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What a re  t h e  hazards o f  1  i v i  ny and b u i l d i n g  near t h e  zones o f  bedrock 
f a u l t s  t h a t  r i d d l e  t h e  southeastern t i p  o f  I l l i n o i s  and ad jacent  p a r t s  o f  
Kentucky and Ind iana?  I s  southern Ill i n o i s  i n  danyer o f  ca tac lysmic  
earthquakes comparable t o  t h e  New Madrid event t h a t  devastated l a r y e  areas o f  
t h e  c e n t r a l  M i s s i s s i p p i  Val l e y  e a r l y  i n  t he  l800s?  

To assess t h e  se ismic r i s k  i n  southern I 1  l i n o i s ,  we i n v e s t i g a t e d  t h e  
nature,  ex ten t ,  age, o r i g i n ,  and cu r ren t  s t a t e  o f  se ismic a c t i v i t y  o f  a l l  
bedrock f a u l t s  i n  t h e  complex area where t h e  wes t - t rend ing  Rough Creek- 
Shawneetown and Cottage Grove F a d  t Systems i n t e r s e c t  t h e  nor theas t  s t r i  k i  ng 
F luo rspa r  Area F a u l t  Complex and Wabash Va l l ey  F a u l t  System. Our s p e c i f i c  
goals  were t o  determine i f :  

@ t h e  F l  uorspar  Area F a u l t  Complex connects w i t h  t h e  Wabash Va l l ey  
F a u l t  system. 

@ t h e  Shawneetown F a u l t  j o i n s  t h e  Cottage Grove F a u l t  System. 
@ any o f  these  f a u l t s  has been a c t i v e  d u r i n g  t h e  Quaternary.  

We focused our a t t e n t i  on on southeastern Sal i ne and sout h - cen t ra l  
G a l l a t i n  Count ies where a l l  these  f r a c t u r e  zones converge. Because no 
d e t a i l e d  s tud ies  o f  s t r u c t u r a l  geology had been made i n  t h i s  area f o r  more 
t han  50 years,  we began our  i n v e s t i g a t i o n  by mapping t h e  reg ion  i n  d e t a i l .  

On t h e  bas is  o f  our study, we concluded t h a t  southern I l l i n o i s  and 
ad jacent  areas c u r r e n t l y  a re  sub jec t  t o  a  compressional s t r e s s  f i e l d  i n  which 
t h e  ma jo r  a x i s  i s  o r i e n t e d  e a s t  t o  eas t -nor theas t .  No r th - t r end ing  t h r u s t  f a u l t s  
of smal l  magnitude, observed i n  coa l  mines, may be fo rming  i n  response t o  
these s t resses,  but t h e  l a r g e  f a u l t  systems a re  n e i t h e r  a c t i v e  nor  l i k e l y  t o  
become r e a c t i v a t e d  i n  t h i s  modern s t r e s s  f i e l d .  Modern earthquakes i n  
I 1  l i n o i s  a re  t h e  r e s u l t  o f  these present  compressional forces,  which 
apparen t l y  a re  more concentrated i n  t h e  New Madrid area. 

Few bedrock f a u l  t s  a re  p rope r l y  o r i e n t e d  t o  be r e a c t i v a t e d  under east-  
west compression: t h e  s t resses  w i l l  have t o  form new f a u l t s ,  because t hey  
cannot be re1 ieved  by s l  ippage a l  ong o l d  f a u l  t s .  Thus, t h e  danger o f  
earthquakes i n  I l l i n o i s  probably  i s  no g r e a t e r  along bedrock f a u l t s  than  away 
from these f a u l t s ,  

The area we s tud ied  i s  under1 a i n  by more than 15,000 f e e t  o f  Paleozoic  
sedimentary rocks rang ing  i n  age from m idd le  Cambrian th rough 1 a t e  
Pennsylvanian. Permian sediments e v i d e n t l y  were deposi ted,  but subsequently 
removed by eros ion.  Pal eozoi  c  bedrock i s over1 apped by p o o r l y  consol i d a t e d  
Cretaceous and T e r t i a r y  sediments i n  t h e  M i  s s i  s s i  pp i  Embayment; e l  sewhere i t  
i s mant l  ed by g l  ac i  a1 , 1 a c u s t r i  ne, a1 1 u v i  a1 , and aeol i an depos i t s  o f  
Quaternary age, 

High-angl e, d i  p - s l  i p f a u l  ti ny cha rac te r i zes  t h e  Rough Creek-Shawneetown 
F a u l t  System (RC-SFS). Most f a u l t s  a re  normal o r  v e r t i c a l ,  but  t h e  master 
f a u l t  apparen t l y  i s  a  h igh-angle south-d ipp ing reverse f a u l t  a long most o f  t h e  
system6 s 1 ength. We be1 i eve t h a t  t h e  f a u l  t s  developed between E a r l y  Permi an 
and La te  Cretaceous t i m e  by means o f  v e r t i c a l  up1 i f t  o f  t h e  southern block and 
t h e  subsequent r e t u r n  o f  t h a t  block t o  approx imate ly  i t s  o r i g i n a l  p o s i t i o n .  



The Eagle Val ley-Moorman Syncl i ne developed as a drag f o l d  d u r i n g  t h e  second, 
downward movement o f  t h e  southern b lock .  Evidence from sur face  geology i n d i -  
ca tes  t h a t  c o n t r a r y  t o  some reseachers ' asse r t i ons  , n e i t h e r  h o r i z o n t a l  com- 
p ress ion  nor  s t r i k e - s l i p  mot ion p layed a s i g n i f i c a n t  r o l e  i n  t h e  genesis o f  
t he  modern Rough Creek-Shawneetown F a u l t  System. Th i s  f a u l t  system f o l l o w s  an 
a n c i e n t  zone o f  weakness t h a t  was r e c u r r e n t l y  a c t i v e  p r i o r  t o  t h e  Permian, b u t  
no evidence e x i s t s  f o r  Quate rnary  s l i ppage  a long  t h i s  zone. 

The Cottage Grove Faul t System i s  a  r i g h t - l a t e r a l  wrench f a u l t  t h a t  developed 
i n  l a t e  Pennsylvanian t o  e a r l y  Permian t ime, as determined by r a d i o m e t r i c  
dates o f  assoc ia ted  u l t r a m a f i c  d ikes .  Near-surface f a u l t s  t e rm ina te  n o r t h  
o f  t h e  Rough Creek-Shawneetown Faul t System, and do n o t  connect eastward 
w i t h  i t  as has o c c a s i o n a l l y  been asser ted.  The Wabash V a l l e y  F a u l t  System, 
a  zone o f  h o r s t s  and grabens bounded by h igh-angle normal f a u l t s ,  formed 
as a  r e s u l t  o f  h o r i z o n t a l  ex tens ion  ( r i f t i n g ) ,  a l s o  i n  l a t e  Pennsylvanian 
t o  e a r l y  Permian t ime; l a r g e r - s c a l e  r i f t i n g  t o  t h e  sou th  a t  t h e  same t ime  
induced t h e  r i g h t - l a t e r a l  shear ing  on t h e  Cottage Grove F a u l t  System. 
Several  f a u l t s  o f  t h e  Wabash V a l l e y  F a u l t  System i n t e r s e c t  t h e  Rough Creek- 
Shawneetown F a u l t  System, b u t  none c ross  it. 

The F luo rspa r  Area Faul t Complex has t h e  most compl i c a t e d  h i s t o r y  of  a1 1  
t h e  f r a c t u r e  zones i n  t h e  reg ion .  The f i r s t  s tage o f  i t s  e v o l u t i o n  
p robab ly  was l a rge -sca le  r i f t i n g  contemporaneous w i t h  t he  Cottage Grove 
F a u l t  System and t h e  Wabash Val l e y  F a u l t  System; t h e  r i f t i n g  was q u i c k l y  
fo l lowed by development o f  a  nor thwes t - t rend ing  a r ch  and emplacement of 
p e r i d o t i  t e  d i kes  and exp l  os ion-b recc ias ,  i n c l  ud ing  t h e  g r e a t  c r yp to -  
v o l c a n i c  s t r u c t u r e  o f  H icks  Dome. La te r ,  t h e  sameYau l t s  were r e a c t i v a t e d  
and new ones formed when t h e  southern b l ock  o f  t h e  Rough Creek-Shawneetown 
F a u l t  System rose  and f e l l .  Some F luo rspa r  Area F a u l t  Complex f r a c t u r e s  
con t inued  t o  s l i p  i n  Cretaceous and p o s s i b l y  e a r l y  T e r t i a r y  t ime, b u t  t h e  
system appears t o  be qu iescen t  today. 



Th i s  research  was conducted under a  g r a n t  f rom t h e  U.S. Department o f  t h e  I n t e r -  
i o r ,  Nuc lear  Regu la to ry  Commission (NRC), Grant Number 1-5-24465, t i t l e  NRC 04- 
81-016. It was p a r t  o f  a  l a r g e r  i n v e s t i g a t i o n ,  i n v o l v i n g  numerous i n s t i t u -  
t i o n s  under g ran t  o r  c o n t r a c t  t o  the  NRC, and aimed a t  de te rmin ing  t h e  poten- 
t i a l  s e i s m i c i t y  o f  t h e  reg ion  w i t h i n  a  200-mile r ad ius  o f  New Madrid, 
M issour i ,  where c a t a s t r o p h i c  earthquakes occurred i n  1811 and 1812. The over-  
a1 1  goal o f  t h i s  "New Madrid s tudy  group" i s  t o  p rov ide  background i n f o r m a t i o n  
t h a t  w i l l  l ead  t o  t h e  sa fe  l o c a t i o n  and c o n s t r u c t i o n  o f  nuc lear  f a c i l i t i e s  
around areas sub jec t  t o  earthquakes. 

Dur ing our work on t h e  p r o j e c t  Thomas C. Buschbach was ex t reme ly  suppo r t i ve  as 
adv i so r  and coo rd ina to r  t o  t h e  New Madrid Study Group. Peter  X. Sarapuka 
handled t h e  o f t e n  p a i n f u l  d e t a i l s  o f  paperwork w i t h  g rea t  competence and 
forbearance. 

Access t o  exposures i n  a c t i v e  mines and t o  e x p l o r a t o r y  data from min ing  corn- 
panies was v i t a l  t o  t h e  study. The members o f  t h e  min ing  f r a t e r n i t y ,  a lmost 
w i t hou t  except ion,  were extreme1 y  generous w i t h  t h e i  r t ime,  f a c i  1  i t i e s  and 
i n fo rma t i  on i n  suppor t  o f  our i n v e s t i  g a t i  on. I n d i v i d u a l s  deserv i  ng speci  a1 
p r a i s e  and thanks i n c l u d e  Rick Dempsey, Rick Ferguson, L a r r y  Spencer and t h e  
l a t e  Dick Grass1 o f  Pyro Min ing Company, George Evans and Ken L indsay o f  
Peabody Coal Company, Bob D i  f fenbach o f  Ozark-Mahoni ng , George Hargraves o f  
AMAX Coal Company, K r i s  Stegelman o f  I s l a n d  Creek Coal Company, and Don Has t i e  
o f  Has t i e  Trucking, Inc.  Several o f  our fe l low-workers  f rom t h e  I l l i n o i s  
S t a t e  Geolog ica l  Survey made impor tan t  c o n t r i b u t i o n s :  James Bax te r ,  s t r a t i  - 
g raph ic  and s t r u c t u r a l  i n t e r p r e t a t i o n ;  Stephen Danner, f i e l d  mapping; Howard 
Schwa1 b, subsurface da ta  and s t r u c t u r a l  i n t e r p r e t a t i o n ;  and Chr is topher  Stohr ,  
f i e 1  d  mapping and a i  r -pho to  i n t e r p r e t a t i o n .  

F i n a l l y ,  we must ment ion t h e  c i t i z e n s  o f  Gal l a t i n  and Sa l i ne  County who gave 
permiss ion (expressed o r  i m p l i e d )  t o  tramp across t h e i r  l a n d  i n  search o f  ou t -  
crops, and who o f t en  p rov ided  va luab le  i n f o r m a t i o n  and i n s i g h t s  on l o c a l  
geology and l o r e .  





Dur ing t h e  w i n t e r  o f  1811-1812, t h e  c e n t r a l  M i s s i s s i p p i  V a l l e y  was shaken by 
one o f  t h e  g rea tes t  s e r i e s  o f  earthquakes ever f e l t  i n  Nor th  America. 
Centered near t h e  p ioneer  v i l l a g e  o f  New d r i d ,  Missour i  , t h e  quakes were 
f e l t  as f a r  away as Boston. They rang church b e l l s  i n  Richmond, V i r g i n i a  and 
t h rew  down chimneys i n  C i n c i n n a t i  and S t .  Louis.  Devas ta t ion  was almost t o t a l  
i n  t h e  e p i c e n t r a l  reg ion.  According t o  contemporary accounts t h e  ground rose  
and f e l l  l i k e  waves a t  sea, t e a r i n g  open f i s s u r e s  and t r i g g e r i n g  l a n d s l i d e s ;  
t h e  r i v e r  was n e a r l y  h u r l e d  f rom i t s  bed, t o s s i n g  boats  ashore and swal lowing 
i s l a n d s .  Whole sec t ions  o f  t h e  f l o o d  p l a i n  were u p l i f t e d  as o t h e r  areas 
subsided, fo rmi  ng swamps and 1  akes such as Reel f o o t  Lake, where up1 and f o r e s t s  
had f o r m e r l y  grown. The l o s s  o f  l i f e ,  f o r t una te1  y, was s l i g h t  (most 
f a t a l i t i e s  appa ren t l y  were caused b y  drowning on t h e  r i v e r )  because t h e  area 
was t h i n l y  populated and t h e  houses mos t l y  l o g  cabins t h a t  w i ths tood  t h e  
shocks l o n g  enough f o r  t h e  i n h a b i t a n t s  t o  get  ou t s i de  ( F u l l e r ,  1912). Were 
such earthquakes t o  r ecu r  today, t h e  casual t i e s  and d e s t r u c t i o n  o f  p r o p e r t y  
would be appa l l  i ng. 

Geol og i  s t s  and geophys ic is ts  have s i  nce es tab l  i shed t h a t  t h e  New Madrid area 
i s  a  zone o f  ongoing se ismic a c t i v i t y .  W i th i n  a  recen t  4-year per iod ,  Stauder 
(1982) recorded 731 tremors,  o f  which severa l  were s t r ong  enough t o  cause 
l o c a l i z e d  damage. These quakes a re  a t t r i b u t e d  t o  a  b u r i e d  f a u l t  zone known as 
t h e  Reel f o o t  R i f t  ( f i g .  1) .  The r i f t  apparent1 y  i s  an anc ien t  zone o f  weak- 

~ e s s  t h a t  has been a c t i v e  throughout  much o f  geo log ic  t ime.  The na tu re  and 
e x t e n t  o f  t h e  Ree l foo t  R i f t  t hus  i s  a  ma t te r  o f  p ress ing  concern t o  i n h a b i -  
t a n t s  o f  t h e  c e n t r a l  M i s s i s s i p p i  Va l ley .  

Occasional earthquakes occur i n  I 1  1 i n o i  s, p a r t i c u l a r l y  i n  t h e  southern por -  
t i o n .  Whi le none t o  da te  has been t r u l y  d e s t r u c t i v e ,  severa l  have damaged 
p r o p e r t y  and a1 armed t h e  popul a t i  on, Peopl e  n a t u r a l  1  y a re  concerned about 
these quakes and t h e i r  p a t t e r n  o f  recurrence.  I s  southern I l l i n o i s  i n  danger 
o f  c a t a c l  ysmi c  shocks comparabl e  t o  t h e  New 

The bedrock o f  southern I 1  l i n o i s  i s  r i d d l e d  w i t h  f a u l t s .  A  reg iona l  map 
( f i g .  1)  r evea l s  two major t rends  o f  f r a c t u r e s :  east-west and nor theas t -  
southwest, The Cottage Grove F a u l t  System and Shawneetown F a u l t  Zone c ross  
I 1  1  i no i  s  f rom west t o  eas t ;  t h e  Rough Creek F a u l t  System cont inues eastward 
i n t o  Kentucky. Nor th  o f  t h e  Shawneetown F a u l t  Zone, t h e  abash Val 1  ey  F a u l t  
System extends nor th-nor theastward a1 ong t h e  Ill i noi  s - I n d i  ana boundary, whi 1  e  
t o  t h e  south t h e  m u l t i t u d i n o u s  f r a c t u r e s  o f  t h e  F luo rspa r  Area F a u l t  Complex 
p r o j e c t - - i  n  seemingly omi nous f a s h i  on--di r e c t l  y toward t h e  Reel f o o t  R i f t  and 
New Madrid. L i t t l e  wonder, then, t h a t  some geo log i s t s  have assumed t h e  worst .  
For  example, Heyl (1972) l abe led  t h e  combined F luorspar  Area F a u l t  Complex- 
Wabash Val l e y  F a u l t  System as t h e  "Ne Madrid F a u l t  ZoneH--imp1 y i  ng t h a t  a t  
any moment t h i s  zone may l e t  loose  w i t h  gn i t ude  8 e a r t  quakes, The Shawnee- 
town F a u l t  Zone a l s o  i s  s a i d  t o  be a c t i v e  (Heyl and Brock, 1961; Heyl e t  a l e ,  
1965). I f  so, what i s  t h e  hazard o f  l i v i n g  and b u i l d i n g  near these f a u l t s ?  

To assess t h e  se ismic r i s k  o f  southern %lli nois ,  
i n v e s t i  g a t i  ng t h e  nature,  ex ten t ,  age, o r i  g i  n, and 
f o r  a l l  bedrock f a u l t s .  S p e c i f i c  goals  were t o  determine: 





@ whether t h e  F l  uorspar  Area F a u l t  Complex connects w i t h  t h e  
Wabash Va l l ey  F a u l t  System; 

@ whether t h e  Shawneetown F a u l t  Zone j o i n s  t h e  Cottage Grove F a u l t  
System, 

@ whether any o f  these f a u l t s  has been a c t i v e  du r i ng  t h e  
Quaternary.  

We focused our a t t e n t i  on on southeastern Sal i ne and south-cent r a l  Gal 1 a t i  n 
Count ies,  where a l l  o f  these  f r a c t u r e  zones converge. Because no d e t a i l e d  
s tud ies  o f  s t r u c t u r a l  geology had been made i n  t h i s  area f o r  more than 50 
years  d e s p i t e  t h e  concern about earthquakes, our  f i r s t  s tep was t o  map t h e  
r e g i o n  i n  as much d e t a i l  as newly -ava i lab le  data would a l low.  

Our area o f  immediate i n t e r e s t  compri ses t h e  Rudement , Equal i t y  , and Shawnee- 
town 7.5-minute U.S.G.S. Quadrangl es i n  southeastern Sal i ne and southern 
G a l l a t i n  Counties, I l l i n o i s  ( f i g .  2). The t h r e e  quadrangles form a rec tang le  
approx imate ly  8 112 m i l e s  n o r t h  t o  south by 20 m i l e s  eas t  t o  west. The 
easternmost quadrangl e, Shawneetown, i n c l  udes t h e  Ohi o R i ve r  and a small area 
i n  Kentucky a l ready  mapped by Palmer (1976). The study area takes  i n  n e a r l y  
a1 1 o f  t h e  Shawneetown F a u l t  Zone and p o r t i o n s  o f  t h e  F l  uorspar  Area F a u l t  
Complex and Wabash Va l l ey  and Cottage Grove F a u l t  Systems t h a t  approach o r  
i n t e r s e c t  t h e  Shawneetown F a u l t  Zone, 

The study area i nc l udes  p o r t i o n s  o f  t h e  Centra l  Lowland and I n t e r i o r  Low 
Plateaus Prov inces ( f i g .  2 ) .  The l o w l  and 1 i e s  n o r t h  and west o f  t h e  Shawnee- 
town F a u l t  Zone; broken and t i 1  t e d  p la teaus r i s e  south and east  o f  t h e  f a u l t s .  
The l o w l  and c o n s i s t s  o f  1 eve1 t o  g e n t l y  r o l l  i n g  p l a i n s ,  u n d e r l a i n  by 1 acus- 
t r i n e  and a1 1 u v i  a1 sediments o f  P l  e i  stocene age; i so l  a ted bedrock h i  11 s stand 
l i k e  i s l a n d s  above t h e  p l a i ns .  E leva t i ons  o f  t h e  p l a i n s  range from about 340 
t o  375 f e e t  above sea l e v e l  ; bedrock i s 1  ands l o c a l  l y  reach 550 f e e t  o r  h igher .  
P l  e i  stocene 1 oess (windblown s i  1 t )  mant l  es t h e  bedrock, p a r t i  c u l  a r l y  i n  t h e  
Shawneetown H i  11 s, where i t  reaches several  tens o f  f e e t  t h i  ck; e l  ongate 
r i d g e s  o f  windblown sand occur southeast o f  Junc t ion .  Sur face exposures o f  
bedrock i n  t h e  lowlands a re  l i m i t e d  t o  a r t i f i c i a l  cu t s  and s t r i p  mines f o r  
coal .  

Marking t h e  no r the rn  border o f  t h e  I n t e r i o r  Low Plateaus Prov ince  i s  t h e  range 
o f  h i l l s  t h a t  1 i e s  immediate ly  south o f  t h e  Shawneetown F a u l t  Zone and extends 
westward from t h e  Ohio R i ve r  t o  t h e  eas te rn  Rudement Quadrangle, where i t  
t u r n s  a b r u p t l y  southwestward. I t s  h i ghes t  e l e v a t i o n s  i n  t h e  s tudy area a r e  
923 f e e t  on Cave H i l l ,  768 f e e t  i n  t h e  Wi ldcat  H i l l s ,  and 690 f e e t  on Gold 
Hi 11 . These h i  11 s consi  s t  o f  r e s i  s t a n t  1 ower Pennsyl vani  an and Ches te r i  an 
(upper M i  s s i  s s i  pp i  an) sandstones up1 i f t e d  a l  ong t h e  Shawneetown F a u l t  Zone; 
t h e  s t r a t a  a re  t i 1  t e d  a t  5' t o  30O ( l o c a l l y  s teeper)  southward and eastward, 
away from t h e  f a u l t  zone. We1 1-developed cuestas and hogbacks have steep 
slopes o r  escarpments f a c i n g  t h e  f a u l t  zone and gent1 e r  d i  p-slopes deeply  



d i ssec ted  by  rav ines ,  on t h e  s i de  away from t h e  f a u l t s .  Natura l  exposures o f  
bedrock a re  numerous, except near t h e  western end o f  Gold Hi 11, where t h e r e  i s  
a t h i c k  b l anke t  o f  loess  and aeo l i an  sand, 

Along t h e  southern edge o f  t h e  mapped area, f rom Eagle Creek t o  t h e  S a l i n e  
R i  ve r  , i s  another  d i  ssected up1 and area composed o f  Lower Pennsyl vani  an sand- 
stone. These rock  l a y e r s  d i p  northward a t  l e s s  than  10°, thus  fo rming  t h e  
southern l i m b  o f  a s y n c l i  ne (Wi ldca t  and Gold Hi1 1s represent  t h e  no r the rn  
l i m b  o f  t h i s  s y n c l i n e ) .  The e ongate lowland a long t h e  Sync l i na l  a x i s  i s  
known as Eagle Val l e y ;  i t  g ives i t s  name t o  t h e  Eagle V a l l e y  Sync l i  ne. The 
phys iography o f  Eagle V a l l e y  i s  s i m i l a r  t o  t h a t  o f  t h e  lowlands n o r t h  o f  t h e  
Shawneetown F a u l t  Zone: bedrock h i  11 s composed o f  midd le Pennsyl vani  an sand- 
s tone a re  surrounded b y  l e v e l  p l a i n s  o f  a l l u v i a l  and l a c u s t r i n e  depos i t s ;  
h i l l s  o f  windblown sand and loess  r i s e  eas t  o f  t h e  Sa l i ne  River .  As i n  t h e  
no r the rn  lowlands, n a t u r a l  exposures o f  bedrock are r a r e  i n  Eagle Va l ley .  

The master stream o f  t h e  reg ion  i s  t h e  Ohio R iver ,  f l o w i n g  southward a long t h e  
eas te rn  edge o f  t h e  Shawneetown Quadrangle. The Sa l i ne  R i ve r  i s  a southeast -  
f l o w i n g  t r i b u t a r y  t o  t h e  Ohio. The Nor th  Fork en te rs  t h e  Sa l i ne  a t  Equa l i t y ;  
t h e  Middle and South Forks merge near t h e  cen te r  o f  t h e  Rudement Quadrangle. 
Another permanent stream o f  note i s  Eagle Creek, meandering eastward among t h e  
bedrock h i 1  1s o f  Eagle Val l e y  t o  t h e  Sa l i ne  R iver .  A l l  o f  these streams a re  
superimposed on bedrock s t r u c t u r e .  A1 though many o f  t h e  streams have been 
a r t i  f i  c i a 1  l y  s t r a i g h t e n e d  and channel i zed i n  a t tempts t o  c o n t r o l  f l o o d i n g  and 
b r i n g  more l a n d  i n t o  a g r i c u l t u r e ,  l a r g e  areas o f  t h e  bottomlands s t i l l  become 
submerged a f t e r  heavy r a i n s .  

The o n l y  n a t u r a l  l akes  a r e  s lough s of t h e  va r i ous  
streams. Several  s loughs occur  a r i n  t h e  Rudement 
Quadrangle. Glen 0. Jones Lake i s  a man-made l a k e  i n  a narrow va l  l e y  on 
Horseshoe Creek. Other a r t i  f i c i  a l  ponds r e s u l t  f rom coa l  -mining a c t i v i t i e s ,  
o r  were dug t o  water l i v e s t o c k  o r  w i l d1  i f e ,  

Southern I l l i n o i s  l i e s  i n  t h e  warm, humi e r a t e  b e l t ,  According t o  
Wal lace and Fehrenbacher (1969), t h e  ave a i  l y maximum temperatures range 
from i n  January t o  9 2 ' ~  i n  Ju l y ;  average dai  1 y minimum temperatures f o r  
t h e  same months a re  2 6 ' ~  and 67 '~.  Extreme recorded temperatures ( th rough  
1969) were - 2 3 ' ~  and + H ~ O F .  Average annual p r e c i p i t a t i o n  i s  about 45 inches,  
i n c l u d i n g  15 inches o f  snow, Spr ing  i s  t e we t t es t  season and autumn t h e  
d r i e s t  ; most summer r a i  n fa1  l s i n  b r i e f  showers o r  thunderstorms. 

Because o f  t h e  warm, humid c l i m a t e  most bedrock i s  covered w i t h  r e s i d u a l  s o i l  
and vege ta t ion ,  except on s teep slopes and i n  rav ines .  Limestone weathers 
rap id1  y by  s o l u t i o n  and are1 y appears a t  t h e  su r f ace  except i n  deep rav ines ;  
outcrops o f  shale are even more ra re ,  A sandstones are t h e  r i d g e -  
formers,  on1 y t h i  ck-bedded t o  massi ve p ou t  away f rom streams. 
Wi thout  a r t i  f i c i  a1 exposures and d r i  l ion ,  we would know l i t t l e  
o r  no th i ng  o f  bedrock geology over ' ns o f  t h e  s tudy  



A g r i c u l t u r e  i s  t h e  major a c t i v i t y  i n  Sa l ine  and G a l l a t i n  Counties. Level  
bot tom lands  a re  i n t e n s i v e l y  p l an ted  i n  corn, soybeans, and w i n t e r  wheat. 
Moderate1 y  s l o p i n g  t e r r a i n ,  as i n  Eagle Val l e y  and t h e  Shawneetown H i l l s ,  i s  
w i d e l y  used f o r  g raz ing .  Many o f  t h e  h i 1  1  tops, i n c l u d i n g  Cave, Wi ldcat ,  and 

' Gold Hi1 i s ,  former1 y were farmed, bu t  a l l  these farms have been abandoned. 
Steep s lopes and h i l l t o p s  now are  m o s t l y  fo res ted ,  p r i m a r i l y  w i t h  hardwoods 
such as oak and h i cko ry .  Much o f  Cave and Wi ldcat  H i l l s ,  and some l o w - l y i n g  
areas as we1 1, be long t o  t h e  Shawnee Nat ional  Fores t  and a re  mainta ined f o r  
r e c r e a t i o n  and conse rva l i  on. The remai n i  ng 1  and i s  p r i  v a t e l  y  owned a 

Coal m in ing  has con t inued  on a  l a r g e  sca le  f o r  more than  100 years and has 
conspi  cuousl  y a1 t e r e d  t h e  1  andscape. The e a r l  i e s t  m i  nes , d a t i  ng t o  pre-Ci v i  1  
War days, were sha l low underground opera t ions ,  bu t ,  beg inn ing  i n  t h e  1930s9 
s t r i p  m in ing  came i n t o  prominence. At l e a s t  f i v e  d i f f e r e n t  seams o f  coal  have 
been mined b y  s t r i p p i n g  i n  t h e  s tudy  area. Some mines were c o n t o u r - s t r i p p i n g  
opera t ions  i n  which t h e  miners excavated t h e  coal  around t h e  c i rcumference o f  
a  h i l l  ( f o r  example, on Co lbe r t  H i l l  and i n  t h e  h i l l s  near Rocky Branch 
School , i n  t h e  Rudement Quadrangle).  E l  sewhere, as on t h e  g e n t l y  r o l l  i ng 
t e r r a i  n  n o r t h  o f  Somerset (Rudement Quadrangle),  area m i  n i  ng was p r a c t i c e d :  as 
t h e  name imp1 i e s ,  area min ing  removes t h e  coal  f rom a  l a r g e  area o f  ground, 
below t h e  l e v e l  o f  drainage, w i t hou t  regard t o  sur face  topography. Most l a n d  
s t r i p -m ined  be fo re  t h e  e a r l y  1960s has not  been reclaimed, so t h e  h i ghwa l l s  
a re  s t i  11 access ib l e  f o r  geo log ic  study. These h ighwa l l s  o f t e n  p rov ide  excel  - 
l e n t  views o f  s t r u c t u r a l  f ea tu res  i n  areas where exposures o f  bedrock o the r -  
wise a re  l a c k i n g .  Modern min ing  law, however, d i c t a t e s  t h a t  h i ghwa l l s  be 
b u r i e d  and l a n d  be res to red  t o  o r i g i n a l  contour  a f t e r  min ing.  Therefore,  
a c t i v e  mines must be v i s i t e d  w h i l e  m in ing  i s  i n  progress i n  o rde r  t o  examine 
geo log ic  f ea tu res .  

