‘the
‘Salina Group éalt sequence. Here, the salt reaches an aggregate thick-
ness of aboug 300 feet in-parts 6f eastern Ohio and more than 900 feet
iﬁ south—cenfral New York'(Piérce and Rich, 1962). Salina Group salts
also underlie west-central and northwestgrn Pennsylvania, but are less
than 200 feet thick. Dippipg’southeastﬁard into the Appalachian basin,
the salt sequence lies frém 1,000 to more than.S,OOO feet below the

.surface in these states.



STRUCTURE AND GEOLOGIC HISTORY OF THE MICHIGAN BASIN

The Michigan baéin.is a major sedimentary and structural basin

that embraces all of Michigaﬁ, as well as parts of Wisconsin, Illinois,

~ Indiana, Ohio; and Ontario. It is bounded on the north and northeast by
the Canadian shield; on the east and southeast by the Algonquin arch in
Ontario and the Findlay arch in northern Ohio; on the southwest by the
Kankakee arch in northwestern Indiana and northeastern Illinois; and on
the west and.norﬁhwest by the Wisconsin arch and Wisconsin dome (Ells,
1967 and 1969).‘ Although nearly circqlar in outline, the basiq has a
slight noftﬁ;SOdth'elongation (fig. 4).

L The basin is located in the tectonically stable interior of
North America. It is chafacterized by essentially flét—iying sedimentary
roqks that are fplded‘or,faulted at only a few places. Strata dip gently
into the center of the basin from the adjacent arches and shield area
at a rate of 25 to 50 féet per mile (% to % degree).

‘The Aeepést,part of the baéin apparently underlies Clare and
Gladwin Cogptiés, ip the centralvpgrt of the'SOuthern Peninsula, where
14,000 to 15,QQOlfeet of}sedimentary rocks are believed to overlie the
Preéambrian (E}ls,:1967). These sedimgntary rocks include strata of
Cambrian, Qrdo&ician, Silurian, Devqn;an, Mississippiap, Pennpylvanian,
and Jurassic age, that éfe chiefly carbonates, shales, evaporites (salt
and anhydrite), and sandéﬁones (figs.‘S and 6). They are overlain at

10
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most plages by Pleistocene glacial drift that averages between 200 and
300 feetiifthicknésé, but locally is more than 850 feet thick.

The basin may havé first developed as‘én embayment as early as
v Cémbrian time (Fiéher, 196?). ihrougﬁout the ¥emé;nder of the Paleozoic
Era, the basin continued to subside'mbre than the adjacenf regions, and
thﬁs it received a great thickness of sedimenté in its central part.
The major period of subsidence took place in Late Silurian time and
accounts in part for deposition of the thick Salina salts in the
Michigan basin. |

.Basement rocks which underlie the Michigan basin include a complex
"of igneous, metamorphic, and metasedime?tary rocks (Hinze and others,
1975). Four separate basement provinces h;ve been recognized throughout
the.basin; the_age of emplacement or mepamorphism of rocks in these
different provinces ranges from 0.8 to 1.8 billion years before the
preéent. |

Pre-Silurian rocks in the Michigan basin consist of Cambrian
sandstones and:Ordovician limestones, dolomites, and shales (fig. 5).
Formations of Cambrian age range in thicknéss from several hundred feet
in the southeast to 2,600 feet (eétimated).in the north-central part of
the basin (Fisher, 1969).A The thickness of Ordovician strata ranges
from 900 to 1,500 feet around the perimeter of the basin to more than
1,800 feet in the east-central part of the basin (fisher, 1969).

of pfiﬂcipal interest for this report are the sedimentary rocks
and geologic ﬂistory of the Silurian and Devonian Periods, for these
strata include the thick deposits of rock salt in the Michigan bésin.

Carbonates (limestone and dolomite) that formed during Early Silurian
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time représenﬁ deposition in shéllow‘énd warm marine waters. Tﬁis
'qarbonate.dgposition reached optimum‘conditions later duriﬁg the Middle
Silurian when the Niagarantfeef platform developed alohg the borders of
the Michigan basin (Briggs'and Briggs, 1974). .The reéffbank ranges in
width from 5 to 20 miles, and separates a back-reef lagoonal zone out-
side of the basin frbm a shelf area and the central-basin area enclosed
by the reef. The shelf area, thch is abo&t 15 to 20 miles wide in the
north énd 20 to 40 miles wide in the south, was favorable for the growth
of numerous pinnacle reefs; many of which are prolific oil -and gas
producefs.

The Salina evaporites (Late S;lurian) were not deposited until
after major development of the Niagaran reefs had ceased;in the Michigan
basin (Briggs and Briggs, 1974; Mantek, 1973). Marine regression led
to ;estricted circulation of the waters in the Michigan basin cbppared
to thosg of the»épen ocean, and as a result, the waters in the basin
were evaporated and bedde@ salts were deposited when thg water became_
sgturated with sodium chloride. Intermittept repienisﬁﬁent of marine
water to the basin permitted depositioh of‘thick sequences of rock salt
;hat extended throughout most of the Southerp Pepinsula.‘ During periods
of marine transgressioh, tbe basin was fiéqded and carbonates and other
normal-marine sgdimen;s were deposited. SalinaAdepoéition is therefore
éharacterized by a series of marine transgressions and regressions, with
evaporites being formed during the regressions.

