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. . INTRODUCTION 

The Silurian-age Salina salt, one of the greatest deposits of 

bedded rock salt in the world, underlies most of the Michigan basin and 

parts of.the Appalachian basin in Ohio, Pennsylvania, New 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 

safely 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 detailed,study. Distribution of the important salt deposits in 

the basin is limited to the Southern Peninsula of Michigan (fig. 1). 

As recently summarized in a document by the,U.S. Energy Research 

and Development Administration (1976), permanent geologic storage is the 

leading method for the safe, long-term management of solidified, high- 

level radioactive wastes derived from the domestic nuclear fuel cycle. 

And it has been well established, in the long-standing opinion of many 

investigators (Na.tinna1 Academy of Sciences-National Research Council, 

1957; delaguna, 1966; McClain and Bradshaw, 1969), that salt constitutes 

the most promising rock type in which to permanently store high-level 

radioactive waste. The properties of salt (halite) that make it 



Figure 1. Base map of Michi8mVs Southern Penhula ehowing rrurface drainage, 
comtfes, county seats, and area underlain by deposits of bedded rock sa l t  
(halite) . 



. . 3 .  . . 

promising include its low permeability, low moisture content, high 

-thermal conductivity, high. plastictty, and high gamma-ray shielding. An 

sggregate' thickness: of 200 feet for a given salt-bearing sequence cdn- 
. . 

tained 1,000 to 3,000 feet below. the surface is considered well within 

acceptable limits for insuring isolation of the buried waste material. 
. .  . 

Sites for geologic isolation of radioactive waste must be 

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

thus no radiation' exposure to the general public. , Because geologic 
. . 

environments vary appreciably, this assurance of .isolation can be met in 

different ways at different sites, provided that all prospective sites 
. . 

are carefully evaluated and tested,prior to selection. Inasmuch as cir- 
. . 

culating.ground water is the most likely means by which.radionuclides 

might escape a permanent geologic-storage site, each must be studied in 

detail to, establish its own unique ,geologic and hydrologic features, as 

well as its geologic history. Major, factors, to, be considered are the 

following : 

1. Depth to disposal horizon - Disposal, intervals should be located 
at depths suffi,cient to isolate waste from surface phenomena 

such as eroslu~l aurl Llologlcal processes. 

2. Thickness and extent of host rock - Vertical and lateral 
. . 

dimensions of the host rock used for storage should be suffi- 

cient to allow for adequate heat dissipation. They should also 

permit effective closure of any fractures that may develop near 

any repository. 

3. Homogeneity of host rock - Homogeneous rock units are preferred 
over nonhomogeneous ones. They commonly are mote easily mined, 



can better dissipate heat, and generally lack features'that can 

' lead to ground-water, problems. 

. . 4. Host-rock .porosity and permeabila - The more-favored host 
rocks, exhibit both low po.rosity and.'ldw permeability .to preclude 

movement of ground water. Rocks immediately adjacent to a 

soluble host rock.should exhibit a similar low porosity and 

permeability. 

5 .  Mature and occurrence of: ground water - The nature of water- 

bearing'intervals near potential hose rocks is of utmost impor- 

tance. The direction,and rate of ground-water movement and 

resource utiligation are some specific consideritions. 

6 .  , Glacial drift - In glaciafed regions, it is preferred to avoid 
sit'ing repositories where thick glacial drift contains. important 

water or other mineral resources. 

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

quakes of moderate intensity, or greater. 

8. . Dip or inclination of host rock - The preferred dip of 
A .  

seJimel~lar.y rucks is 1ess.ehan a few degrees, because mining is 
. . 

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

9. Geologic structures - Joints, fractures, and faults in a host 
rock are deleterious because they caiserve as potential conduits 

for ground-water movement. 

10. Mineral resources - It is preferable to avoid.sites that would 
conflict with present or future production of oil and gas and 

significant deposits of important, nonpetroleum mineral resources. 



11. Boreholes and mines - Sites are preferred in areas where 
boreholes or mines do not penetrate a potential host rock, 

because these 'inan-made openings may allow water to enter and/or 

leave a .repository. 

12, ~emoteness - Repositories should not be located in or near 

urban'and resort areas, because this might conflict with 

specialized and high-priority use of nearby lands. 

13. Transportation - Sites must be accessible to transportation 
- 

such as highways and railways. 

Appreciation is,expressed to the Michigan Geological Survey and 

the Water Resources Division of the U.S..Geological Survey for assistance 

in obtaining data used in preparing parts of this report, and to 'the 

staff members of the Office of Waste Isolation in the Union Carbide Cor- 

.poration for unpublished data and for discussing the project and making 

suggestions during the course.of this study. 



.MAJOR SALT DEPOSITS OF THE UNITED STATES 

Thick sequences of bedded rock s a l t  have formed i n  a number of 

sedimentary bas ins  by the  p r e c i p i t a t i o n  of h a l i t e  (NaC1) from evapora t ing  

sea  water.  The major s a l t  depos i t s  i n  the  United S t a t e s  a r e  i n  the  

Michigan and ~ ~ ~ a l a c h i a n  bas ins  i n  the  nor theas t ,  t he  Gulf Coast bas in  i n  

the  south, and the  Permian bas in  i n  the  southwest ( f i g .  2) .  Other l a r g e  

s a l t  depos i t s  include those of the  Paradox, Wi l l i s ton ,  and Supai bagins 

i n  the  West. For t h e  purpose of t h i s  r e p o r t ,  however, only t h e  Michigan 

and. Appalachian bas ins  a r e  discussed i n  a d d i t i o n a l  d e t a i l .  

Si lurian-age s a l t  depos i t s  of . t he  nor theas te rn  United S t a t e s  a r e  

one of the  g r e a t e s t  accumulations of s a l t  i n  the  world (Lefond, 1969; 

Pierce  and.Rich, 1962). These th ick , .h igh-pur i ty  d e p o s i t s  occur i n  the  

Sa l ina  Group and they under l ie  a t o t a l  a rea  of about 100,000 square 

miles t h a t  embraces both the  Michigan and Appalachian bas ins  ( f i g .  3) .  
. . 

The Michigan bas in  contains the  major por t ion  of the  Sa l ina  Group 

s a l t .  ' F o r  example, t h e  s a l t  a t t a i n s  an .aggregate th ickness  of more than 
. . 

2,000..feet i n  the  c e n t r a l  p a r t  of t h e  bas in .  The th ickness  of ind iv idua l  

'salt  beds and of  t h e  e n t i r e  sa l t -bear ing  sequence decreases toward the  

edge of t h e  basin.  The depth t o  the  top of the  salt ranges from about 

6,000 f e e t  i n  t h e  center  of . . the  bas in  t o  between 500 and 1,000 f e e t  

along the  margins. . . 

The northern ha l f  of the  Michigan bas in  a l s o  conta ins  s a l t  i n  the  

Detro i t  River Group of  Devonian age. This s a l t  eec t ion  is more than 



Figure 2.. Map showing distribution of major s a l t  deposits  i n  the United States (modified from 
Lefond, 1969) .  



Figure 3. Map showing distribution.and depth of Silurian and Devonian salt deposits in 
Michigan, Ohio, and New York (modified from U.S. Energy Research and Development 
Administration, 1976, vol. 5) . 



500 f e e t  th ick  and contains a s  many a s  8 d i f f e r e n t  s a l t  beds, t h e , t h i c k e e t  

of which is more than 100 f e e t  th ick .  Although the  top of t h e  s a l t  is  

more than 4,000 fee t .  deep' i n  the  c e n t r a l  p a r t  of the  S t a t e ,  i t  is  l e s s  

than 1 , 3 0 0  f e e t  ' deep locally along the  northeastern margin of the  basin.  

The Appalachian bas in ' con ta ins  a southeastward extension of the  

Sal ina  Group s a l t  sequence. Here, t h e  s a l t  reaches an aggregate thick- 

ness of about 300 f e e t  i n . p a r t s  of e a s t e r n  Ohio and more than 900 f e e t  

i n  south-central New York' (Pierce and Rich, 1962). Sa l ina  Group s a l t s  

a l s o  under l ie  west-central and northwestern Pennsylvania, but  a r e  less 

than 200 f e e t  thick.  Dipping southeastward i n t o  the  Appalachian bas in ,  

the  s a l t  sequence l i e s  from 1,000 , t o  more than 5,000 f e e t  below ' t h e  

surface  i n  these  s t a t e s .  