Two smal l  su r face  mines, one smal l  ( d r i f t )  underground mine, and one l a r g e  
( s l ope )  underground mine were i n  ope ra t i on  w i t h i n  t h e  s tudy  area when t h i s  
r e p o r t  was w r i t t e n .  

Other a c t  i v i  t i es o f  geol og i  c  s i  gn i  f i cance i n c l  ude o i  l and gas expl  o r a t i o n  and 
p roduc t ion ,  and qua r r y i ng  o f  stone, Approx imate ly  150 t e s t  ho les  f o r  o i l  and 
gas have been d r i l l e d  w i t h i n  t h e  t h r e e  quadrangles o f  i n t e r e s t .  Logs f o r  most 
ho les  a re  on f i l e  a t  t h e  I l l i n o i s  S ta te  Geological  Survey (ISGS); t h e y  p r o v i d e  
v i t a l  subsurface data.  Qua r r y i ng  has been small i n  sca le ,  f o r  l o c a l  use, bu t  
t h e  abandoned p i t s  p rov ide  some o f  t h e  bes t  a v a i l a b l e  exposures o f  t h e  
Shawneetown F a u l t  Zone. 

Incorpora ted  towns w i t h i n  t h e  s tudy  area are Shawneetown (popu la t i on  1,742) 
and Equal i t y  (popul a t i  on 732). Paved h i  ghways i n c l  ude I 1  l i no i  s  Route 1 
(nor th -sou th )  and I 1  1  i no i  s  Route 13 (east-west ) , and smal l  segments o f  
I l l i n o i s  Routes 34 and 142. Most o the r  roads i n  t h e  t h r e e  quadrangles a re  o f  
we1 1  -graded gravel  . An automobi l e  can usual l y  be d r i v e n  w i t h i n  a  m i l e  o f  any 
p o i n t  i n  t h e  s tudy  area. 



f the  I l l i n o i s  
Bas in  ( f i g .  1). i v i d e s  t h e  l a r g e r  

ag l  e Val l ey-Moorman 

The f i  r s t  geol og i  
geol  ogy o f  Gal lat 
upheaval t h a t  c r o  .Is This  i s 9  o f  coursep 
t h e  Shawneetown F 
Lured s t r a t a  a l on  
f o r  study, Cox's conc olsgy have been 
r e v i  sed cons i  derab he groundwork f o r  a l l  
subsequent i n v e s t i  

By f a r  t h e  most c 
(1925).  H is  repo 
t h e  Rudement , Equ 
and G a l l a t i n  Coun 
t u r d  geology, an 
s i o n  o f  f a u l t s  i s  
and ve ry  few subsur fac 
t h e  o r i g i n  o r  t e c  
f i e l  d observa t ions  , 

Geology o f  t h  
i n  a s e r i e s  o 
and Desboroug 
covered ex ten  
( I 1  l i no i  s-Ken 
te rminus  o f  t 
za t i on ,  are t 
p r o v i  ded exce 
d i s t r i c t ,  and 
j o i n s  t h e  F l u  

e o l o g i c  quad west o f  
our  s tudy  a r e  a l l  b u t  



a few sca t t e red  exposures o f  bedrock i n  those quadrangles. Quate rnary  
depos i t s  o f  I 1  1 i n o i s  were mapped b y  L i  neback e t  a1 . (1979). 

The Cottage Grove F a u l t  System was mapped ( sca le  about 1:100,000) and 
descr ibed  i n  d e t a i l  b y  Nelson and Krausse (1981). The f a u l t s  a re  known f rom 
numerous exposures i n  underground coal  mines and a l s o  from t e s t  d r i l l i n g .  The 
Wabash Val l e y  F a u l t  System i n  I n d i  ana was d i  scussed b y  Aul t e t  a1 . (1980) and 
mapped a t  a sca le  o f  approx imate ly  1:31,680 on s i x  separate maps by  Tanner, 
S t e l l a v a t o ,  and Mackey (1981). B r i s t o l  and Treworgy (1979) mapped Wabash 
V a l l e y  f a u l t s  i n  I l l i n o i s  and discussed t h e  f a u l t  system as a whole, 

I n  a d d i t i o n  t o  t h e  above pub1 i shed sources, unpubl ished manuscr ip ts  and f i e l d  
notes on f i l e  a t  t h e  ISGS con ta in  much use fu l  i n f o r m a t i o n  on our area o f  
i n t e r e s t ,  





The e n t i r e  Rudement, Equa l i t y ,  and Shawneetown 7.5-minute Quadrangles were 
mapped g e o l o g i c a l l y  ( p l a t e  l a )  f o r  t h i s  r epo r t .  We v i  s i t e d  almost every expo- 
sure  o f  bedrock--natural  and a r t i  f i  c i  a l  - - du r i  ny our s u r f i  c i  a1 mappi ng. We 
examined t h e  h i ghwa l l  s  o f  a l l  abandoned s t r i p  mines and made repeated v i s i t s  
t o  a c t i v e  mines, s i nce  v i  r t u a l  l y  none o f  these mines e x i s t e d  du r i ng  t h e  e a r l y  
1920s when B u t t s  mapped. Mines p rov ide  excel  1  ent  views o f  s t r u c t u r a l  a t t i t u d e  
o f  t h e  rocks; i n  a  number o f  cases, f a u l t s  a re  v i s i b l e  i n  t h e  h ighwa l l s .  

We used U.S. Geolog ica l  Survey 7.5-minute topograph ic  maps as base maps i n  
areas hav ing l i t t l e  o r  no s t r u c t u r a l  compl e x i  t y ;  f o r  compl e x l y  f a u l t e d  
sec t ions ,  we en1 arged these  maps 2 t o  3 t imes. I n  some p laces we used a 
p o r t a b l  e  a1 t i m e t e r  t o  determine a1 t i t u d e ,  e s p e c i a l l y  i n  s t r i p  mines where 
topography has been a1 te red .  

Ground work was suppl emented by s tereoscopi  c study o f  a e r i a l  photographs taken  
by t h e  U.S. Department o f  A g r i c u l t u r e  d u r i n g  t h e  1950s. These summertime 
photos a re  no t  i d e a l  f o r  geo log i c  i n t e r p r e t a t i o n ,  but i n  s p i t e  o f  t h e  dense 
vege ta t ion ,  a  number o f  l i n e a r  fea tu res ,  i n t e r p r e t e d  as f a u l t s ,  cou ld be 
de tec ted  on t h e  photographs. Many l i n e a r  f ea tu res  revealed on a e r i a l  photo- 
graphs a re  no t  apparent on t h e  ground o r  on topograph ic  maps. 

Mapping focused on f a u l t s  and r e l a t e d  t e c t o n i c  s t r u c t u r a l  fea tu res ,  and on 
i d e n t i  f i  c a t i o n  o f  bed rock -s t ra t i g raph i c  u n i t s .  S u r f i  c i  a1 depos i t s  were mapped 
i n  p laces where they dominate t h e  landscape and/or complete ly  mask t h e  
bedrock. For  i d e n t i  f i  c a t i o n  o f  s u r f i  c i  a1 sediments we re1  i ed mai n l y  on 
pub1 i shed work o f  o thers ,  p r i m a r i l y  Hei n r i  ch (1982) and ii neback e t  a1 . 
(1979).  

The s t r uc tu re -con tou r  map o f  t h e  Rudement, Equa l i t y ,  and Shawneetown 
Quadrangles ( p l a t e  2 ) i s  based upon t h e  1 ogs o f  severa l  thousand we1 1 s, 
almost none o f  which were a v a i l a b l e  t o  B u t t s  (1925). Most o f  t h e  we1 1 s  a re  
c o a l - t e s t  bor ings;  a1 so i nc l uded  a re  roughly  150 t e s t s  f o r  o i l  and gas, and a 
few water w e l l s  and foundat ion  bor ings. I n  compi l ing  p l a t e  11, we a l so  used 
maps p rov ided  by coal  companies t h a t  were based upon thousands o f  d r i l l  holes,  
spaced as c l o s e l y  as 100 f e e t  apar t .  Such maps cover a  l a r g e  p o r t i o n  o f  t h e  
Eagle Va l l ey  Sync1 i n e  and s t r u c t u r a l l y  complex areas near Cottage Grove and 
Equal i t y .  Extremely accura te  p l  acement o f  f a d  t s  and igneous i n t r u s i o n s  i s  
poss i  b l  e  w i t h  these  maps. 

The unequal d i s t r i b u t i o n  o f  datum p o i n t s  on p l a t e  11 r e f l e c t s  economic 
geology. Because coal  i s  found i n  rocks o f  m idd le  Pennsylvanian age, coal  
companies have no t  exp lored t h e  h i  11 s  rimming Eagl e  Val 1  ey, he re  these rocks 
have been eroded. Petroleum t e s t  ho les  a re  concentrated nor  h o f  t h e  Shawnee- 
town F a u l t  Zone; few opera to rs  have explored t h e  reg ion  south o f  t h e  f a u l t  
zone because i t  i s  w ide l y  regarded as unprod c t i v e ,  Th i s  b e l i e f  p e r s i s t s  i n  
s p i t e  o f  t h e  f a c t  t h a t  many s i g n i f i c a n t  f i n d  have been achi eved w i t h i n  and 
south o f  t h e  Rough Creek F a u l t  Syst i n  Kentucky. 



The Spr i  n g f i  e l d - - f o rmer l y  H a r r i  sburg (No. 5)--Coal ember was sel  ected as, a  
con tour ing  ho r i zon  because i t  i s  t h e  most common t a  get  f o r  coal  e x p l o r a t i o n  
and i s  r epo r ted  on more l o  s than  any o the r  stratum. I n  some regions, 
d r i  1  1  i ng penet ra ted  on l y  t t h e  younger H e r r i n  (No 6 )  Coal Member; beyond t h e  
ou tc rop  o f  t h e  S p r i n g f i e l d  Coal , t h e  deeper Davis nd Dekoven Coal Members 
were tes ted ,  I n  such cases t h e  e l e v a t i o n  o t h e  S p r i n g f i e l d  Coal was ex t ra -  
po l  ated. Fo r tuna te l y ,  these coal seams a re  nea r l y  c o n t i  nuous throughout  t h e  
s tudy area, and t h e  th icknesses  o f  t h e  i n t e r v a l s  between t h e  seams a re  
remarkably consi  s t e n t .  Contoured e l  e v a t i  ons r o j e c t e d  from data on Her r in ,  
Davis, and Dekoven Coals probably  a re  accura t  w i t h i n  25 f e e t  throughout  t h e  
s tudy area. Beyond t h e  ou tc rop  o f  t h e  Davis Coal t h e  e l e v a t i o n  o f  t h e  Spring- 
f i e l d  Coal had t o  be ex t rapo la ted  from t h e  e l e v a t i o n  and s t r u c t u r a l  a t t i t u d e  
o f  1 ower Pennsy 1  vani  an o r  upper M i  s s i  s s i  pp i  an marker beds mapped i n  t h e  
f i e l d .  Mapping i s  n a t u r a l l y  1  ess accurate i n  such areas; accord ing ly ,  t h e  
contour  i n t e r v a l  on p l a t e  I I  i nc reases  from 5 f e e t  i n s i d e  t h e  Davis ou tc rop  
t o  100 f e e t  o u t s i d e  t h e  Davis c rop l i ne ,  g i v i n  an o p t i c a l  impress ion o f  l e s s e r  
d i p  i n  these areas, 

Dur ing  t h e  sp r i ng  o f  1983 a  l a r g e  p o r t i o n  o  t h e  study area was surveyed w i t h  
a  p o r t a b l e  magnetometer and grav imeter ,  Th as conducted by Kevin 
St runk o f  Southern I 1  l i n o i s  U n i v e r s i t y  a t  Carbondale, who was ass i s ted  by t h e  
authors ;  St runk and h i s  academic adv isor ,  Dr ,  La r r y  Malanconico, made t h e  d a t a  
reduc t ion .  We a l  so had t h e  o p p o r t u n i t y  t o  view severa p r o p r i  e t a r y  se i  smi c  
sec t i ons  across t h e  Rough Creek-Shawneetown F a u l t  Syst  i n  I l l i n o i s  and 
western Kentucky. These reveal  several  f a u l  t s  and sho t h e  deep s t r u c t u r e  o f  
t h e  Eagle Val 1  ey-Moorman Sync1 i ne, but do no t  a l l  ow d e f i n i t i v e  i n t e r p r e t a t i o n  
o f  t h e  deep subsur face s t r u c t u r e  o f  t h e  R ugh Creek-Shawneetown F a u l t  System, 
because o f  i n t e r f  erence among r e f 1  ec to r s  i t h i n  t h e  f a u l t  zone, 

We v i  s i t e d  a  number o f  l o c a l  i t i e s  o u t s i d e  t h e  Rudernent, Equa l i t y ,  and Shawnee- 
town Quadrangles t o  o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  on f a u l t s .  A l  l c u r r e n t l y  
a c t i v e  f l  uorspar  mines and one aband i t  i n  Hard in  and Pope 
Count ies,  I l l i n o i s ,  were v i s i t e d .  T us underground opera- 
t i o n s  and two open i t s .  Two mines spect p i t  a re  i n  v e i n  
deposi t s ,  where m i  ne ra l  i z a t i  on f o l  1  ows f a u l t  zones i n  t h e  
F l  uorspar  Area F a u l t  Compl ex. The m i  n nea r l y  c s n t i  nuous 
exposures o f  t h e  f a u l t  zones f o r  up t o  sand f e e t  along s t r i k e  and 
show a  wea l th  o f  s t r u c t u r a l  d e t a i l  . T r e  expl  o i  t i  ng 
bedded- rep1 acement deposi ts and con ta i  d f rac tu res ,  but 
such s t r u c t u r e s  r a r e l y  a r e  v i s i b l e  i n  na tu ra l  exposures. 

Nel son and Krausse 
extens ive,  d e t a i  1 e 
Hi  ll i amson Countr 
a t  severa l  o f  t h e  
road cuts .  Sampl 



examined f a u l t s  i n  severa l  underground coal mines i n  Union and Webster 
Counties, Kentucky, i n c l u d i  ny f a u l t s  i n  p o r t i o n s  o f  t h e  Rough Creek and Wabash 
Val l e y  F a u l t  Systems, and small f a u l t s  i n  t h e  Moorman Sync1 ine .  Coal 
companies p rov ided  maps and d r i l l - h o l e  i n f o r m a t i o n  t h a t  y i e l d e d  a d d i t i o n a l  
i n f o r m a t i o n  on geol og i  c s t r u c t u r e .  
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FIGURE 3. Location of wel.1~ listed in table 1. 

Texaco, J.M.Wal t e r s  No. I ,  SW+ NE& SW& Sec. 29, T. 9S, R. 9E, G a l l a t i n  
Co. , IL .  Tops by Howard Schwal b. 
John Dunn i l l ,  Margaret Karsch No. 1, 1150 ft from N.L., 675 f t  from E.L., 
Sec. 35, T. 9S, R. 7E, Sa l ine  County, I L ,  Tops by Howard Schwal b. 
Texota, King No. I, NE+ SE& Sec. 32, T. l O S ,  R.  7E, Sa l i ne  County, I L .  
Tops by d r i l l e r  and Y.  Lasemi. 
Texas P a c i f i c ,  John Wells No. 1, 460 ft from N.L., 660 ft W.L., Sec. 34, 
T. 10S, R. 6E, Sa l ine  County, I L .  Tops by Y .  Lasemi. 
Texas P a c i f i c ,  Mary S t r e i c h  Comm. No. 1, 1815 ft from S.L., 2310 f t  from 
E. L., Sec. 2, T. 1 l S ,  R. 6E9 Pope County, I L .  Tops by Elwood Atherton. 
Texas P a c i f i c ,  Far ley  e t  a l e  No. 1, 680 f t  from N.L., 730 f t  from W.L., 
SE+ Sec. 34, T. 135, R. 3E, Johnson County, I L .  Tops by Howard Schwal b. 
Ashland O i l ,  Camp Breck in r idge No. F-1-F, Sec. 154-21,  Union County, 
KY. Tops by Howard Schwal b. 
Exxon Corp., Choice Duncan No. 1, 1200 f t  from N.L., 2460 f t  from E.L., 
Sec. 5-M-22, Webster County, KY. Tops by Howard Schwal b. 
She l l  O i l ,  Davis No. 1, Sec. 17-L-16, Cr i t tendon County, KY. Tops by 
Mary McCracken and Howard Schwalb. 
Sun O i l  Co., Stephens No. 1, Sec. 9-1-19, Caldwell County, KY. Tops by 
Howard Schwalb. 
General E l e c t r i c  No. 2 Disposal Well, Sec. 9, T. 75, R. 13W, Posey 
County, I N .  Tops by Howard Schwal b. 
Texaco, Cuppy No. 1, SE$ SWk Sec. 6, T. 6S, R e  7E, Hamil ton County, I L .  
Tops by Elwood Ather ton an Tom Buschbach, 



The bedrock o f  t h e  study area comprises a t  l e a s t  15,000 ee t  of Pal @ m o i  c 
sedimentary rock o v e r l y i n g  Precambrian basement presumably composed o f  
c r y s t a l  1 i ne rocks. A l l  o f  t h e  Paleozoic  systems except t h e  Permi an a re  repre-  
sented. The succession begins w i t h  t r ansg ress i ve  Cambrian sandstone, whi ch i s  
succeeded by Cro i  xan (upper Cambrian) through Valmeyeran (m idd le  M i  s s i  s- 
s i  pp i  an) 1 imestone and do1 omi t e ,  some w i t h  abundant che r t  and 1 esser amounts 
o f  sandstone and shale. These s t r a t a  were almost a l l  depos i ted  i n  mar ine 
waters  o f  sha l low t o  moderate depth, on a stab1 e c r a t o n i c  p l a t f o r m  sub jec t  t o  
p e r i o d i c ,  gent1 e, r eg iona l  up1 i f t  and subsidence. The Ches te r i  an ( 1  a t e  
M i  s s i  s s i  pp i  an) marked t h e  beginn ing o f  cyc l  i c a l  sedimentat i  on i n  whi ch a1 t e r -  
n a t i  ng l a y e r s  o f  1 imestone, shale, and sandstone were depos i ted  i n  marine and 
coas ta l  environments. A f t e r  a h i a t u s  caused by t h e  r e t r e a t  o f  t h e  sea f rom 
t h e  area, d e p o s i t i o n  began aga in  i n  t h e  Pennsylvanian Per iod :  f i r s t ,  t h i c k  
basal f l  u v i  a1 sandstone and shal es , then  f u r t h e r  cyc l  i c a l  deposi t s o f  de l  t a i  c 
sha le  and sandstone a1 t e r n a t i  ng w i t h  s h a l l  ow mar i  ne l imestone and mi nab1 e beds 
of  coal .  Depos i t i on  probably  cont inued i n t o  t h e  Permian, but s t r a t a  o f  t h i  s 
age have been eroded from t h e  study area. U l t r a b a s i c  igneous rock was 
i n j e c t e d  as narrow d i kes  and s i l l s  du r i ng  e a r l y  Permian t ime. 

The Mesozoic and Cenozoic Erathems are  unrepresented i n  t h e  study area save 
f o r  sca t t e red  remnants o f  1 a t e s t  T e r t i a r y  gravel  s i n  t h e  Shawneetown Hi 11 s. 
The P le i s tocene  g l a c i e r s  d i d  no t  q u i t e  reach our  area, u t  1 a c u s t r i  ne sed i -  
ments up t o  150 f e e t  t h i c k  accumulated i n  t h e  lowlands w h i l e  windblown s i l t  
and sand mant l  ed l a r g e  areas o f  t h e  up1 ands. The most recen t  sediments i n  t h e  
study area cons i s t  o f  a l l u v i u m  o f  t h e  Ohio R i ve r  and i t s  t r i b u t a r i e s .  

No d i r e c t  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  Precambrian basement because no 
we1 1 s have y e t  reached i t  i n  our  study area, and t h e  nearest  ou tc rops  1 i e  120 
m i l e s  t o  t h e  west i n  t h e  Ozark reg ion.  Nevertheless, severa l  l i n e s  o f  ev i -  
dence a l l o w  us t o  make some reasonable i n fe rences  on t h e  na tu re  o f  t h e  anc ien t  
subs t ra te ,  Precambrian rocks i n  t h e  S t .  Francoi  s Mountains o f  M issour i  con- 
s i  s t  ma in ly  o f  g r a n i t e  and r h y o l i t e  c u t  by i n t r u s i o n s  o f  diabase. I n  I l l i n o i s  
16 deep bor ings  reached basement, which was found t o  cons i s t  o f  g ran i t e ,  
granodi o r i  t e ,  r hyo l  i t e ,  and y ranophyre, i n  t h a t  o rde r  o f  abundance (Bradbury 
and Ather ton,  1965). A new deep we1 l i n  southeastern Hami l ton County (we1 l 
12, f i g .  3 ) ,  t h e  c l  osest  we1 1 t o  our  area t o  reach basement, encountered p i  nk 
g r a n i t e  a t  a depth o f  12,967 f e e t .  Thus, i t  appears l i k e l y  t h a t  a c i d i c  i n t r u -  
s i v e  and e x t r u s i v e  rocks under1 i e  t h e  Paleozoic  s t r a t a  i n  our study area, 

The depth t o  basement i n  t h e  immediate study area i s  a t  l e a s t  15,000 f e e t  and 
probably  cons iderab ly  more. The Texas P a c i f i c  o i l  t e s t  ( w e l l  5, f i g .  3, and 
tab1 e I ) ,  immediately southwest o f  our study area i n  Pope County, went t o  
14,920 f e e t  w i t hou t  reach i  n e Exxon we1 1 i n  ebs te r  County, 
Kentucky ( w e l l  8, f i g .  3, a rt of Precamb 
fee t .  These a re  t h e  deepest 
t i v e l y .  Seismic p r o f i l e s  i n  
t h a t  basement i s  as deep as 
(Norman Hester , personal com 
f u r t h e r  c o n f i  rmed by g r a v i t y  
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FIGURE 4. Generalized stratigraphic column for study region. 



TABLE 1. Sub-Mississippian formations penetrated by deep wells in and near the study area (see fig. 4 for identification). 

F ormati ons 

Well Numbers 

1 2 3 4 5 6 7 8 9 10 11 12 

DEVONIAN SYSTEM 

New Albany Group 

L ing le  Limestone 

Grand Tower Limestone 

Clear Creek Chert 

Backbone Limestone 

Grassy Knob Chert 

Bai  1 ey Limestone 

SILURIAN SYSTEM 

Moccasin Spri ngs Fm. 

St. C l a i  r Limestone 

Sexton Creek Limestone 

ORDOVICIAN SYSTEM 

Maquoketa Shale Group 

Galena Group 

P l  a t t e v i  11 e Group 

Joachim/Dutchtown Fms. 

St. Peter Sandstone 

Everton Dolomite 

Knox Megagroup ( i n  p a r t )  

CAMRIAN SYSTEM 

Emi nence Format i on 

Potosi Dolomite 

Franconi a Formati on 

Eau C la i  r e  Formation 

M t .  Simon Sandstone 

Pre-Mt. Simon 

1,522 

257 

38 

101 

360 

30 

565 

328 

17 1 

6 3 

94 

? 

200 

127 

562 

266 

152 

6 2 

4,324+ 

823 

None 

Precambrian 
g r a n i t e  

TOTAL DEPTH 7,688 2,683 3,172 6,200 14,942 14,284 8,594 15,200 8,821 12,960 7,980 13,051 

*Well c u t  f a u l t  and went i n t o  Pennsylvanian a t  2,380 ft. Probably add i t iona l  f a u l t s  i n  hole (note abnormally t h i n  Grand Tower Limestone). 
**"KnoxW i n  t h i s  wel l  inc ludes u n d i f f e r e n t i a t e d  Cambrian and Ordovician between St. Peter Sandstone and Eau C l  a i  r e  Formation. 
P~gneous rock 14,440-14,450 ft . 
flgneous rock 12,110-12,130 ft. 



Soderberg and K e l l  e r ,  1981 ; Schwal b, 1982; and H i  ldenbrand e t  a1 . , 1982). 
Soderberg and K e l l  e r  (1981) r e f e r  t o  t h e  Precamb s t h e  Rough Creek 
Graben and be1 i e v e  i t  to be bounded on t h e  n f a u l  t scarps, 
p recursors  o f  t h e  Rough Creek-Shawneetown an Systems, respec- 
t i v e l y .  

Throughout much o f  t h e  upper midwest t h e  basal Paleozoic  depos i t  i s  a 
quar tzose t o  a r k o s i c  t r ansg ress i ve  sandstone o f  Cro ixan ( l a t e  Cambrian) age, 
c a l l e d  t h e  Lamotte Sandstone i n  t h e  Ozarks and t h e  M t ,  Simon Sandstone east-  
ward ( f i g .  4 ) .  It r e s t s  on an i r r e g u l a r ,  knobby Precambrian sur face  and i s  
absent over some o f  t h e  bur ied  h i l l s ,  as i n  t h e  Hami l ton County we l l  ( w e l l  12, 
f i g .  3, and t a b l e  1). I n  southern I l l i n o i s ,  t h e  M t .  Simon i s  assigned t o  t h e  
Potsdam Sandstone and i s  equ i va len t  t o  t h e  Potsdam Sandstone o f  New York 
State.  

The Rough Creek Graben con ta ins  a t h i c k  succession o f  sediments o l d e r  than t h e  
M t .  Simon Sandstone. The deep o i l  t e s t  d r i  11 ed by Texas P a c i f i c  i n  southern 
Johnson County, I 1  l i n o i s  ( w e l l  6, f i g .  3, and t a b l e  I ) ,  f i r s t  cu t  about 660 
f e e t  o f  M t .  Simon, t hen  passed through 564 f e e t  o f  coarse-grained redd ish  
arkose c o n t a i n i n g  l a y e r s  o f  red  and green shale,  and bottomed i n  t h i s  m a t e r i a l  
w i t h o u t  reaching basement. Another w e l l  near t h e  eas te rn  end o f  t h e  Rough 
Creek-Shawneetown F a u l t  System i n  Grayson County, Kentucky, encountered a 
t h i c k  succession o f  mar ine shales, con ta in i ng  t r i l o b i t e s  i n d i c a t i n g  m idd le  
Cambrian age, beneath t h e  Eau C l  a i  re (Howard Schwal b, personal communication, 
1983). M t .  Simon Sandstone was not  recoyni  zed i n  t h e  1 a t t e r  we1 1. The 
se ismic sec t ions  i n  western Kentucky i n d i c a t e  as much as 8,000 f e e t  o f  
Cambri an depos i t s  (Norman Hester , personal communi c a t i  on, 1983). Deep 
d r i  11 i ng i n  southeastern M i  ssour i  , eas te rn  Arkansas, and e s t e r n  Tennessee 
reveal  s im i  l a r  ext remely  t h i  ck pre-Mt. Simon depo t s  i n  a deep Cambrian 
t rough,  probably  a graben o r  r i f t  zone, beneath t Cretaceous and T e r t i  a ry  
sediments o f  t h e  M i  s s i  s s i  pp i  Embayment ( E r v i  n and cGi nn i  s, 1975; Houseknecht 
and Weaver1 i ng , 1983). Thi  s n o r t h - t  rend i  ng t r o u g  c a l l  ed t h e  Reel f o o t  R i  f d ,  
i n t e r s e c t s  t h e  Rough Creek graben i n  southern I l l i n o i s .  