Following deposition of the Salina Group, the Bass Islands dolomite
was laid down during a ﬁinor transgreséion that preceded the final drain-

" ing of marine waters from the Michigan basin and subsequent erosional
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‘period thét ptodﬁcéd:the Silurian-Devoniaﬁ‘unconformiﬁy. Total thickness
of Silurién stfata,ranges ffom 600-1;500 feet in the soqth to 4,000 feet
in the céntralApart of the basin (Fisher, 1969). |

Early Devonian dplqmites compfise transé;essive-marine shelf
4carbonates deposited uﬁéonformably upon the low-relief surface of eroded
Bass Islands strata- (Gardmer, 1974). During subsequent deposition of
the Middle Devonian Detroit River Gréup; the ﬂbrthern part of the basin
became more restricted until a series of salts and aﬂhydfites were laid
down with the carbdnates. Landes (l951)»feeis that these salt beds.
were thé result of leaching aﬁd redeposition of salt from the older
Salina Group. The Mackinac Breccia is a term used to describe zones of
fragmented,_angqlar rock which encompass strata ranging in age from the
Sélina thrpugh the Detréit River. The breccia represénts collapse
structures that resulted from dissoluciqn of the Salin; salts in Middle
Devonian time (Landes, 1959).

| Following this, a series of limestones designated the

Dundeg Limesﬁone and fhe Traverse Group were deposited, and this in turn
was followed by depqsi;ion of the Late Devonign—Early.Mississippian
Antrim and EllSworth Shales. Total thickqess of Devonian strata ranges
from séveral hundred fee;_in the south to 3,400 feet'in.the north-central
part of the'basin (Fisher, 1965).

Miséissippian, Pennsylvanian, and Jurassic rocks consist chiefly
of shales and sandstones, and they are restricted to the central part of
the basin (fig. 6). Their aggregate thickness is about 3,000 feet in

this region_(fig; 5).



17

}Thiék glaciers cerréd ;11 of Micﬁigan and surrbunding areas
dufing the. Pleistocene Epoch. A series of four major ice sheets advanced
squthWard Across thé region and then retreated, leéving behind thipk
deposits of glacial drift'ghat mantle the bedréck. Thigknéss of the
drift is more tﬁan 200 féet in much of the State (fig. 7), but locally
éxcee&s 850 feet in the nbrth—central part of the Southern Peninsula
(Akers, 1938). The .drift is tﬁin'or absent locally, pérticularly in the
northeast, northwest, south-central, and east-central portions of the
basin (fig. 7),

Thg.most significant structura1 feature affecting Paleozoic and
younger rocks'in the Michigan basin is ﬁhe Howell anticline, a northwest-
trendiﬁgAfolallqcated in the southeast part of the basin. Ells (1969)
regards this fold és the largest of_several northwest-plunging, sub-
paréllel structures on a broad, uplif;ed.block designatea as the
Washtenaw anticlinorium.

Northwest-trending anticlines with sélt—filled cores are
deve;oped within Salina andlyounger rocks in the central part of the
Michigan basin (Ells, 1967). These structures result from draping of
strata over glgngated lenticqlar.masseé of Salina salt that remained
after séit underlying adjacent areas was dissolved by circulating ground-
water. |

‘Major faults within the Michigan basin appear to be minimal.
Probably the most significant fault is one on the west flank of the
Howell anticline where a basément—rock fault presumably grades upward

into a sharp flgxu;e in}Ordovician and younger strata (Ells, 1969).
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Drift commonly more than 200 feet (61m) thick.

Figure 7. Map showing thickness of glacial drift in Michigan's Southern
Peninsula (modified from Akers, 1938).
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Localiy, anomalous changes ih‘dips and outcrop patterns suggest the
presence of faults:with small displacement, Although in many cases the
relationships(gre far from,conclugiﬁe in proving the existence of faults.
It’hés also'béen conteﬁded;théf certain surfaéé lineaments defected on
aérial photographs and satellité imagery may be the result of subsurface
control due to faults (Prouty, 1976). More thorough regional and local
studies are needed on possible faulging in the Michigan basin before.any
particular aréa can'be conside;ed free of such structures.

Thus, the history of the Michigan basin has been one of tectonic
stability since the beginning of the Paleozoic Era. The region has not
been affeéted‘by mountain-building proéésses, gnd tﬁe Salina salts and
younger strata appear virtually free of significant deformation.excebt
near the Howell anticline and varidﬁs salt-cored anticlines.

Since the‘final retreat of Pleistocene glaciers, land areas’
within the Michigan basin, relieved of a great weight of ice, have exper-
ienced some measure of glacial (elastic) rebopnd. _Although the magnitude
of rebound in certain parts qf the World, such as the Scandanavian Penin-
sula and around Hﬁdson's Bay, Canada, has been pronounced, the amount
experienced.ih'the Michigap basin is smaller by comparison. Glacial
rebound-in this area, moreover, does not pose a deformational hazard..