STRUCTURE AM) GEOLOGIC HISTORY OF THE MICHIGAN BASIN 

' 

The Michigan b a s i n . i s  a  major sedimentary and s t r u c t u r a l  bas in  

t h a t  embraces a l l  of Michigan, a s  w e l l  a s  p a r t s  of Wisconsin, I l l i n o i s ,  

Indiana, Ohio, and Ontario. 'It is bounded on the  nor th  and nor theas t  by 

the  Canadian sh ie ld ;  on the  e a s t  and southeast  by t h e  Algonquin arch i n  

Ontario and the  Findlay arch i n  northern Ohio; on t h e  southwest by the  

Kadcakee arch i n  northwestern Indiana and nor theas te rn ,  I l l i n o i s ;  and on 

the  west and northwest by the  Wisconsin arch and Wisconsin dome (E l l s ,  
> 

1967 and 1969). Although near ly  c i r c u l a r  i n  o u t l i n e ,  the  bas in  has a 

s l i g h t  north-south elongation ( f ig .  4) . 
< 

The 'bas in  is  located  i n  the  t e c t o n i c a l l y  s t a b l e  i n t e r i o r  of 

North America. It is  characterized by e s s e n t i a l l y  f l a t - l y i n g  sedimentary 

rocks t h a t  a re  folded o r  . faulted a t  only a few places .  S t r a t a  d ip  gent ly  

i n t o  the  center  of the  bas in  from t h e  adjacent  arches and s h i e l d  area  

a t  a  r a t e  of 25 t o  50 f e e t  per  . . m i l e  (% t o  4 degree).  

The d e e p e s t . p a r t  of the  bas in  apparently under l ies  ,Clare and 

Gladwin ~ o i m t i & s ,  in the  c e n t r a l  pas t  of the '  Southern Peninsula, where 
. . 

14,000 t o  15,000 f e e t  of sedimentary rocks a r e  believed t o  o v e r l i e  the 

Precambrian (Ells,, 1967) .  These sedimentary rocks include s t r a t a  of 

Cambrian, Ordovician, S i lu r i an ,  Devonian, . . Mississippian,  Pennsylvanian, 

and J u r a s s i c  age, t h a t  a r e  ch ie f ly  carbonates, sha les ,  evapor i tes  ( s a l t  

and anhydri te) ,  and sandstones ( f i g s .  '5 and 6 ) .  They a r e  over la in  a t  

10  



Structurs Contour lines drawn on top of Precambrian 
----bcmemmt. Contour interval is 3000- (915n*kn). I 

Figure 4. Map of Michigan basin and surrounding area,Showtw principal 
tectonic pravinces . 
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Figure 6.  Generalized geologic map and cross section of Lower Peninsula 
of Michigan (modified from Kelley, 1968). 



most p l aces  by P le i s tocene  g l a c i a l  d r i f t  t h a t  averages between 200 and 

300 f e e t  i n ' t h i c k n e s s ,  b u t  l o c a l l y  is  more than  850 f e e t  t h i c k .  

  he bas in  may have ' f i r s t  developed ae  an embayment a s  e a r l y  a s  

Cambrian time (F isher ,  1969).  Throughout t h e  remainder of t h e  Pa leozoic  

Era, t h e  b a s i n  continued t o  subs ide  more than  t h e  ad j acen t  r eg ions ,  and 

thus  i t  received a  g r e a t  t h i ckness  of sediments  i n  i t s  c e n t r a l  p a r t .  

The major per iod  of  subsidence took p l ace  i n  Late  S i l u r i a n  t ime and 

accounts  i n  p a r t  f o r  depos i t i on  of t h e  t h i c k  S a l i n a  s a l t s  i n  t h e  

Michigan bas in .  

Basement rocks which u n d e r l i e  t h e  Michigan b a s i n  i n c l u d e  a  complex 

of igneous, metamorphic, and metasedimentary rocks  (Hinze and o t h e r s ,  

1975).  Four s e p a r a t e  basement provinces  have been recognized throughout 

t h e  bas in ;  . . t h e  age of emplacement o r  metamorphism of rocks  i n  t h e s e  

d i f f e r e n t  provinces  ranges from 0.8 t o  1 . 8  b i l l i o n  y e a r s  b e f o r e  t he  

p re sen t .  

Pre-Si lur ian  rocks  i n  t h e  Michigan b a s i n  c o n s i s t  of Cambrian 

sandstones and .0 rdov ic i an  l imes tones ,  do lomi tes ,  and s h a l e s  ( f i g .  5 ) .  

Formations of Cambrian age range i n  t h i ckness  from s e v e r a l  hundred f e e t  

i n  t he  sou theas t  t o  2,600 f e e t  (es t imated)  i n  t h e  no r th -cen t r a l  p a r t  of  

t he  bas in  (F isher ,  1969).    he th ickness  of  Ordovician s t r a t a  ranges 

from 900 t o  1,500 f e e t  around t h e  per imeter  o f  t h e  bas in  t o  more than 

1,800 f e e t  i n  t he  e a s t - c e n t r a l  p a r t  of t h e  b a s i n  (F i she r ,  1969) .  
. . 

.Of p r i n c i p a l  i n t e r e s t  f o r  t h i s  r e p o r t  a r e  t h e  sedimentary rocke 

and geologic  h i s t o r y  of t h e  S i l u r i a n  and Devonian Pe r iods ,  f o r  t hese  

s t r a t a  i n c l u d e  t h e . t h i c k  d e p o s i t s  of rock sal t  i n  the .Michigan  b a s i n .  

Carbonates ( l imestone and dolomite)  t h a t  formed dur ing  Ea r ly  S i l u r i a n  
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, . 

t i m e  represent  deposi t ion  i n  shallow .and warm marine waters .    his 

carbonate deposi t ion  reached optimum'conditions l a t e r  during the  Middle 

S i l u r i a n  when the  Niagaran reef  platform developed along the  borders of  

the  Michigan b a s ~ n  ( ~ r i ~ g s  and Briggs, 1974). The ree f  'bank ranges i n  

width from 5 t o  20 miles,  and separa tes  a back-reef lagoonal zone out- 

s i d e  of t h e  bas in  from a she l f  a r e a  and the  cent ra l -bas in  a r e a  enclosed 

by the  r e e f .  The she l f  a rea ,  which i s  about 15  t o  20 m i l e s  wide i n  the  

nor th  and 20 t o  40 miles wide i n  the  south,  was favorable  f o r  the  growth 

of numerous pinnacle r e e f s ,  many of which a r e  p r o l i f i c  o i 1 , a n d  gas 

. . , 

The Sa l ina  eva'porites (Late S i l u r i a n )  were not  deposi ted .  u n t i l  

a f t e r  major development of the  Miagaran r e e f s  had ceased i n  t h e  Michigan 

bas in  (Briggs and Briggs, 1974; Mantek, 1973). Marine reg ress ion  l e d  

t o  r e s t r i c t e d  c i r c u l a t i o n  of the  waters, i n  t h e  Michigan bas in  compared 

t o  'those of the  open ocean, and a s  a r e s u l t ,  the  waters  i n  the  bas in  

were.evaporated and bedded s a l t s  were deposi ted when t h e  water  became 

sa tu ra ted  with sodium chlor ide .  In te rmi t t en t  replenishment of marine 

water t o  the  basin permitted deposi t ion  of t h i c k  sequences of rock s a l t  

t h a t  extended throughout most of the  Southern Penineula. During periodo 

of marine t ransgress ion,  the  basin was fiooded and carbonates and o ther  

normal-marine . . sediments were deposited'. Sa l ina .  deposi t ion  i s  the re fo re  

charac ter ized  by a s e r i e s  of marine t r ansgress ions  and regress ions ,  with 

evaporftes  being formed during the  regress ions .  

Following: deposi t ion of the  Sa l ina  Group, the Bass I s l ands  dolomite 

was l a i d  down during a minor t ransgress ion  t h a t  preceded t h e  f l n a l  drain-  

ing  of marine waters  from t h e  Michigan b a s h  and subsequenr e ros iona l  
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period t h a t  produced- t h e  Silurian-Devonian .unconformity. T o t a 1 , t h i c k n e s s  

of S i l u r i a n  s t r a t a  ranges from 600-i;500 f e e t '  i n  t h e  south  t o  4,000 f e e t  

i n  t h e  c e n t r a l  p a r t  o f  t h e  bas in  (F isher ,  1969).  
. . 

Ear ly  Devonian dolomites  comprise t ransgress ive-mar ine  s h e l f  
. , 

carbonates  depos i ted  unconformably upon t h e  low-re l ie f  s u r f a c e  of eroded 

Bass I s l a n d s  s t r a t a .  (Gardner, 1974). During subsequent depos i t i on  of 

t h e  Middle Devonfan D e t r o i t  R h e r  Group, t h e  no r the rn  p a r t  of t h e  bas in  

became more r e s t r i c t e d  u n t i l  a s e r i e s  of . s a l t s  and anhydr i t e s  were l a i d  

down'with t h e  carbonates .  Landes ( 1 9 5 1 ) . f e e l s  t h a t  t h e s e  sa l t  beds 

were t h e  r e s u l t  of l each ing  and r edepos i t i on  of  salt  from t h e  o l d e r  

Sa l ina  Group. The Mackinac Breccia  i s  a term used t o  d e s c r i b e  zones of 
. . 

fragmented, angular  rock which encompass strata ranging  i n  age from the  

Sa l ina  through t h e  D e t r o i t  River.  The b r e c c i a  r e p r e s e n t s  c o l l a p s e  

s t r u c t u r e s  t h a t  r e s u l t e d  from d i s s o l u t i o n  of t h e  S a l i n a  s a l t s  i n  Middle 

Devonian t i m e  (Landes, 1959).  