The Cro ixan (upper Cambrian) and Canadian 
M t .  Simon Sandstone, i nc l  ud i  ng t h e  Ever to  
as t h e  Knox Dolomi te  Megagroup, Outs ide 
Graben and t h e  Re l f o o t  R i f t ,  t h e  Kno 
and d o l o m i t i c  san s tone w i t h  c h e r t  an 
The Knox t h i c k e n s  a b r u p t l y  and change 
o r i g i n ,  i n  t h e  Rough Creek and Reel f o o t  t 
and Weaverl ing,  1983). The t h i c k e n i n g  an 
t h e  basal Knox (Eau C l a i r e  Format ion) and 

Thus, t h e  Ree l f oo t  and Rough Greek t roughs 
o r  p o s s i b l y  l a t e  Precambrian t ime, and 
surrounding up1 ands shed vas t  amo 
r a p i d l y  w i t h  sediment, but. s t i l l  
ocean spread on to  t h e  c ra ton  and 
Ordov ic ian  t ime  were these t renches gen 
s h a l l  ow-water carbonates. Al though no 



t h e  na tu re  o f  t h e  boundaries o f  t h e  Reel f o o t  R i f t  and Rough Creek Graben, 
t hese  boundaries a re  g e n e r a l l y  presumed t o  be f a u l t s .  They d e f i n i t e l y  were 
1 i n e s  o f  weakness i n  t h e  c rus t ,  and a re  p recursors  o f  f a u l t s  t h a t  exper ienced 
r e c u r r e n t  movements i n Pal eozoi  c  and subsequent t ime.  

Sedimentat i  on c o n t i  nued from Cambri an i n t o  Ordovi c i  an t i m e  w i t h  no apparent 
h i a t u s  o r  marked change i n  t h e  charac te r  o f  t h e  rocks. The systemic boundary, 
t h e r e f o r e ,  i s  d i f f i c u l t  t o  i d e n t i f y  from we1 1 records. The Ordov ic ian  p o r t i o n  
o f  t h e  Knox Megag roup, i n c l  ud i  ng t h e  o v e r l y i  ng Ever ton Do1 omi te ,  consi  s t s  o f  
shal  low-water carbonates w i  t h i  n  and ou t s i de  t h e  Rough Creek Graben. Ove r l y i ng  
t h e  Ever ton i s t h e  widespread and read i  1-y-recogni zed St. Pe te r  Sandstone, 
which i s  composed o f  ve ry  we1 1 -so r t ed  q u a r t z  sand depos i ted  i n  sha l low 
water  d u r i n g  a mar ine t ransgress ion .  The S t .  Pe te r  ranges From 50 t o  
200 f e e t  t h i c k  ( t a b l e  1; f i g .  4) ,  and t y p i c a l l y  i s  o v e r l a i n  by 1000 f e e t  o r  
more o f  1 imestone and do lom i te  an topped by t h e  C i n c i n n a t i a n  (upper Ordovi  - 
c i an )  Maquoketa Shale Group, which ranges from 200 t o  a  l i t t l e  more than 400 
f e e t  t h i c k ,  

S t r a t a  assigned t o  t h e  S i l u r i a n  System range from about 150 t o  475 f e e t  t h i c k ,  
as i d e n t i f i e d  from w e l l  1  ogs and c u t t i n g s  ( t a b l e  1). Three fo rmat ions  com- 
monl y a re  recogni zabl e: t h e  occas in  Spr ings and St, C l a i r  o f  N iagar ian  age, 
and t h e  Sexton Creek Limeston o f  A1 exandrian age. The Moccasin Spr ings t y p i -  
c a l l y  i s  reddish,  very  s  I t y  o r  a r g i  l l aceous l imestone o r  ca l  careous s i  1  t- 
stone; t h e  S t ,  C l a i r  i s  a i r l y  pure  l imes tone  and t h e  Sexton Creek i s  che r t y  
1 imestone. The Edgewood Limestone, whi ch under1 i es t h e  Sexton Creek i n  
southern I 1  i no i  s, a1 so may be present ,  but has no t  been d i f f e r e n t i a t e d  i n  any 
o f  t h e  we1 1 s  examined f o r  t h i s  r epo r t ,  

The Devonian System c o n s i s t s  rmat ions  hav ing  an aggregate 
th ickness  of 1500 t o  2000 f e e  i t y  o f  t h e  s tudy  area ( t a b l e  1). 
Lower and Midd le  Devonian s t r  r e  composed mai n l y  o f  very che r t y  1  imestone; 
some u n i t s  a re  formed most o f  bedded cher t .  C l a s t i c  sediments a re  sparse i n  
t h i s  p a r t  o f  t h e  sec t ion ,  though t h e  Dutch Creek Sandstone Member o f  t h e  
Grand Tower Limestone was i d e n t i f i e d  i n  some w e l l s .  C lear  Creek Cher t  comes 
t o  t h e  su r f ace  i n  t h e  v i c i n i t y  o f  Hicks Dome, about 10 m i l e s  south o f  t h e  
study area, and i s  t h e  o l d e s t  rock t o  crop ou t  i n  t h e  reg ion.  Lower and 
Midd le  Devonian carbonates sometimes a re  lumped, a long w i t h  carbonates o f  t h e  
S i  1  u r i  an System, i n t o  t h e  Hunton Limestone Megagroup, 

The Upper Devonian, i n  con t ras t ,  i s  an i n t e r v a l  o f  dark gray, greenish-gray, 
and b lack shales a s s '  Shale Group, Thi  s  i n t e r v a l  , 
e v i d e n t l y  l a i d  down i presen ts  t h e  f i  nes t  d e t r i t u s  
washed ou t  o f  t h e  Cat u r i n y  t h e  Acadi an Orogeny i n  New 
England. New 1y recognized i n  we l l  c u t t i n g s ,  on rad io -  
a c t i v e  1 ogs, a  des t  bedrock a c t u a l l y  exposed w i t h i n  ou r  



FIGURE 5. Siliceous limestone of the Ft. Payne Formation, dipping steeply southward in a narrow fault slice in the 
Shawneetown Fault Zone (at the Horseshoe Quarry, Rudement Quadrangle). 



immediate study area i s  be1 i eved t o  be New A1 bany Shal e; i t  i s  found i n  an 
abandoned roadstone quar ry  a t  Horseshoe (NE 1 /4  NE 1 /4  NE 1/4, Sec. 36 ,  
T. 9S., R. 7E.) Rudement Quadrangle, S a l i n e  County. The sha le  d i p s  v e r t i c a l l y  
i n  a narrow f a u l t  s l i c e  on t h e  n o r t h  w a l l  o f  t h e  c u t  near t h e  nor thwest  corner  
o f  t h e  quarry.  The h i g h l y  f r a c t u r e d  shale i s  hard, b r i t t l e ,  and s i l t y  and 
con ta i  ns smal l  i r r e g u l  a r  phosphat ic  nodul es. Such 1 i tho1 ogy i s t y p i c a l  o f  
p o r t i o n s  o f  t h e  New A1 bany Shal e, but s imi  1 a r  dark shal e (genera l  l y  very t h i  n )  
occurs wi t h i  n t h e  Valmeyeran F o r t  Payne Format i  on. 

The F o r t  Payne Formation, o f  Valmeyeran age, i s  exposed on l y  a t  t h e  Horseshoe 
Quarry ,  where i t  i s  u s u a l l y  a dark gray, h i g h l y  s i  1 i c i  f i  ed, s i l t y  l imes tone  
( f i g .  5 ) .  It l i e s  i n  f a i r l y  r e g u l a r  beds, ranging from l e s s  than  an i n c h  t o  
about a f o o t  t h i c k ,  occas iona l l y  separated by p a r t i n g s  o f  b lack s i l i c e o u s  
shale.  Most o f  t h e  o r i g i n a l  carbonate has been rep1 aced by d u l l  t o  v i t r e o u s  
s i l i c a .  Such s i l i c i f i c a t i o n ,  t y p i c a l  through much o f  t h e  Ft .  Payne, makes t h e  
f o rma t i on  r e l a t i v e l y  r e s i s t a n t  t o  eros ion.  The 150 f e e t  o r  more o f  Ft .  Payne 
a t  Horseshoe Quar ry  probably  i s  l e s s  than  t h e  t o t a l  t h i ckness  o f  t h e  forma- 
t i o n .  The rock i s  f a u l t e d  and thorough ly  f r ac tu red ;  i t  d i p s  a t  40' t~ 90' 
from h o r i  zon ta l  . It occupies a narrow f a u l t  s l  i ce i n  t h e  h e a r t  o f  t h e  
Shawneetown Faul t Zone. 

Ove r l y i ng  t h e  Ft .  Payne Formation, i n  ascending order ,  a re  t h e  U l l  i n ,  Salem, 
and S t .  Lou is  Limestones, which c o n s t i t u t e  t h e  m idd le  p o r t i o n  o f  t h e  
Valmeyeran Ser ies.  Deposi ted on a carbonate she1 f, i n  sha l low t o  moderately 
deep mar i  ne water, these  fo rmat ions  con ta i  n 1 i ttl e o r  no t e r r i  genous ma te r i  a1 
and v a r i a b l e  amounts o f  secondary cher t .  We found no outcrops o f  t h e  U l l  i n ,  
Salem, o r  St. Lou is  i n  our  study area, but they  probably  l i e  d i r e c t l y  beneath 
t h e  a1 l uv i um near Horseshoe, and poss ib l y  a long t h e  n o r t h  s i d e  o f  t h e  Wi ldca t  
Hi  11 s. The u n i t s  a re  d i  f f  i c u l t  t o  d i  s t i  ngui sh on geophysi ca l  1 ogs; c a r e f u l  
s tudy i s  r equ i red  t o  separate them i n  we l l  c u t t i n g s .  The con tac ts  apparen t l y  
a re  conformable and g rada t i ona l  i n  t h e  study area. The U l l i n  i s  roughly  300 
f e e t  t h i c k ;  t h e  Salem and S t .  Lou is  average about 400 f e e t  t h i c k  each. 

T y p i c a l l y  a l i g h t  t o  medium gray, coarse b i o s p a r i t e  o r  o o l i t i c  l imestone,  t h e  
Ste. Genevi eve records  shoal i ng c o n d i t i o n s  toward t h e  end o f  Valmeyeran 
t ime.  Beds o f  sandstone and sandy l imes tone  i n  t h e  upper p a r t  o f  t h e  forma- 
t i o n  r e f 1  ec t  t h e  begi nn i  ng o f  cyc l  i ca l  d e p o s i t i o n  t h a t  p reva i  l ed subsequent ly 
d u r i n g  t h e  Chester ian Epoch. A lso present  a re  p a r t i n g s  o f  g reen ish  sha le  and 
nodules o f  cher t .  The Ste. Genevieve t y p i c a l l y  i s  th ick-bedded t o  massive i n  
outcrop. 

The upper p o r t i o n  o f  t h e  Ste. Genevieve Limestone i s  exposed i n  an abandoned 
quar ry  a t  t h e  n o r t h  edge o f  t h e  Wi ldca t  H i l l s  i n  t h e  SE 1 /4  N 
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FIGURE 6. Generalized stratigraphic co lumn o f  t he  Chesterian Series (Chesterian-Valmeyeran boundary after Swann, 
1963). Many  geologists st i l l  include the Renault  Limestone and A u x  Vases Sandstone i n  Chesterian. 



Sec t i on  27, T. 9S., R e  8E., E q u a l i t y  Quadrangle. Th i s  s teep l y  t i l t e d  l i m e -  
s tone l i e s  w i t h i n  a  f a u l t  s l i c e  o f  t h e  Shawneetown Fau t Zone. F l o a t  and 
obscure outcrops i d e n t i f i e d  as Ste.  Genevieve a l  so occ r near  t h e  road  j u n c t i o n  
ad jacent  t o  Sulphur Spr ings Church, i n  t h e  S  1/4, Sec t ion  34, T. 9S., R e  7E., 
Rudement Quadrangle, a1 so w i t h i n  a  s teep l y  d i p p i n g  f a u l t  s l i c e .  Ste. Gene- 
v i  eve Limestone i s t h e  deepest f o rma t i on  o r d i n a r i l y  pene t ra ted  by o i  1  
d r i l l i n g  i n  t h e  area. I t s  t h i ckness  ranges from about 120 t o  180 f e e t .  

Formations o 

The Chester ian Ser ies,  roughly  1,000 f e e t  t h i c k  i n  southeastern I 1  1  i no i  s, 
comprises numerous fo rmat ions  o f  mar ine sha le  and l imestone a l t e r n a t i n g  w i t h  
s h a l l  ow-mari ne, coasta l  , f l  u v i  a1 , and del  t a i  c  sandstone and shal e  ( f i g .  6) .  
Thi  s  a1 t e r a t i o n  r e f 1  ec t s  1  arge-scal  e  f l  u c t u a t i o n  o f  shore1 i ne and f l  u v i  a1 
depocenters, c o n d i t i o n s  t h a t  p reva i  1  ed d u r i  ng t h e  Pennsyl vani  an Per iod  as 
w e l l .  T r a d i t i o n a l l y ,  t h e  base o f  t h e  Chester ian Ser ies  was p laced a t  t h e  base 
of  t h e  Aux Vases Sandstone, but Swann (1963) r e d  a s s i f i e d  t h e  Aux Vases and 
t h e  Lev ias  Member o f  t h e  Renault  Format ion as Valmeyeran, on t h e  bas is  o f  
f oss i  l evidence. Never the l  ess, some s t r a t i  graphers, among them Jennings and 
F r a u n f e l t e r  (1983), s t i l l  p r e f e r  t o  i n c l u d e  t h e  Lev ias  and Aux Vases w i t h  t h e  
Ches te r i  an. 

W i t h i n  t h e  area mapped on p l a t e  1, Chester ian rocks crop ou t  i n  f a u l t  s l i c e s  
and t i l t e d  b locks  on t h e  n o r t h  and west s ides  o f  Cave H i l l  and on t h e  n o r t h  
s i d e  o f  t h e  W i  1  dca t  Hi 11 s  and Gold Hi 11 . The most compl e t e  succession i s  
found a long Three Spr ings Hol low (Sec. 35, T. 9S., R. 7E.), where rocks f rom 
t h e  K i n k a i d  Limestone through t h e  Cypress Sandstone a re  exposed. Numerous 
e l e c t r i c  l o g s  o f  o i l  t e s t  ho les  showing t h e  e n t i  r e  Chester ian Ser ies  were 
ava i l ab le ,  and we used these t o  he1 p  i n  c o r r e l a t i n g  and i d e n t i f y i n g  u n i t s  a t  
t h e  sur face.  

Ches te r ian  sandstones a re  topoyraphi  ca l  l y  prominent and tend t o  form r i dges  
and hogbacks. Typ ica l  l y  they  a re  f i n e  t o  very  f i  ne-gra i  ned, we1 1 -sor ted  
mature qua r t z  a r e n i t e s  o r  o r t hoqua r t z i t es ,  t i g h t l y  cemented w i t h  s i l i c a  and 
i ron  oxide. None o f  them has s u f f i c i e n t l y  d i  s t i  n c t i v e  1  i tho1 o y i c  charac te r  t o  
pe rm i t  fo rmat iona l  i d e n t i f i c a t i o n  from a  s i n g l e  exposure; indeed, these sand- 
stones can be d i f f i c u l t  t o  i s t i n g u i s h  from lower  Pennsylvanian sandstones. 
Upper Ches te r ian  sandstones can, however, be ed from lower  Ches- 
t e r i a n  sandstones i n  a  general  way. Sandstones o f  Degonia, C l  o r e  and Pal e- 
s t i n e  Format ions a re  t h i n  ( 5  t o  20 f e e t )  and t y p i c a l l y  weather ye1 l o w i  sh-gray 
t o  ye l lowish-brown;  t hey  a re  very  f i n e  grained, t h i n  bedded, shaly,  and o f t e n  
r i  pp l  e  marked. Tar Spr ings and 01 de r  sandstones a re  t h i  cker  o v e r a l l  , o f t e n  
thick-bedded t o  massive, and w h i t e  o r  very  l i g h t  gray on f r e s h  sur faces.  A l l  
of t h e  sandstones, e s p e c i a l l y  those o f  t h e  a l  t e r s b u r g  and Hardi  nsburg Forma- 
t i o n s ,  vary  markedly i n  t h i ckness  w i t h i n  t h e  study area, d i s p l a y  a  range o f  
f ac i es ,  and grade l a t e r a l l y  i n t o  shale o r  s i  1  t s tone .  

Limestones a re  t h e  most use fu l  u n i t s  f o r  i ec i  ng t oge the r  Ghes te r i  an s t r a t i  - 
graphy i n  t h e  f i e l d ,  because many have d i  t i  n c t i  ve  charac te r1  s t i  cs; however, 
they  a re  r a r e l y  exposed except i n  rav ines.  A g r d  t r a n s i t i o n  i s  
seen from Ste. Genevieve-1 i k e  1  i gh t - co lo red ,  cr 
ool  i t i  c  1  imestones i n  t h e  l ower Ches te r i  
l imes tones  o f  t h e  upper p a r t  o f  t h e  ser ies .  General l i t h o l o g y ,  th ickness ,  and 
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charac te r  o f  t h e  beds, f o s s i l s ,  and secondary f ea tu res  such as c h e r t  nodules 
a l l  a re  use fu l  c r i t e r i a  f o r  i d e n t i f y i n g  Ches te r i  an 1 imestones. 

Shales crop ou t  on l y  along streams and, r a r e l y ,  on very  steep slopes. Dark 
gray o r  greeni  sh-mot t l  ed, p l  a ty ,  s i  1  i ceous shal  es a r e  most c h a r a c t e r i  s t i  c; r ed  
sha le  i s  d i a g n o s t i c  of t h e  Degonia Format ion as seen i n  we1 1 cu t t i ngs .  Gray 
s i l t y  shales and s i l  t s t ones  a1 so occur, but a re  n e a r l y  i d e n t i c a l  t o  some 
Pennsylvanian rocks. Th in  coal seams a re  ra re ;  t h e  on l y  ones we found a re  i n  
t h e  upper p a r t  o f  t h e  Waltersburg Format ion along a r a v i n e  eas t  o f  Three 
Sp r i  ngs Hol 1  ow. 

S t r u c t u r a l  compl ex i  t y  , pauc i t y  o f  exposures, and t h i  nness o f  some fo rmat ions  
necess i t a ted  g roup i  ng some o f  t h e  Ches te r i  an fo rmat ions  t oge the r  f o r  mappi ng 
purposes. I n  a  few areas o f  compl icated s t r u c t u r e  we could no t  i d e n t i f y  t h e  
u n i t s  re1 i ab l y  and have t h e r e f o r e  mapped these p l  aces as u n d i f f e r e n t i a t e d  
Ches te r i  an. 

A major  unconformi ty  marks t h e  base o f  t h e  Pennsylvanian System throughout  t h e  
I l l i n o i s  Bas in  ( B r i s t o l  and Howard, 1971) .  W i th i n  t h e  study area t h e  h i a t u s  
i s 1 ess profound than i n  most p laces:  basal Pennsylvanian s t r a t a  r e s t  on 
uppermost Ches te r i  an rocks. A few subsur face records i nd i  ca te  t h a t  t h e  Grove 
Church Shal e, t h e  youngest i d e n t i  f i  ed Chester ian f o rma t i  on, may be present  
beneath t h e  unconformi ty .  I n  most we1 1 s  and sur face  exposures, basal Pennsyl- 
vanian rocks over1 i e  t h e  Gorev i l  l e  Limestone o r  Cave Hi1 1 Shale Members o f  t h e  
K inka id  Limestone. The major  excep t ion  i s  i n  t h e  Inman Channel (Howard, 
personal communi ca t i on ,  1983) i n  t h e  Shawneetown Quadrangl e, where pre- 
Pennsylvanian e ros ion  l o c a l l y  removed s t r a t a  down t o  about 30 f e e t  above t h e  
base o f  t h e  C l  o r e  Formation. The maximum re1 i e f  on t h e  unconformi t y  thus  
amounts t o  about 250 f ee t ,  

A t  a1 1 exposures exami ned, t h e  M i  s s i  s s i  pp i  an and Pennsylvanian s t r a t a  a re  
concordant. Thus, t h e r e  i s  no evidence, such as Ekblaw (1925) found i n  t h e  
A1 t o  Pass area o f  southwestern Ill i noi  s, f o r  post -Chester i  an pre-Pennsylvanian 
t e c t o n i c  movement. 

The basal Pennsylvani  an o f  southeastern I 1  1  i no i  s  i s ass i  yned t o  t h e  Caseyvi 11 e 
Format ion ( f i g .  7 ) .  Composed 1 a rge l y  o f  t h i c k  and massive sandstone t h a t  i s  
very  r e s i s t a n t  t o  eros ion,  t h e  Caseyv i l  l e  forms a1 1 o f  t h e  h i ghes t  h i 1  1  s  o f  
t h e  study area. A n e a r l y  cont inuous escarpment o f  C a s e y v i l l e  sandstone marks 
t h e  upturned r i m  o f  t h e  Eagle Val l e y  Sync1 i ne south and east o f  t h e  Shawnee- 
town F a u l t  Zone, through Gold H i l l ,  t h e  Wi ldcat  H i l l s ,  Cave H i l l ,  and f rom 
t h e r e  southwestward t o  t h e  l i m i t  o f  t h e  mapping area. A s i m i l a r  sou th - fac ing  
escarpment marks t h e  southern 1 imb o f  t h e  Eagle Va l ley  Sync l i ne  a s h o r t  
d i  s tance south o f  t h e  quadrangl es surveyed. 

The C a s e y v i l l  e Format ion i nc l  udes s i l  t s tone ,  shale, and t h i n ,  d i  s c o n t i  nuous 
seams o f  coal ,  but sandstone normal ly  c o n s t i t u t e s  more than  ha1 f o f  t h e  t h i c k -  
ness o f  t h e  format ion.  No 1 imestone o r  rocks c o n t a i n i n g  mar ine f o s s i l s  were 
observed i n  t h e  study area, a l though such rocks have been repo r ted  elsewhere 



i n  I 1  1 i n o i s .  Petrography, f a b r i c ,  and sedimentary s t r u c t u r e s  i n d i c a t e  a 
domi n a n t l y  f l  u v i  a1 and d e l t a i c  o r i g i n  f o r  t h e  Caseyvi 11 e (Palmer and Dutcher, 
1979). The c y c l i c i t y  t h a t  i s  c h a r a c t e r i s t i c  o f  Chester ian and younger Penn- 
sy l van ian  s t r a t a  i s  no t  much i n  evidence i n  t h e  Caseyv i l l e .  

The c l  i f f - f o r m i  ng, channel -phase Caseyvi 11 e sandstones a re  o f t e n  100 f e e t  o r  
more t h i c k .  Commonly they  a re  so massive t h a t  s t r u c t u r a l  a t t i t u d e s  a re  d i f f i -  
c u l t  t o  determine. Large-scal  e crossbedding i s  prominent i n  many exposures. 
A d i a g n o s t i c  f e a t u r e  o f  t h e  Caseyvi 1 l e  i s  t h e  presence o f  wel 1-rounded pebbles 
o f  w h i t e  qua r t z  ( o c c a s i o n a l l y  q u a r t z i t e ,  cher t ,  and hemat i te)  up t o  1 /2  i n c h  
i n  d i  ameter, e i  t h e s  sca t t e red  throughout  t h e  sandstone o r  concentrated as 1 ag 
conglomerates up t o  severa l  f e e t  t h i c k .  Such pebbles do not  occur e l  sewhere 
i n  t h e  s t r a t i g r a p h i c  sec t i on ,  a1 though sca t t e red  qua r t z  g r a n d  es a re  found i n  
some p laces i n  t h e  nex t  younger Abbott  Format ion (and repo r ted l y  i n  t h e  
Ches te r i  an Bethel  Sandstone, no t  observed i n our study area).  Otherwi se, 
C a s e y v i l l e  sandstones range from very f i n e  t o  very coarse-grained and a re  
c l  ean, mature q u a r t z  a ren i  t e s  o r  o r t h o q u a r t z i  t es ,  cemented by s i  l i ca o r  
i ron. M i  ca, c l  ay , f e l d s p a r  , and dark g r a i  ns, common i n younger Pennsyl vani  an 
sandstones, a re  r a r e  i n  t h e  Caseyvi 11 e. F i  ne-gra i  ned Caseyvi 11 e sandstone can 
be confused w i t h  Chester ian but no t  w i t h  younyer Pennsylvanian sandstone. 

S i l t s t o n e  and sha le  o f  t h e  Caseyvi 11 e range from medi um t o  dark gray o r  brown 
t o  b lack and commonly con ta in  more mica and carbonaceous d e b r i s  than do 
Ches te r ian  rocks, but they  cannot be d i s t i n g u i s h e d  re1 i a b l y  from o the r  f i n e -  
g r a i  ned Pennsylvanian rocks. 

We have i d e n t i f i e d  and mapped f o r  t h e  f i r s t  t i m e  t h r e e  members o f  t h e  Casey- 
v i l l e  Format ion i n  t h e  study area. The basal Lusk Shale Member, a few tens  o f  
f e e t  t o  about 200 f e e t  t h i c k ,  i s  l a r g e l y  sandstone i n  many exposures. Lusk 
sandstone i s genera l  l y  very  f i n e  t o  f i  ne-gra i  ned o r t hoqua r tm i t e  i n  i r r e g u l  a r  
s t r a t a  rang ing  from a few inches t o  3 o r  4 f e e t  t h i c k .  L o c a l l y  i t  i s  a ledge- 
former. Ove r l y i ng  t h e  Lusk i s  t h e  massive, channel-phase B a t t e r y  Rock Sand- 
s tone Member, which forms cont inuous c l i f f s  from south o f  Bald Knob t o  t h e  
no r the rn  f ace  o f  Cave H i l l ,  The o v e r l y i n g  Pounds Sandstone Member has a 
s i m i l a r  charac te r  but i s  l e s s  p rominen t l y  exposed than t h e  Ba t t e r y  Rock i n  
most areas. A poo r l y  exposed shaly  i n t e r v a l  normal ly  separates t h e  Pounds 
from t h e  B a t t e r y  Rock, but near t h e  summit o f  Cave Hi 11 t h e  two massive u n i t s  
appear t o  have merged. Near t h e  eas te rn  end o f  Gold Hi  11 t h e  members cannot 
be i d e n t i f i e d ,  and t h e  exposed Caseyvi 11 e cons i s t s  l a r g e l y  o f  shale, w i t h  beds 
o f  a r g i  l l aceous sandstone and t h i n  coal  s. 

The t o p  o f  t h e  Caseyv i l l  e Format ion i s  de f i ned  as t h e  t o p  o f  t h e  Pounds 
Member, which i n  most p laces i s  easy t o  recognize i n  t h e  f i e l d ,  but d i f f i c u l t  
t o  p l ace  i n  most we l l  records, 

L i k e  t h e  Casey i l l  e Formati on, t h e  Abbott  Form on ( f i g .  7 )  i s  composed 
l a r g e l y  o f  r e s i s t a n t  sandstone, which forms r i  s and cuestas, It crops ou t  
i n  a broad b e l t  on t h e  southern d i p - s l ope  f a c i  o f  Gold, Wi ldcat ,  and Cave 
H i l l s ,  and on t e no r th -d i  pp ing s lope a t  t h e  southern edge o f  t h e  study 
area. The Abbott  a l s o  i s  found west o f  t h e  Shawneetown F a u l t  Zone i n  t h e  
southwestern p o r t i o n  o f  t h e  Rudement Quadrangl e ( p l a t e  1 ) . 



Abbot t  sandstones a re  l e s s  massive and l e s s  mature than  those o f  t h e  
Caseyv i l l e .  The Abbott  con ta ins  more mica, f e l dspa r ,  and c l ay  than  t h e  
Caseyvi 11 e, and these components become progress i  v e l y  more abundant upward i n  
t h e  format ion.  Sca t te red  quar tz  granules and pebbles occur l o c a l l y  i n  t h e  
lower  p a r t  o f  t h e  Abbott .  I r ons tone  cement and Liesegang banding a re  
prominent,  p a r t i c u l a r l y  i n  t h e  m idd le  p a r t  o f  t h e  format ion.  

The remainder o f  t h e  Abbott  cons i s t s  o f  s i l  t s tone ,  shale,  and t h i n  l o c a l  
coals ,  s i m i l a r  t o  those  o f  t h e  C a s e y v i l l e  Formation. 

I n  mapping t h e  a rea l  geol oyy o f  t h e  f l  uorspar  d i s t r i c t ,  Baxter  e l  a1 . (1963, 
1965, and 1967) d i s t i n g u i s h e d  t h r e e  sandstone members: The G r i n d s t a f f ,  
F i nn ie ,  and Murray B l u f f  i n  t h e  Abbot t .  Al though we could recognize f ea tu res  
o f  these  u n i t s  i n  many exposures, we found t h a t  we cou ld  no t  re1 i a b l y  map 
these members i n  our area. Rapid l a t e r a l  f a c i e s  changes a re  common; i n  some 
exposures t h e  Abbott  i s almost e n t i  r e l y  sandstone, but  e l  sewhere 1 arge 
p o r t i o n s  o f  t h e  fo rmat ion  grade t o  shale. Furthermore, recen t  work by Peppers 
and Popp (1979) suggests t h a t  t h e  G r i n d s t a f f  and F i n n i e  Sandstones a t  t h e i r  
t y p e  sec t i ons  a c t u a l l y  a re  t h e  same sandstone. Th i s  i s  no t  su rp r i s i ng ,  cons i -  
d e r i  ng t h a t  Abbott  Sandstones apparen t l y  were depos i ted  by meanderi ng, 
s h i f t i n g  streams. 