In some geolbgic séttings, the natural processes of erosion
ana denudatioq have the potential, over long periods of ggologic time,
for stripping away a significant thickness of overburden and subjecting
radioactive wastes bﬁried at then-shallow depths to circulating ground

and surface waters. Based upon the general knowledge'of the landscape
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and on the sediment loads of stréamé draining this a:éa (Great Lakes
ﬁasinlCommission, 1975), however, it'apﬁears that the rates of denuda-
tion‘and st?eam inciéion in the Michigan basin would range hﬁ to only
a fewzhgndréd feet over fhé next several hﬁndréd thousand years, and
v fhat the north half of the Southern Peninsula,is being eroded at a much
slower rate fhan ;ﬁe south half. The integrity of radioactive wastes
buried between 1,000 and?3,000 feef below the present-day land surface
would therefore be maintained over a sufficiently long period of time.
Soluble rocks, such as salt, gypsum,.limestoné,‘and dolomite, can
be dissolved by surface waters and by ground waterg. Sinkholes and other
kars;—like feaﬁures are known in some areas.of limestone and dolomite
dgtcrop in the Miéhigan basin; and the dissolution of salt deposits is

discussed in the next chapter.



SALT DEPOSITS IN MICHIGAN

Salina Group

Thé Salina‘Gtoup ﬁontains the major deposits of rock salt
(halite) in the~Michigan basin. Thé Salina consists of a number of
stratigraphic units that are equivalent to formations, yifh each unit
' cdmposed ﬁredominantly of salt, carbonates, or shales. individual
units have a'similar lithologic character over a wide geographic area,
and the distinctive mechanical;log curves for each unit permit reliable
cqfrelatiohé over iafge distances (Ells, 1967).

The greatest thickﬁess of salts in the Salina Group is in the
center of the basin, where salt has an aggregate thickness of more than
2,000 feet and exists‘aﬁ depths greater than 6,500 feet bglow 1énd sur-
face:(fig. 8). Both the aggregate thickness of salts and the depth
belowlland surface tolthe top of the salts iIn the Salina decrease outward
from ;he cgnter4of the basin (fig. 9). The depth to the top of the
Salina sglts (and each of the salt units discussed in this chapter) is
coptoqred based upon data interpreted from mechanical ings of ;O wells
drilled throughout the basin.

An example of the lithology of the Salina Group, as interpreted
from mechanical and'sample logs, is presented in Figure 10 fof an oil-
well test drilléd near the edge of the basin where the various salts are
moderately thick énd are at fairly shallow depths. The current termi-
nolggy and rock divisions of the ‘Salina Group are based largely on the

21
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Figure 8. Map showing aggregate thickness and depth to top of salt beds in
Salina Group (Silurian).. Modifed from Hardenberg (1949a, 1949b).
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work of Landes (1945) and Evans (1950). Landes divided the Salina Group
into units A through G, from oldest to youngest, and Evans further
divided the A units. The following descriptions of individual units

are largely from the reports by Ells (1967) and Mesolella and others

(1974):

A-1 salt

The A-1 salt is the deepest unit of the Salina Group, and rests
conformably upon the limestones and dolomites of the underlying Niagaran
Group. The A-1 contains clean salt in most parts of the basin interior,
but also contains a few thin layers of potash (Anderson and Egleson,
1970; Mathews, 1970) in deeper parts of the basin.

Thickness of the A-1 salt is more than 200 feet in most parts of
the basin interior, reaching some 475 feet in the center (fig. 11).
Towards the margins of the basin the salt thins abruptly and grades
laterally into anhydrite near the basinward edge of the Niagaran reef
platform.

The depth to the top of the A-1 salt is as much as 8,000 feet in
the central part of the basin, but in the northeast and southwest parts
of the basin the salt is only a little more than 3,000 feet below the

surface (fig. 11).

A-2 Salt
The A-2 salt is the thickest massive salt unit in most parts of
the Michigan basin. It is separated from the deeper A-1 salt by the A-1
carbonate (fig. 10). The A-2 contains clean salt in the interior of the
basin, but it grades laterally into anhydrite along the margins of the

basin.
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Figure 11. Map showing thickness and approximate depth to top of A-1 salt
unit in Salina Group. Thickness data from Mesolella and others (1974).
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The thickness of the A-2 salt is more than 300 feet in most areas,
and exceeds 475 feet in the deeper parts of the basin (fig. 12). The
depositional limits of salt are approximately the same as that of the

A-1 salt.

In the central part of the basin the top of the A-2 salt is more
than 7,000 feet below the land surface (fig. 12). The depth to the top
of the salt decreases towards the edge of the basin and is only 3,000

to 4,000 feet in the southeast, southwest, and northeast parts of the

basin.

B Salt

The B salt, the next youngest salt unit, consists of clean salt
in the lower part and salt with thin interbeds of shale and dolomite in
the upper part. It is underlain by the A-2 carbonate, by which it is
separated from the deeper A-2 salt (fig. 10). As with the older salts,
the B grades laterally into anhydrite towards the margin of the basin;
but the salt extends farther to the north and southeast than the other
salts (fig. 13).

Thickness of the B salt is more than 300 feet in most parts of
the basin interior, and it reaches more than 475 feet in the center (fig.
13). The clean salt in the lower part commonly comprises about one-half
the total thickness of the B unit.