Following t h i s ,  a s e r i e s  of l imes tones  des igna ted  t h e  

~ u n d e e  Limestone and t h e  Traverse Group were depos i t ed ,  and t h i s  i n  t u r n  
. . 

w a s  followed by d e p a s i t i o n  of t h e  Late  Devonian-Early, Mis s i s s ipp ian  

Antrim and ~ l l s ' w o r t h  Shales .  To ta l  t h i ckness  of Devonian s t r a t a  xangef: 

from s e v e r a l  hundred f e e t  i n  t he  south  t o  3,400 f e e t ,  In t h e  north-central .  
. . 

p a r t  of t h e  'bas in  (F isher ,  1969).  

~ i s s i s s i ~ ~ i a n ,  Pennsylvanian, and J u r a s s i c  rocks  c o n s i s t  c h i e f l y  

n f  sha leo  and sandsLones, and they a r e  r e s t r i c t e d  t o  t h e  c e n t r a l  p a r t  of 

t h e  bas in  ( f i g .  6 ) .  Their  aggrega te  t h i ckness  i s  about 3,000 f e e t  i n  

t h i s  reg ion  ( f i g .  5).  



Thick g l a c i e r s  covered a l l  of Michigan and surrounding a r e a s  

during the. Pleistocene ~ ~ d c h .  A series of foLr major ' i c e  s h e e t s  advanced 

southward across  the  region and then r e t r e a t e d ,  leaving behind th ick  

deposi t s  of g l a c i a l  d r i f t - t h a t  mantle the  bedrock. Thickness of the  

d r i f t  is more than 200 f e e t  i n  much of the  S t a t e  ( f i g .  7 ) ,  but  l o c a l l y  

exceeds 850 f e e t  i n  the  nor th-cent ra l  p a r t  of the  Southern Pen'insula 

(Akers, 1938). The . d r i f t  i s  t h i n .  o r  absent  l o c a l l y ,  p a r t i c u l a r l y  i n  t h e  

nor theas t ,  northwest, south-central ,  and e a s t - c e n t r a l  por t ions  of the  

basin'  ( f ig .  7 ) .  

The most s i g n i f i c a n t  s t r u c t u r a l  f e a t u r e  a f f e c t i n g  Paleozoic and 

younger rocks i n  t h e  Michigan bas in  i s  t h e  Howell a n t i c l i n e ,  a northwest- 

t rending fo ld  located  i n  the  southeas t  p a r t  of the  bas in .  E l l s  (1969) 

regards t h i s  fo ld  a s  the  l a r g e s t  of s e v e r a l  northwest-plunging, sub- 

p a r a l l e l  s t r u c t u r e s  on a broad, u p l i f t e d . b l o c k  designated a s  the  

Washtenaw. a n t i c l i n o r i m .  

Northwest-trending a n t i c l i n e s  with s a l t - f i l l e d  cores a r e  

developed wi th in  Sa l ina  and younger rocks i n , t h e  c e n t r a l  p a r t  of  the  

Michigan bas in  (E l l s ,  1967). These s t r u c t u r e s  r e s u l t  from draping of 

s t r a t a  over elongated l e n t i c u l a r  masses of Sa l ina  s a l t  that .remained 
. . 

a f t e r  s a i t  underlying adjacent  a reas  was d issolved by c i r c u l a t i n g  g round  
. .  . 

water. 

'Major f a u l t s  wi th in  the  Michigan bas in  appear t o  be minimal,. 

Probably the  most s i g n i f i c a n t  f a u l t  is  one on the  west f lank of the  

Howell a n t f c l i n e  where a basement-rock f a u l t  presumably grades upward 

i n t o  a sharp f l exure  i n  Ordovician and younger s t r a t a  ( E l l s ,  1969). 



Drift commonly less than 50 feet (15m) thick. 

Drift commonly 50 to 200 feet (I5 -61 rn) thick. 

F%gare 7. Map showing thickness of glacial drift in Hchigan's Southern 
Peninsula (medif ied f tom Akers , 1938) . 



Local ly,  anomalous changes i6 d i p s  and out,crop p a t t e r n s '  suggest  t h e  

presence of f a u l t s  w i th  smal l  displacement ,  a l though i n  many cases  t he  

r e l a t i o n s h i p s  a r e  f a r  from conclus ive  i n  proving t h e  e x i s t e n c e  o f  f a u l t s .  
. . 

It has  a l s o '  been contended ' t h a t  c e r t a i n  s u r f  ace l ineaments  d e t e c t e d  on 

a e r i a l  photographs and s a t e l l i t e  imagery may be t h e  r e s u l t  o f  subsur face  

c o n t r o l  due t o  f a u l t s  (Prouty, 1976).  More thorough r e g i o n a l  and l o c a l  

s t u d i e s  a r e  needed on p o s s i b l e  f a u l t i n g  i n  t h e  Michigan b a s i n  be fo re  any 

p a r t i c u l a r  a r e a  can be considered f r e e  of  such s t r u c t u r e s .  

Thus, t h e  h i s t o r y  of t h e  Michigan b a s i n  has been one of  t e c t o n i c  

s t a b i l i t y  s i n c e  t h e  beginning of  t h e  Pa leozoic  Era.  The r eg ion  has  not  

been a f f e c t e d  by mountain-building processes ,  and t h e  S a l i n a  s a l t s  and 

younger s t r a t a  appear v i r t u a l l y  f r e e  of s i g n i f i c a n t  deformat ion .except  

near  t h e  Howel l . , an t ic l ine  and v a r i o u s  sa l t - co red  a n t i c l i n e s .  

Since t h e  f i n a l  r e t r e a t  o f  P l e i s tocene  g l a c i e r s ,  l and  a r e a s '  

w i t h i n  the  Michigan b a s i n , ' r e l i e v e d  of a g r e a t  weight of i c e ,  have exper- 

ienced some measure of g l a c i a l  ( e l a s t i c )  rebound. ,Although t h e  magnitude 

of rebound i n  c e r t a i n  p a r t s  of  t h e  World, such a s  t h e  Scandanavian Penin- 

s u l a  'and around Hudson's Bay, Canada, has  been pronounced, t h e  amount 

experienced , i n  , the  Michigan bas in  i s  sma l l e r  .by comparison. G l a c i a l  

r ebound . in  t h i s  a r e a ,  moreover, does no t  pose a deformar.iona1 hazard.  

I n  some geologic  s e t t i n g s ,  t he  n a t u r a l  p rocesses  of  e r o s i o n  

and denudation have t h e  p o t e n t i a l ,  over long  pe r iods  of geologic  t ime,  

f o r  s t r i p p i n g  away a s i g n i f i c a n t  t h i ckness  of overburden and s u b j e c t i n g  

r a d i o a c t i v e  wastes  bur ied  a t  then-shallow depths  t o  c i r c u l a t i n g  ground 

and s u r f a c e  waters .  Based upon t h e  gene ra l  knowledge'of t h e  landscape 



and on t h e  sediment l oads  of. streams d r a i n i n g  t h i s  a r e a  (Great Lakes 

Basin Commission, 1975),  however, it appears  t h a t  t h e  r a t e s  of denuda- 

t i o n  and stream i n c i s i o n  i n  t h e  Michigan bas in  would range up t o  only 

a few.hundred f e e t  over  t h e  next  s e v e r a l  hundred thousand y e a r s ,  and 

t h a t  t h e  n o r t h  h a l f  of t he  Southern Peninsula  i s  be ing  eroded a t . a  much 

slower r a t e  than  t h e  south  h a l f .  The i n t e g r i t y  of  r a d i o a c t i v e  was tes  

bur ied  between 1,000 and 3,000 f e e t  below t h e  present-day l and  s u r f a c e  

would t h e r e f o r e  be maintained over  a s u f f i c i e n t l y  long  pe r iod  of t ime.  

Soluble  rocks ,  such a s  s a l t ,  gypsum, l imes tone ,  and dolomi te ,  can 

be d isso lved  by . s u r f a c e  . wate r s  and by ground wa te r s .  S inkholes  and o t h e r  

k a r s t - l i k e  f e a t u r e s  a r e  known i n  some a r e a s  of Limestone and dolomite  

outcrop i n  t h e  ~ i c h i g a n  bas in ,  and t h e  d i s s o l u t i o n  , o f  s a l t  depo ' s i t s  ,is 

d i s c u s s e d , i n  t h e  nex t  chapter .  



. . 

. . SALT DEPOSITS I N  MICHIGAN 
. . 