The upper boundary o f  t h e  Abbott  Format ion i s  de f i ned  as t h e  t o p  o f  t h e  Murray 
Bl  u f f  Sandstone; however, because o f  t h e  p r e v i o u s l y  mentioned f a c i  es 
v a r i a t i o n s  and t h e  f a c t  t h a t  t h e  members cannot be p o s i t i v e l y  i d e n t i f i e d  i n  
t h e  f i e l d ,  t h i s  con tac t  cannot be p laced p r e c i s e l y  i n  most areas, and i s  shown 
w i t h  a  broken 1 i n e  on most o f  p l a t e  l a .  S i m i l a r l y ,  we1 records can p rov ide  
o n l y  approximate placement o f  t h e  Spoon-Abbott con tac t .  

The Spoon Format ion con ta ins  more shale and l e s s  sandstone than t h e  Caseyv i l  l e  
and Abbott  and t h e r e f o r e  i s  1  ess prominent t o p o g r a p h i c a l l y  t han  t h e  t h e  l a t t e r  
two format ions.  Spoon sandstones l o c a l l y  form prominent hogbacks i n  t h e  i n n e r  
range o f  h i l l s  surrounding t h e  Eagle Val1 ey Syncl ine ,  bu t  l a r g e  areas o f  
ou tc rop  be1 t a re  conceal ed by Quaternary a1 1 u v i  a1 and l a c u s t r i n e  depos i ts .  

Sandstone i n  t h e  Spoon can be d i s t i n g u i s h e d  frorn t h a t  o f  t h e  Abbott  on t h e  
basi  s  o f  abundant coarse mica, f e l dspa r ,  carbonaceous debr is ,  and c l ay  m a t r i x  
i n  t h e  l a t t e r .  Secondary i r o n  i s  l e s s  prominent i n  t h e  Spoon than  i n  t h e  
Abbott .  I n  these respec ts  t h e  Spoon sandstone does no t  d i f f e r  s i g n i f i c a n t l y  
f rom younger Pennsylvanian sandstone. The t h i c k e s t  sandstones are g e n e r a l l y  
i n  t h e  lower  p o r t i o n  o f  t h e  Spoon, but r a p i d  l a t e r a l  changes i n  t h i ckness  and 
f a c i e s  a re  t h e  r u l e .  

Dur ing  Spoon t ime  t h e  sedimentary regime g radua l l y  changed from one dominated 
by f l  u v i  a1 processes t o  t h e  " c y c l o t h e r n i c ' b  t e r a t i o n  of mar ine and nonmarine 
s t r a t a  c h a r a c t e r i  s t i  c  o f  t h e  middl  e  Pennsyl v n ian,  The Spoon i s  t h e  o l d e s t  
Pennsylvanian fo rmat ion  t o  con ta in  1 imestone i n  t h e  study area. The "Curlew 
Limestone" o f  B u t t s  (1925) appears as abun h i t e  t o  ye1 1 owi sh- 
orange c h e r t  con ta in i ng  molds o f  1  arge p r o  ods, c r i  no i  ds, 
gastropods, and o the r  mar ine f o s s i l s ;  i t  wa several  h i  11 tops  near 
Somerset and a l  so i n  Horseshoe H o l l  ow south n 8, Jones Lake i n  t h e  



Rudement Quadrangl e. Whether t h i  s  i s  ac tua l  l y  t h e  Curl  ew Limestone Member, as 
now de f ined ,  i s  unce r ta i n ,  but i t  1  i e s  near t h e  base o f  t h e  Spoon Format ion 
and p rov ides  t h e  most re1 i a b l  e  f i e l d  i n d i  c a t o r  o f  t h e  Spoon-Abbott contact .  
Other t h i n  l imestones i n  t h e  Spoon were i d e n t i f i e d  i n  w e l l  1  ogs, but  none can 
be c o r r e l a t e d  w i t h  named members, 

Coal i s  much b e t t e r  developed i n  t h e  Spoon than i n  o l d e r  Pennsylvanian 
rocks. Coals o f  t h e  m idd le  sha ly  p o r t i o n  o f  t h e  Spoon a re  t h i n  and d i  scon- 
t inuous ,  and cannot be co r re l a ted ,  but t h e  Davis and Dekoven Coal Members 
( f i g .  7 )  a r e  v i r t u a l  y cont inuous i n  our  study area and throughout  much o f  
t h e  I 1  l i no i  s  Basin. These coal s  a re  w ide ly  exposed i n  abandoned sur face  mines 
i n  t h e  Eagle Val l e y  Syncl i n e  and c e n t r a l  Rudement Quadrangle, and a re  
i d e n t i  f i  ed i n .  hundreds o f  coal - t e s t  bor ings.  

The Carbondal e  Format ion i s  charac te r i zed  by minable coal seams and mar ine 
b l  ack f i  s s i  l e shales and 1  imestones t h a t  exhi  b i t  g rea t  l a t e r a l  c o n t i n u i t y  ; 
however, t h e  bu lk  o f  t h e  fo rmat ion  i s  composed o f  d e l t a i c  and marg ina l -mar ine 
shal  e, s i l  t s t one ,  and sandstone. Natura l  exposures a re  ra re ,  but p o r t i o n s  o f  
t h e  Carbondale a re  ex tens i ve l y  exposed i n  sur face  mines and a re  known from 
thousands o f  coa l  - t e s t  records, many o f  whi ch i nc l  ude core  desc r i  p t i  ons. The 
Carbondal e  Format ion under1 i es t h e  c e n t r a l  p o r t i o n  o f  t h e  Eagl e  Val 1  ey 
Syncl i n e  and a1 so t h e  reg ion  n o r t h  o f  t h e  Shawneetown F a u l t  Zone, where i t  i s  
1  a r g e l y  conceal ed by Quaternary deposi t s .  

The Col ches te r  (No. 2 )  Coal Member marks t h e  base o f  t h e  Carbondale Format ion 
i n  I l l i n o i s .  The coal i s  on ly  a  few inches t h i c k  but i s  cont inuous throughout  
t h e  study area and r e a d i l y  i d e n t i f i e d  on geophysical  logs.  The S p r i n g f i e l d  
(NO. 5 ) ,  B r i a r  H i  1 l (No. 5A) ,  and H e r r i  n  (No. 6 )  Coal Members have been mined 
w ide l y  and a l  so a re  easy t o  i d e n t i f y .  The Sp r i  ng f  i e l d  Coal, 4 t o  nea r l y  6 
f e e t  t h i c k ,  was se lec ted  as s t r u c t u r a l  datum f o r  p l a t e  11; i t  i s  mined a t  t h e  
su r f ace  and underground. The B r i a r  W i l l  Coal i s  1 t o  3 f e e t  t h i c k  and has 
been s t r i p -m ined  i n  con junc t i on  w i t h  t h e  S p r i n g f i e l d  seam. The H e r r i n  Coal, 
which has been mined underground and a t  t h e  sur face,  norma l l y  i s  3 t o  4 1 / 2  
f e e t  t h i c k ,  but l o c a l l y  i s  t h i n  o r  absent as a  r e s u l t  o f  e ros ion  i n  pal  eo- 
channels. Too t h i n  f o r  commercial min ing,  but w ide l y  recogn izab le  i n  d r i l l  
records  a re  t h e  S  r v a n t  and Houchin Creek (No. 4 )  Coal Members--formerly t h e  
Shawneetown and S  mmum (No. 4 )  Coal Members. The t op  o f  t h e  Carbondale Format ion 
i s  d e f i n e d  as t h e  t o p  o f  t h e  D a n v i l l e  (No. 7 )  Coal Member, which i s  l e s s  than  2 
f e e t  t h i c k  and w i d e l y  eroded a t  t h e  base o f  t h e  o v e r l y i n g  odesto Formation. 

Except f o r  t h e  f a c  i t s  coal  seams a re  t o o  t h i n  f o r  commercial mining, t h e  
Modesto Format i  on ho l  o y i  ca l  l y  s im i  1 a r  t o  t h e  Carbondal e. The Modesto 
occurs a t  t h e  corz e Eagle Val 1  ey Sync1 i n e  and i n  t h e  no r the rn  p a r t  o f  

i s  l a r g e l y  covered sediments, A  
t h e  G imle t  Sandsto however, i s  topo- 
Eagle Val ley,  wher s, The base of 

t h e  Gimlet  i s  eroded i n t o  t h e  Carbondale Formation, below t h e  l e v e l  o f  t h e  
H e r r i n  Coal i n  places. Most o f  t h e  areas t h a t  B u t t s  mapped as Anv i l  Rock 



Sandstone (Carbondale Format ion) a c t u a l l y  a re  Gimlet.  C l i f f y  exposures up t o  
50 f e e t  high, commonly w i t h  l a rge -sca le  crossbedding, a re  found around Maher 
H i l l  i n  t h e  E q u a l i t y  Quadrangle. 

The youngest bedrock i n  t h e  study area belongs t o  t h e  Bond Formation, o f  
M issour ian  age. It has been i d e n t i f i e d  on l y  i n  t h e  subsurface a t  t h e  eas te rn  
end o f  t h e  Eagle V a l l e y  Sync1 i n e  and i n  t h e  grabens n o r t h  o f  Shawneetown. The 
Shoal Creek Limestone Member, which marks t h e  base o f  t h e  Bond, i s  easy t o  
p i c k  i n  we1 1 records. Ove r l y i ng  t h e  Shoal Creek i s  up t o  125 f e e t  o f  sha le  
and sandstone hav ing t h i n  l a y e r s  o f  coal  and l imestone.  

No rocks o f  Permian age have been i d e n t i f i e d  i n  I l l i n o i s ,  but t h e i r  o r i g i n a l  
presence i n  t h e  study area can be i n f e r r e d .  Kehn, Beard, and Wi l l iamson 
(1982) repor ted  Permian rocks, i d e n t i f i e d  on t h e  bas is  o f  f u s u l i n i d s ,  i n  a 
d r i l l  co re  i n  eas te rn  Union County, Kentucky. These rocks, assigned t o  t h e  
Mauzy Formation, a re  preserved i n  a narrow graben w i t h i n  t h e  Rough Creek Faul t 
System. Approximately 390 f e e t  o f  Mauzy a re  p resen t  i n  t h e  t ype -sec t i on  core, 
but  s t r u c t u r a l  p r o j e c t i o n s  i n d i c a t e  t h a t  up t o  1300 f e e t  o f  Permian may occur 
i n  t h e  deepest p a r t  o f  t h e  graben. The con tac t  o f  t h e  Mauzy Format ion w i t h  
u n d e r l y i  ng Pennsylvanian rocks apparent1 y i s  conformabl e. 

The ex i s tence  o f  post-Pennsylvanian rocks up t o  severa l  thousand f e e t  t h i c k  
(now eroded) was p r e v i o u s l y  i n f e r r e d  from coal i f i  c a t i o n  s tud ies  i n  t h e  
southern p a r t  o f  t h e  I l l i n o i s  Bas in  (Damberger, 1971 and 1974). 

The on l y  T e r t i a r y  m a t e r i a l s  recognized t o  da te  i n  t h e  study area a re  sca t t e red  
out1 i e r s  o f  t h e  Mounds Gravel i n  t h e  Shawneetown H i l l s ,  n o r t h  o f  t h e  
Shawneetown F a u l t  Zone ( ~ u t t s ,  1925). The Mounds i s  composed o f  we1 1-rounded 
pebbles o f  c h e r t  and v e i n  quar tz ,  weathered t o  a brown o r  y e l l o w  co lo r .  It 
occurs near t h e  tops o f  h i 1  1s near an e l e v a t i o n  o f  500 f e e t ,  o v e r l i e s  
bedrock, and i s  covered by P le is tocene loess,  I t s  maximum th i ckness  i s  
probably  l e s s  than  20 f e e t .  Th i s  gravel  represents  e ros iona l  remnants o f  
ex tens i ve  depos i t s  i n  t h e  M i  s s i  s s i  pp i  Embayment. The Mounds Gravel i s 
be l i eved  t o  be p a r t l y  P l iocene  and p a r t l y  Quaternary i n  age. 

Sediments o f  P le i s t ocene  age cover Pa leozo ic  bedrock i n  most o f  t h e  study 
area, i n c l u d i n g  a l l  o f  t h e  lowlands and l a r g e  p o r t i o n s  o f  t h e  uplands. Our 
niapping o f  them i s  based l a r g e l y  on pub1 i shed  works, especi 
(1982). We have mapped Quaternary ma te r i  a1 s i n p l  a t  I on ly  where they  c r e a t e  
t h e  dominant landform (as on a l l u v i a l  f l a t s  and i n  s nd dunes), and/or where 
they  compl e t e l y  mask t h e  bedrock, Most areas mapped as bedrock are, i n  f a c t ,  
mant led by Quaternary sediments over 90 percent  o r  more o f  t h e i r  area. Some 



c l  asses o f  sediments, such as t a l  us, have no t  been mapped a t  a1 l . Boundaries 
o f  most mapped Quaternary u n i t s  a re  g rada t i ona l  and, t o  a  l a r g e  degree, 

r b i  t r a r y .  

The c l a s s i f i c a t i o n  t h a t  f o l l o w s  i s ,  f o r  t h e  most pa r t ,  gener ic .  Our examina- 
t i o n s  r a r e l y  were thorough enough t o  enable us t o  d i s t i n g u i s h  t h e  f o r m a l l y  
named s t r a t i g r a p h i c  u n i t s  o f  t h e  P l  e i s tocene Series.  Reference t o  these 
formal names w i  1 l be made occas ional  l y  , as appropr i  a te .  Readers des i  r i  ng more 

o rmat ion  on Quaternary depos i t s  should consu l t  Willman and Frye (1970) and 
L i  neback e t  a1 . (1979). 

o sediments be1 i eved  t o  have been depos i ted  d i r e c t l y  by o r  from g l a c i a l  i c e  
i n  our  study area, The southernmost l i m i t  o f  g l a c i a t i o n  

I1 l i no i  an Stage) i s  p l  aced a few m i l  es n o r t h  o f  our maps ( L i  neback e t  a l  . , 
79). The mass o f  t h e  Shawnee H i l l s  probably  blocked t h e  f l o w  o f  t h e  i c e  t o  

some degree. About 25 m i l e s  west o f  Rudement, i n  Johnson County, I l l i n o i s ,  
t h e  y l  a c i  e r s  achieved t h e i  r southernmost advance i n  Nor th  America. 

Depos i ts  o f  s i  l t y  c l  ay con ta i  n i  ng f rayments o f  weathered bedrock were observed 
i n  t h e  h i ghwa l l  o f  an a c t i v e  s t r i p  mine near Cottage Grove, j u s t  o f f  t h e  n o r t h  
edge o f  t h e  Rudement Quadrangle. Th i s  m a t e r i a l  looked s i m i l  a r  t o  some g l a c i a l  
t i l l ,  bu t  i t s  i d e n t i t y  i s  by no means c e r t a i n .  Noth ing e l s e  resembl ing 
g l  a c i  a l  ti l l was noted w i  t h i  n  t h e  t h r e e  quadrangl es o f  i n te res t .  

Cont i  nen ta l  g l  a c i e r s  repea ted ly  advanced and r e t r e a t e d  across t h e  Great Lakes 
a tes  d u r i n g  t h e  P le is tocene Epoch. Each t i m e  t h e  i c e  sheets withdrew, 

l umes o f  sed iment4  aden me1 t w a t e r  coursed down t h e  va l  l eys o f  t h e  
p i ,  Ohio, and Wabash R i v e r  v a l l  eys, The outwash sediments 

r a p i d l y  aggraded, choking t h e  channels o f  t h e  r i v e r s  and causing t h e  waters t o  
back up, fo rmi  ng s l  ackwater l akes. Such 1 akes repea ted ly  covered l arge areas 
o f  southern Il l i n o i s .  Lowlands i n  our area o f  i n t e r e s t  were f looded by p a r t  
o f  what has been c a l l  ed Lake Sal i ne (Frye  e t  a1 . , 1972; Hei n r i  ch, 1982). 

The former bed o f  Lake Sal i n e  i s  f i l l e d  w i t h  c l a y  and s i l t  and small e r  amounts 
o f  sand and g rave l  t o  depths approaching 150 f ee t .  The su r f ace  o f  these  l a k e  
depos i ts ,  v i  r t u a l  l y  l e v e l ,  stands about 355 t o  370 f e e t  above sea l e v e l ,  
Perhaps t h e  best  mpressi  on o f  t h e  1 acus r i n e  beds can be gained i n  t h e  no r th -  
western p a r t  o f  t e Rudement Quadranyl  e, The rounded, i so l  a ted bedrock h i ?  1  s  
near Cottage Grove r i s e  l i k e  i slands above t h e  f l a t  su r f ace  o f  t h e  l a k e  p l a i n .  

a t  1 east  f i  ve d i  s t i  n c t  sedimentary u  i t s ,  t h r e e  o f  them 
iscons inan,  w i t h i n  t h e  depos i t s  o f  La e Sal ine ,  We made no 

ese u n i t s  i n  ma cause t h e  l a k e  depos i t s  i n  
ped w i t h  a veneer o f  1 l u v i  urn and c u l t i v a t e d  
on l a c u s t r i  ne sediment rom sca t t e red  we l l  

a r t i f i c i a l  cuts ,  m e  S a l i n e  R i v e r  has been 



Sl ackwater 1  akes were h e l d  i n  p l  ace by v a l l  e y - f i  11 depos i t s  o f  sand, g rave l  , 
and o the r  unconsol i d a t e d  ma te r i  a1 s. Occasional l y these na tu ra l  dams f a i  1  ed, 
and 1  a c u s t r i  ne waters were re1 eased i n  g rea t  t o r r e n t s ,  p ro found ly  reshaping 
t h e  landscape. One no tab le  event o f  t h i s  t ype  as t h e  Maumee Flood, whi ch 
occurred about 13,000 years  ago (He in r i ch ,  1982 . The f loodwaters  entered ou r  
area about two m i l e s  n o r t h  o f  Shawneetown, s k i r t i n g  t h e  Shawneetown H i l l s  i n  a  
channel 2  t o  2 1 /2  m i l e s  broad ( f i g .  8 ) .  Turn ing southward a t  Junct ion,  t h e  
t o r r e n t  fo rced  i t s  way through t h e  ha1 f - m i l e  gap between t h e  Wi ldca t  H i l l s  and 
Gold H i l l ,  and from t h e r e  f o l  lowed t h e  present  course o f  t h e  Sal i n e  R i v e r  down 
t o  t h e  Ohio. As t h e  f l o o d  waters receded they l e f t  behind a  channel more than 
100 f e e t  deep i n  p l  aces, f i  11 ed w i t h  sand and g rave l .  any s u b t l e  deposi-  
t i o n a l  fea tu res ,  i n c l u d i n g  t r ansve rse  and l o n g i t u d i n a l  bars, s t i l l  can be 
recogni zed (Hei n r i  ch, 1982). These f ea tu res  cross severa l  bedrock f a u l  t s ;  
t e c t o n i  c  imp1 i c a t i o n s  w i  11 be d i  scussed l a t e r  i n  t h i  s  r epo r t .  

The Maumee f loodwaters  f o l  lowed, i n  pa r t ,  an o l d e r  channel o f  t h e  Ohio 
R i ve r .  Th i s  o l d  course f lowed southwestward, around t h e  northwest s i de  o f  t h e  
Shawneetown H i l l s ,  and t u rned  ab rup t l y  eastward a t  Junc t i on  t o  c u t  between t h e  
Shawneetown Hi 11 s  and Gold H i  11. Apparent ly  t h i s  channel dates t o  pre- 
I 1  1  i no i  an t i m e  (Hei n r i c h ,  1982). Up t o  150 f e e t  o f  sand and g rave l  , 
c o n t a i n i n g  f o s s i l  logs,  has been encountered i n  e l  1  s  between Gold H i  11 and 
Shawneetown. The sands a re  an impor tan t  source o f  groundwater i n  t h e  area. 

Numerous gaps i n  s t r u c t u r a l  l y  c o n t r o l  1  ed bedrock r i dges  i nd i  c a t e  an 01 de r  
d ra inage  superimposed upon t h e  bedrock. The yaps between Gold H i l l  and t h e  
Shawneetown and Wi ldca t  Hi1 1s a re  t h e  widest ,  but many o the rs  can be recog- 
nized. Horseshoe Gap, 500 f e e t  wide and nea r l y  200 f e e t  deep, i s  t h e  most 
spectacular .  Many o thers  can be recognized i n  c e n t r a l  Eagle Va l ley ,  
especi  a1 l y  between t h e  Giml e t  Sandstone r i dges  from Maher Hi  11 eastward. 
I n s i g n i  f i  cant,  mos t l y  i n t e r m i t t e n t  streams occupy these f l  a t -  bottomed cu ts  
today. No evidence e x i s t s  as t o  when o r  how they  were eroded. We may specu- 
l a t e  t h a t  they were made by streams superimposed on Mounds Gravel o r  o the r  
T e r t i a r y  sediments, o r  perhaps on e a r l y  P le i s t ocene  outwash t e r r a c e s  t h a t  
s tood cons iderab ly  h i ghe r  than any modern t e r r a c e  remnants. 

Most o f  t h e  up1 ands i n  t h e  study area a re  mant led w i t h  f i  rm,  compact s i  1 t t h a t  
i n  some p laces i s  deep enough t o  h i d e  a l l  bedrock. Loess was depos i ted  a t  
severa l  t imes du r i ng  t h e  P l  e i  stocene Epoch when broad a1 1  u v i  a l  f l a t s  covered 
w i t h  outwash sediments l a y  exposed t o  t h e  ind.  As today, p r e v a i l i n g  winds 
then  b l  ew from t h e  west, so loess  depos i t s  general l y  a re  t h i c k e s t  on t h e  eas t  
s ides  o f  major  streams, 

Loess i s  t h i n  and r a t h e r  sporadic  i n  t h e  Rudemen and most of t h e  E q u a l i t y  
Quadrangles. Undi s turbed loess  2 t o  3 f e e t  occas iona l l y  5 f e e t  o r  t h i c k e r ,  
i s  found on r e l a t i v e l y  f l a t  areas along d i v  es on Cave Hi 11, t h e  M i  l d c a t  
H i l l s ,  and h i l l s  i n  Eagle Val ley.  On t h e  s pes most of t h e  l oess  has been 
eroded and e i t h e r  bare rock, o r  s lope wash um can be seen. The 
rounded h i l l s  n o r t h  o f  t h e  Shawneetown F a d  bear t h i c k e r  loess, up t o  20 
f ee t .  Th i s  t h i c k e r  s i l t  possi  b l  m t h e  bed of Lake Sal ine,  
which repea ted ly  was d ra ined  and 





Thick loess,  probably  15 t o  20 f e e t  o f  i t, mant les t h e  narrow eas te rn  spur o f  
t h e  Wi ldca t  H i l l s  eas t  o f  I l l i n o i s  Route 1. Here t h e  source o f  s i l t  c l e a r l y  
was t h e  ad jacent  Maumee Flood p l a i n .  East o f  t h e  Maumee Flood channel t h e  
w i  nd b l  own depos i t s  reach t h e i  r g rea tes t  t h i  ckness. Promi nent sand dunes 1 i ne 
t h e  eas te rn  s i d e  o f  t h e  f l o o d  course froin t h e  southwest end o f  t h e  Shawneetown 
H i l l s  across Gold H i l l  n e a r l y  t o  t h e  southern edge o f  t h e  Shawneetown 
Quadrangl e. Longi t u d i  na l  r i dges  o f  sand are very  prominent around McGhee and 
Kanady Cemeteries, n o r t h  o f  Gold H i l l .  Very t h i c k  dunes cover t h e  west end o f  
Gold H i l l  i t s e l f .  Quar ry  p i t s  near t h e  NW corner  o f  Sec t ion  5, T.10 S., R.9 
E. reveal  sand depos i t s  30 f e e t  t h i c k  t h a t  do no t  reach bedrock. Nearby, t h e  
topograph ic  map shows two small na tu ra l  depressions, e v i d e n t l y  blow-outs 
between dunes, 

The sand grades r a p i d l y  eastward i n t o  s i l t .  The Shawneetown H i l l s  a re  almost 
e n t i r e l y  mant led w i t h  loess.  Many roadcuts  revea l  10 t o  15 f e e t  o f  s i l t  t h a t  
does no t  reach bedrock. S i m i l a r  o r  g r e a t e r  th icknesses  cover t h e  western end 
o f  Gold H i l l  and t h e  h i l l s  t o  t h e  south (where no t  d i s r u p t e d  by s t r i p  
m in ing)  . Loess t h i n s  eastward on Gold H i  11 ; rav ines  con ta in  s u f f i c i e n t  
bedrock exposures t o  map s t r u c t u r e .  Westward, and i n  t h e  southern f o o t h i l l  s, 
hogbacks and f a u l  t - s l  i c e  r i dges  r e t a i  n t h e i  r charac te r1  s t i  c form, but t h e  
bedrock i s  bur ied.  

Loesses i n  t h e  study area i n c l u d e  t h e  Loveland S i l t  o f  I 1  l i n o i a n  age and t h e  
Roxanna S i l t  and Peor ia  Loess o f  W i  sconsinan age. The f i r s t  two s i l t s ,  more 
thorough1 y weathered, a re  redd i  sh- brown; t h e  t h i  r d  i s g ray i  sh- brown o r  
ye1 l o w i  sh-brown. Most o f  t h e  l oess  we observed appears t o  be Peor ia  Loess. 
Older,  redd ish  s i l t s  unde r l y i ng  Peor ia  Loess can be seen i n  a few roadcuts  and 
s t r i p  mines, but we made no e f f o r t  t o  d i s t i n g u i s h  t h e  va r i ous  loesses i n  
mappi ny. 

M a t e r i a l s  mapped as a l l u v i u m  range from coarse, unsor ted rock d e b r i s  i n  
r av i nes  t o  f i n e  s i l t  and c l ay  on t h e  modern Ohio R i v e r  f l o o d  p l a i n .  Most o f  
these depos i t s  probably  a re  o f  Holocene age, but some may da te  from e a r l i e r  i n  
t h e  Pl  e i  stocene. 

Di  s t i  ngui  sh ing  between a1 1 uvium and l a c u s t r i  ne sediments i s  d i f f i c u l t  i n  t h e  
f i e l d :  any mapped boundary would be q u i t e  a r b i t r a r y .  As noted p rev ious l y ,  
most l a k e  sediments a re  covered by a t  l e a s t  a veneer o f  Holocene a l luv ium.  
Furthermore, t h e  m a t e r i a l s  1 e f t  by Lake Sal i n e  were brought t h e r e  by streams, 
so l a c u s t r i n e  and a1 1 u v i a l  sediments must i n t e r g r a d e  and i n t e r f i  nger. We have 
avoided t h e  problem by no t  d i s t i n g u i s h i n g  a l l u v i u m  from l a k e  depos i t s  on 
p l a t e  l a .  

Talus and co l  l uv i um are  found on a1 1 s lopes i n  t h e  study area except those 
covered w i t h  t h i c k  l oess  o r  aeol i a n  sand. These m a t e r i a l s  were no t  mapped, 
even though they  h i d e  l a r g e  areas o f  bedrock and l o c a l l y  make s i g n i f i c a n t  
1 andforms. Some t a l  us /co l  1 u v i  um a t  t h e  f o o t  o f  escarpments on Cave, W i  l d c a t  , 
and Gold Hi1 1 s may be 100 f e e t  o r  t h i c k e r .  T ey form cones, o r  coa lesc ing  



ns, deeply d i ssec ted  by modern rav ines.  Beneath c l i f f s  o f  Caseyv i l l  e  sand- 
ne, huge b locks up t o  t h e  s i z e  o f  a  house commonly have detached themselves 

s l i d  many hundreds o f  f e e t  from t h e i r  o r i g i n a l  pos i t i ons .  These can be 
mis taken f o r  outcrops,  and mapped as such, i f  t h e  surrounding area i s  n o t  
t ho rough l y  scouted. 