The depth to the top of the B salt is just over 7,000 feet in the
central part of the basin (fig. 13). The salt is only 2,000 to 3,000 feet
below the surface in the southeast, southwest, northeast, and northwest

parts of the basin.
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D Salt -

The D unit;coﬁsists of two moderately thin salt beds separated by
a thin medial ‘dolomite bed (fig. 10). Total thickness of the unit
ranges from 40 to 100 feet, and thus it clearly is too thin to be con-

sidered as a host rock for storage of radioactive waste.

F Salt

The F unif,is a succession of pure and impure salt beds iﬁterbedded
with shale, dolomite, aﬁd anhydrite (fig. 10). It contains ﬁhe'youngest
(shallowest) gsalts of the Salina Group in the Michigan basin.

| The F sélts, like others in the Saliqé, are thickest in the
central'pért bf'fhe bééin. Total thickneés of ?he F unit is a maximum
of nearly 970 feet in Ogemaw County, but it thins towérd the margin of
the basin due chiefly to depositional thinﬁing of the salt beds (Ells,
1567)( In some parts of the basin the salt has been removed.by pre-
Devonian .erosion, and in other areasAsome of the salts may be thin or
missing due to dissolution by ground water. |

Most of the individual salt beds in the F unit_are only 5 to.

20 feet thick,_ﬁut the two bottom beds and the top bed commonly'are
massive salts 30 to 60 feet thick (locally as much as iOO feet thick).

Inasmuch‘as the F uﬁit is the youngest salt in the Salina Group,
its depth below:grbund ;evel is the same as that of the Salina (fig. 8).
The top of the F salts is less than 3,000 feet deep along the southern

and northern margins of the basin.
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. Detrpit R;ver Group
The Detroit River Group of Devonian‘age:contains the youngest
salts in the Michigan basin (figs. 5 and 9). Salt occurs in many
separate units (fig. 14) that are interbedded with anhydrite, limestone,
apd dolomite (Gardnef, 1974). The salt beds are 20 to 80 feet thick,
although thé uppermost salt reaches 115 feet thickAin Kalkaska and
neighboring counties.

Aggregate thickness of salts in the Detroit River Group'ranges

‘from 100 to 500 feet in much of the northern part of the Michigan

basin (fig. 15). The thickness decreases towards the margin of the

basin, partly due to depositional thinning of the salts and partly

due to dissolu;ion of the salt (mainly in the northern part of the

salt area):
- The depth to the top of the Detroit River salts is as much as
4,000 feet in the central part of the basin, but moderately thick salts

are only 2,000 to 3,000 feet below the surface in the north.

Salt Dissolution

It is'clear thét in‘parts of the Michigan basin dissolution of
salt beds has occurred in ‘the past. Abrupt thinning and termination of
sdme salt units near the edge of the basin, and development of salt-

cored anticlines within the basin have been attributed mainly to dis-

solution of Salina (and perhaps Detroit River) salts in Silurian and/or

Devonian time (Ells, 1967; Landes, 1959); Dissolution and removal of

the salts causéd'overiyihg rock units to become brecciated as they
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coilabsed into the solution cavities, thus‘forming units such as the
Mackinac Breccia (Landes, 1959).

In addition to areas where dissolution has occurred shortly after

salt deposition, there may be other areas in the Michigan bésin where

-salt beds are'ﬁurréntly being dissolved. Where salt deposits are near

the. land surfaqe,.ground wéters can migrate through the surrounding
rocks and dissplve the éalt._ Such solutioning water must continue to
move ;hrough the system, oiherwise, by reﬁaining in contact with the
salt, thg water becomes saturated and further solutién is not possible.
The -movement of water occurs through aquifers (porous layers of lime-
stoﬂe,‘ddlomite, or sandstone) and also through fractures, joints,

sinkholes, collapse features, and other openings that enable vertical

interconnections between formations. Subsequent studies should establish

the'exact’exteht to which salt dissolution is now occurring because of

‘the possible adverse effect this phenomena would have on the long-term

safe isolation of high-level radioactive waste in underground salt beds.



.HYDROLOGY

Surface Water

Surface drainage in the Southern Peninsula consists of streams

.and rivers that flow toward Lake Michigan and Lake Huron (fig. 1).

The headwaters and drainage'areas are within the State, except in the
south wheré some of the streams flow through parts of Ohio and Indiana.
Principal rivefs in the State include: St. Joseph, Grénd, Muskegon,
Manistee, and Au Sable Rivers. Numerous lakes also are present in the
Lower Peninsula.

Nearly all the water in the‘streams,rivefs, and lakes Eomes
directly from precipitation and runoff, but some is derived from springs
emergingufrom glacial drift and bedrock. Small amounts of excess or
used water'produced»from.wgter wells adds to the‘discharge glightly.
Ajeragg anpual preéipitation ranges from 26 to 36 inches: it is 26 to

30 inches in most parts of the northeast, and is 30 to 36 inches in most

‘of the southwest.

Water frpm the Great Lakes is used extensively by muniqipalities
and industries -located near these water bodies. Inland from the Great
Lakes, the many lakes and rivers are a major source of fresh water for

muniqipal, industrial, and rural use.