S a l i n a  Group 

The S a l i n a  Group con ta ins  t h e  major d e p o s i t s  of rock s a l t  

( h a l i t e )  i n  the .  ~ i c h i g a n  bas in .  The S a l i n a  c o n s i s t s  of  a  number of 

s t r a t i g r a p h i c  u n i t s  t h a t  a r e  equ iva l en t  t o  format ions ,  w i th  each u n i t  

composed predominantly of s a l t ,  ca rbonates ,  o r  s h a l e s .  I n d i v i d u a l  

u n i t s  have a  s i m i l a r  l i t h o l o g i c  c h a r a c t e r  over  a  wide geographic a r e a ,  

and t h e  d i s t i n c t i v e  mechanical-log curves f o r  each u n i t  permit  r e l i a b l e  

c o r r e l a t i o n s  over  l a r g e  d i s t a n c e s  ( E l l s ,  1967).  

The g r e a t e s t  t h i ckness  of  s a l t s  i n  t h e  S a l i n a  Group is  i n  t h e  

c e n t e r  of t h e  bas in ,  where s a l t . h a s  an  aggrega te  t h i c k n e s s  of  more than  

2,000 f e e t  and e x i s t s  a t  depths g r e a t e r  than  6,500 f e e t  below l and  sur -  

f ace  ( f i g .  8).  Both t h e  aggrega te  t h i ckness  of salts and t h e  depth 

below . land . s u r f a c e  t o . t h e  top  of the, s a l t s  i n  t h e  S a l i n a  dec rease  outward 

from t h e  c e n t e r  .of t h e  bas in  ( f i g .  9 ) .  The depth t o  t h e  . top of  t h e  

S a l i n a  s a l t s  (and each pf  t h e  s a l t  u n i t s  d i scussed  i n  t h i s  chap te r )  i s  

contoured based upon d a t a  i n t e r p r e t e d  from mechanical lnga o f  30 wel1.o 

d r i l l e d  throughout t he  bas in .  

An examp1.e of the  l i t h o l o g y  of t he  S a l i n a  Group, a s  i l t e r p r e t e d  

from mechanical and sample l o g s ,  is  presented  i n  F igure  1 0  f o r  an o i l -  

, w e l l  t e s t  d r i l l e d  near  t h e  edge of  t he  bas in  where t h e  va r ious  s a l t s  a r e  

rnoderate1.y t h i c k  and are a t  f a i r l y  shal low depths .  The cu r ren t  termi- 

nology and rock d i v i s i o n s  of  t he  S a l i n a  Group a r e  based l a r g e l y  on t h e  

2 1 



Figure 8. Map showing aggregate thickness and depth to top oi salt beds in 
Salina Group (Silurian). Modifed from Hardenberg (1949a, 1949b). 
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Prlnclpol lithologii6: n i z z l  
Skt'? SHALE LIMESTONE DOLOMITE ANHYDRITE 

Figure 10. Lithology and mechanical logs of Salina Gmup near northeast margin 
of Michigan basin* Logs from Shell Oil Co., Sheldon-State-Wellington No. 1-34, 
rec. 34, T. 32 N., R. 5 E., Alpana County. Lithology interpreted from 
mechanical lugs and sample log. 
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work of Landes (1945) and Evans (1950). Landes divided the Salina Group 

in to  units A through G, from oldest t o  youngest, and Evans further 

divided the A units. The following descriptions of individual uni ts  

are largely from the reports by E l l s  (1967). and Mesolella and others 

(1974) : 

A-1 Sal t  -- 
The A-1 s a l t  is the deepest uni t  of the Salina Group, and rests 

conformably upon the limestones and dolasi tes  of the underlying Niagaran 

Group. The A-1 contains clean salt i n  most par t s  of the basin in te r io r ,  

but also contains a few thin layers of potash (Anderson and Egleson, 

1970; &thews, 1970) i n  deeper pa r t s  of the basin. 

Thickness of the A-1 s a l t  is more than 200 feet  i n  mast pa r t s  of 

the basin inter ior ,  reaching some 475 fee t  i n  the center (fig.  11). 

Towards the margina of the basin the s a l t  thins abruptly and grades 

l a t e ra l ly  in to  anbydrite near the basinward edge of the Niagaran reef 

p la t  f om. 

The depth t o  the top of the A-1 salt is a s  much as 8,000 fee t  i n  

the central par t  of the basin, but i n  the northeast and southwest pa r t s  

of the b a ~ i n  the salt is only a l i t t le  sore than 3,000 feet below the 

surface (fig.  11). 

A-2 Salt -- 
The A-2 s a l t  is the thickest massive s a l t  tmit i n  most par ts  of 

the Michigan basin. It is separated from the deeper A-1 s a l t  by the A-1 

carbonate (fig. 10). The A-2 contains clean salt i n  the in te r io r  of the 

basin, but it grades l a t e ra l ly  in to  anhydrite along the margins of the 

basin. 



Pd.guro U. Map showhg thickness and approxiute d.pth to top of A-l salt 
rrnit in S d i a e  Group. Thickness data from Mesolella and others (1974). 



The thickness of the A-2 salt is more than 300 f ee t  i n  most areas,  

and exceed6 475 f ee t  i n  the deeper pa r t s  of the basin (fig.  12) .  The 

deposit ional limits of s a l t  areapproximately the same as  tha t  of the  

A-l salt. 

In the central  pa r t  of the basin the top of the  A-2 salt is more 

thaa 7,000 f e e t  below the  land surface ( f ig .  12). The depth t o  the top 

of the salt decreases towards the edge of the  basin and i e  only 3,000 

t o  4,000 feet i n  the southeast, southwest, and northeast  p a r t s  of the 

basin. 

B S a l t  -- 
The B salt, the next youngest s a l t  un i t ,  conais ts  of clean s a l t  

i n  the lower pa r t  and salt with t h in  interbeds of sha le  and dolomite i n  

the  tapper part .  It i$ underlain by the A-2 carbonate, by which it Is 

separated from the deeper A-2 salt (fig. 10). A s  with the o lder  salts, 

the B grades l a t e r a l l y  i n t o  anhydrite towards the margin of the  basin; 

but the aalt extends falrther t o  the north and southeast than the  other 

salts (fig. 13). 

Thickness of the  B salt is more than 300 f e e t  i n  most p a r t s  of 

the b a s h  in t e r io r ,  and it reaches more than 475 f ee t  i n  the center  ( f ig .  

13). The clean salt i n  the lower pa r t  commonly comprises about one-half 

the t o t a l  thickness of the  B uni t .  

The depth t o  the  top of the  B salt is just over 7,000 fee t  i n  the 

eeatral. part of the basin, (fig. 13). The salt is only 2,000 t o  3,000 f ee t  

below the  surface i n  the southeast, southwest, northeast ,  and northwest 

parts of the basin. 



Figure 12. Map showing thickness and approximate depth to top of A-2 salt 
unit in Salina Gr6up. Thickness data from Hesolella and others (1974). 



Figure 13. Map showing thickness and approximate depth to top of B salt unit 
in Galina Group. Thickness data from Mesolella and others (1974). 



D S a l t  .. . -- 
1 . .  The D un i t .  c o n s i s t s  of two moderately t h i n  s a l t  beds sepa ra t ed  by 
! . . .  

a t h i n  mbdial ' .dolomite bed ( f i g .  10) .  T o t a l  t h i ckness  of t h e  u n i t  

ranges from 40 t o  100 f e e t ,  and thus  i t  c l e a r l y  is  too t h i n  t o  be con- 
1 .  .. 

s ide red  a s  a h o s t  rock f o r  s t o r a g e  of r a d i o a c t i v e  waste .  
J ' 

F S a l t  -- 

The F u n i t ,  is  a success ion  of pure  and impure sa l t  beds in te rbedded  

wi th  s h a l e ,  dolomite ,  and anhydr i t e  ( f i g .  1 0 ) .  It  con ta ins  t h e  .youngest  

i 
i ( sha l lowes t )  s a l t s  o f  t h e  S a l i n a  Group i n  t h e  Michigan b a s i n .  
I 

. . 
Thb F s a l t s ,  l i k e  o t h e r s  i n  t h e  ~ a l i n a ,  a r e  t h i c k e s t  i n  t h e  

! ' 

j central .  p a r t  o f  t h e  bas in .  T o t a l  t h i ckness  of t h e  F u n i t  i s  a maximum 

j. 
I 

of  n e a r l y . 9 7 0  f e e t  i n  Ogemaw county, bu t  it t h i n s  toward t h e  margin of  
I 
! 

I -- t h d ' b a s i n  due c h i e f l y  t o  d e p o s i t i o n a l  thi l?ning of t h e  s a l t  beds ( E l l s ,  

1967). I n  some p a r t s  of  t h e  b a s i n  t h e  sal t  has  been removed by pre- 

Devonian.erosion,  and i n  o t h e r  a r e a s  some of t h e  sal ts  may be t h i n  o r  
. . 

missing due to d i s s o l u t i o n  by ground water .  

Most of t h e  i n d i v i d u a l  sal t  beds i n  t h e  F u n i t  a r e  only  5 t o .  

20 f e e t  t h i c k ,  b u t  t h e  two bottom beds and t h e  top  bed commonly a r e  

massive saJts 30 to 60 feet th i ck  ( l o c a l l y  a s  much ,as 190 f e e t  t h i c k ) .  