11 areas i n  which t h e  l and  has been d i s tu rbed  by sur face  min ing  o r  qua r r y i ng  
r e  des ignated on p l a t e  l a .  Mines a re  shown regard less  o f  t h e  degree o f  

amati on ( i  f any). The boundaries o f  mines were taken from company maps, 
when a v a i l  abl  e; o therwise,  they were mapped on t h e  bas is  o f  a e r i a l  photographs 
and f i e l d  i nspec t i on .  

o  shows t h e  e  coa l  mines observed 
g i s  n o t  comprehens-ive, because t ime  has erased 

The most complete r e  rences f o r  coa l  m in ing  ( i n c l u d i n g  
n  i n  t h e  I l l i n o i s  Coal 1 nes seri es pub1 i shed by t h e  ISGS. 

bas i c  igneous rock  have been encountered i n  an under- 
r i l l  ho les  i n  o u r  area o f  i n t e r e s t  ( p l a t e  2 ) .  No sur -  

ace exposures a r e  known i n  t h e  s tudy  area. The igneous bodies i n c l u d e  severa l  
i kes, one s i l  I ,  and severa l  rocks o f  unknown form and ex ten t .  These i n t r u -  

s i ves  a re  p a r t  o f  a  system t h a t  covers l a r g e  p o r t i o n s  o f  Ga l l  a t i n ,  Sal ine,  
r d i n ,  and Wi l l iamson Counties, 11 l i noi  s, and Caldwel l  , Cr i t tenden,  and 
v i  ngston Count i  es, Kentucky. The rocks have been desc r i  bed as l amprophyres 
d  mica p e r i d o t i  t e s  (Koenig, 1956). I n  our  t h r e e  quadrangles they  i n t r u d e  

rocks o f  Ches te r i  an through Pennsyl vani  an (Carbondal e  and 
Rad iomet r i c  d a t i n g  i n d i c a t e s  e a r l y  Permian age f o r  t h e  i yneous rocks them- 
se lves  (Zartman e t  a1 . , 1%'). 

eous d ikes,  and t h e  system as a  who1 e, t r e n d  n o r t h e r l y  t o  nor thwes te r l y .  
magma i n t r u d e d  a long f r a c t u r e s  i n  t h e  Cottage Grove F a u l t  System and 

t h e r  f a u l t s  t h a t  have t h e  proper  o r i e n t a t i o n .  S i l l s  appear t o  be o f f s h o o t s  
o f  d i  kes, f o l l  owi ng weak zones o f  shal  e  (Howard Schwa1 b, personal communi ca- 
t i o n ,  1983). 

Four d i kes  a re  mapped on p l a t e  l a .  The one near Cottage Grove (Sec. 10, 
T. 9S., R.  7E., Rudement Quadrangle) and one o f  two near E u a l i t y  (See. 4 and 
9, T. 9S., R. BE., E q u a l i t y  Quadrangle) a re  p l o t t e  from very c l  osely-spaced 

o l e s  d r i l l e d  by a  coal  company f o r  t h e  express urpose of de l  i neat  i ng t h e  
- intrusions. The d i k e  a t  Cottage Grove i s  a t  l e a s t  500 f ee t  l ong  but no more 



The d i k e  n o r t h  o f  Equal i t y  i s  more than  4,000 f e e t  l ong  and bears N 10' W .  
L i k e  t h e  Cottage Grove d ike ,  t h i s  i n t r u s i o n  i s  on l y  a few tens  o f  f e e t  wide. 
No samples were obtained, and no data on possi  b l  e extens ions o f  t h e  d i k e  a re  
a v a i l  able. A second d i k e  was penet ra ted  by severa l  c o a l - t e s t  bor ings  about 
one m i l e  east -southeast  o f  t h e  f i r s t  d ike.  Logs o f  t h e  ho les i n d i c a t e d  t h a t  
coal  c l ose  t o  t h e  igneous body had been coked. Such con tac t  metamorphi sm has 
been w ide l y  observed i n  coal mines (Cl egg, 1955). 

The f o u r t h  d ike ,  t h e  easternmost such i n t r u s i o n  i n  Gal 1 a t i  n County, was s t r u c k  
d u r i n g  min ing  a t  t h e  6. and W e  Coal Company Mine (Sec. 13, T. 9S., R. 9E., 
E q u a l i t y  Quadrangle).  A coal  company o f f i c i a l  mentioned t h e  d i k e  t o  
Jack A. Simon (ISGS, unpubl ished f i e l d  notes, 1962) and s t a t e d  t h a t  t h e  
h e a t i n g  va lue  o f  t h e  coal  c l ose  t o  t h e  i n t r u s i o n  was abnormal ly high. The 
mine map i n d i c a t e s  t h a t  t h e  d i k e  l i e s  along a f a u l t  w i t h  4 f e e t  o f  o f f s e t  and 
s t r i k e s  N 10' E. The f a u l t / d i  ke i s  immediately west o f  t h e  Ridgway Fau l t ,  a 
no r t h - t r end ing  segment o f  t h e  Wabash Va l l ey  F a u l t  System. 

An o i l - t e s t  h o l e  i n  Sec t ion  23, T. 9S., R. 7E., Rudement Quadrangle, 
pene t ra ted  60 f e e t  o f  p e r i d o t i  t e  a t  t h e  ho r i zon  o f  t h e  F r a i l e y s  Shale, 
Golconda Group (Ches te r ian) .  The sec t i on  was expanded by t h e  t h i ckness  o f  t h e  
igneous rock, i n d i  c a t i  ny t h a t  t h e  i n t r u s i o n  i s  a s i  11 . Near t h e  l o c a t i o n  o f  
t h e  we1 1, we observed a nor th -nor thwes t - t rend i  ng f a u l t  on t h e  h i ghwa l l  o f  an 
abandoned s t r i p  mine, ,but no igneous rock accompanies t h e  f a u l t  t o  t h e  sur face .  

Two o t h e r  deep bor ings  i n  our  area have encountered igneous rock, I n t r u s i o n s  
o f  unknown form invade t h e  Waltersbury Sandstone and Golconda Group i n  a w e l l  
i n  Sec t ion  13, T. 9S., R e  7E., Rudement Qudrangle. Th i s  w e l l  i s  about 1 /2  
m i l e  south o f  t h e  Cottage Grove master f a u l t .  W i t h i n  t h e  Shawneetown F a u l t  
System i n  Sec t i on  31, T. 9S., R. 8Ee9 E q u a l i t y  Quadrangle, another w e l l  pene- 
t r a t e d  numerous bodies o f  igneous rock. The l o g  o f  t h i s  w e l l ,  un fo r t una te l y ,  
i s r a t h e r  quest ionable,  and t h e  s t r a t i  g raph ic  s e c t i o n  cons iderab ly  d i  s rup ted  
by f a u l t i n g .  





The Rough Creek-Shawneetown F a u l t  System ( f i g .  9) i s  a  cont inuous and i n t e g r a l  
s t r u c t u r e ;  however, t h i s  f a c t  was no t  always recognized. D i s j o i n t e d  
te rmino logy  arose because e a r l y  geo log i s t s ,  work ing i n  d i f f e r e n t  regions, 
thought  they  were d e a l i n g  w i t h  separate s t r uc tu res .  

F a u l t s  were f i  r s t  observed near t h e  Ohio R i ve r  i n  I 1  1  i n o i  s  and Union County, 
Kentucky. The name "Shawneetown Faul t" o r i g i n a t e d  w i t h  David Dale Owen 
(1856). Brokaw (1916) and o the rs  l a t e r  c a l l e d  i t  t h e  "Gold H i l l  Faul t , "  but 
B u t t s  (1925) r eve r ted  t o  t h e  o l d e r  usage. Th i s  subsequent ly was mod i f i ed  t o  
Shawneetown F a u l t  Zone, r e f 1  e c t i n g  t h e  compound na tu re  o f  t h e  break. 
Meanwhile, o t h e r  geol  og i  s t s  mapped s t r u c t u r a l  d i s l o c a t i o n s ,  v a r i o u s l y  i n t e r -  
p re ted  as an a n t i c l i n e  o r  a  f a u l t  zone, near t h e  eas te rn  end o f  t h e  system i n  
Ohio and Grayson Counties, Kentucky. Char1 es J .  Norwood (1876) apparen t l y  was 
t h e  f i r s t  t o  apply  t h e  name "Rough Creek A n t i c l i n e "  t o  t h i s  fea tu re .  By t h e  
t i m e  t h e  1  i n k  between t h e  Shawneetown and Rough Creek elements was esta- 
b l  ished, t h e  separate names were we1 1  f i x e d  by long  usage. Numerous v a r i a n t s  
o f  these  names have a r i s e n  through t h e  years.  Some g e o l o g i s t s  r e f e r  t o  t h e  
e n t i r e  system as "Rough Creek F a u l t  Zone, System, o r  Lineament," but most 
p reserve  t h e  dual  nomenclature i n  one form o r  another.  

I n  t h i s  r e p o r t  we w i l l  f o l l o w  t h e  c u r r e n t  p o l i c y  o f  t h e  I l l i n o i s  S t a t e  Ge- 
01 o g i  c a l  Survey, which i s  t o  app l y  "Rough Creek-Shawneetown Faul t Sys tern" 
t o  t h e  system as a  whole, "Shawneetown F a u l t  Zone" t o  t h e  p o r t i o n  o f  t h e  sys- 
tem i n  I l l i n o i s ,  and "Rough Creek F a u l t  System" t o  t he  p a r t  i n  Kentucky. 

The Shawneetown F a u l t  Zone (SFZ) extends westward about  15 m i l e s  f rom t h e  
I l l i n o i s - K e n t u c k y  s t a t e  l i n e  t o  t h e  n o r t h  end o f  Cave Hi19 i n  t h e  Rudement 
Quadrangle, where i t  t u r n s  sharp ly  t o  a  heading o f  S 15' W and cont inues 
another  12 m i l e s  o r  so t o  merge w i t h  t h e  F luo rspa r  Area F a u l t  Compl ex i n  
no r t he rn  Pope County ( f i g .  10).  A l l  but t h e  southernmost 6 m i l e s  o f  t h e  SF2 
a re  i nc l uded  i n  t h e  area o f  i n t e n s i v e  study ( p l a t e s  l a  a  2 ) .  The segment 
south o f  t h e  Rudement Quadrangle was mapped by Baxter,  Desborough, and Shaw 
(1967). 

The w i d t h  o f  t h e  SFZ v a r i e s  from severa l  tens  o f  f e e t  t o  n e a r l y  a  m i l e  and a  
h a l f .  One f a u l t  appears t o  be cont inuous f o r  t h e  f u l l  l e n g t h  o f  t h e  zone, and 
because t h i s  f a u l t  gene ra l l y  l i e s  a t  t h e  no r the rn  o r  nor thwestern f r o n t  o f  t h e  
zone, we c a l l  i t  t h e  f r o n t  f a u l t .  The f r o n t  f a u l t  has t h e  g r e a t e s t  v e r t i c a l  
d isp lacements i n  t h e  SFZ - as much as 3500 f e e t  i n  places. S t r a t a  south and 
southeast  o f  t h e  f r o n t  f a u l t  have been u p l i f t e d ;  because t h e  u p l i f t e d  rocks  
a r e  1  a rge l  y r e s i  s t a n t  Lower Pennsyl vani  an and Ches te r i  an sandstones, they  form 
a  promi nent f au l  bl i ne scarp. 

Numerous small e r  secondary f a u l t s  branch a 
them l i e  south o f  t h e  f r o n t  f a u l t ,  but  a  f 
f a u l t s  j o i n  t h e  f r o n t  f a u l t  a t  both ends, some connect on ly  a t  one end (as  
mapped a t  t h e  sur face) .  On some secondary f a u l t s  t h e  block toward t h e  f r o n t  



FIGURE 10. Rough Creek-Shawneetown Fault System and associated structures (adapted from Schwalb and Potter, 1978 and Treworgy, 1981). 

f a u l  t i s  drownthrown; on o the rs  t h i  s b lock i s  upthrown. Di  sp l  acements 
g e n e r a l l y  a re  i n  t h e  hundreds o f  f ee t ,  but  a few secondary f a u l t s  have more 
than  1000 f e e t  o f  o f f s e t .  The f r o n t  f a u l t  and t h e  secondary f a u l t s  t oge the r  
ou t1  i n e  narrow b l  ocks o r  s l  i c e s  o f  rock, most upthrown, but some 
downdropped. Almost i n v a r i a b l y  t h e  rocks i n  these s l  i c e s  a re  ti l t e d  southward 
o r  southeastward, away from t h e  f r o n t  f a u l t .  The d i p s  o f  bedding i n  these  
s l i c e s  vary f rom l e s s  t han  10' t o  v e r t i c a l  and even over turned:  most a re  i n  
t h e  range o f  25' t o  55'. 

A lso  i nc l uded  i n  t h e  Shawneetown F a u l t  Zone a re  severa l  detached f a u l t s  south 
and eas t  o f  t h e  f r o n t  f a u l t  and no t  connected w i t h  t h e  f r o n t  f a u l t  a t  t h e  
sur face.  Among these a re  t h e  f a u l t s  on t h e  east s i d e  o f  Hor ton Hi1 l , t h e  
Jones F a u l t  (Rudement Quadranyl e)  , and t h e  K i  ngold South F a u l t  (Shawneetown 
Quadrangle).  Displacements range from a few tens  t o  a few hundreds o f  fee t ,  
w i t h  t h e  s i d e  away from t h e  f r o n t  f a u l t  downthrown. 

. A l l  l a r g e  f a u l t s  and most small f a u l t s  and 
f r a c t u r e s  i n  t h e  Shawneetown F a u l t  Zone a re  v e r t i c a l  o r  s t eep l y  d ipp ing .  Only 

deformed areas a long major  f a u l t s  have we seen sub&-dinate f r a c t u r e s  
i n c l  i ned l e s s  than  50' t o  t h e  h o r i z o n t a l  , 

The f r o n t  f a u l t  i s m a r k  i n  many p l  aces by I inea r ,  jagged, sp ine l  i ke r i d g e s  
r e e f s " )  o f  r e c r y s t a l  l i zed and b recc ia ted  sandstone. These tabu1 a r  

a r  t o  be v e r t i c a l  o r  s teep ly  d ipp ing .  Furthermore, t h e  mapped 
e f a u l t  i s  p r a c t i c a l l y  s t r a i g h t ,  even where i t  crosses h i g h l y  

uneven topography ( e l a ) .  Th i s  f a c t  i n d i c a t e s  t h a t  t h e  f a u l t  zone i s  
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n e a r l y  v e r t i c a l  : an i n c l i n e d  f a u l t  would curve as i t  crosses r i d g e s  and 
r a v i  nes. 

The John C. D u n h i l l  No. 1 Margaret  Karsch w e l l  (Wel l  2, t a b l e  1, f i g .  3)  ap- 
p a r e n t l y  pene t ra ted  t h e  f r o n t  f a u l t  a t  a depth of 2380 f e e t .  The f a u l t  b rough t  
C lear  Creek Cher t  ( 1  ower Devonian) over  Caseyvi 1 l e  o r  Abbot t  Format ion (1  ower 
Pennsylvanian),  s i  gn i  f y i  ng reve rse  d i  s p l  acement o f  approx imate ly  3500 f e e t .  The 
Karsch w e l l  was d r i l l e d  rough l y  750 f e e t  south o f  t h e  b u r i e d  su r f ace  t r a c e  of t h e  
f r o n t  f a u l t .  Geometric c o n s t r u c t i o n  thereby  i n d i c a t e s  t h a t  t h e  p lane  o f  t h e  f a u l t  
d i p s  approx imate ly  72' southward. 

A v a i l a b l e  exposures o f  secondary f a u l t s  a1 1  show steep d ips .  The f a u l t  bet- 
ween t h e  R ingo ld  and f r o n t  f a u l t s ,  a t  t h e  eas t  end o f  Gold H i l l ,  i s  v e r t i c a l  
o r  nea r l y  so and subs id i a r y  s l i c kens ided  sur faces a long t h e  t r e n d  o f  t h i s  b f a u l t  d i p  55 northward. A  f a u l t  d i s p l a c i n g  Caseyv i l  l e  sandstone and sha le  i n  
t h e  abandoned quar ry  immediate ly  west o f  I l l i n o i s  R t .  1 and south o f  t h e  
Sal i n e  R i v e r  d i p s  v e r t i c a l  l y .  I n c l i n a t i o n s  o f  70' were measured on smal l  
f a u l t s  i n  C a s e y v i l l e  sandstone on t h e  east s i d e  o f  t h e  r a v i n e  south o f  Negro 
Spr ing  S a l t  We1 1. One-ha1 f m i  1  e  n o r t h  o f  Horton H i  11, i n  a  n o r t h - f l  owi ng 
rav ine ,  a  s l  i ckensi  ded f a u l t  su r face  d i  ps 58' eastward. 

The t r a c e s  o f  secondary f a u l t s  run s t r a i g h t  o r  d i  sp l  ay constant  cu rva tu re  
across h i  1  l y  t e r r a i n ,  i nd i  c a t i  ng steep o r  v e r t i  ca l  a t t i  tudes--as i s  t h e  case 
f o r  t h e  f r o n t  f a u l t .  

Most small f a u l t s  and j o i n t s  i n  t h e  study area a re  v e r t i c a l  o r  nea r l y  so. 
J o i n t s  t y p i c a l l y  a re  perpend icu la r  t o  bedding and may s t r i k e  p a r a l l  e l  w i t h  



ad jacen t  f a d  t s  o r  form orthogonal o r  rhomboidal pa t t e rns ,  Where rocks a re  
s teep l y  t i l t e d ,  one se t  o f  j o i n t s  t hus  may make a low angle t o  t h e  hor izon.  

j o i n t s  may have devel  oped be fo re  ti 1 t i ng, and subsequently were r o t a t e d  
he i  r p resen t  a t t i t u d e .  Except i n  i n t e n s e l y  deformed areas, examples o f  
ang le  f r a c t u r e s  t h a t  c l e a r l y  developed i n  t h a t  post t i o n  are ra re .  
page a long bedding p i  anes, as i n d i c a t e d  by gouge o r  s l  i ckensides, i s  

unusual except c l ose  t o  l a r y e  f a u l  t s .  

o s t  g e o l o g i s t s  have descr ibed t h e  main Shawneetown F a u l t  - our f r o n t  f a u l t  - 
s a reverse  f a u l t  i n c l i n e d  t o  t h e  south, Our f i n d i n g s  con f i rm  t h a t  i n t e r p r e -  
a t i o n ,  The best evidence i s  found i n  t h e  Margaret Karsch well, Add i t i ona l  

suppor t  i s  p r o v i d e  by t h e  f a c t  t h a t  numerous we1 l s, spudded s h o r t  d i  stances 
n o r t h  o f  t h e  f r o n t  f a u l t  and d r i l l e d  t o  cons iderab le  depths, d i d  no t  pene t ra te  
t h e  f a u l t .  Thus, t h e  f a u l t  must be e i t h e r  nea r l y  v e r t i c a l  o r  i n c l i n e d  t o ' t h e  
south as a reverse  f a u l t  c l ose  t o  these bor ings.  

secondary f a u l t s  observed i n  t h e  f i e l d  a re  normal o r  e s s e n t i a l l y  
v e r t i c a l  . Several d r i  1 l holes cu t  secondary f a u l  t s ;  a1 l are  normal f a u l  t s ,  as 

i c a t e d  by m iss ing  s e c t i o n  i n  logs,  Repeated sec t ion ,  d i a g n o s t i c  o f  reverse  
f a u l t i n g ,  has no t  been repor ted  except on t h e  f r o n t  f a u l t .  

S l i c kens ides  an m u l l  i o n  plunge v e r t i c a l l y ,  o r  nea r l y  so, down t h e  d i p s  o f  
f a u l t ,  Some l a  ge, complex f a u l t s  bear seve a l  se ts  o f  s l i c kens ides  hav ing a 
v a r i e t y  o f  o r i e n t a t i o n s ,  but  v e r t i c a l  ones a re  most conspicuous. Drag f o l d s  

d i p - s l i p ;  t h e i r  axes a re  h o r i z o n t a l  and s t r i k e  p a r a l l e l  w i t h  
t s .  Good examples o f  d rag  f l e x u r e s  can be found a t  t h e  Horseshoe 

rryo Had s t r i  e - s l i p  f a u l t i n g  taken  p lace,  f o l d  axes should s t r i k e  
i q u e l y  t o  t h e  au l  t s  and p l  unge v e r t i c a l  ly .  

i l t e d  s t r a t a  i n  t h e  f a u l t  s l i c e s  o t h e  Shawneetown Faul  t Zon 
a r a l  l e l  w i t h  t h e  f a u l t s  i n  most cases, f u r t h e r  i n d i c a t i n g  

- s l i p  displacements.  

, The f r o n t  f a u l t  has t h e  l a r g e s t  displacements i n  
the SFZ. A t  t h e  Horseshoe Quar ry  i t  juxtaposes Ft ,  Payne/New A1 bany s t r a t a  

Sandstone, f o r  a- s t r a t i  g raph i c  separa t ion  o f  roughly  3100 
a rga re t  Karsch we l l  t h e  o f f s e t  i s  3500 f e e t ,  w i t h  Lower 

Devonian rocks f a u l  t e d  agai n s t  lower  Pennsylvanian, The f r o n t  f a u l  t has about 
2100 f e e t  o f  th row a t  t h e  abandoned s t r i p  mine i n  NW 1/4 NW 114, Sec t ion  4, 
T, 10S., R. 7E., Rude~nent Quadrangle, where Davis and Dekove Coals o f  t h e  
Spoon Formati on a re  found i n  f a u l t  con tac t  w i t h  Lower Chester ian l imestone,  
E l  sewhere, t h e  f r o n t  f a u l t  shows from 700 t o  2500 f e e t  o f  v e r t i c a l  o f f s e t ,  

y f a u l t s  have 100 t o  800 f e e t  o f  throw. The l a r g e s t  o f f s e t s  
l e x l y  f a u l t e d  areas n o r t h  and nor thwest  o f  Cave H i l l ,  where t h e  

SFZ bends from a wes te r l y  t o  a south-southwester ly  heading. 

Casual i n s p e c t i o n  o f  t h e  SFZ as a h o l e  g i ves  t h e  impress ion a t  t h e  southern 
b lock is upthrow C e r t a i  n l  y t h e  scarpment o f  Caseyvi l l e sa stone, on t h e  

lerned r i m  s f  Eagle Val l e y  Sync1 ine ,  stands h i ghe r  t an i t s  bu r i ed  
n t e r p a r t  n o r t  d west o f  t h e  SFZ, The d l  P l e v a t i o n  i s  1400 t o  
0 f e e t  a long W i l l ,  about 1300 f e e t  i n  t H i l l s ,  1500 f e e t  a t  
e H i  l l , and rough1 y 00 f e e t  a t  Bald Knob. We took these measurements from 



p o i n t s  d i  r e c t l y  f a c i n g  each o the r  across t h e  compl ex, in te rconnec ted  f r a c t u r e s  
t h a t  make up t h e  main p a r t  o f  t h e  Shawneetown Faul t Z e  (SFZ) ; we i gno red  
detached secondary f a u l t s  such as t h e  R ingo ld  South a Jones Faul t s .  

However, i f  t h e  re fe rence  p o i n t s  a re  moved about 2 m i l e s  away from t h e  ac tua l  
f r a c t u r e  zone, e l i m i n a t i n g  t h e  i n f l u e n c e  o f  t h e  upwarped l i m b  o f  t h e  Eagle 
Va l ley  Sync l i ne  and o f  l o c a l  deformat ion i n  t h e  immediate f a u l t  zone, t h e  
l a r g e  o f f s e t  disappears.  S t r a t a  l i e  a t  t h e  same, o r  lower,  e l e v a t i o n  i n  t h e  
Eagle Va l ley  Syncl i n e  as they  do 2 o r  3 m i l e s  n o r t h  o f  t h e  SFZ. The cross- 
sec t i ons  shown i n  p l a t e  l b  i l l u s t r a t e  t h i s  p o i n t  c e a r l y .  I n  t h e  eas te rn  
Shawneetown Quadrangle, s t r a t a  a re  h i ghe r  n o r t h  o f  t h e  f a d  t zone than  t o  t h e  
south. Cross-sect ion C-C'  shows t h e  S p r i n g f i e l d  Coal 150 f e e t  above sea l e v e l  
n o r t h  o f  t h e  f r o n t  f a u l t  and 250 f e e t  below sea l e v e l  south o f  t h e  R ingo ld  
South Fau l t .  The coal  cont inues t o  drop i n  e l e v a t i o n  southward, t o  700 f e e t  
below sea l eve1 a long t h e  a x i s  o f  t h e  Eagle Val l ey Syncl ine,  

Thus, we see t h a t  t h e  g rea t  v e r t i c a l  o f f s e t s  i n  t h e  SFZ took p l ace  w i t h i n  t h e  
zone r a t h e r  than  across i t, I n d i v i d u a l  f a u l t s  have very  1  arge displacements,  
b r i  ng i  ng s l  i ces and bl  ozks f a r  from (usual  1 y  above) the1 r o r i  g i  na l  p o s i t i o n s ,  
but  t h e  rocks n o r t h  and south o f  t h e  f a u l t  zone show l i t t l e  o r  no r e l a t i v e  
up1 i ft . 

Rocks w i t h i n  and ad jacent  t o  t h e  Shawneetown F a u l t  
Zone d i s p l a y  a wide range o f  de fo rmat iona l  s t r uc tu res ,  ranging from w ide ly -  
spaced simpi e  f r a c t u r e s - t o  i n t e n s e  b recc i  a t i o n ,  mylon i  ti za t ion ,  and r e c r y s t a l -  
l i z a t i o n .  Most o f  t h e  rocks f a i l  because they a re  b r i t t  e; however, i ncompe- 
t e n t  shales, coals ,  and c l  aystones may exhi  b i t  d u c t i l  e  behavior.  

Rocks ad jacent  t o  t h e  f r o n t  f a u l t  and o the r  l a r g e  f a u l t s  a re  s teep l y  
d ipp ing .  Dips measured i n  t h e  F t .  Payne s i l i c e o u s  1 imestone a t  t h e  Horseshoe 
Qua r r y  range from 42' south t o  v e r t i c a l .  The New A1 bany black sha le  i n  t h e  
same quarry ,  immediately ad jacent  t o  t h e  f r o n t  f a u l t ,  d i p s  80's t o  8 0 ' ~  (over -  
t u rned ) .  V e r t i c a l  beds o f  Chester ian l imes tone  and sandstone can be observed 
on t h e  n o r t h  s i d e  o f  t h e  stream j u s t  eas t  o f  t h e  abandoned s t r i p  mine i n  t h e  N 
1 /2  SE 1/4 NW 114 NW 1/4, Sec t ion  3, T. IOS., udement Quad rang1 e. I n  
t h e  abandoned quar ry  j u s t  west o f  t h e  new R t ,  t h  o f  t h e  S a l i n e  R iver ,  
NE 1 /4 NW 1/4 NE 114, Sec t ion  35, T. 9S., R. BE., th ick-bedded Caseyv i l  l e  
sandstone d i p s  65 t o  70' south, but crossbedding and small uncon fo rm i t i es  
i n d i c a t e  t h a t  t h e  beds a re  overturned. These d ips  r a p i d l y  d i m i n i s h  south and 
west o f  t h e  f a u l t s ,  Few complete exposures a re  a v a i l a b l e  t o  show whether t h e  
change i n  d i p  was accornpl i shed  by f o l d i n g  o r  by f a d  t i  and r o t a t i o n  o f  
blocks, but  i n  most cases t h e  1 a t t e r  process appears t ave domi nated. Where 
f o l d s  can be observed i n  t h e  sur face  rocks, they  a re  genera l y  broad and 
gradual . These Pennsyl van i  an and Ches le r i  an sandstones e v i  e n t l y  could n o t  
accommodate much d u c t i  1  e  deformat ion, Even on t h e  exures, t h e  sand- 
stones tend  t o  be conspicuously f r ac tu red ,  

F rac tu res  a re  p reva len t  i n  t h e  f a u l  t z 
( p l a t e  l a ) .  They occur i n  a l l  hard l i t  
sandstone and 1 itnestone, General l y  t h  
pa ra l  1  e l  t o  t h e  s t r i k e  o f  bedding, and a se 
pa ra l  l e l  w i t h  d ip .  These o r i e n t a t i o n s ,  i n  
pe rpend i cu la r  t o  nearby f a u l t s  and/or t o  t h  Less commonly, 



f r a c t u r e s  t r e n d  o b l i q u e l y  t o  s t r i k e  o f  beds and t o  f a u l t s .  I n  s t e e p l y - t i l t e d  
l o c k s  and f a u l t  s l i c e s ,  rhomboidal j o i n t i n g  may be developed. Three o r  more 

se t s  o f  f r a c t u r e s  may occur i n  i n t e n s e l y  deformed areas, as i n  t h e  Ft .  Payne 
and New A l  bany exposures i n  t h e  quar ry  a t  Horseshoe. 

Shat tered o r  b recc ia ted  sandstone commonly i s  found i n  major  f a u l t  zones, 
e s p e c i a l l y  a long t h e  f r o n t  f a u l t .  The t r a c e  o f  t h e  f r o n t  f a u l t  i n  p laces i s  
marked by jagged s p i n e - l i k e  r i d g e s  o f  b recc ia ted  sandstone, s i m i l a r  t o  t h e  
" q u a r t z i t e  r e e f s "  found a1 ong major  f a u l t s  i n  t h e  F l  uorspar  Area Faul t Compl ex 
(We1 l e r  e t  a l  . , 1920). Such sandstone i s  so t o t a l  l y  r e c r y s t a l  1 i z e d  t h a t  i t  
resembles a metamorphic quar tz1  t e  i n  hand specimen. 

Severe ly  sheared and con to r ted  coal and shale have been observed along l a r g e  
f a u l t s  i n  a few l o c a l i t i e s ,  no tab l y  i n  t h e  abandoned quar ry  on t h e  west s i d e  
of  I l l i n o i s  Route 1 j u s t  south o f  t h e  S a l i n e  R iver ,  and i n  t h e  g u l l y  a t  t h e  
south end o f  t h e  s t r i p  mine i n  Sec t ion  3, T. 10S., R. 7E., Rudement 
Quadrangle.  A r a v i n e  near Level  Hi1 1 Cemetary (SE 114 SW 114 NE 114, Sec. 36, 
T. 9S., R .  8E,, Equal i t y  Quadranyle),  r evea l s  c l  ay l  i ke gouge mixed w i t h  f i n e  
p a r t i c l e s  o f  coal  and sandstone. 