‘Ground Water

In most parts of thé Southern Peninsula that are remote from
Lake Huron or Lake.Michigan; glacial drift is the common source of K

35
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fresh gfound.wate; for urban,’industriai, and rural water supplies
(fig. 16). Thiékﬁéss of the drift ranges from 50 to‘more than 800 feet
in mdst parts of the Sfate (fig. 6). ﬁhere it is thick and chiefly
éonsists bf.Saﬂd, it is e;sily recharged By précipitation.- In those
areas, large volumesAof fresh ground watef are stored andAwater wells
provide good yields for longAperiods of time. Where the drift is thin
and consists mostly of clay, little water infiltrates into the drift,
and well yields are small of nonexistent.

The yields of water wells in glacial drift range from 10 gpm
(gallons per minute) to more than 500‘gpﬁ;in many parts of the Southern
PeninSula (fig. 17). The aréas of highgst yield.generally coincide with
the é;eas of thickest drift. Yields of less than 10 gpm can be expected
in severalvlarge'éteas of thin drift in the éouthfcent;al, east-central,
and northern pérts of the region.

Water iﬁ the glacial deposits is generally of good quality, but
it_is moderately‘hard. .It commonly contains between 200 and 500 ppm
(parts pef.milliog) of total dissolved solids, and its hardness (expressed
as CaCO5) is 175 to 350 ppm (Piper, 1972). 1In the lowest part of the
: drift!.or:thrbugh most,of its thickness where the drift is thin, water
dﬁality decreases due to an inc?ease in calcium (Ca) and sulfate (SOA)
ions and, locally, in sodiqm (Na)-and chloride (C1). ions. This increase
iq.dissolved solids near the lower éart of the drift results from mixing
.bgtweep the more-saline waters of the underlying bedrock and the fresh
waters in the drift.

Limestone, dolopite, and sandstone bedrock underlying the glacial

drift provide fresh ground water in some parts of the Southern Peninsula,
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Reproduced from U.S. Geological Survey pamphlet on

of fresh ground water in Michigan.
Water Resources Investigations in Michigan.
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Figure 17. General availability of ground water in glacial drift deposits in
Michigan's Southern Peninsula (after Twenter, 1966a).
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particularly in the south-central, east-central, and northeast areas
(fig. 16). Yields of less than 100 gpm are fairly common, but a few
wells have recorded yields in excess of 500 gpm (fig. 18). The higher
yields are commonly from sandstones and some of the limestones, whereas
the lowest yields (less than 10 gpm) are from the shales.

Principal bedrock aquifers in the Southern Peninsula include
the Saginaw Formation (Peﬁnsylvanian) and Marshall Sandstone (Mississip-
pian) in the south-central and eastern parts of the region, and a series
of Devonian limestones and dolomites (Traverse Group, Dundee Formation
and Detroit River Group) in the northeast (fig. 16). These, and other,
bedrock aquifers yield ground water of good quality at many places where
they are within several hundred feet of the land surface.

All bedrock formations in the basin contain saline or_mineralized
water at depth. The base of the fresh-water zone in these aquifers ranges
from less than 200 feet to more than 900 feet in different areas (fig. 16).
ﬁelow these depths, the water is generally too saline for any practical
water-related use. Natural brines are, however, commercially obtained
in certain areas and are processed for mineral commodities.

Another geohydrologic application which has been widely instituted
in the Michigan basin is development of industrial-waste-disposal wells
(Ives and Eddy, 1970; Warner and Orcutt, 1973). Subsurface saline aqui-
fers, where sufficiently permeable and thick and overlain by an effective
impermeable seal, have been utilized tor disposal through injection of
a varilety of process brines, chemical effluents, and other liquid wastes.

In fact, the first industrial-waste-disposal well approved and regulated



Throughout most of these areas wells in
bedrock wili yield less than 10 gallons per
minute. Locally, wells 6 inches or more
in diameter may yield several tens of
gallons per minute

Throughout most of these areas wells in
bedrock 6 inches or more in diameter will
yield from 10 to 100 gallons per minute.
Locally, wells may yield less than 10
gallons per minute or more than 100
galions per minute

Throughout most of these areas wells in
bedrock 8 inches or more in diameter will
yield from 100 to 500 gallons per minute.
Locally, wells will yield less than 100 or
more than 500 gallons per minute
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Throughout most ot these areas wells in
bedrock 10 inches or more in diameter
will yield more than 500 gallons per minute

Throughout most of these areas wells in
bedrock will yield water that is too highly
mineralized for domestic or public
supplies-dissolved solids content of more
than 1,000 milligrams per liter. Locally,
the water may ‘be of relatively good
chemica! quality. In general, the water
becomes more mineralized with an increase
in depth

glacial drift the water in the bed-
usually hard and may contain iron
With increasing denth water

tends to become more mineralized

Figure 18.

General availability and quality of ground water in the bedrock

deposits in Michigan's Southern Peninsula (after Twenter, 1966b).
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By a state ‘was installed in Michigan in. 1950.. Several different disposal
horizons wi;hin the Paleozoic rock sequehce have been utilized; the

.largest_concentrati§n>§frthese disposal syétems is in the Midland area.