Inasmuch a s  t h e  F u n i t  is  t h e  youngest sal t  i n  t h e  S a l i n a  Group, 

i t s  depth below.ground l e v e l  i s  t h e  same a s  t h a t  of t h e  S a l i n a  ( f i g .  8): 

The top o f .  t h e  F salts is  l e s s  than  3,000. f e e t  deep along t h e  southern  

and no r the rn  margins of t h e  bas in .  



. D e t r o i t  River  Group 

. The D e t r o i t  River Group of Devonian age con ta ins  t h e  youngest 

s a l t s  i n  t he  Michigan bas in  ( f i g s .  5 and 9 ) .  s a l t  occurs  i n  many 

s e p a r a t e  u n i t s  ( f i g .  14)  t h a t  a r e  interbedded wi th  anhydr i t e ,  l imes tone ,  

and dolomite (Gardner, 1974).  The s a l t  beds a r e  20 t o  80 f e e t  t h i c k ,  

a l though t h e  uppermost s a l t  reaches  115 f e e t  t h i c k  i n  Kalkaska and 

neighboring count ies .  

: Aggregate t h i ckness  of s a l t s  i n  t he  D e t r o i t  River  Group ranges 

f rom 100 t o  500 f e e t  i n  much of  t h e  no r the rn  p a r t  o f  t h e  Michigan 

bas in  ( f i g . . l 5 ) .  The th i ckness  decreases  towards t h e  margin of  t h e  

bas in ,  p a r t l y  due t o  d e p o s i t i o n a l  t h inn ing  of  t h e  s a l t s  and p a r t l y  

dug t o  d i s s o l q t i o n  of  t h e  sal t  . (mainly i n  t h e  no r the rn  p a r t  of t h e  

sal t  a r e a )  . 
The depth t o  t h e  top  of t h e  D e t r o i t  River  s a l t s  i s . a s  much a s  

. . 

4,000 f e e t  i n  t h e  c e n t r a l  p a r t  of t h e  b a s i n ,  bu t  moderately t h i c k  s a l t s  

are only 2,000 t o  3,000 f e e t  below t h e  s u r f a c e  i n  t h e  n o r t h .  

Sa l t '  D i s so lu t ion  

It i s  c l e a r  t h a t  i n ' p a r t s  of t h e  ~ i c h i g a n  b a s i n  d i s s o l u t i o n  of 

s a l t  beds has occurred i r i ' t h e  p a s t .  Abrupt t h inn ing  and t e rmina t ion  of 

some s a l t  u n i t s  nea r  t h e ' e d g e  of  t h e  bas in ,  and development of  salt- 

cored a n t i c l i n e s  w i t h i n  ' t h e  b a s i n  have been ' a t t r i b u t e d  main ly  t o  d i s -  

s o l u t i o n  of S a l i n a  (and perhaps D e t r o i t  River)  s a l t s  i n  S i l u r i a n  and/or 

Devonian time ( E l l s ,  1967; Landes, 1959).  D i s so lu t ion  and removal of 

t h e  s a l t s  caused 'over ly ing  rock u n i t s '  t o  become ' b recc i a t ed  as they  



Sonic 
inches f?~icmwonchr/tset 

Figure 14. Lithology and mechanical loga'of salt-bearing strata i n  Detroit 
River Group. Logs of Shell O i l  Co., Shell  Kert No. 1-4, sec.  4,  T. 28 N., 
R. 4 W . ,  Crawford County. Lithology iriterpreted from mechanical legsr. 



-i2@ - Aggregate thickness of so/c /hferw/ 1s 900fmf 630 5 m) 
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Depth to top of su/$ /h 9000 k of &t /3U5m) 

Figure 15. Map showing aggregate thickness and depth t o  top of s a l t  beds ' in  
Detroit River Group (Devonian). Modified from Michigan Geological Survey 
(no date, 3 and b) . 
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1 col lapsed  i n t o  t h e  s o l u t i o n  c a v i t i e s ,  thus forming u n i t s  such a s  t he  
I . . 

i. ,. 
Mackinac Breccia  (Landes, 1959).  

1 . :  
j ;. 

I ..' 
I n  a d d i t i o n  t o  a r e a s  where d i s s o l u t i o n  has  occurred s h o r t l y  a f t e r  

i 
1 s a l t  depos i t i on ,  t h e r e  mgy be d t h e r  a r e a s  i n  t h e  ~ i c h i g a n  b a s i n  where 

I salt  beds a r e  c u r r e n t l y  being d i s so lved .  Where s a l t  d e p o s i t s  a r e  near  
I 
I 

t h e  land  su r f ace ,  ground wa te r s  can migra te  through t h e  surrounding 

i 
rocks and d i s s o l v e  t h e  s a l t .  Such s o l u t i o n i n g  water  must cont inue  t o  

1 

! 
I move through t h e  system, o therwise ,  by remaining i n  con tac t  w i t h  the  
i 

sal t ,  t h e  water  becomes s a t u r a t e d  and f u r t h e r  s o l u t i o n  is  no t  ~ o s s i b l e .  

The.niovement of  water  occurs  through a q u i f e r s  (porous l a y e r s  o f  lime- 

s tone ,  dolomite ,  o r  sandstone)  and a l s o  through f r a c t u r e s ,  j o i n t s ,  

s inkho le s ,  co l l apse  f e a t u r e s ,  and o t h e r  openings t h a t  enable  v e r t i c a l  

i n t e r connec t ions  between formations.  Subsequent s t u d i e s  should e s t a b l i s h  
. . 

t h e  exac t  - e x t e n t  t o  which s a l t  d i s s o l u t i o n  is  now occur r ing  because of  

t h e  p o s s i b l e  adverse e f f e c t  t h i s  phenomena would have on t h e  long-term 

s a f e  i s o l a t i d n  o£ high-level  r a d i o a c t i v e  waste  i n  underground s a l t  beds. 



Surf ace Water 

I .  Surface drainage i n  the  Southern Peninsula c o n s i s t s  of streams 

. and r i v e r s  t h a t  flow toward Lake Michigan and Lake Huron ( f i g .  1 ) .  
. . 

The headwaters and drainage a reas  a r e  wi th in  t h e  S t a t e ,  except i n  the  , 
i - 

south where some of the  streams flow through p a r t s  of Ohio and Indiana. 
! .  

Pr inc ipa l  r i v e r s  i n  the  S t a t e  include:  S t .  Joseph, Grand, Muskegon, 

Manistee, and Au Sable Rivers. Numerous l akes  a l s o  a r e  present  i n  the  

Lower Peninsula. 

Nearly' a l l  the  water i n  the' s t r eams , r ive r s ,  and l a k e s  comes 

d i r e c t l y  from p r e c i p i t a t i o n  and runoff ,  but  some is derived from s p r i n g s  
' .. 

, - emerging, from g l a c i a l  d r i f t  and bedrock. , Small amounts of excess o r  

i 
used water produced from water w e l l s  adds t o  the' d ischarge  s l i g h t l y .  

. . 

Average annual p r e c i p i t a t i o n  ranges from 26 t o  36 inches:  i t  is  26 t o  

30 inches i n  most p a r t s  of t h e  nor theas t ,  aqd i s  30 t o  36 inches  i n  most 

of t h e  southwest. 

Water from the  Great L a k e s , i s  used ex tens ive ly  by munic fpa l i t i e s  

and i n d u s t r i e s  located near  these  water bodies.  Inland Prom t h e  Great 

Lakes, the  many lakes  and r i v e r s  a r e  a major source of  f r e s h  water f o r  

municipal, i n d u s t r i a l ,  and r u r a l  use. 

.Ground Water 

. . I n  most p a r t s  of  ' the Southern Peninsula t h a t  a r e  remote from 

Lake' Huron o r  Lake 'Michigan, g l a c i a l  d r i f t  i s  the  common source of 



. f r e sh  ground.water  f o r  urban,' i n d u s t r i a l ,  and r u r a l  water  s u p p l i e s  

( f i g .  16)., Thickness o£  t h e  d r i f t  ranges  from 50 t o  more than  800 f e e t  

i n  most p a r t s  o f t h e  S ' ta te  ( f i g .  6.). Where i t  is t h i c k . a n d  c h i e f l y  

c o n s i s t s  of  band, i t  is e a s i l y  recharged by p r e c i p i t a t i o n .  I n  t hose  

a reas ,  l a r g e  volumes of f r e s h  ground water  a r e  s t o r e d  and water  w e l l s  

provide good y i e l d s  f o r  long  p e r i o d s  of  t ime.  Where t h e  d r i f t  i s  t h i n  

and c o n s i s t s  mostly of  c l ay ,  l i t t l e  water  i n f i l t r a t e s  i n t o  t h e  d r i f t ,  

and w e l l  y i e l d s  a r e  smal l  o r  nonex i s t en t .  