F rac tu res  and f a u l t  b recc ias  o f t e n  a re  minera l  i zed ,  normal l y  w i t h  wh i t e  
c a l c i t e  i n  l imes tone  and w i t h  s i l i c a  i n  sandstone. Small amounts o f  f l u o r i t e ,  
b a r i t e ,  and metal s u l f i d e  appear i n  b recc ia ted  rock along t h e  f r o n t  f a u l t  from 
Stone Face southward. The f a c t  t h a t  most f a u l t  zones a re  f u l l y  "healed" by 
minera l  depos i ts  suggests t h a t  recen t  movements have no t  taken p lace  a1 ony t h e  
f r a c t u r e s .  

I n  t h e  Shawneetown 
s t s  o f  severa l  wes t - t rend ing  

s u b p a r a l l e l ,  branching f a d  t s  o u t l i n i n g  a zone 0.7 t o  1.4 m i l e s  wide ( p l a t e s  
l a  and 2) .  These f a u l t s  separate a s e r i e s  o f  upthrown b locks,  a l l  t i l t e d  south- 
ward (sec. C - C ' ,  f i g .  12; p l a t e s  l b  and 2 ) .  S t r a t a  n o r t h  o f  t h e  f a u l t  zone d i p  
g e n t l y  nor theastward and a re  broken by f a u l t s  o f  t h e  Wabash Va l ley  F a u l t  
System. South o f  t h e  SFZ, rocks d i p  southward and southeastward i n t o  t h e  
Eagl e Val l ey sync l  i nee 

The SFZ i s  cons iderab ly  narrower i n  t h e  E q u a l i t y  Quadrangle than i n  t h e  
Shawneetown Quadrangle. i t  i s  about 112 m i l e  wide a t  most, and l e s s  t han  1 /4  
m i l e  i n  some places. The zone i s  mapped as a s i n g l e  f a u l  t i n  t h e  western p a r t  
o f  t h e  quadrangle, where t h e  s t r u c t u r e  i s  hidden by s u r f i c i a l  m a t e r i a l s  and 
d r i l l i n g  i s  sparse. 

The SFZ a t t a i n s  i t s  g rea tes t  'complexi ty and magnitude o f  displacement i n  t h e  
s e c t i o n  from Horseshoe t o  Cave H i l l ,  where t h e  zone curves from a wes te r l y  t o  
a south-southwester ly  heading. From t h e  NE 114, Sec t ion  9, T. 10S., R. 7E., 
southward t o  t h e  edge o f  t h e  quadrangle,  t h e  f a u l t  zone i s  narrow and t h e  
th row s t e a d i l y  d imin ishes.  

t Horseshoe t h e  SFZ i s  about 1 /2  m i l e  wide and comprises a t  l e a s t  f i v e  f a u l t s  
ha t  d e f i n e  narrow upthrown s l  i ces .  The b locks i n  t h e  cen te r  o f  t h e  zone a re  

r e l a t i v e l y  t h e  most u p l i f t e d  (sec. A - A ' ,  f i g .  11; p l a t e  i b ) .  The southern-  
s t  f a u l t  o f  t h e  zone i s  t h e  o n l y  one d i r e c t l y  v i s i b l e  i outcrop.  I t s  
ane, as exposed on t h e  s teep s lope  j u s t  west o f  t h e  r o a  a t t h e  n o r t h  
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FIGURE 11. Cross section o f  Shawneetown Faul t  Zone along Saline-Gallatin Coun ty  l ine (see Section A-A', plate I b ) .  

end o f  Horseshoe Gap, i s  e s s e n t i a l l y  v e r t i c a l  The f a u l t  b r i ngs  s teep l y  
d i  p p i  ng, b recc i  a ted  Caseyvi 11 e  sandstone on t h e  n o r t h  aga ins t  f r a c t u r e d  bu t  
g e n t l y  d i  pp i  ng Abbott  sandstone on t h e  south. 

A compl ex b ra ided  p a t t e r n  o f  f a u l t s  c h a r a c t e r i  zes t h e  SFZ near Sul phur S p r i  ngs 
Church. F a u l t s  out1 i ne s l  i ces o f  Ches te r i  an and 1  ower Pennsyl vani  an rocks 
t h a t  d i  p  a t  angles rang ing  from 10' t o  v e r t i c a l  . Beddi ng genera l  l y  s t r i k e s  
para1 1  e l  w i t h  t h e  long  axes o f  f a u l t  s l i c e s  which, i n  t u r n ,  a re  more o r  l e s s  
p a r a l l e l  w i t h  t h e  o v e r a l l  t r e n d  o f  t h e  f a u l t  zone. Except ions do occur :  i n  
t h e  small t r i  angul a r  b l  ock southeast o f  Sul phur Spr i  ngs Church, Pal e s t i  ne and 
Menard s t r a t a  s t r i k e  perpendicu l  a r  t o  t h e  major  f a u l t s  nearby. 

The ac tua l  s t r u c t u r a l  p a t t e r n  undoubtedly i s  more compl icated than we have 
mapped. Outcrops a re  r a r e  among t h e  t a l u s  and c o l l  uvium o f  C a s e y v i l l e  sand- 
s tone from t h e  c l i f f s  a top Cave H i l l ,  and s t r a t i g r a p h i c  i d e n t i f i c a t i o n  o f  
u n i t s  i n  narrow f a u l t  s l i c e s  i s  h i g h l y  prob lemat ic .  I n  p a r t i c u l a r ,  t h e  area 
mapped as u n d i f f e r e n t i a t e d  Chester ian rocks i n  Sect ions 3 and 4 con ta ins  many 
f a u l t s  hav ing a  v a r i e t y  o f  o r i e n t a t i o n s ;  these  f a u l t s  a re  t o o  c l o s e l y  spaced 
and compl i cated t o  rnap a t  t h e  scal  e  used f o r  p l  a t e  I .  

South o f  Sec t ion  9 t h e  SFZ apparen t l y  c o n s i s t s  o f  a s i n g l e  f a u l t  ( t h e  f r o n t  
f a u l t ) ,  o r  a t  most, a  narrow f a u l t  zone. S t r a t a  east o f  t h e  f a u l t  a re  
upturned, general  l y  j ux tapos ing  Caseyvi 1  l e and uppermost Ches te r i  an rocks on 
t h e  east w i t h  Abbott  Format ion on t h e  west, Incomplete exposures i n  r av i nes  
suggest t h a t  t h e  zone o f  i n t e n s e l y  deformed rock v r i e s  from severa l  t ens  t o  

. more than 100 f e e t  wide, 
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FIGURE 12. Cross section of Shawneetown Fault Zone just west of Ohio River (see section C-C', plate 1 b). 



The f a u l t  zone widens i n  Sec t ion  21, T. 10S., R. 7E., s p l i t t i n g  a  pronounced 
a n t i c 1  i n e  a long i t s  c r e s t .  B u t t s  (1925) mapped t h i s  as t h e  "Shawneetown 
An t i c1  i n e "  and showed t h e  f a u l t  as dy ing  out  about 1/2 m i l e  n o r t h  o f  Bald 
Knob; however, we have found t h e  f a u l t  zone t o  be cont inuous, The a n t i c l i n e  
i s  no t  q u i t e  symmetrical : s t r a t a  d i p  as s teep l y  as 60' on t h e  west l i m b  and 
40' on t h e  eas t  l imb;  d i p s  r a p i d l y  d i m i n i s h  away from t h e  f a u l t e d  a x i s  on both 
l imbs.  Along t h e  a x i a l  c r e s t  a re  thorough ly  f r ac tu red ,  s t eep l y  t i l t e d  Ches- 
t e r i a n  s t r a t a  t h a t  cannot be i d e n t i f i e d  as t o  format ion.  R e l a t i v e  v e r t i c a l  
o f f s e t  across t h e  a x i a l  f a u l t  zone i s  s l i y h t ,  p o s s i b l y  l e s s  than 100 f e e t :  t o  
t h e  nor th ,  C a s e y v i l l  e  Format ion i s f a u l t e d  aga ins t  K i  nka id  Limestone; t o  t h e  
south, Ki nka id  Limestone b u t t s  ayai  n s t  C l  o r e  and Deyonia Formations. 

Th i s  1  i t t l e  area, perhaps more t han  any o ther ,  r evea l s  movement w i t h i n  t h e  
f a u l t  zone, r a t h e r  than r e l a t i v e  o f f s e t t i n g  o f  b locks on oppos i te  s ides, as 
c h a r a c t e r i s t i c  o f  t h e  Shawneetown F a u l t  Zone (sec. D-D'  , p l a t e  2 ) .  In  s imp les t  
terms, a  narrow, e longa te  s l i c e  o f  M i s s i s s i p p i a n  rocks  has punched upward 
through cove r i ng  Pennsylvanian s t r a t a .  The r e  o f  t h e  b l ock  e a s t  
o f  t h e  f a u l t  zone i s  negl  i g i  b l  e  by comparison. 

s. We considered several  f a u l t s  i n  t h e  Shawneetown F a u l t  - 
Zone impo r tan t  enough t o  m e r i t  i n d i v i d u a l  names, and we w i  11 desc r i be  these 
newly named f a u l  t s  and severa l  smal l e r  s t r u c t u r e s .  

The f r o n t  f a u l t  (d iscussed p r e v i o u s l y )  was g iven  an i n fo rma l  , d e s c r i p t i v e  name 
r a t h e r  than  a  formal geographic one because o f  i t s  apparent r eg iona l ,  r a t h e r  
than l o c a l ,  s i g n i f i c a n c e  t o  t h e  o v e r a l l  s t r u c t u r e  o f  t h e  Rough Creek- 
Shawneetown F a u l t  Zone. 

. These f a u l t s ,  which l i e  near t h e  
southern edge o f  t h e  SFZ i n  eas te rn  Ga l l  a t i n  County, a re  named, i n  t h i s  
r e p o r t ,  f o r  R ingo ld  Church i Sec t i on  4, T. 10S., R. 9E. ( 
R ingo ld  South F a u l t  i s  we1 1 - e f i n e d  by d r i l l i n g  (sec. C 
I b )  . I t s  d i  sp l  acement decre ses westward f rom severa l  
t h e  Ohio R i ve r  t o  zero i n  t h e  W 1/2 Sec t i on  3, T. 10S., R. 9E. The R ingo ld  
F a u l t  i s  no t  as we1 1 -de l inea ted  as t h e  R ingo ld  South F a u l t ;  however, l a r g e  
d i f f e r e n c e s  i n  e l e v a t i o n  o f  key beds between outcrops and d r i  11 ho les  suggest 
t h e  presence o f  a  f a u l t  o r  a very  sharp f l e x u r e ,  hav ing about 500 f e e t  o f  
downthrow t o  t h e  south, and running t h e  l e n g t h  o f  Gold H i l l .  The R ingo ld  
F a u l t  may 1  i n k  w i t h  t h e  Level  H i l  l F a u l t  westward i n  t h e  E q u a l i t y  Quad- 
rang le .  Eastward, t h e  R ingo ld  and R inyo ld  South F a u l t s  l i n  w i t h  f a u l t s  
mapped by Palmer (1976) i n  t h e  Grove Center, Kentucky Quadr 

South o f ,  and su bpara l  l e l  w i  
sec. 5 - B ' ,  f i g  

f a u l t  i s  named, i n  t h i s  r e p o r t ,  f o r  
SE 1/4, Sec. 36, T. 9S., R. 8E). T  
outcrops westward from i t s  t y  e l o c a l i t y  as f a r  as 
29, where i t  j o i n s  t h e  f r o n t  au l  t, The Le 
w i t h  t h e  R ingo ld  Fau l t ,  beneath t h e  Maumee 



FIGURE 13. Structure of fault slices in Shawneetown Fault Zone, central Equality Quadrangle. Shaded blocks are upthrown, 
blank blocks downthrown. Numbers in blocks are referred to in text. 

Numerous c r o s s - f a u l t s  connect t h e  f r o n t  f a u l t  w i t h  t h e  Level  H i l l  Fau l t .  Some 
o f  these  a re  pe rpend i cu la r  w i t h  t h e  f r o n t  f a u l t ,  and o the rs  a re  ob l ique.  Out- 
1 i n e d  by t h e  c r o s s - f a u l t s  a re  rec tangu la r  and t r i a n g u l a r  s l i c e s ,  i n c l i n e d  
southward a t  25 t o  65 degrees. Upthrown s l i c e s  b r i n g  M i s s i s s i p p i a n  rocks t o  
t h e  sur face,  j ux tapos ing  them w i t h  Caseyv i l l  e  rocks i n  downthrown blocks. 
F i gu re  13 i l l u s t r a t e s  t h e  r e l a t i v e  movements o f  t h e  b locks .  B locks 1, 3, 6, 
and t h e  southeastern corner  o f  4 a re  downthrown, w h i l e  2, 5, and t h e  n o r t h -  
western p a r t  o f  4 a re  upthrown. Note t h a t  t h e  p o s i t i o n s  o f  t h e  b locks de te r -  
mine whether t h e  n o r t h  o r  t h e  south s i d e  o f  t h e  Level H i l l  F a u l t  i s  upthrown. 
Th i s  suggests a  complex s t r u c t u r a l  h i s t o r y ,  w i t h  t h e  small b locks r i s i n g ,  
fa1  1  ing ,  and r o t a t i n g  between t h e  two la rge ,  para1 1  e l ,  eas t - t r end ing  f r a c t u r e  
zones, 

. Th i s  fau l t , .  i n  t h e  eas te rn  p a r t  o f  t h e  E q u a l i t y  
Quadrangle,  l i e s  n o r t h  o f  t h e  f r o n t  f a u l t  and i s  named, i n  t h i s  r epo r t ,  f o r  
t h e  Negro Spr ing  S a l t  Well i n  t h e  SW 1 / 4  o f  Sec t ion  26; The ~ e g r o '  s p r i n y  
F a u l t ,  known from subsurface data on ly ,  shows 250 t o  300 f e e t  o f  downthrow t o  
t h e  south. One w e l l  pene t ra ted  t h e  f a u l t  zone; m i ss i ng  i n t e r v a l s  o f  s t r a t a  on 
t h e  e l e c t r i c  l o g  i n d i c a t e  t h a t  t h e  zone i nc l udes  two normal f a u l t s ,  each w i t h  
about 80 f e e t  o f  v e r t i c a l  o f f s e t ,  and p o s s i b l y  severa l  sma l le r  normal f a u l t s .  
The Negro Spr ing  F a u l t  d i e s  out  westward and probably  l i n k s  w i t h  t h e  f r o n t  
f a d  t eastward. 



es , Named, i n  t h i s  r epo r t ,  f o r  Glen 0, Jones take, t h i  s f a u l t  
t r e n d s  nor theastward from t h e  NW 114 o f  Sec t ion  I 1  t o  t h e  E 114 of Sec t ion  1, 
T. lOS., R e  7E., Rudement Quadrangle, and then  t u r n s  eastw 
Equal i t y  Quadrangl e, where i t  d i e s  out.  Hi gh-angl e  f r a c t u r e s  and abrupt 
changes i n  e l  e v a t i o n  o f  coal  s  i n  abandoned s t r i p  mines reveal  t h e  Jones F a u l t  
on t h e  n o r t h  s i d e  o f  Wiedeman Hol low (Sec t i on  11) .  Sandstone i n  t h e  road t o  
t h e  abandoned f a n  i n  t h e  SW 114 NE 114 SE 114, Sec t ion  2, d i p s  43' southeast,  
c o n t r a s t i n g  w i t h  t h e  general  d i p  o f  15' t o  20' i n  t h e  v i c i n i t y .  D r i l l  ho les  
show downthrow o f  100 f e e t  o r  more, t o  t h e  southeast;  t h e  l o g  o f  one h o l e  
showed a jumbled s t r a t i g r a p h i c  sec t ion ,  w i t  evera l  m i  s s i  ng i n t e r v a l  s. The 
Jones F a u l t  apparen t l y  i s  a  compound zone o i s l  o c a t i  on--a sharp f a u l t e d  
f l e x u r e .  

, A f a u l t  immediate ly  n o r t h  o f  t h e  f r o n t  f a u l t  i s  mapped on 
t h e  bas i s  o f  a  s i n g l e  d r i l l  h o l e  i n  t h e  NE 1 /4  o f  S c. 33 ( p l a t e s  l a  and 
2).  The we1 l , Nat i ona l  Assoc ia ted Petroleum Co. 1 ax Gal t, Trom bottom of 
su r f ace  cas ing t o  a  depth o f  about 400 f e e t ,  pene t r  t e d  red-brown shale and 
s i l t s t o n e  a long w i t h  l i g h t  t a n  t o  b u f f ,  l i t h o y r  01 orni t i  c 1 imestone. 
E l  wood A ther ton  (1983, personal communi c a t i  on) t h e  c u t t i n g s  and 
i n t e r p r e t e d  them as upper Pennsylvanian--perhaps s t  Frank1 i n  Limestone 
Member o f  t h e  Modesto Formation. The abnormal t h i ckness  (about 150 f e e t )  o f  
t h e  1 imestone suggests steep, poss i  b l y  n e a r - v e r t i  ca l  a t t i t u d e  o f  t h e  f a u l t  
s l  i c e .  Be1 ow 400 f e e t  t h e  d r i l l  entered a normal s e c t i o n  o f  m idd le  and lower  
Pennsyl vani  an and Ches te r i  an (upper i s s i  s s i  pp ian)  rocks. The f a c t  t h a t  t h e  
w e l l ,  l o ca ted  l e s s  than 500 f e e t  n o r t h  o f  t h e  f r o n t  f a u l t ,  d i d  no t  pass 
th rough t h a t  f a u l t ,  i n d i c a t e s  t h a t  i t s  p lane e i t h e r  i s  nea r l y  v e r t i c a l  o r  d i p s  
southward as a reverse  f a u l t .  

Three secondary f a u l t s ,  which apparen t l y  branch away from t h e  f r o n t  f a u l t ,  
have been mapped on Gold Hi 11 , The n o r t h  s i d e  o f  each f a u l  t i s downthrown. 
The two eas te rn  f a u l t s  a re  v i  s i  b l  e  i n  sur face  exposures; t h e i r  p lanes a re  
s teep l y  d ipp ing ,  almost v e r t i c a l .  The most accessi  b l e  exposure i s  i n  t h e  
narrow eas t - f l ow ing  r a v i n e  a t  t h e  cen te r  o f  t h e  SW 114, Sec t ion  36, T. 9S,, 
R. 9E., where h i g h l y  f r a c t u r e d  sandstone can be seen, Both a re  seen t o  d i e  
ou t  westward and inc rease  i n  throw eastward as they  converye w i t h  t h e  f r o n t  
f a u l t .  The westernmost f a u l  t i s  no t  exposed, bu t  i t s  presence i s  i n d i c a t e d  by 
t h e  a t t i t u d e  and e l  eva t i on  o f  Caseyvi 11 e sandstone i n  14 NE 114 SW 114 
and SE 1/4 SW 114 NW 1/4,  Sec t i on  33, T, 9S,, R, 9E. Con t i nua t i on  o f  t h i s  
f a u l t  ( t o  t h e  SW 1/4 SW 114 o f  Sec. 32) i s  suggested by t h e  hogback form o f  
1  oess-covered f o o t h i  11 s  and v a l l  eys on t h e  nor thwest  co rner  o f  Gold Hi  11 . 
A deep cu t  on a p r i v a t e  road a t  t h e  summit o f  Gold H i l l ,  NE 114 NW 114 SE 114, 
Sec t i on  32, exposes 9 f e e t  o f  Peor ia  Loess o v e r l y i n g  10 f e e t  o f  reddish-brown 
Love1 and o r  Roxanna S i l t .  The loess  bank i s  d i r e c t l y  i n  l i n e  w i t h  a  f a u l t  
o f f s e t t i n g  Caseyv i l  l e  and Ches te r ian  rocks on t h e  n o r t h  f ace  o f  t h e  h i l l ,  No 
s i g n  o f  t e c t o n i c  disburbance i s  v i s i b l e  i n  t h  

O f f s e t  i n  t h e  ou tc rop  o f  lowe 
o f  a no r t h - t r end ing  f a u l t  ben 
Caseyvi 11 e-Abbott con tac t  i s approxima 
s i d e  o f  t h e  gap than  on t h e  west s ide, 
Same a t t i t u d e  ( i p  13O t o  18O south) o 
f a u l t ,  o r  a  d i g - s l i p  f a u l t  w i t h  t h e  we 



Fractured,  e a s i l y  eroded rock along a f a u l t  may p a r t l y  e x p l a i n  t h e  ex is tence  
o f  t h e  gap. 

F a u l t s  mapped near Hor ton Hi1 1 (Sec. 21, 20, T. 10S., R. 7 ~ . ) ,  may connect 
w i t h  f a u l t s  shown by Baxter,  Desborough and Shaw (1967) i n  t h e  Herod 
Quadranyle.  The best exposed f a u l t  can be seen i n  t h e  bed o f  t h e  
n o r t h - f l o w i n g  t r i b u t a r y  r a v i n e  near t h e  cen te r  o f  t h e  SE 1/4, Sec t ion  21. I t  
i s  a  normal f a u l t  w i t h  v e r t i c a l  s l i ckens ides ;  t h e  east s i de  i s  downthrown a 
few tens  o f  f ee t .  Accompanying t h e  f a u l t  a re  numerous p a r a l l e l  v e r t i c a l  
f r a c t u r e s .  Desp i t e  e x c e l l e n t  exposures, t h e  f a u l t  does no t  appear i n  t h e  
n o r t h  w a l l  o f  t h e  eas t - f l ow ing  r a v i n e  1/4 m i l e  nor th .  However, a  sharp 
f l e x u r e  i n  Abbott  sandstone, a  m i l e  t o  t h e  n o r t h  i n  Dennison Hollow, i s  i n  
l i n e  w i t h ,  and may be r e l a t e d  t o ,  t h e  f a u l t  seen i n  t h e  no r th - f l ow ing  g u l l y .  

A n o r t h w e s t - s t r i k i n g  f a u l t  (about 1/2 m i l e  n o r t h  o f  Horton H i l l )  i s  i n f e r r e d  
from l o c a l l y  i n t e n s e  f r a c t u r e s  and steep d i p s  observed i n  outcrops. T h i s  
f a u l t ,  i f  i t  a c t u a l l y  e x i s t s ,  has l i t t l e  displacement.  Baxter,  Desborough, 
and Shaw (1967) mapped severa l  f a u l t s  as p r o j e c t i  ny f rom t h e  Herod Quadrangle 
i n t o  t h e  Rudement Quadranyle, but we could not  l o c a t e  evidence f o r  these 
f a u l t s  i n  t h e  Rudernent Quadrangle. 

The Eagle Val 1  ey Syncl i n e  ( E V S )  l i e s  immediately south 
I t  Zone i n  I l l i n o i s  ( f i g .  10). The e longa te  t r ough  

t rends  east ,  i s  about  15  m i l e s  long,  and i s  r ough l y  5 t o  8 m i l e s  wide (sec. 
A -A ' ,  B-B ' ,  C - C ' ,  p l a t e  i b ) .  The upturned n o r t h e r n  and western l imbs  a r e  
t r unca ted  by t h e  Shawneetown F a u l t  Zone. I n  t h e  Rudement and Q u a l i t y  Quad- 
r ang les  t h e  g e n t l e  southern l i m b  runs  p a r a l l e l  w i t h  t h e  no r the rn  l imb,  b u t  
eastward i n t o  t h e  Shawneetown Quadrangle and Kentucky, t h e  southern l i m b  
t u r n s  east -southeastward and t h e  s y n c l i n e  ab rup t  y deepens and widens. The 
EVS a c t u a l l y  i s  a  narrow ex tens ion  o f  t h e  broad oorman Sync1 i ne o f  Kentucky. 

B u t t s  (1925) mapped t h e  EVS as a r e l a t i v e l y  s imp le  f o l d  t h a t  becomes s t e a d i l y  
deeper and w ider  eastward. H i s  map shows a g e n t l e  (5') south l i m b  and a 
s teeper  (20') n o r t h  f l ank ,  both w i t h  un i fo rm d ips,  and a broad, f l a t  a x i a l  
t rough,  w i t h  no s i g n i  f i  cant  d l  s con t i nu i  t i e s  except f o r  t h e  G r i  n d s t a f f  and 
S a l i n e  R i ve r  Fau l t s .  Our map ( p l a t e  2), based on thousands o f  data p o i n t s  
no t  a v a i l a b l e  t o  Bu t t s ,  r evea l s  many i n t e r e s t i n g  i r r e g u l  a r i  t i e s  i n  t h e  
sync1 ine .  

I n c l i n a t i o n  o f  t h e  south l i m b  i s  r a t h e r  uni form, except where f a u l t s  a re  
present .  (These f a u l t s  w i l l  be discussed i n  t h e  s e c t i o n  on t h e  F luorspar  Area 
F a u l t  Complex.) Near t h e  southern edge o f  t h e  Rudernent and E ua l  i t y  Quad- a rangles,  t h e  s t r a t a  d i p  northward a t  about 10 f e e t  per  100 ( 6  ). Th i s  d i p  
f l a t t e n s  ou t  g r a d u a l l y  toward t h e  s y n c l i n a l  ax is .  Eastward, i n  t h e  south- 
eas te rn  Equal i t y  and southwestern Shawneetown Quadrangl es, t h e  p i t c h  o f  t h e  
beds inc reases  t o  an average of 8' o r  9'. P rec ise  s t r u c t u r a l  a t t i t u d e s  a re  
d i  f f i  c u l  t t o  o b t a i  n  because t h e  ou t c ropp i  ny Lower Pennsylvanian sandstone 
tends t o  be massive o r  have many l o c a l  i r r e g u l a r i t i e s  i n  t h e  bedding. 

The no r the rn  1 imb i s ,  o v e r a l l ,  cons iderab ly  s teeper  than  t h e  southern 1 imb; 
however, i t  would be mis lead ing  t o  p rov ide  an average p i t c h  f i g u r e .  Dips 
measured on ou tc rops  range from h o r i z o n t a l  t o  as h i g h  as 68' ad jacent  t o  
f a u l t s .  As p r e v i o u s l y  noted, even steeper d i ps  occur w i t h i n  f a u l t  s l i c e s  near 



t h e  f r o n t  f a u l t .  Most readings, however, f a l l  i n  t h e  range o f  10' t o  30'. 
The degree o f  c o n t r o l  i s  q u i t e  good; many exposures o f  p lanar - lamina ted  rocks  
a r e  a v a i l a b l e ,  and format ional  contacts  can be i d e n t i  f i  ed more re1 i a b l y  here 
than  on t h e  southern f l a n k  o f  t h e  f o l d .  

s. The d i p  on t h e  n o r t h  l i m b  o f  t h e  Eagle Va l l ey  Sync l ine  might  be 
expected t o  inc rease  s t e a d i l y  as i t  approaches t h e  Shawneetown F a u l t  Zone, but 
such i s  no t  t h e  case. Many l o c a l  f l e x u r e s  l a r g e  and smal l ,  and one ma jo r  
r eve rsa l  o f  d i p  a re  present.  A f l  exure i s  an abrupt  f o l d ,  usual 1  y monocl i na l  , 
t h a t  may o v e r l i e  a  bu r i ed  f a u l t .  The reversa l  can be seen i n  t h e  n o r t h - f a c i n g  
ho l l ow  immediate ly  sou th  o f  t h e  Shawneetown F a u l t  Zone, near  t h e  nor thwes t  co rne r  
o f  Sec t i on  32, T. 9S., R. 8E., E q u a l i t y  Quadrangle. Near t h e  mouth o f  t h e  r a -  
v ine, B a t t e r y  Rock Sandstone d i p s  nor thward a t  5"-17": southward t h e  rocks  assume 
a  h o r i z o n t a l  p o s i t i o n ,  then g r a d u a l l y  take  a  southward d i p .  The sandstone i s  
moderate ly  f r a c t u r e d ,  but no f a u l t s  a re  ev ident .  The basi c  s t r u c t u r e  appears 
t o  be a smal l ,  eas t - t r end ing  a n t i c l i n e  ( p l a t e  2 ) .  

One o f  t h e  most prominent 1  arge f l e x u r e s  1  i e s  southeast o f  t h e  summit o f  Cave 
H i l l ,  Sec t ion  2, T. lOS. ,  R. 7E. ( p l a t e s  l a  and 2),  For  more than  112 m i l e  
southeast o f  t h e  h i 1  l t o p  t h e  beds a re  i n c l  i ned  r e g u l a r l y  about 12' t o  t h e  
southeast,  but  t h e  d i p  increases t o  20' o r  more and then  f l a t t e n s  ou t  on a  
narrow bench immediately northwest o f  t h e  Jones Fau l t .  A s i m i l a r  f l e x u r e  
appears near t h e  west end o f  Gold H i1  1  ( p l a t e s  I and 11),  where rocks d i p  
about 10' southward i n  t h e  S 1/2 o f  Sec t ion  33, T. 9S., R. 9E.; t h e  d i p  
inc reases  t o  25' i n  t h e  N 1 /2  o f  Sec t ion  4, T. 10S., R. 9E., approaching t h e  
R i  nyo ld  F a u l t  . Far the r  east, a  h o r i  zon ta l  bench i n t e r r u p t s  t h e  southward 
p i t c h  o f  t h e  s t r a t a  i n  t h e  NW 114 NW 114, Sec t ion  2, T. IOS. ,  R. 9E. ( p l a t e s  l a  
and 2 ) .  