SEISMIC ACTIVITY

Recorded seismic aétivity in the'Michigan basin and surrounding
areas is low, compared to most other parts of the United States.
Earthquakes having a Modifieﬁ Mercalli Intensity of V (MM V) or greater
" are sparse in the region (Coffman and von Hake, 1973), except in north-
western Michigaﬁ and in western and northeastern Ohio (fig. 19). Earth-.
quakes in nearby pérts of Canada with an Instrumental Magnitude of 3.5
(M;, 3.5) or greater are sparse, according to Smith (1966). The entire
‘Michigan basin is Qithintéone 1 (expected minor damage) on the seismic-
risk. map prepared by S. T. Aigermissén (ESSA/Coast énd Geodetic Survey,
1969).

Only two earthquakes of MM V or greater have been recorded in
‘that part of the.MichigaﬁAbasin underlain by the Salina salt sequence,
and both these.eyeqts‘were in the southern half of the area. Thué, the
northern half of ﬁhe Michigan basin appears to be more favorable seis-
mically than other parts of‘the basin for the terminal storage of
fadioactive waste in salt;j.

Thé four earthqgakes'pf MM V or MM VI recorded in Michigan's
Lower Peninsula‘occurred in the south (Coffman and von -Hake, 1973).
Ear?hquakes occurrgd near the head of Saginaw Bay in 1872 (MM V), in
southeast Michigan,in 1877 (MM IV-V), near Kalaﬁazoo in 1883 (MM VI),
apd in south—centfai Michigan in 1947 (MM VI). Other earthquakes
recorded in Micﬁigan have been located in the Upper Peninsula, and
include events at Menominee in 1905 (MM V), at Calumet in 1905 (MM VI),

42



!

“ra09
o912
. : ' :
ILLINOIS .
. ' . 1884,
v 1929, A [1937
: a
A'QOQ . '. I1930 (o]
J l 330 p1875
: 937 :
United States Canada
O lIntensity V-V and V O Magnitude 3.5-~4.0 . ;
@ Intensity VI Magnitude 4.1 - 4.5 " Area underlain by
. . Salina saits
A In't-ens.lty Vit B . owiLes 0. 00
A lntgnsny ViI-Viil and VIll . , |y = )

Figure 19. Map showing epicenters of earthquakes of (at least) MM V or M, 3.5
in Michigan and surrounding areas. United States data through 1970
(Coffman and von Hake, 1973) and Canadian data through 1959 (Smith, 1966).
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' on the Keveenaw Peninsula in 1908 (MM VIID), and at Houghtow in 1909
o0 V). | o
Two areas o?rmore-freqnent selomic activity are in weatarn and
northeastern Ohio. The cluster of earthquakes 1n wastern Ohdo, inelude
ing .t:llmose nearl Annha, occurred i 1875 (MM VIt), 1884 (MM V), 1929
(M4 V), 1930 (f VIT), 1931 (M VII), 1637 (M4 V1), snd 1937 (WM Vii-
VIII): Thoee in the Gleye’land area of northeastérn Ohio ineluded one
event of MM IV-V'.i' in 1943. and £ive events of MM V 1n 1006, 1928,
1955 (2), and 1958, -’.I“he only other events greater than M Vi in the
‘Unitgﬁ States partwoflthe_f;gion (£igs 19) are tuwo eventd that vesusred
in 1909 (MM VII) in central and north-cemtral Iilineds.
" The lafger earthquakes in Canada inciude events duridp 1947 tear
| Sudbury. (Mp 4.4), near Laforest (M; 4.3), and in Georgian Bay (My 4.5),

and a later event in 1957 near London (M; 4.2).



MINERAL RESOURCES
0il and Gas

0il and gas are produced iﬁ the Michigan basin from reservoir
rocks §f Ordoﬁician, Silurian, Devonian, and Mississippian age (Ells
and others, 1974;'Netherland, Sewell and Associates; 1975). Most of
" the 0il and gas fields in central énd southwestern Michigan produce from
reservoirs above the Silurian salt deposits (fig. 20). These fields
generally produce from structures located along salt-cored anticlines
that trend northwest té southeast. More than 20 major anticlines are
present in this.part of the state. Many dry holes have been drilled
along these félds in ordér‘to connect the productive areas, and in
" recent years drilling in this province has decreased.
Fields producing from Silurian (Niagaran) reefs are conceﬁtrated
in distinct bands or clusters: one is the northeast-southwest band |
" across northwgstern Michigan; anothér is the east-west band across the
southfcenpral part of the state; and the third is a cluster in the
southeast. Thg fields in these bands are prolific and produce from
the pinnacle reefs that developed in the'shelf area that rimmed the
'Mighigan baéin‘in Niagaran time. Reefs have'not been found in the
central portion of the bgsin where the northwest-southeast trending
ppst-Silurian»fie;ds are located.
The first commercial oii well in the pinnacle reefs of northern

Michigan was completed in 1952 in Mason County (Mesolella and others,
' 45
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Figure 20. Map of oil and gas fields in Michigan (after Ells and others,
1974; Netherland, Sewell and Associates, 1975).
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1974). Other tests that penetrated the Niagaran and Salina carbonates
commonly exhibited noncommercial shows of hydrocarbons. In 1969, however,
three exploration wells confirmed the presence of commercial quantities
of petroleum within Niagaran reefs, and this pfecipitated a boom of
drilling activity that resulted in completion of many commercial oil and
gas wells within the northeast-trending band of reefs. The "fairway"
in which the pinnacle reefs occur is about 10 miles wide and now extends
160 miles from Mason County on the southwest to Presque Isle County,
and it is believed (Briggs and Briggs, 1974; Mantek, 1973) that this
trend extends eastward through southern Presque Isle County (fig. 20).