The y i e l d s  of  water w e l l s  i n  g l a c i a l  d r i f t  range from 10  gpm 

(ga l lons  pe r  minute) t o  more than  500 gpm i n  many p a r t s  of t h e  Southern 

peninsula  ( f i g .  17) .  The a r e a s  of  h i g h e s t  y i e l d  g e n e r a l l y  co inc ide  wi th  

t h e  a r e a s  of  t h i c k e s t  d r i f t .  Yie lds  of less than  10  gprn can be expected 

i n  s e v e r a l  l a r g e  a r e a s  of t h i n  d r i f t  i n  t h e  sou th -cen t r a l ,  e a s t - c e n t r a l ,  

and no r the rn  p a r t s  of  t h e  reg ion .  

Water i n  t h e  g l a c i a l  d e p o s i t s  i s  g e n e r a l l y  of good q u a l i t y ,  bu t  

i t  is moderately hard.  It commonly con ta ins  between 200 and 500 ppm 

( p a r t s  per  m i l l i o n )  of t o t a l  d i s so lved  s o l i d s ,  and i ts  hardness  (expressed 

a s  CaC03) is  175 t o  350 ppm (Piper ,  1972).  In  t h e  lowest  p a r t  o f  t h e  

d r i f t ,  o r  through most of i t s  th i ckness  where t h e  d r i f t  is t h i n ,  water  

q u a l i t y  decreases  due t o  an i n c r e a s e  i n  calcium (Ca) and s u l f a t e  (SO4) 

i o n s  and,, l o c a l l y ,  i n  sodium (Na)  and c h l o r i d e  (Cl). i ons .  This  i nc rease  
. . 

i n  d i s so lved  s o l i d s  nea r  t h e  lower p a r t  o f  t h e  d r i f t  r e s u l t s  from mixing 

,between t h e  more-saline wa te r s  of t h e  under ly ing  bedrock and t h e  f r e s h  

waters i n  t h e  d r i f t .  

Limestone, dolomite,  and sandstone bedrock underlying t h e  g l a c i a l  

d r i f . t  provide f r e s h  ground water  i n  some p a r t s  of  t h e  Southern Peninsula ,  



Qbebl drift ............... FRESH OROUND WATER (LESS THAN 
1.000 rnul TOTAL DISSOLVED SOLIDS) 
GENERALLY IS NOT PRESENT BELOW 
THE INDICATED DEPTH 

f -! " 4-. 

APPROXIMATE DEPTH TO BASE OF FRESH GROUND WATER 

Figure 16. Principal sowas o f  public ground-water supplies and approximate depth t o  base 
of fresh ground water io Mtchigan. Reproduced from U .S. Geological Survey pamphlet on 
Water Resources Investigations in Michigan. 





part icular ly  i n  the  south-central, east-central ,  and northeast  areas  

(fig. 16). Yields of less than 100 gpm a re  f a i r l y  common, but a few 

w e l l s  have recorded yields  i n  excess of 500 gpm ( f ig .  10).  The higher 

y ie lds  are commonly from sandstones and some of the  limestones, whereas 

the lowest y ie lds  ( l e s s  than 10 gpm) a re  from the shales.  

Principal bedrock aquifers  i n  the  Southern Peninsula include 

the Saginaw Formation (Pennsylvanian) and Marshall Sandstone (Hississip- 

pian) in  the  south-central and eastern p a r t s  of the region, and a series 

of Devonian limestones aad dolomites (Traverse Group, Dundee Formation 

and Detroit  River Group) i n  the  northeast  ( f ig .  16). These, and other,  

bedrock aquifers  yie ld  ground w a t e r  of good qua l i ty  at many places  where 

they a re  within several  hundred f e e t  of the  land surface.  

A l l  bedrock fomaticms i n  the basin contain s a l ine  or mineralized 

water at depth. The base of the fresh-water zone i n  these aqui fe rs  ranges 

from lea. than 2d0 f e a t  t o  more than 900 f e e t  in di f  ferenr  areas ( f ig .  16). 

Below these depths, the water is generally too sa l ine  f o r  any prac t i ca l  

water-related we. Natural brines are, however, commercially obtained ' 

i n  cer ta in  areas and are processed f o r  mineral c o d i t i e s .  

Aslother geohydrologic application which has been widely in s t i t u t ed  

i n  the  Michfgan basin is  development of industrial-waste-disposal w e l l s  

(Ives and Eddy, 1970; Warner and Orcutt,  1973). Subsurface s a l i n e  aqui- 

f e r s ,  where su f f i c i en t ly  permeable and thick and overlain by an e f f ec t ive  

imperareable seal, have been u t l l i zed  t o r  disposal through in j ec t ion  of 

a var ie ty  of grocelra brines,  chemical e f f luen ts ,  and other l iqu id  waetes. 

In fac t ,  the  f i r s t  industrial-waste-disposal w e l l  approved and regulated 
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Ffgure 18. Ganeral availabjllity and quality of ground waear l a  the bedrock 
depaeita in Michigan's Southern Peninsula (after Twenter, 1966b). 



by a s t a t e  was ins ta l l ed  i n  Michigan i n . 1 9 5 0 . .  Several di f ferent  disposal  

horizons within the Paleozoic rock sequence have been u t i l i z e d ;  the 

' . largest  concentration of these disposal syitens is i n  the   id land' area. . . 

' . .  . 



Recorded se i smic  a c t i v i t y  i n  t h e  Michigan bas in  and surrounding 

a r e a s . i s  low, compared t o  most. o t h e r  p a r t s  of t h e  United S t a t e s .  

Earthquakes having a Modified Merca l l i  I n t e n s i t y  of V (MM V) o r  g r e a t e r  

a r e  spa r se  i n  t h e  reg ion  (Cof £man and von Hake, 1973) , except  i n  nor th-  

western Michigan and i n  western and n o r t h e a s t e r n  Ohio ( ' f ig .  1 9 ) .  Earth- 

quakes i n  nearby p a r t s  of Canada wi th  an Ins t rumenta l  Magnitude o f  3.5 

(ML 3.5) o r  g r e a t e r  a r e  s p a r s e ,  according t o  Smith (1966). The e n t i r e  

Michigan b a s i n ' i s  w i th in  zone 1 (expected minor damage) on t h e  seismic-  

r i s k .  map prepared by S. T. Algermissen (ESSA/Coast and Geodet ic  Survey, 

1969). 

Only two 'ear thquakes  of MM V o r  g r e a t e r  have been recorded i n  

t h a t  p a r t  o f  t h e  Michigan b a s i n  unde r l a in  by t h e  S a l i n a  sal t  sequence, 

and bo,th t h e s e . e v e n t s  w e r e  i n  t h e  southern  h a l f  o f  t h e  a r e a .  Thus, t h e  
, . 

nor thern  h a l f  o f  t h e  Michigan bas in  appears  t o  be more f avo rab le  s e i s -  

mica l ly  than  o t h e r  p a r t s  . . o f , t h e  bas in  f o r  t h e  termina.1 s t o r a g e  of 

r a d i o a c t i v e  waste  i n  s a l t .  

The f o u r  ear thquakes 'of MM V o r  MM V I  recorded i n  Michigan'e 

Lower Peninsula  occurred i n  t h e  south  (Coffman and von Hake, 1973).  

Earthquakes occurred near  t h e  head of Saginaw Bay i n  1872 (MFI V), i n  . . 

sou theas t  Michigan i n  1877 (MM 1V-V), nea r  Kalamazoo i n  1883 (MM VI),  

and i n  south-cent ra l  Michigan i n  1947 (MM VI) .  Other ear thquakes  

recorded i n  Michigan have been l o c a t e d  i n  t h e  Upper Peninsula ,  and 

inc lude  even t s  a t  Menominee i n  1905 .(MM V), a t  Calumet i n  1905 (MM VI) ,  
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Figure 19. Map showing epicenters of earthquakes of (at  l e a s t )  MM V or ML.3.5 
i n  Hichigan and surrounding areas. United States  data through 1970 
(Coffman and von Hake, 1973) and ~anadian  data. through1959 (Smith, 1966). 



on the Keweenew ~ e n i n a d e  in 1996 @lM VIlt) , and e l  Hdyhtan i n  1469 

0.iM y). 

I ,Two areae of mare-frequent seismic activity err in wectera ahd 

northeastern Ohio. The elustrr df eatthpuekee 'in weveatew 6hio, inolud- 

I ing those near hne, occurred i n  1875 VII), 1884 (1 Vx)  1929 

1 (EM V) , 1930 (EM V f  I), 1931. (MM V I P ) ,  1937 (MI4 PIX) &id 1937 (M.l v I l w  I 

VIII) . Thoee in the Cleveland area d f  northreetern Ohio inaiudad one 

event of MM XV-V,' in 1943, end f ive svente aP V i n  i966, 1928, 

1955 (2)'. and 1958, 

United States pert of the region (fig. 19) Lrr two even& thee aoollrred 

in 1909 (MI4 V I T )  i n  centfat end north-cetltrei Tl l i r ib i s .  