Small , sharp, f r a c t u r e d  monocl i nes have been observed i n  a number o f  p l  aces. 
One i n  t h e  bed o f  Dennison Hol low (NW 1 /4  NW 1 /4  SW 1/4, Sec, 15, T. 10S., 
R. 7E., Rudement Quadrangle) a f f e c t s  uppermost Caseyvi 11 e  o r  basal Abbott  
sandstone. W i th i n  a  d i s t a n c e  o f  l e s s  than  10 f e e t  t h e  d i p  inc reases  from 
about 8' t o  as steep as 25O, then f l a t t e n s  out  again. Closely-spaced high- 
angle f r a c t u r e s  s t r i k e  p a r a l l  e l  w i t h  t h e  t r e n d  o f  t h e  f o l d ,  bu t  no s l  i cken-  
s ides  o r  o the r  evidence o f  movement a re  apparent. Th i s  f l e x u r e  i s  d i r e c t l y  i n  
1  i n e  w i t h  a  normal f a u l t  exposed about a  m i l e  t o  t h e  south. S i m i l a r  f l e x u r e s  
occur i n  rav ines  a t  several  p laces on t h e  south s lope o f  t h e  Wi ldca t  H i l l  s .  
They s t r i k e  east-west, range from a  few f e e t  t o  almost 100 f e e t  wide, and show 
d i  ps as steep as 40'. S teep ly -d i  pp i  ng t o  v e r t i  ca l  para1 l e l  f r a c t u r e s  i n v a r i -  
ab l y  a re  present  a long f l e x u r a l  axes. Some f l e x u r e s  can be f o l l owed  f o r  1000 
f e e t  o r  more, but most a re  seen on l y  i n  s i n g l e  outcrops, 

The d i  s t r i  b u t i o n  o f  f l  exures, t h e i r  p a r a l l  e l  i sm t o  f a u l  t s ,  and t h e  f r a c t u r i  ng 
a long them i n d i c a t e s  t h a t  they  probably  o v e r l i e  bu r i ed  f a u l t s :  rocks near t h e  
su r f ace  f a i l e d  by f o l d i n g  r a t h e r  t han  by shearing. T  ey appear comparable ( i n  
smal l  sca le )  t o  t h e  g rea t  monocl i n e s  t h a t  o v e r  f a u l t s  a t  t h e  edyes 
o f  u p l i f t e d  b locks i n  t h e  Wyoming Rockies and 
Stearns (1978) uses t h e  term " f o r ced  Folds" f o  
above h igh-angle f a u l t s ;  he d i s t i n g u i s h e s  t 
r e s u l t  from h o r i z o n t a l  compression, where t 
predetermined by unde r l y i ng  s t r u c t u r e .  Stearns argues t h a t  t h e  bas in  and 
mountain ranges o f  t h e  cen t ra l  Rockies a re  t h e  product  o f  d i r e c t  v e r t i c a l  
up1 i ft. 



. A s e r i e s  o f  depressions, a n t i c l i n e s ,  and saddles i n t e r r u p t s  
t h e  cen t ra l  t r ough  o f  t h e  Eagle Va l l ey  Syncl i ne .  The a x i s  o f  t h e  syncl  ine ,  i f  
t r a c e d  a long t h e  lowes t  contours  o f  t h e  f o l d ,  i s  sinuous and not  p a r a l l e l  w i t h  
t h e  l imbs  o f  t h e  sync l ine .  

The western end o f  t h e  EVS i s  a  roughly  oval basin whose long  a x i s  t r ends  
southeastward, southeast o f  t h e  Jones Fau l t .  The enclosed area i s  about a  
square m i l e  and t h e  maximum depth i s  a t  l e a s t  125 f ee t .  Eastward from t h i s  
depress ion extends a  broad, f a i  r l  y  symmetri ca l  t r ough  (saddl  e) . Several smal l  
a n t i  c l  ines,  w i t h  c losures  o f  10 t o  20 f ee t ,  occur near t h e  eas te rn  end o f  t h e  
saddle i n  Sect ions 3, 4, and 10, T. 10S., R .  8E. ( p l a t e  2 ) .  

A deep and i r r e g u l  a r  depression, named, i n  t h i  s  r epo r t ,  t h e  P i  sgah S n c l  i n e  
f o r  t h e  Pisgah Church (NW 114 SW 1 /4  SE 1/4, Sec. 12, T. 10~* 
found i n  t h e  eas te rn  p a r t  o f  t h e  E q u a l i t y  Quadrangle. The Pisgah Sync l ine  i s  
b i sec ted  by t h e  G r i n d s t a f f  F a u l t  Zone ( p l a t e  11). The a x i s  o f  t h e  western 
segment s t r i k e s  east-west,  t h a t  o f  t h e  eas te rn  segment t r ends  east-  
southeast.  The deepest p o i n t  o f  t h e  sync l  i n e  i s  a t  l e a s t  300 f e e t  below t h e  
r i m  (as contoured on t h e  S p r i n g f i e l d  Coal ) .  The Pisgah Syncl i n e  i s  asymme- 
t r i  ca l  , i t s  no r t heas te rn  f l  ank steepest.  The S p r i n g f i e l d  Coal r i  ses more t han  
500 f e e t  w i t h i n  a  d i s t a n c e  o f  4000 f e e t  (average d i p  7  112 O) i n  Sec t ion  7, T. 
10S., R. 9E. B u t t s  (1925) noted t h i s  abrupt  change o f  e l eva t i on ,  and 
a t t r i b u t e d  i t  t o  f a u l t i n g .  H i s  " S a l i n e  R i ve r  F a u l t "  was mapped as extending 
southeastward from t h e  Shawneetown F a u l t  Zone across t h e  e n t i r e  EVS, Recent 
c l  osel  y  spaced coal - t e s t  d r i  l l i ng i nd i  cates t h a t  t h e  Sal i ne R i ve r  F a u l t  does 
no t  e x i s t .  The change i n  a l t i t u d e  o f  t h e  coal  i s  evenly d i s t r i b u t e d  among t h e  
datum po in t s ,  w i t h o u t  any abrupt breaks. To t h e  southeast, i n  Sect ion 17, 
T. 10S., R. 9E., t h e  s t r u c t u r e  becomes almost l e v e l .  The S a l i n e  R i ve r  Fau l t ,  
w i t h  i t s  anomalous sou theas te r l y  t rend ,  never d i d  f i t  t h e  reg iona l  s t r u c t u r a l  
pa t t e rn .  

The Kuykendal l An t i  c l  i ne, named, i n  t h i  s pub1 i c a t i o n ,  f o r  Kuykendal l  Val l ey, 
i s  immediate ly  eas t  o f  t h e  Pisgah Sync l ine  i n  Sect ions 4, 8, and 9. T. 10s.. - - 
R. 9E., E q u a l i t y  Quadrangle. I t s  a x i s  t r ends  eastward from t h e  SW-114 NW l j 4 ,  
Sec t ion  8 t o  t h e  NW 114 Sec t ion  9, where i t  curves northeastward. Maximum 
c l o s u r e  i s  a t  l e a s t  160 f e e t  on t h e  S p r i n g f i e l d  Coal. The c r e s t  o f  t h e  a n t i -  
c l i n e  i s  i r r e g u l a r ;  t h e  no r the rn  and nor thwestern f l a n k s  are s teeper  than  t h e  
southern and southeastern f l  anks. 

A broad saddle separates t h e  Pisgah Sync l ine  from t h e  deep easternmost t r ough  
o f  t h e  EVS. I n  t h i s  broad eas te rn  t rough,  t h e  e l e v a t i o n  o f  t h e  S  r i n g f i e l d  g Coal drops as low as -700 f e e t .  Average d i p s  a re  approx imate ly  5 , but cons i -  
de rab le  l o c a l  v a r i a t i o n  i s  seen, w i t h  sharp f l e x u r e s  (as  i n  NW 114 SE 1/4, 
Sec. 10) and f l a t  areas (NE 114, Sec. 22). 

As t h e  eastward c o n t i n u a t i o n  o f  t h e  Shawneetown F a u l t  zone, t h e  Rough Creek 
RCFS) i n  Kentucky exhi  b i t s  s t r u c t u r e  essen i a l l y  t h e  same as 

eetown F a u l t  Zone i n  I I S i n o i s e  

From t h e  Ohio R iver ,  t h e  RCFS runs eastward about 00 m i l e s  across Kentucky 
i n t o  Grayson County, where i t  d i e s  ou t  ( f i g .  10) .  The f a u l t  system makes 



numerous bends and curves a long s t r i k e .  The zone widens from approx imate ly  1 
m i l e  i n  western Union County t o  about 5 m i l e s  i n  McLean County; eastward, t h e  
zone gradual l y  narrows, and t h e  d i  sp l  acements o f  t h e  f a u l  t s  gradual 1  y  
d im in ish ,  The zone i s  composed o f  a  m u l t i t u d e  o f  f a u l t s  t h a t  c h a r a c t e r i s -  
t i c a l l y  form a  bra ided p a t t e r n  on t h e  map. Th i s  anastornosing network i s  
s i m i l a r  t o  t h a t  seen i n  I l l i n o i s  around t h e  n o r t h  end o f  Cave H i l l  i n  t h e  
Rudement Quad rang1 e, 

Geolog ic  mapping and d r i l l  i n g  show t h a t  t h e  RCFS i s  coniposed mos t l y  o f  h igh-  
angle t o  v e r t i c a l  f a u l t s .  As i n  I l l i n o i s ,  t h e r e  i s  l i t t l e  r e l a t i v e  u p l i f t  o f  
s t r a t a  on e i t h e r  s i de  o f  t h e  system, but w i t h i n  t h e  f a u l t  zone very  l a r g e  
d i  sp l  acements have taken p l  ace. Cross-sect ions ( f i g .  14)  show t h a t  t h e  bas i c  
s t r u c t u r e  i s  e i t h e r  a  broken arch o r  a n t i c l i n e ,  o r  a  s e r i e s  o f  t i l t e d ,  
upthrown b locks o r  hors ts ,  The zone i s  g e n e r a l l y  asymmetr ical ,  w i t h  t h e  
g r e a t e s t  u p l i f t s  near t h e  no r the rn  edge o f  t h e  f a u l t  zone, Nor th  o f  t h e  RCFS 
t h e  s t r a t a  g e n e r a l l y  l i e  f l a t  o r  d i p  g e n t l y  northward and westward toward t h e  
cen te r  o f  t h e  I l l i n o i s  Basin. To t h e  south t h e  rock l a y e r s  d i p  southward, 
away from t h e  f a u l t  system i n t o  t h e  t r ough  o f  t h e  Moorman Syncl ine.  

Grabens a1 so occur i n  t h e  RCFS but a re  l e s s  common than hors ts .  The most 
no tab le  graben i s  t h e  one con ta in i ng  Permian rocks i n  eas te rn  Union County 
(Kehn, Beard, and Wil l iamson, 1982). The ex is tence  o f  t h i s  graben proves t h a t  
f a u l t i n g  took p l ace  i n  pos t -ea r l y  Permian t ime, p rese rv i ng  a  smal l  remnant o f  
t h e  Permian rocks t h a t  elsewhere have been eroded. 

From t h e  I l l i n o i s  s t a t e  1  i n e  a t  l e a s t  as f a r  east  as t h e  Cal houn Quadrangle 
(Johnson and Smith, 1975) i n  McLean County, t h e  l a r g e s t  f a u l t  i n  t h e  RCFS i s  a  
reverse  f a u l t  ( i t s  south s i d e  upthrown) t h a t  1  i e s  near t h e  no r the rn  boundary 
o f  t h e  f a u l t  system. Th i s  reverse  f a u l t  i s  equ i va len t  to ,  and very l i k e l y  
cont inuous w i t h ,  t h e  f r o n t  f a u l t  o f  t h e  Shawneetown F a u l t  Zone i n  I l l i n o i s .  I n  
most p laces  where t h e  i n c l i n a t i o n  o f  t h i s  f a u l t  has bee measured by d r i l l i n g  
o r  o t h e r  means, i t  i s  s teep (65' o r  g r e a t e r ) ,  except  i n  t h e  Morgan f i e l d  
Quadrangl e, eas te rn  Union County where ex tens i  ve o i  1 - t e s t  d r i  11 i ng shows t h e  

6 d i p  of t h e  f a u l t  t o  vary  f rom 70 t o  as low as 25' (Smi th  and Palmer, 1974 and 
1981). The f a u l t  s t r i k e s  eastward i n  t h e  western h a l f  o f  t h e  quadrangle, and 
curves a b r u p t l y  t o  S 50' E i n  t h e  eas te rn  h a l f ;  v e r t i c a l  separa t ion  a long t h e  
f a u l t  ranges from 660 t o  more than 1500 f e e t ,  

A l a r g e  s l i c e  o f  t h e  F t .  Payne Format ion was penet ra ted  by f i v e  separate w e l l  s  
a long  t h e  reve rse  f a u l t  ( f i g .  14A). T h i s  s l i c e ,  up t o  45 
i s  found f a r  above t h e  normal p o s i t i o n  o f  t h e  F t .  Pay 
f a u l t  zone. The s t r u c t u r e  i s  remin iscen t  o f  t h a t  a t  t h e  Horseshoe Quar ry  i n  
I l l i n o i s ,  where a  narrow block o f  Ft .  Payne i s  found between much younger 
rocks i n  t h e  f a u l t  zone. No s i n g l e  epi sode o f  reverse  movement could account 
f o r  t h e  p o s i t i o n  o f  t h e  s l i c e .  Smith and Palmer concluded t h a t  t h e  o v e r r i d i n g  
b lock must have o r i g i n a l l y  moved f a r t h e r  n o r t h  than  i t s  present  p o s i t i o n ;  t h e  
s l i c e  o f  F t ,  Payne was caught i n  t h e  f a u l t  zone when t h e  a v e r t h  
l a t e r  moved back down-dip t o  t h e  south. 

The c ross -sec t i on  a l so  i n d i c a t e s  t h a t  t h e  reverse  f a u l t  ( o n t  f a u l t )  served 
as a  master f a u l t  t o  t h e  RCFS. The hanging-wal l  b l  
no r t h -d i pp ing  normal f a u l t s  t h a t  do not  pene t ra te  t 
normal f a u l t s ,  most o f  which d i p  southwar o f f s e t  t h e  ootwall block, Many 
o f  these f r a c t u r e s  d i s p l a c e  Pennsylvanian rocks but do o t  extend i n t o  t h e  
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B. D i x o n  Quadrangle, Webster County  (Wansen, 1976):  vertical exaggeration 2x.  
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C. Lei tchf ie ld Quadrangle, Grayson County  (Gildersleeve, 1978):  vertical exaggeration 4x.  
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E. Grove Center Quadrangle, Union County (Palmer, 1976): vertical exaggeration 2x. 
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F. Calhoun Quadrangle, Mc Lean County (Johnson and Smith, 1975): vertical exaggeration 2x. 
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FIGURE 15. Fault exposed underground in Peabody Coal Company's Camp 1 Mine near northern edge of Rough Creek Fault 
System in Union County, Kentucky. An apparently simple high-angle normal fault has 120 feet of throw (the southeast side i s  
downthrown). The fault conveniently juxtaposed two minable coal seams, allowing the company to mine directly from one to 
the other without having to excavate rock. 



M i  s s i  s s i  pp i  an. Smith and Palmer t heo r i zed  t h a t  t h i  s  " t h i  n -sk i  nned" f a u l  ti ng 
took p l ace  both before and d u r i n g  t h e  ove r th rus t i ng ,  as t h e  beds near t h e  
su r f ace  were arched i n  response t o  compressi onal s t resses.  

Ex tens ive  c o a l - t e s t  d r i l l  i n g  and underground m in ing  n o r t h  o f  t h e  reverse  f a u l t  
near Morganfi e l d  b r i n g  t o  1  i g h t  many i n t e r e s t i  ny s t r u c t u r a l  d e t a i l  s. Most 
f a u l t s  apparen t l y  a re  simp1 e  high-angl  e  normal f a u l t s ;  however, compl i c a t i o n s  
a re  ev iden t  i n  some cases. F igures  15 and 16 a re  sketches o f  a  f a u l t  exposed 
i n  underground workings o f  Peabody Coal Company's Camp 1 Mine. Th is  f a u l t  
forms t h e  northwest s i de  o f  a  broad graben which s t r i k e s  eas t -nor theas t  and 
branches o f f  t h e  n o r t h  s i d e  o f  t h e  f r o n t  f a u l t  o f  t h e  RCFS. The f a u l t  i n  t h e  
mine has about 120 f e e t  o f  throw and juxtaposes t h e  H e r r i n  (West Kentucky No. 
11) Coal w i t h  t h e  S p r i n g f i e l d  (West Kentucky No. 9 )  Coal. F i g u r e  15 shows an 
apparen t l y  s imple normal f a u l t  w i t h  a  t h i n  b recc ia  zone, narrow t i l t e d  f a u l t  
s l i c e s  and a  s l i g h t  amount o f  drag. S l i ckens ides  a long t h e  f a u l t  p lanes 
i n d i c a t e  d i p - s l  i p  movement. However, another view o f  t h e  same f a u l t  ( f i g .  
16)  con ta ins  con t rad i  c t o r y  i nd i  ca t i ons  o f  d i  sp l  acement. I n  t h e  c e n t r a l  , 
s t r o n g l y  f o l d e d  f a u l t  s l i c e ,  t h e  H e r r i n  Coal i s  found below i t s  e l e v a t i o n  on 
e i t h e r  s i d e  o f  t h e  f a u l t .  A1 so, a1 though t h e  main f a u l t  i s  normal, t h e r e  i s  a  
smal l ,  sharp reverse  f l e x u r e  i n t h e  S p r i n g f i e l d  Coal and i t s  r o o f  shale 
on t h e  nor thwes t  s i d e  o f  t h e  f a u l t .  Evidence f o r  s t r i k e - s l i p  movement i s  
absent; t h e  most l i k e l y  exp lana t i on  i s  t h a t  t h i s  f a u l t  exper ienced one o r  more 
r e v e r s a l s  o f  movement d u r i n g  i t s  fo rmat ion .  

A  c ross-sec t ion  ( f i g .  17) based on d r i l l i n g  south o f  t h e  Camp 2  Mine shows a 
pecul i a r  s t r u c t u r e .  The s e c t i o n  crosses several  eas t - t r end i  ng f a u l t s  i n  t h e  
no r the rn  p a r t  o f  t h e  RCFS. Between holes 3 and 5  i n  t h e  s e c t i o n  t h e  Madison- 
v i l l  e  Limestone i s  d i sp laced  more than  100 f e e t  down t o  t h e  south along two  
separate f a u l t s ,  whi 1  e  t h e  unde r l y i  ny coal s mai n t a i  n  constant  e l  e v a t i  on. 
Fa r the r  southwest, between holes 7 and 8, t h e  l imestone remains 1  eve1 , but t h e  
coal  s  a re  f au l t ed .  Apparent ly,  t h e  f a u l t  zone becomes h o r i z o n t a l  and f o i l  ows 
bedding p lanes th rough holes 5, 6 ,  and 7. Th i s  p a t t e r n  i s  remin i  scent o f  
1  arge-scal  e  s l  ump fea tu res  and suggests t h a t  t h e  Madi sonvi  ll e Limestone was 
d i  sp l  aced by e a r t h  movements t h a t  were t r i g g e r e d  by t e c t o n i c  movements d u r i n g  
sedimentat ion.  The same c ross-sec t i  on a1 so il l u s t r a t e s  a  pecul i a r  s i t u a t i o n  
i n  borehole 6. I n  t h i s  h o l e  t h e  H e r r i n  Coal was found a t  n e a r l y  t h e  same e l e -  
v a t i o n  as i n  ad jacen t  ho les,  b u t  t h e  S p r i n g f i e l d  and Kentucky No. 10 Coals, 
h i g h l y  p e r s i s t e n t  i n  t h i s  area, were rep laced  by a j u  s t r a t i g r a p h i c  s e c t i o n  
i n  which no marker beds cou ld  be recognized. Th i s  may rep resen t  a d d i t i o n a l  
f a u l  ti ng o r  p a l  eos l  umpi ng t h a t  occur red  be fo re  t h e  H e r r i  n  Coal was deposi ted .  

The bes t  exposure o f  t he  Rough Creek F a u l t  System i s  i n  a  r oadcu t  a t  m i l e p o s t  53 
on t h e  Green R i v e r  Parkway, about 15 m i l e s  southeast  o f  Owensboro, Ohio County, 
Kentucky. The roadcut revea ls  on ly  p a r t  o f  t h e  f a u l t  zone, which i s  roughly  3 
m i l e s  wide and composed o f  h igh-angle f a u l t s  forming a  b ra ided  p a t t e r n  i n  map 
view (Goudarzi and Smith, 1968 ) . Pennsylvanian rocks o f  t h e  Caseyvi 11 e and 
Tradewater (Abbot t )  Formations f l a n k  t h e  RCFS t o  n o r t h  and south, and they  d i p  
g e n t l y  away from t h e  zone ( f i g .  14, sec. E ) .  W i t h i n  t h e  RCFS, b locks o f  Penn- 
s y l v a n i  an and Ches te r ian  rocks d e f i n e  a  compl e x l y  f a u l  t e d  a n t i  c l  i n e  o r  s e r i e s  
o f  ti 1  t e d  ho rs t s .  Krausse, Nel son, and Schwa1 b  (1979) ap l i e d  t h e  name Clear  
Run Horst  t o  t h e  u p l i f t e d  block v i s i b l e  i n  t h e  roadcut,  

F i gu re  18, t h e  e a s t  w a l l  o f  t he  roadcut ,  i s  a s i rnp l i  v e r s i o n  o f  a 
s e r i e s  o f  drawings. by Krausse, e l  son, and Sc he co re  of t h e  
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FIGURE 16. View of same fault as in figure 15, on an adjacent heading in the mine; here the structural situation i s  more com- 
plicated. Although the overall displacement i s  normal, the central slice of the fault zone i s  dropped below its level on either side 
of the zone, indicating reverse movement on the right-hand fault. Note the small reverse flexure in the Springfield Coal and 
overlying shales, left of center. 

fault zone ? 
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FIGURE 17. Cross section prepared from coal-test boreholes in northern part of Rough Creek Fault System southeast of Morga:~- 
field, Kentucky. The indicated horizontal fault in boreholes 5, 6, and 7 apparently links normal faults near borehole 4 with large 
high-angle fault between boreholes 7 and 8. Listric faulting (perhaps a paleoslump triggered by tectonic movement) i s  suggested. 
The indication of faulting in borehole 6 below the No. 11 Coal may represent more slumping or tectonic movement during Pennsyl- 
vanian time before deposition of No. I 1  Coal. 



s t r u c t u r e ,  j u s t  south o f  t h e  cen te r  o f  t h e  roadcut,  i s  a  f a u l t e d  asymmetrical 
a n t i c l i n e  i n  in terbedded l imes tone  and sha le  o f  t h e  Menard Formation. T h i s  
f o l d  i s  exposed on both s ides o f  t h e  highway and appears much t h e  same i n  both 
exposures. The a x i a l  p lane, as s i gh ted  across t h e  roadway, s t r i k e s  N 75' W 
and d i  ps 70-75' NE; t h e  ax i  s  o f  t h e  f o l d  i s  essen t i  a1 l y  h o r i z o n t a l  . Numerous 
f a u l t s ,  w i t h  a  wide v a r i e t y  o f  a t t i t u d e s ,  break t h e  a n t i c l  ine.  F a u l t s  s t r i k e  
subpa ra l l e l  t o  t h e  a x i s  o f  t h e  f o l d  and d i p  v e r t i c a l l y  t o  h o r i z o n t a l l y ;  most 
o f  them a re  normal f a u l t s .  

The l a r g e s t  f a u l t s  i n  t h e  roadcut border t h e  a n t i c l  i n e  and juxtapose t h e  
Menard Format ion w i t h  C a s e y v i l l e  s t r a t a .  South o f  t h e  a n t i c l i n e  f a u l t s  d i p  
s teep l y  and show both normal and reverse displacements.  Nor th  o f  t h e  f o l d  
most f a u l t s  d i p  s teep ly ,  bu t  one break i s  sharp ly  f o l ded  from a  N 70' d i p  t o  a 
S 20' i n c l i n a t i o n  over t h e  n o r t h  l i m b  o f  t h e  a n t i c l  i ne .  Th i s  f a u l  t, which 
c l o s e l y  f o l l o w s  t h e  bedding o f  a  t h i n  coal  near t h e  base o f  t h e  C a s e y v i l l e  
Format ion, apparen t l y  was one o f  t h e  f i r s t  f r a c t u r e s  t o  develop; i t  has been 
f o l d e d  and a l s o  o f f s e t  by l a t e r  t e c t o n i c  movement. Many o t h e r  examples o f  one 
f a u l t  o f f s e t t i n g  another a re  found i n  t h e  roadcut,  demonstrat ing t h a t  more 
t han  one episode o f  movement took p l ace  here, 

The shal es between t h e  Menard and Caseyvi 1  1  e  Formati ons responded p r i m a r i  1  y  i n  
a  d u c t i l e  manner t o  f a u l t i n g ,  as d i d  shales and t h i n  1  imestones w i t h i n  t h e  
Menard. Incompetent shal es a re  g r e a t l y  squeezed and contor ted,  and i n  p l  aces 
appear t o  have f lowed a lony f a u l t s .  The coal  beds and coa ly  shales i n  t h e  
basal Pennsyl vani  an appear p a r t i  cu l  a r l y  suscept i  b l  e  t o  d u c t i  1  e  f a i  1  ure;  these 
ma te r i  a1 s  a re  pe rvas i ve l y  sheared and, i n  severa l  cases, f a u l t s  run  pa ra l  1  e l  
t o  t h e  bedding. The t h r e e  s teep l y -d i pp ing  coals  south o f  t h e  a n t i c l i n e  i n  
f i g u r e  18 apparen t l y  a re  t h e  same seam repeated by f a u l t i n g .  Maynitude o f  
f a u l t i n g  i s  d i f f i c u l t  t o  est imate,  because many f a u l t s  apparen t l y  f o l l o w  
bedding, and because t h e  m i  s s i  ng s t r a t i g r a p h i c  i n t e r v a l  between t h e  Caseyvi 11 e  
and Menard i s  unknown i n  t h i s  v i c i n i t y .  

I n tense  de fo rmat ion  i s  d i sp layed  on t h e  n o r t h  f l a n k  o f  t h e  a n t i c 1  i n e  on t h e  
west wa l l  o f  t h e  roadcut ( f i g .  19).  Here, i n  a  broad zone 10 t o  20 f e e t  
across, l a r g e  b locks o f  sandstone and l imes tone  " f l o a t "  i n  a  m a t r i x  o f  crushed 
shale.  The bedding o f  t h e  detached blocks s t r i k e  more o r  l e s s  para l  1  e l  w i t h  
t h e  ad jacent  f a u l t s .  Note t h a t  t h e  block o f  1  imestone a t  t h e  south marg in  o f  
t h e  f a u l t  zone i s  t i 1  t e d  so t h a t  i t s  upper end i s  above t h e  same bed i n  t h e  
u n f a u l t e d  sec t i on  t o  t h e  south. 

Evidence i s  overwhelming t h a t  t h e  major  movements i n  t h e  roadcut were v e r t i c a l  
o r  n e a r l y  so. S l i c kens ides  and m u l l i o n  a re  prominent on many f a u l t s  and 
i n d i c a t e  s teep l y  ob l i que  t o  d i p - s l i p  movement. Axes o f  small f o l d s  and 
f l exu res ,  1  i ke t h e  a x i s  o f  t h e  1  arge c e n t r a l  a n t i  c l  i ne, a re  h o r i z o n t a l  . 
F a u l t s  a re  subpa ra l l e l  w i t h  t h e  bedding o f  t i l t e d  and f o l ded  rocks. A l though 
low-angle t o  h o r i z o n t a l  f a u l t s  a re  present,  t hey  a re  l o c a l  f ea tu res  and a re  
subord ina te  t o  t h e  major  o f f s e t s ,  which a re  s teep l y  d i pp ing  t o  v e r t i c a l .  

The Clear  Run Horst ,  t he re fo re ,  i s  t h e  product  o f  e s s e n t i a l l y  v e r t i c a l  
movements alony a  number o f  f a u l t s :  M u l t i p l e  and reversed movements a re  
requ i  red  t o  account f o r  t h e  compl ex s t r u c t u r e ,  p a r t i  cu l  a r l y  t h e  c e n t r a l  co re  
o f  M i  s s i  s s i  pp i  an rocks t h a t  i s  sharp ly  up th rus t  between Pennsylvanian s t r a t a  
on e i t h e r  s ide,  



FIGURE 18. Simplified sketch of part of Rough Creek Fault System exposed on east wall of roadcut at Milepost 53, Green 
River Parkway, Ohio County, Kentucky (Krausse, Nelson, and Schwalb, 1979). 