Fields producing from Ordovician reservoirs are those near the
southern border of the State, and they generally lie outside the area
underlain by thick salts in the Salina Group.

Petroleum production for the State during 1974 amounted to
18 million barrels of oil and 70 billion cubic feet of natural gas
(fig. 21), and the value of petroleum production was nearly 20% of
Michigan's total mineral output for the year.

Although a considerable number of oil and gas tests have been
drilled in Michigan, the majority of these tests is concentrated in
specific areas and along specific trends (Netherland, Sewell and
Associates, 1975). Therefore, sizeable areas of the Michigan basin
contain only a few boreholes, and there are other sizeable areas where
no wells (other than shallow water wells) have been drilled (fig. 22).

Netherland, Sewell and Associates (1975) concluded, based upon

their preliminary study and the data in Figures 20 and 22, that certain
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MINERAL PRODUCTION OF MICHIGAN - 1974

Compiled by the Geological Survey Division

PERCENT CHANGE
FROM 1973 IN:

RANK IN
U.S. FOR

MINERAL UNIT QUANTITY VALUE Quantity Value 1973(Value
Iron Ore Long tons (2240#) 11,530,796 257,943,788 -6.4 +43.2 2
Cement Short tons 6,119,999 146,822,510 -5.7 +13.3 4
Petroleum Barrels (42 gal.) 18,101,812 154,951,511 *+24.6 " #%160.) 17
Sand & Gravel St. Tons (2000#) 60,072,793 82,709,611 -4.0 +11.4 2
Nat. Salines (1) Short Tons 1,406,650 112,349,792 +27.0 -7.2 1
Copper Pounds 131,037,602 108,761,210 -13.6 #1555 6
Salt Short Tons 4,444,704 62,054,985 -7.7 5.5 2
Stone (2) Short Tons 28,139,838 47,625,238 +4.4 +16.8 14
Lime Short Tons 155285157 30,036,238 -1.1 +15:3 [
Nat. Gas Th. Cu. Ft. (MCF) 69,806,374 35,182,413 #5907 #103.3 16
Gypsum (crude) Short Tons 1,482,192 7,2573885 " =21.3 +15.0 1
Clay & Shale (3) Short Tons 2,160,928 4,073,629 +0.5 +23.3 8
Peat Short Tons 244,223 3,811,397 +5.1 755 1
Marl Short Tons 151,298 258,007 +108.2 +225.6 1
Miscellaneous (4) 3,463,152 +23.2

TOTAL 1,057,301,366 +29.4

(1) Bromine, Magnesium compounds, Calcium-Magnesium chloride, and lodine.

(2) Does not include 19,142,166 short tons of limestone & dolomite valued at $24,772,217
used in the manufacture of cement and lime.

(3) Tile brick, pottery, clay used for cement, lightweight aggregate, and miscellaneous.

(4) Sulfur, mineral pigments, silver.

Michigan's total mineral value of'1,057,301,366 in 1974, ranked Michigan as 15

UL -S7

Figure 21.
1975).

Mineral production of Michigan during 1974 (reproduced from Lewis,
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(after Netherland, Sewell and Associates, 1975).
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areas in the Michigan salt basin can be identified where development
along present and/or possible future oil and gas trends will not be
interfered with by possible storage and high-level radioactive waste in
the Salina salt deposits.
Salt

Salt resources of Michigan are vast and are limited strati-
graphically to the Silurian (Salina Group) and Devonian (Detroit River
Group) Systems. Salt or salt brines are produced at mines or brine-well
plants at 10 localities in the southern and central parts of the State
(fig. 23). 1In the southeast, three operations are active in Wade County
and two in St. Clair County; in the center of the State, one producer is
located in each of Midland and Gratiot Counties; and in the west, there
are two facilities in Manistee County and one is in Muskegon County.
Production of salt in Michigan during 1974 was 4,444,704 short tons
(fig. 21), which amounted to about 10 percent of the total United States
production.

With the vastness of salt resources in the State, it is unlikely
that use of underground salt beds for radioactive-waste storage at one
or several sites would have any significant impact on the present or
future availability of adequate salt resources for this part of the
United States. A waste repository should not be sited in salt deposits
near these mines or brine wells because the long-term isolation of the
repository might be jeopardized. This is especially important where
solution-mining is being utilized to recover the salt in the form of

artificial brines.
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Figure 23. Map showing mineral operations in Michigan (reproduced from
Lewis, 1975).