The larger oarrhquekes i n  Canada include ivsnts during 5941 near 

~udbury (% 4 . 4 ) ,  neer Laforeat (b+, 4  6 3 ) ,  and in Georgian f (% 4 4 4 )  1 

and a l a t e r  event ,in 1957 neer London (I+, 4  4 2 )  , 



MINERAL RESOURCES 

O i l  and Gas --- 

o i l  and gas a r e  produced i n  t h e  Michigan b a s i n  from r e s e r v o i r  

rocks of ~ r d o v i c i a n ,  S i l u r i a n ,  Devonian, and Miss i s s ipp ian  age ( E l l s  

and o t h e r s ,  1974; Netherland, Sewell and Assoc ia tes ;  1975).  Most of 

t h e  o i l  and gas . f i e l d s  i n  c e n t r a l  and southwestern ~ i c h i g a n  produce from 

r e s e r v o i r s  above t h e  ~ i l u r i a n  s a l t  d e p o s i t s  ( f i g .  20) .  These f i e l d s  

gene ra l ly  .produce from s t r u c t u r e s  l o c a t e d  along sa l t - co red  a n t i c l i n e s  

t h a t  t rend  northwest t o  sou theas t .  More than  20 major a n t i c l i n e s  a r e  

p re sen t  i n  t h i s  p a r t  of t h e  s t a t e .  Many dry  ho le s  have been d r i l l e d  

along these  f o l d s  i n  o rde r  t o  connect t h e  product ive  a r e a s ,  and i n  

r ecen t  yea r s  d r i l l i n g  i n  t h i s  province has  decreased.  , 

F i e l d s  producing from S i l u r i a n  (Niagaran)  r e e f s  are concent ra ted  

i n  d i s t i n c t  bands o r  c l u s t e r s :  one is t h e  northeast-southwest  band 

' ac ros s  nor thwes tern  k c h i g a n ;  another  i s  t h e  east-west  band a c r o s s  the  

south-cent ra l  p a r t  of t h e  s t a t e ;  and t h e  t h i r d  i s  a c l u s t e r  i n  t h e  

sou theas t .  The f i e l d s  i n  t h e s e  bands a r e  p r o l i f i c  and produce from 

t h e  p innac le  r e e f s  t h a t  developed i n  t h e  s h e l f  a r e a  t h a t  rimmed the  

Michigan bas in  i n  Niagaran time. Reefs have not  been found i n  t h e  

c e n t r a l  p o r t i o n , o f  t h e  bas in  where t h e  'northwest-southeast  t r e n d i n g  

pos t -S i lu r i an  f i e l d s  a r e  l oca t ed .  

The f i r s t  commercial o i l  we l l  i n  t h e  p innac le  r e e f s  of no r the rn  

Michigan was completed i n  1952 i n  Mason County (Mesolel la  and o t h e r s ,  

4 5 



Figure 20. Map of o i l  and gas f ie lds  in Michigan (alter Ells and others, 
19t4; Netherland, Sewell  and Aaaociates, 1975). 



1974). Other t e s t s  that penetrated the Niagaran and Salina carbonates 

commnly exhibited n o n c o ~ r c i a l  shows of hydrocarbons. I n  1969, however, 

three exploration w e l l s  confirmed the presence of commercial quanti t ies  

of petroleum within Niagaran reefs,  and t h i s  precipitated a boom of 

d r i l l ing  act ivfty tha t  reeulted i n  completion of many commercial o i l  and 

gas wells within the northeast-trending band of reefs .  The "fairway" 

i n  which the pinnacle reefs  occur is about 10 m i l e s  wide and now extends 

160 miles from Mason County on the southwest t o  Presque I s l e  County, 

and it is believed (Briggs and Briggs, 1974; Mantek, 1973) tha t  t h i s  

tread extends eaatward through southern Presque I s l e  County (fig. 20). 

Fields producing from Ordovician reservoirs are those near the 

southern border of the State, and they generally l ie  outside the area 

underlain by thick s a l t s  i n  the Salina Group. 

Petroleum production for the State  during 1974 amounted t o  

18 million barrels of o i l  and 70 b i l l ion  cubic f ee t  of natural gas 

(fig. 21), and the value of petroleum production was nearly 20% of 

Mictalgaa's t o t a l  mineral output for  the year. 

Although a considerable number of o i l  and gas tests have been 

dr i l led  in Michigan, the majority of these t ee t s  is concentrated i n  

epccific area8 and along specif ic  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 d r i l l ed  ( f ig  * 22)- 

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

the i r  preliminary study and the data i n  Figures 20 and 22, that  certain 



MINERAL PRODUCTION OF MICHIGAN - 1974 
Compiled by the Geological Survey Divis ion 

PERCENT -CHANGE RANK I N  
FRQM 1973 IN: U.S. FOR 

MINERAL WIT QUANTITY VALUE Quantity Value 1973(Value 

Iron O r e  Long tons (22401) 11 ,530,796 257,943,788 -6.4 +43.2 2 

m a t  Short tons 6,119,999 146,822,510 -5.7 +13.3 4 

Petrolem Barrels (42 gal .) 18,101,812 154,951,511 +24.6 +160.1 17 

Sand & 6rarel St .  Tons (20004) 60,072,793 82,709,611 -4.8 +11.4 2 

Nat .SI l ines(1)  ShortTons 1,406,650 112,349,792 +27.0 -7.2 1 

CWr Pounds 131,037,602 108,761,210 -13.6 +15.5 6 

Sal t  Short Tons 4,444,704 62,054,985 -7.7 +15. 5 2 

Stone (2) Short Tons 28,139,838 47,625,238 +4.4 +16.8 14 

L i r  Short Tons 1,528,157 30,836,238 -1.1 +15.3 4 

kt. Gas Th. Cu. Ft. (RF) 69,806,374 35,182,413 +59.7 +1d3.3 16 

W P S ~  (crude) Short Tons 1,482,192 7,257,885 -21.3 +15.0 1 

Clay 4 Shale (3) Short Tons 2,160,928 4,073,629 +O. 5 +23.3 8 

Feat Short Tons 244,223 3,811,397 +5.1 +75.5 1 

Hurl Mrt Tons 151,298 258,007 +108.2 +225.6 1 

W i  sccl laneous (4) 3,463,152 +23.2 

TOTAL 1,057,301,366 +29.4 

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

(2) Dohs not include 19,142,166 short tons of limestone II Bolomi t e  valued a t  $24,772,217 
used i n  the manufacture of cement and 1 ime. 

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

(4) Sulfur, mInera1 pfr~nents, s i lver.  

Mchiganls t o ta l  mineral value of'1,057,301,366 i n  1.974, ranked Michigan as I S  
i n  U. S. 

Fimre 21. mmral production of Michigan during 1974 (reproduced from M e ,  
1975). 



LESS THAN NINE THIRTY SIX OR MORE 

Figure 22. Map shewing density of d r i l l i n g  of o i l  and gas tests in Michigan 
(after Nethexlaad, Sewell and Associates, 1975). 
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areas  i n  the  Michigan s a l t  basin can be i den t i f i ed  where development 

along present and/or possible fu ture  o i l  and gas trends w i l l  not be 

interfered with by possible storage and high-level radioactive waste i n  

the Salina s a l t  deposits. 

Sa l t  - 
Salt resources of Michigan are vas t  and a r e  l imited s t r a t i -  

graphically t o  the  Si lur ian (Salina Group) and Devonian (Detroit  River 

Group) Systems. Sa l t  o r  salt br ines  are produced a t  mines o r  brine-well 

p lants  at  10  l o c a l i t i e s  i n  the  southern and cen t r a l  p a r t s  of the  S ta te  

(fig. 23). I n  the southeast ,  three  operations a r e  ac t ive  i n  Wade County 

and two i n  St .  Clai r  County; i n  the center of the S ta te ,  one producer is 

located i n  each of Midland and Grat iot  Counties; and i n  the  w e s t ,  there  

a r e  two f a c i l i t i e s  i n  Manistee County and one is i n  Muskegon County. 

Production of s a l t  i n  Michigan during 1974 was 4,444,704 shor t  tons 

(fig. 21), which amounted t o  about 10 percent of the  t o t a l  United S ta tes  

production. 

With the  vastness of s a l t  resources i n  the  S ta te ,  it is unlikely 

t ha t  use of underground s a l t  beds fo r  radioactive-waste storage a t  one 

o r  several  sites would have any s ign i f i can t  impact on the  present o r  

future  ava i l ab i l i t y  of adequate s a l t  resources f o r  t h i s  pa r t  of the  

United States.  A waste repository should not be s i t e d  i n  s a l t  deposi ts  

near these mines o r  br ine  wells  because the  long-term i so l a t i on  of the 

repository might be jeopardized. This is  espec ia l ly  important where 

solution-mining is being u t i l i z ed  t o  recover the s a l t  i n  the form of 

a r t i f i c i a l  brines. 
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Figure 23. Map shawing mlneral operations in Michigan (reproduced from 
Lerais, 1975). 