52

Natural Brines

Natural brines or salines produced from deep welis in the State
have been a commercial source of such importanf'chemicals as bromine,
iodine, calciﬁm chloride, and magnesium compounds (Lewis, 1975). The
principal source beds for these brines are the Filer,and.Sylvania
Sandstones in the Detroit River Gfoup (Devonian), and thus they are
younger than the Salina salt beds. |
| Michigan currehtly ranks first among the states in production of
such natural brines. The 7 operatiﬁg pléﬂts are located across the
central pa?t of the State in the following counties: Lapeer (1 plant),

Midland (1), Gratiot (1), Mason (2), and Manistee (2).

Other Minerals

Other known mineral resources in Michigan (figs.v21 and 23) either
are not qommerciaily recoverable in areas that'might be considered for
radioéctive—waste disposal,Aor they are being déveloped'only by surface-
mining techniques tﬁat'Would conflict with radioactive-waste storage only
in the immediate vicinity of a storage site.

Major metallic resoufces (iron ore and copper) éfe recovered
only in the UpperiPeﬁinsula,‘and thus the confinued development of these
reserves does not conflict Qith use of the salt depésits in the Lower
Peninsula. ‘

Gypsum resources of the State are great, and oécur'mainly in
the Michigan Formation (Mississippian) and in the Detroit River Group

(Devonian) (Briggs, 1970), and thus are younger than the Salina salt

sequence. Five companies are producing gypsum: three quarries are



53

active near Alabaétér in Iosco County énd two shallow mines are operated
near Grand Rapids in Kent»County (Lewis, 1975). Curreht_production is
ébout 1,480,000 short tons (fig. 21), or about 10 percent of United States
dutput, and Michigan leads all other stafes in gypsum production.

Potashlhas recently geeﬁ identified in the A-1 eQaporite
(Anderson énd Eglesén, 1970; Mathews, 1970), but it is apparently
restricted to the-centralhpart of the Michigan basin where the A-1 éalt
and the overlying A-2 and B salts are too deep to be considered for
radioactive;ﬁéste disposal. These potash deposits are nét now being
produced.‘ | |

Stone is an important nonmetallic mineral resource that is
produced from bedrock formations for a variety of uses. Limestone and
"dolomite are used as crusbed stone for aggregate, cement, lime, flux,
and for'éhemicalAéﬁd agricultural application. They also are recovered
as dimension stone. Other types of stoné, such as sandstone, basalt,
and marble, are used‘primariiy as aggregate and dimension stone. The
‘many stone quarries in the Southern Peninsula are concen;rated in the
squtﬁeast, the‘nor;h, and in the Saginaw Bay érea (fig.123).

. Shale and clay deposits are widely distributed in Michigan's
Soﬁthern'Peﬁinsula-(Lewis{'1975). The :ésource, which occurs both in
the bedroqk anﬁ‘in ;he'glacial drift, is used in the manufacture of
cement, brick, drain tile,'Séwer pipe, and flower pots. ‘Ten companies
operaté open pits in the southegst, central,land northérn pérts of

the Soiithern Peninsula.
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>:Sand and gfaygl'proba?iy.cdmprisé the most widespread miﬂerél
cammo&ity‘in_the_Staté.(Leﬁis, 1975). Most commercial deposits havL been
dqveloped in glqcial deposits such as outwash, kames, eskers, and glacial
'Alake—shore sediments. ‘Some'of the'resource‘is'obtained from river ter-
races and deltaicfdéfosits. More than 350 companies afe'producing sand

and gravel from open pits in all parts of the State, and most of these

pits:afe located near the expanding ufban areas in the south.



CONCLUSIONS

As a ;esﬁlt of this stud& éf the Michigan basin, the Lower
Peninsula of Michigan éppears to have a geologic framework and a series
of salt deposits that locally may be suitable for the_underground
stor#ge‘of high-lévél radiéactive waste. Thick deposits of massive rock
salt (halité) are‘prééent at moderate depth; they are nearly flat lying
and have not beén structurally deformed or fractured in most parts of
the basin. The region is éharacterized by tectonic stability. There
havelbeen few recoraed earthquaﬁes of MM V or greater in areas underlain
by‘salt, and fhe entire Stgte of Michigan’lies within seismic-risk zone 1
(minor damage). |

In addition to these regional characteristics that make the basin
appear generally favorablé, there are other geologic-hydrologic factors
that_bear upon‘the overall Qotential of the Michigan baéinbfor possible
repository consiqerétioq. 'Important grouné—water resources underlie
many pafts of the region, but there aré areas where the quantity and.
quality are low,: Glaéial drift is thick in much of the State, although
there are some iargé,areas where the drift is ;hin or absent. Although
petroleum exploratiohvand production are conducted in most parts of the
basin, there are areas with few boreholes and low petroleum potential.
Sal; and natural brines are the only other resources‘p:oduced from deep
subsurface soufcés,»and repository sites should’not be considered in
areas that Qould;gonflict with or be jéopardized by these mineral-

recovery activities. _
' 55
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‘We recommend fﬁéﬁ the:data‘presentéd inAthis‘suﬁmary'be
evalﬁated,vglong:Qith’bther pertinent information that is gvailable,
to determinevwhéther there may‘Be specific areas in the Stﬁte that afe
sufficiently favofable for radioactive-waste sgofage to warrant more-

detailed study.
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