Natura l  Brines 

Natural  b r i n e s  o r  s a l i n e s  produced from deep w e l l s  i n  t h e  S t a t e  

have been a  commercial source  of such impor tan t .chemica ls  a s  bromine, 

i o d i n e ,  calcium ch lo r ide ,  and magnesium compounds (Lewis, 1975) . The 

p r i n c i p a l  source  beds f o r  t h e s e  b r i n e s  a r e  t h e  F i l e r , a n d  Sylvania  

Sandstones i n ' t h e  D e t r o i t  River  Group (Devonian), and thus  they  a r e  

younger than  t h e  S a l i n a ' s a l t  beds. 

Michigan c u r r e n t l y  ranks  f i r s t  among t h e  s t a t e s  i n  product ion  of 

such n a t u r a l  b r ines .  The 7 ope ra t ing  p l a n t s  a r e  l oca t ed  a c r o s s  t h e  

c e n t r a l  p a r t  of t h e  S t a t e  i n  t h e  fo l lowing  coun t i e s :  Lapeer ( 1  p l a n t ) ,  

Midland ( I ) ,  G r a t i o t  ( I ) ,  Mason (2 ) ,  and Manistee (2 ) .  

Other Minerals  

Other known minera l  r e sou rces  i n  Michigan ( f i g s .  21  and 23) e i t h e r  

are no t  commercially recoverable  i n  a r e a s  t h a t  'might.  be considered f d r  

radioact ive-waste  d i sposa l ,  o r  they  a r e  being developed on ly  by sur face-  

mining techniques  t h a t .  would c o n f l i c t  wi th  rad ioac t ive-was te  s t o r a g e  only  

i n  t h e  &mediate v i c i n i t y  of a  s t o r a g e  s i t e .  

' Major m e t a l l i c  resources  ( i r o n  o r e  and copper) a r e  recovered 

on ly  i n  t he  Upper .Peninsula ,  and thus  t h e  continued development of these  

r e se rves  does not  c o n f l i c t  w i th  use of t h e  s a l t  d e p o s i t s  i n  . the Lower 

Peninsula .  

Gypsum resources  of t h e  S t a t e  a r e  g r e a t ,  and occur  mainly i n  

t he  Michigan Formation (Miss i ss ippian)  and i n  t h e  D e t r o i t  River  Group 

(Devonian) (Briggs, 1970),  and thus  a r e  younger than  the  S a l i n a  s a l t  

sequence. F ive  companies a r e  producing gypsum: t h r e e  q u a r r i e s  a r e  



a c t i v e  near  Alabas te r  . . i n  Iosco County and two shal low mines a r e  opera ted  
. . 

near  Grand Rapids i n  Kent. County (Lewis, 1975). c u r r e n t  product ion  is  

about 1,480,000 s h o r t  tons  ( f i g .  21) ,  o r  about 10  pe rcen t  of  United S t a t e s  

output ,  and Michigan l e a d s  a l l  o t h e r  s t a t e s  i n  gypsum product ion .  

Potash has r e c e n t l y  been i d e n t i f i e d  i n  t h e  A-1 e v a p o r i t e  

( ~ n d e r s o n  and Egleson, 1970; Mathews, 1970),  bu t  i t  is  appa ren t ly  

r e s t r i c t e d  t o  t h e . c e n t r a 1  p a r t  of t h e  Michigan 'bas in  where t h e  A-1 s a l t  

and the  over ly ing  A-2 and B s a l t s  a r e  t oo  deep t o  be considered f o r  
. . 

radioact ive-waste  d i s p o s a l .  These potash  d e p o s i t s  a r e  n o t  now be ing  

produced. 

Stone is  an important  nonmeta l l ic  minera l  res6urce  t h a t  is  

produced from,bedrock formations f o r  a  v a r i e t y  of u ses .  Limestone and 

' dolomite a r e  used a s  crushed s t o n e  f o r  aggrega te ,  cement, l ime,  f l u x ,  

and f o r  chemical A d  a g r i c u l t u r a l  a p p l i c a t i o n .  They a l s o  a r e  recovered 

as dimension s tone .  Other t ypes  of s tone ,  such a s  sands tone ,  b a s a l t ,  

and marble, a r e  used p r imar i ly  a s  aggrega te  and dimension s t o n e .  The 

many s tone  q u a r r i e s  i n  t h e  Southern Peninsula  a r e  concent ra ted  i n  t h e  . . 

sou theas t ,  t h e  no r th ,  and i n  t h e  Saginaw Bay a r e a  ( f i g . . 2 3 ) .  

Shale  and c l a y  d e p o s i t s  a r e  widely d i s t r i b u t e d  i n  Michigan's 
. . 

Southern Peninsula .  (Lewis, 1975).  The r e sou rce ,  which occurs  both i n  

t h e  bedrock a n d , i n  t h e  g l a c i a l  d r i f t ,  i s  used i n  t he  manufacture of 

cement, b r ick , ,  d r a i n  t i l e ,  -sewer p ipe ,  and f lower po t s .  Ten companiee 

ope ra t e  open p i t s  i n  t h e  s o u t h e a s t ,  c e n t r a l ,  and no r the rn  p a r t s  of 

the Southern Peninsula. 



. 11 
Sand and grave l '  probably. comprisL t h e  most widespread minera l  . I. 

I : .  ' . ' ! 
commodity i n  t h e .  S t a t e  (Lewis, 1975).  Most commercial d e p o s i t s  have been . . 

dyveloped i n  g l a c i a l  d e p o s i t s  such a s  outwash, kames, e s k e r s ,  and g l a c i a l  

lake-shore sediments.  Some, of  t h e  resource  i s  ' ob t a ined  from r i v e r  t e r -  

r a c e s  and d e l t a i c  depos i t s .  More than  350 companies a r e  producing sand 

and g rave l  from open p i t s  i n  a l l  p a r t s  o f  t h e  S t a t e ,  and most o f  t h e s e  

p i t s '  a r e  l oca t ed  nea r  t h e  expanding urban a r e a s  i n  t h e  south .  



CONCLUSIONS 

. . 

A s  a r e s u l t  o f  t h i s  s tudy  of t h e  Michigan bas in ,  t h e  Lower 

Peninsula  of  Michigan appears  t o  have a geologic  framework and a s e r i e s  

of salt  d e p o s i t s  t h a t  l o c a l l y  may be s u i t a b l e  f o r  t h e  underground 

s to rage  of high-ievel  r a d i o a c t i v e  waste. Thick d e p o s i t s  of massive rock 

sal t  ( h a l i t e )  a r e  p re sen t  a t  moderate .depth ;  they  a r e  n e a r l y  f l a t  l y i n g  

and have no t  been s t r u c t u r a l l y  deformed o r  f r a c t u r e d  i n  most p a r t s  of 

t h e  bas in .  The r eg ion  is  cha rac t e r i zed  by t e c t o n i c  s t a b i i i t y .  There 

have been few recorded ear thquaces  of MM V o r  , g r e a t e r  i n  a r e a s  unde r l a in  

by salt ,  and t h e  e n t i r e  S t a t e  of Michigan l ies  w i t h i n  se i smic - r i sk  zone 1 
' 

(minor damage) . 
I n  a d d i t i o n  t o  t hese  r e g i o n a l  c h a r a c t e r i s t i c s  t h a t  make t h e  bas in  

appear gene ra l ly  favorable ,  t h e r e  a r e  o t h e r  ,geologic-hydrologic  f a c t o r s  

t h a t  bea r  upon the  o v e r a l l  . p o t e n t i a l  . of t h e  Michigan bas in  f o r  p o s s i b l e  
. . 

r e p o s i t o r y  cons idera t ion .  Important ground-water r e sou rces  unde , r l ie  
.. . . . 

many p a r t s  of t h e  reg ion ,  b u t  t h e r e  a r e  a r e a s  where t h e  q u a n t i t y  and 

q u a l i t y  a r c  low. G l a c i a l  d r i f t  IR t h i c k  i n  much of t h e  S t a t e ,  although 

t h e r e  a r e  some l a rge ,  a r e a s  where t h e  d r i f t  i s  t h i n  o r  absen t .  Although 

petroleum e x p l o r a t i o n  and product ion a r e  conducted i n  most p a r t s  of the  

bas in ,  t h e r e  a r e  a r e a s  w i th  few boreholes  and low petroleum p o t e n t i a l .  

S a l t  and n a t u r a l  b r i n e s  a r e  t h e  only  o t h e r  r e sou rces  produced from deep 

subsur face  sources ,  and r e p o s i t o r y  sites should no t  be considered i n  

a r e a s  t h a t  would c o n f l i c t  wi th  o r  be jeopardized by t h e s e  mineral-  
. . 

recovery a c t i v i t i e s .  

, . 



We recommend that the, data pesented in this summary be 

evaluated, along ,with other pertinent information that is available, . . 

to determine whether there may be specific areas in the State that are 

sufficiently favorable for radioactive-wasie storage to warrant more- 

detailed study . 
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