From Ohio County eastward i n t o  Grayson County, t h e  Rough Creek F a u l t  System 
g r a d u a l l y  becomes narrower and l e s s  complex as i t  loses  displacement.  A l l  t h e  
way t o  i t s  eas te rn  terminus t h e  system main ta ins  i t s  o v e r a l l  s t r u c t u r e  as a 
broken a n t i c l i n e  o r  a s e r i e s  o f  r e l a t i v e l y  up1 i f t e d  and downdropped (ma in ly  
up1 i f t e d )  b locks ( f i g .  14, sec. F). Reverse f a u l t s  have no t  been mapped, but 
evidence t h a t  would prove t h e i r  presence o r  absence i s  scanty. L i t t l e  
d r i l l i n g  has been done i n  t h i s  p a r t  o f  Kentucky and, as elsewhere i n  t h e  
s ta te ,  su r f ace  exposures o f  ac tua l  f a u l t  su r faces  a re  ra re .  

Near L e i t c h f i e l d  t h e  Rough Creek F a u l t  System curves s h a r p l y  t o  t h e  southeast ,  
and t h e  f a u l t s  d i e  o u t  near  t h e  Grayson-Edmonson county  l i n e  ( f i g .  10). Heyl 
(1972) and o t h e r s  have suggested t h a t  t h e  Rough Creek F a u l t  System con t inues  
f a r t h e r  e a s t  and l i n k s  w i t h  o t h e r  f a u l t s ,  b u t  t h i s  i dea  cannot be subs tan t i a ted  
by su r f ace  mapping o r  by da ta  f rom d r i l l i n g .  

FlGURE 19. Fault zone on west side of Green River Parkway; blocks of Menard Limestone and Caseyville sandstone floating 
in a matrix of highly sheared shale. 



Three major  t h e o r i e s  hav nced t o  e x p l a i n  t h e  o r i g i n  o f  t h e  Rough 
Creek-Shawneetown Faul t ) h o r i z o n t a l  compression; ( 2 )  s t r i k e - s l  i p  
f a u l t i n g ;  o r  ( 3 )  r e c u r r e  r t i  ca l  movement, 

apparen t l y  was t h e  f i r s t  t o  advocate 
t h e  Rouqh Creek-Shawneetown F a u l t  System 

m t h e  sou ih  o r  southeast  f i r s t  formed- an 
uce t h e  f a u l t  system. He p o i n t e d  t o  t h e  New 

" ( f i g .  9) ,  nor thwes t  o f ,  and rough l y  p a r a l l e l  
o f  t h e  Shawneetown F a u l t  Zone as f u r t h e r  

r suggested t h a t  t h e  t h r u s t i n g  f o r c e s  f rom 
t e d  f a r  i n l a n d  t o  t h e  p r e - e x i s t i n g  zone o f  
etown Faul t System. 

Smith and Palmer ( i kewi se argue t h a t  post-Pennsyl vani  an f a u l t s  
o f  t h e  t h e  RC-SFS compression from t h e  south, bu t  t hey  do no t  
specul a t e  on t h e  o r i g i n  ess i ve  forces,  As p r e v i o u s l y  mentioned, 
Smith and Palmer theorrfz 1  a x a t i  on o f  compression a1 l owed t h e  
o v e r t h r u s t  b lock t o  s% i d  e south; s l  i ces o f  F t  , Payne and 
o l d e r  rocks were sheared g ing  w a l l  and caught a long t h e  f a u l t  zone 
d u r i n g  t h i s  ac t i on ,  S m i t  r a1 1 ow f o r  t h e  possi  b i  1  i t y  t h a t  pre- 
Pennsy 1 vani  an movem S may have been s t r i  ke -s l  i p o r  v e r t i c a l  , 

Sur face  exposu r f a c e  data l end  l i t t l e  suppor t  t o  t h e  
h o r i z o n t a l  com m n t  f a u l  t i s a h i  y h-any1 e reverse  f a u l t ,  
except near Moryanf i e l  e r  f a u l t s  i n  t h e  system are  normal o r  
v e r t i  ca l  , No para1 l el f a u l t s ,  o r  o the r  s t r u c t u r e s  i n d i c a t i v e  o f  
h o r i  zon ta l  corn ed i n  t h e  v i c i n i t y  o f  t h e  RC-SFS. The 
McCormi ck and w h k h  Wel le r  (1940) descr ibed  as 
a n t i  c l  i nes, ac h-angl e f a u l  t i  ny (Jacobson and Trask, 
1983). 

Th i s  l a c k  s f  s u r f a c e  evidence -for- h s s i s n  does no t  r u l e  out  t h e  
poss i  b i  1  i t y  t h a i .  ? w  f r o n t  G i m l  t ma ep th  and merge w i t h  a l ow-  
angl e  t h r u s t  f a u l t  ora 6 ,  Conceivably t h e  RC-SFS may be s i m i l  a r  t o  



Ordovician 

Cambrian 

-, 
Precambrian 

FIGURE 28. Burning Springs Anticline, Wood and Ritchie Counties, West Virginia, interpreted as the westward termination of 
decollement that was developed in Silurian evaporites during the Appalachian Orogeny (Cardwell et al., 1968). 

t h e  Burn ing  Spr ings  A n t i c l i n e  o f  West V i r g i n i a  ( f i g .  20). The Burn ing Spr ings  
A n t i c 1  i n e  i s  a  sharp, n o r t h - t r e n d i n g  f a u l t e d  a n t i c 1  i n e ,  hav ing  up t o  1650 f e e t  
o f  c l o s u r e  a t  t h e  su r face ,  t h a t  l i e s  approx imate ly  75 m i l e s  west o f  t h e  A l l e -  
gheny F ron t .  Only rocks o f  Devonian and younger age a r e  deformed. D r i l l i n g  
and r e g i o n a l  s t u d i e s  s t r o n g l y  i n d i c a t e  t h a t  t h e  Burn ing  Spr ings  A n t i  c l  i n e  
marks t h e  western  te rm inus  o f  an enormous t h r u s t  f a u l t  t h a t  o r i g i n a t e d  i n  t h e  
f o l d e d  Val 1  ey and Ridge Prov ince  and f o l l  owed incompetent evapor i  t e s  o f  t h e  
upper S i l u r i a n  Sal i n a  Group westward. Westward p i  nch-out o f  t h e  s a l t  appar- 
e n t l y  f o r c e d  t h e  l e a d i n g  edge o f  t h e  decol  lement t o  " p i  l e  up" as a  s e r i e s  o f  
o v e r l a p p i n g  t h r u s t  b locks,  which i n  t u r n  arched t h e  o v e r l y i n g  s t r a t a  
(Woodward, 1959; Rodgers, 1963; and Gwi nn, 1964), 

What l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on deep s t r u c t u r e  o f  t h e  RC-SFS r u l e s  
a g a i n s t  t h e  poss i  b i  l i t y  t h a t  t h e  f a u l t  zone becomes a  low-angl  e  t h r u s t  o r  
decal 1  ement a t  depth.  D r i  11 i ng and s e i  smic s e c t i o n s  i n d i c a t e  t h a t  s u r f a c e  
f a u l t s  extend downward a t  l e a s t  t o  t h e  Eau C l a i r e  and p robab ly  i n t o  t h e  
M t .  Simon. The s e i  smic s e c t i o n s  a r e  n o t  e n t i  r e l y  conc l  u s i v e - - r e f 1  e c t o r s  t e n d  
t o  break up i n  t h e  f a u l t  zone--but they  g e n e r a l l y  show t h a t  t h e  RC-SFS i s  
s t e e p l y  i n c l  ined.  The se ismic  s e c t i o n  i n  I 1  1 i n o i  s ( r u n n i n g  southward f r o m  Equa- 
l i t y  across t h e  Shawneetown F a u l t  Zone and Eagle  Val l e y  Sync1 i n e ) ,  shows a  
s teep f a u l t  zone f rom s u r f a c e  down t o  Cambrian. One o f  t h e  s e c t i o n s  i n  
Kentucky hav ing  a  prominent  r e f 1  e c t o r  o f  p robab le  basement a t  25,000 f e e t  
showed no t r a c e  o f  s t r u c t u r a l  d i s c o n t i n u i t i e s  a long o r  sou th  o f  t h e  a x i s  o f  
t h e  Moorman sync1 i n e e  

The Appalachian-Ouachi t a  f o l d b e l t  i s  120 m i l e s  f rom t h e  eas te rn  end o f  t h e  
Rough Creek F a u l t  System and more t h a n  200 m i l e s  f rom t h e  Shawneetown F a u l t  
Zone, A  d e c o l l  ement connec t ing  t h e  f o l d b e l  t w i t h  t h e  RC-SFS would have t o  
cover  n e a r l y  t h e  e n t i r e  s t a t e  o f  Tennessee p l u s  sou thern  Kentucky and n o r t h e r n  
A l  abama and M i  s s i  s s i  p p i  . The numerous d r i l l  ho l  es i n  those  states--many o f  
them reach ing  basement--have revea led  no s i g n  o f  such a  v a s t  f e a t u r e .  I n  
c o n t r a s t ,  t h e r e  a r e  p l e n t y  o f  s u r f a c e  i n d i c a t i o n s - - s u c h  as f r a c t u r e  p a t t e r n s  
and 1 i neaments i n d i  c a t i  ng t e a r  f a u l t  s - - f o r  t h e  B u r n i  ng S p r i  ngs decal 1  anent and 
o t h e r  so l  e f a u l t s  i n  t h e  Appal ach i  an P l  ateau o f  West V i  r g i  n i a  and Pennsy lvan ia  
(Gwinn, 1964; Wing e t  a l  ., 1970) .  



The idea  t h a t  h o r i  zon ta l  compression o r i g i n a t e d  more l o c a l  l y  , w i  t h i  n  t h e  Rough 
Creek Graben i t s e l f ,  has been suggested, but f a l l s  i n t o  t h e  realm o f  pure  
specul a t i  on. 

I n  conc lus ion,  b a r r i n g  new evidence from deep d r i l l i n g  o r  se ismic surveys, we 
f i n d  t h a t  a  h o r i z o n t a l  compressive o r i g i n  f o r  t h e  Rough Creek-Shawneetown F a u l t  
System i s  u n l i k e l y .  

. Many geo log i s t s  have noted a  bas ic  s i m i l a r i t y  between 
t h e  Rouqh Creek-Shawneetown F a u l t  S - y s t e  and l a r g e  s t r i  ke -s l  i p  f a u l t s .  C la r k  
and ~ o y &  (1948) were t h e  f i r s t  t o  suggest w rench - fau l t i ng  as t h e  o r i g i n  o f  
t h e  RC-SFS. Heyl and Brock (1961), Heyl e t  a l .  (1965), Heyl (1972), McGinnis 
e t  a1 . ( l 9 7 6 ) ,  and V i  e l  e  ( N 8 3 ) ,  among o thers ,  a1 so advocated a  s t r i  ke -s l  i p  
o r i g i n  f o r  t h e  system. Heyl regards t h e  RC-SFS as a  major  l i n k  i n  h i s  38 th  
P a r a l l e l  Lineament, and c la ims  t h a t  geophysical  evidence suggests 50 km o f  
r i g h t - 1  a t e r a l  s l  i p  i n  t h e  basement. 

The absence o f  cons i s ten t  v e r t i c a l  o f f s e t  across t h e  RC-SFS does suggest 
wrench f a u l t i n g .  So does t h e  bra ided p a t t e r n  o f  h igh-angle f r a c t u r e s ,  w i t h  
numerous narrow up t  hrown and downthrown s l  i ces. When a  wrench f a u l  t moves, 
wedges o f  rocks may be 1  i t e r a l  l y  squeezed, 1  i ke a  watermelon seed, toward t h e  
sur face.  Th i s  i s  e s p e c i a l l y  apparent when t h e  wrench f a u l t  has a  component o f  
convergence, o r  h o r i  zon ta l  compression. A  c h a r a c t e r i  s t i  c  u p t h r u s t  s t r u c t u r a l  
s ty1  e, recognized i n  many l a r g e  s t r i k e - s l  i p  f a u l t s  and o f t e n  produc ing pe t ro -  
leum t raps ,  has been termed a  " f l o w e r  s t r u c t u r e "  (Hard i  ng and Lowel l, 1979). 
I n  a  f l owe r  s t r u c t u r e ,  reverse f a u l t s  d i ve rge  upward away from t h e  v e r t i c a l  
"stem" f a u l t  a t  depth, and f l a t t e n  toward t h e  su r f ace  ( f i g .  21). Flower 
s t r u c t u r e s  a re  we1 1  -devel  oped a1 ong Cal i f o r n i  a '  s  San And reas F a u l t  and a1 ong 
1  arge wrench f a u l t s  i n  t h e  Ardmore Basin o f  Oklahoma (Hard ing and Lowel l  , 
l979 ) ,  They a1 so occur i n  t h e  r i g h t - l a t e r a l  Cottage Grove F a u l t  System o f  
I l l i n o i s  (Nelson and Krausse, 1981; f i g .  38, p. 43).  Our i n t e r p r e t i v e  cross-  
sec t i ons  o f  t h e  Shawneetown F a u l t  Zone resemble these and o the r  ' ' f l ower  s t r uc -  
t u r e s "  assoc ia ted  w i t h  known s t r i k e - s l i p  f a u l t s  and descr ibed  i n  t h e  l i t e r a -  
t u r e .  

Be t h a t  as i t  may, o the r  evidence r u l e s  aga ins t  t h e  idea  t h a t  t h e  RC-SFS i s  a  
wrench f a u l t .  F i r s t ,  we have t h e  f i e l d  observat ions.  Wi th  very  few excep- 
t i  ons, s l  i ckensi  des and mu1 1  i o n  on f a u l t  sur faces i nd i  c a t e  v e r t i  c a l  o r  nea r l y  
v e r t i c a l  d i p - s l i p ,  and t h e  o r i e n t a t i o n  o f  dray f o l d s  shows t h e  same. The on l y  
i n d i c a t i o n s  o f  h o r i z o n t a l  o r  ob l i que  s l i p  a re  found i n  complexly f a u l t e d  
zones, and t h e r e  on l y  on m i  nor f r a c t u r e s .  Such i n d i c a t i o n s  probably  can be 
found i n  any l a r g e  f a u l t  zone, and represent  r o t a t i o n  o r  d i f f e r e n t i a l  u p l i f t  
o f  s l i c e s ,  r a t h e r  than  a  dominant s t r i k e - s l i p  ac t ion .  The l a r g e  f a u l t s ,  as 
f a r  as can be determined , a re  consi s t e n t l y  d i  p - s l  i p  f r a c t u r e s  : t h e  f r o n t  
f a u l t  i s  a  south-di  pp i  ng reverse  f a u l t ,  and t h e  o the r  f a u l t s  normal. 

An t i  c l  i na l  and monocl i na l  f l  exures a1 ong t he  RC-SFS s t r i k e  essen t i  a1 l y  para1 - 
1  e l  w i t h  t h e  major  f a u l t s  and w i t h  t h e  zone as a  whole. They do no t  show t h e  
ob l ique ,  en echelon r e l a t i o n  t o  t h e  master f a u l t  t h a t  i s  d i a g n o s t i c  o f  s t r i k e -  
s l i p .  En echelon f o l d s  r e s u l t  f rom t h e  compressional component o f  t h e  h o r i -  
zon ta l  shear ing s t ress ,  and t h e i r  o r i e n t a t i o n  i n d i c a t e s  t h e  d i r e c t o n  o f  
wrenching. The Cottage Grove F a u l t  System has a  we1 1-developed be1 t o f  en 
echelon f o l d s .  So do many o the r  known wrench f a u l t s  around t h e  wor ld  (Moody 
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FlGURE 21. "Flower structures" produced by upthrust faulting in wrench-fault zones. Above: Ardmore Basin of Oklahoma, 
based on seismic profile and drill-hole data from Harding and Lowell (1979); below: Cottage Grove Fault System, Williamson 
County, Illinois, from Nelson and Krausse, 1981. 
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and Hi 11 , 1956; W i  1  cox, Hardi  ng, and Seely, 1973; and Thomas, 1974). These 
f o l d  b e l t s  a re  eager ly  sought by pet ro leum e x p l o r a t i o n i s t s  because o f  t h e i r  
obvious t r a p p i n y  p o t e n t i a l .  

Another f e a t u r e  o f  s t r i k e - s l i p ,  l a c k i n g  i n  t h e  RC-SFS, i s  t h e  complementary 
system o f  en echelon o r  p i nna te  normal f a u l t s  c rea ted  by t h e  t ens iona l  corn- 
ponent o f  wrenching s t ress .  A t  f i r s t  glance, t h e  Wabash Va l l ey  and F luorspar  
Compl ex f a u l t s ,  and o t h e r  no r t heas t - t r end i  ng f r a c t u r e s  a1 ong t h e  RC-SFS, sug- 
gest  t h a t  t h e  RC-SFS i s  a  l e f t - 1  a t e r a l  shear zone. However, t h e  d e t a i l e d  
s t r u c t u r e  o f  those  f a u l t s  and t h e i r  re1 a t i o n s h i p  t o  t h e  RC-SFS prec lude  such 
an i n t e r p r e t a t i o n - - a s  w i l l  be discussed l a t e r  i n  t h i s  r epo r t .  

As we have noted, c ross-sec t ions  o f  t h e  RC-SFS a re  remin i  scent o f  f l o w e r  
s t r u c t u r e s .  However, some c h a r a c t e r i  s t i  cs o f  t r u e  f l owe r  s t r u c t u r e s  a re  
l a c k i n g .  I n  a  wrench- fau l t  f l o w e r  t h e  u p t h r u s t  f a u l t s  curve o f f  both s ides  o f  
t h e  master s t r i k e - s l  i p  f a u l t  i n  t h e  basement. The RC-SFS, i n  con t ras t ,  has an 
u p t h r u s t  ( t h e  f r o n t  f a u l t )  o n l y  on t h e  n o r t h  s ide;  no nor thward-d ipp ing 
reverse  f a u l t s  have been recognized. A1 so, t h e  r o l l  over  a n t i  c l  i nes assoc ia ted 
w i t h  most t r u e  f l o w e r  f a u l t s  a r e  no t  present  i n  t h e  RC-SFS. Instead,  t h e  
f a u l t  b locks a re  e i t h e r  t i l t e d  southward toward t h e  Moorman Sync1 ine ,  o r  
segmented i n t o  an asymmetri ca l  , b l  ock - fau l  t e d  arch. 

S t r i k e - s l i p  f a u l t s  t y p i c a l l y  a re  l i n e a r  along s t r i k e .  I f  t h e  f a u l t  bends, 
p a r t  o f  t h e  1 a t e r a l  s l i p  must be t ransformed t o  e i t h e r  d i v e r g e n t  ( ex tens iona l )  
o r  convergent (compressi onal ) deformat ion, depending upon t h e  c o n f i  g u r a t i  on o f  
t h e  bend and t h e  d i r e c t i o n  o f  s t r i  ke - s l i p .  The Shawneetown F a u l t  Zone makes 
an abrupt 70-degree bend i n  southeastern S a l i n e  County, but t h e  s t r u c t u r a l  
s t y l e  remains t h e  same around t h e  curve. Ne i t he r  t h e  ex tens ion  i n d i c a t i v e  o f  
l e f t - 1  a t e r a l  movement on t h e  main f a u l t ,  nor  t h e  compression i n d i c a t i v e  o f  
r i g h t - 1  a t e r a l  s l  i p, i s apparent. 

The most concl u s i  ve evidence agai n s t  a  major  e l  ement o f  wrench-faul  t i ng i n  t h e  
RC-SFS i s  found i n  pa l  eochannel s  t h a t  cross t h e  f a u l t  zone w i t h o u t  being 
o f f s e t  l a t e r a l  l y .  The best examples a re  found i n  Davis, Plebuch, and Whitman 
(1974), which r e p o r t s  on a 1 arge area i n  wes t -cen t ra l  Kentucky, i n c l u d i n g  a 
40-mi le  segment o f  t h e  Rough Creek F a u l t  System. F a u l t s  and geo log ic  s t r uc -  
t u r e  compi led from geo log i c  quadrangle maps and o t h e r  sources a re  shown i n  
p l a t e  4, Davis e t  a l .  (1974); p l a t e  2 o f  Davis e t  a l e  i s  a  map o f  t h e  pre-Pennsyl-  
vanian geology, as mapped f rom borehole data.  Th i s  map shows a system o f  
steep-sided anastomosing pal  eochannel s  cu t  i n t o  Ches te r i  an s t r a t a  beneath t h e  
basal Pennsylvanian depos i ts ,  The domi nant  d i  r e c t i  on o f  these  anc i  ent  v a l l  eys 
i s  southwester ly ,  as i t  i s  throughout  most o f  t h e  I 1  l i n o i s  Basin ( B r i s t o l  and 
Howard, 1971). One o f  t h e  1 a rges t  pa l  eochannel s ,  t h e  Madi sonvi  1  l e  Val1 ey, 
crosses t h e  Rough Creek F a u l t  System a t  t h e  common corner  o f  Daviess, McLean, 
and Ohio Count ies.  Well c o n t r o l  here i s  adequate t o  l i m i t  t h e  maximum 
poss i  b l  e  h o r i z o n t a l  o f f s e t  o f  t h e  channel t o  1  ess than  1000 f e e t ,  whi ch i s  
l e s s  t han  t h e  l o c a l  maximum v e r t i c a l  separa t ion  i n  t h e  f a u l t  zone. I n  Webster 
County, j u s t  west o f  t h e  town o f  Sebree, two small e r  pal  eova l l eys  cross t h e  
f a u l  t zone w i t h o u t  n o t i  ceabl e  h o r i  zon ta l  o f f  set .  Here agai  n, we1 1 c o n t r o l  
l i m i t s  t h e  p o s s i b l e  e r r o r  i n  d e t e c t i o n  t o  l e s s  than  1000 f e e t .  At  Sebree t h e  
main f a u l t  i s  a  h igh-angle reverse  f a u l t  w i t h  approx imate ly  1500 f e e t  o f  
v e r t i c a l  separat ion;  i t  l i e s  a t  t h e  n o r t h  edge o f  t h e  f a u l  t system. 
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Other pal eochannel s  a re  mapped as c ross ing  t h e  RC-SFS w i t hou t  1  a t e r a l  o f f s e t ,  
bu t  on these  t h e  degree o f  c o n t r o l  i s  e i t h e r  no t  i n d i c a t e d  o r  no t  as p r e c i s e  
as t h a t  o f  Davis e t  a l .  The 30-mi le-wide Sebree Va l ley ,  ( f i g .  22) f i l l e d  w i t h  
Maquoketa Shal e  (Ordov ic ian) ,  crosses t h e  f a u l t  zone w i t h o u t  i n t e r r u p t i o n ;  
datum p o i n t s  a t  t h e  c r i t i c a l  j u n c t i o n  a re  l e s s  than  a  m i l  e  apa r t  (Schwa1 b, 
1982). Other channel s  i nc l  ude one f i l l  ed w i t h  t h e  Chester ian Bethel  Sandstone 
(Reynolds and V i  ncent,  1967, f i g .  1 )  ; sub-Pennsylvanian channel s  mapped by 
P o t t e r  and Desborough (1965), and B r i s t o l  and Howard (1971); and Pennsylvanian 
pa leova l l eys  o f  Hopkins (1958) and Beard and i 11 i amson (1969) ( f i g .  22). 
None o f  these  au thors  suggests s t r i  ke -s l  i p, a1 though some a t t r i  bu te  l o c a l  
d e f l  e c t i o n s  o f  pal eo-stream courses t o  possi  b l  e  contemporaneous t e c t o n i  c  
a c t i v i t y ,  as w i l l  be mentioned l a t e r  i n  t h i s  r epo r t .  

I n  summary, t h e  da ta  show t h a t  any s t r i k e - s l  i p  movements t h a t  may have 
occurred were subord ina te  t o  d i p - s l i p  movements i n  t h e  RC-SFS. The l a t e r  
phases o f  f a u l t i n g  were almost pu re l y  v e r t i c a l  and may have erased s igns o f  
e a r l  i e r  bu t  m i  nor  h o r i  zon ta l  s l  i ppage. A1 though post-Pennsylvanian f a u l  t i  ng 
was mos t l y  v e r t i  ca l  , we cannot p rec l  ude t h e  possi  b i  1  i t y  o f  major  s t r i  ke -s l  i p 
mot ion  a long an ances t ra l  Rough Creek F a u l t  i n  Cambrian t i m e  o r  e a r l i e r .  

ts. The fo rego ing  d i scuss ion  leads  us t o  t h e  t h i r d  
hypothes i  s: t h a t  t h e  Rough Creek-Shawneetown F a u l t  System was produced by 
v e r t i c a l  movements. C lea r l y ,  a  s i n g l e  s t a t e  o f  up1 i f t  cannot account f o r  t h e  
compl ex s t r u c t u r e  o f  t h e  RC-SFS, especi a1 l y  t h e  narrow s l  i c e s  o f  rock upthrown 
thousands o f  f e e t  w i t h i n  t h e  f a u l t  zone. Therefore,  a t  l e a s t  two stages o f  
movement must have taken place. That i s ,  one s i d e  o f  t h e  f a u l t  zone must have 
been f i r s t  u p l i f t e d ,  and t hen  dropped back approx imate ly  t o  i t s  o r i g i n a l  
p o s i t i o n .  

The f r o n t  f a u l t  i s  t h e  master break, and i t s  c o n f i g u r a t i o n  i n d i c a t e s  t h a t  t h e  
southern block was f i r s t  u p l i f t e d .  The f r o n t  f a u l t  i s  a  reverse  f a u l t ,  con- 
s i s t e n t l y  i n c l i n e d  t o  t h e  south. F a u l t s  formed by d i r e c t  v e r t i c a l  u p l i f t  
i n v a r i a b l y  bend outward from t h e  u p l i f t e d  block ( f i g .  23). Th i s  has been 
demonst r a t e d  repea ted ly  i n  1  abora to ry  exper iments i n  whi ch 1  ayered mater i  a1 s  
a r e  deformed by r a i  s i  ng r i g i d  basement b locks (Sanford, 1959; Coup1 es, 1978; 
Logan e t  a1 ., 1978). The f a u l t s  generated i n  these exper iments a re  v e r t i c a l  
a t  depth and curve away from t h e  u p l i f t e d  block upward, becoming reve rse  
f a u l t s .  I n  some cases ( f i g .  23) t h e  f r a c t u r e s  break t h e  sur face  as low-angle 
ove r th rus t s .  The c e n t r a l  p o r t i o n  o f  t h e  upra ised  b lock i s  p laced i n  h o r i -  
zon ta l  tens ion ;  high-angl  e  normal f a u l t s  develop, forming steps o r  grabens 
t h a t  may i n t e r s e c t  t h e  master reverse  f a u l t  a t  depth. 

These exper iments i 11 u s t r a t e  a  mechani sm whereby 1  ow-angl e  reverse  f a u l t s ,  
such as t h e  one a t  Morganf ie ld ,  could have been produced w i t h o u t  h o r i z o n t a l  
compression. V e r t i  ca l  up1 i f t  a1 so accounts f o r  t h e  secondary normal f a u l t s  
south o f  t h e  f r o n t  f a u l t .  

V e r t i  ca l  l y  up1 i f t e d  b l  ocks bounded by outward- bendi ng reverse  f a u l t s  
apparen t l y  a re  common i n  nature.  Ker r  and C h r i s t i e  (1965) epo r t  t h i s .  s t y1  e 
o f  de fo rmat ion  i n  t h e  Booth ia  u p l i f t  o f  a r c t i c  Canada ( f i g .  24) ,  and Gibbons 
(1974) descr ibes  most f a u l t s  o f  t h e  eas te rn  Ozarks area, M issour i ,  as 
up th rus ts .  Probably t h e  best examples o f  v e r t i c a l  u p l i f t s  bounded by reverse  



FIGURE 23. Sketches from Sanford (1959) illustrating results of experiments simulating simple vertical uplift of rigid basement 
block. Layers of sand and clay represent sedimentary strata. Faults, vertical at depth where they begin, curve outward and become 
thrust faults near the surface. The central part of the uplifted block is under horizontal tension, which produces normal faults. 
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FIGURE 24. Cross section of Boothia Uplift, arctic Canada, from Kerr and Christie (1965). Direct vertical uplift of the basement 
during Paleozoic time is indicated. Note similarity between this sketch and those of Sanford (fig. 23). 



f a u l t s  a re  found i n  t h e  Centra l  Rocky Mountains and on t h e  Colorado Plateau 
(Stearns, 1978; Matthews, 1978). I n  a l l  o f  these, however, as i n  t h e  labora-  
t o r y  exper iments c i t e d  above, t h e  u p l i f t e d  mass remained h igh  and d i d  no t  
s e t t l e  back, as we p o s t u l a t e  f o r  t h e  Roug Creek-Shawneetown F a u l t  System. 

Upheaval o f  t h e  southern block, t he re fo re ,  was apparen t l y  t h e  f i r s t  s tep  i n  
t h e  development o f  t h e  RC-SFS ( f i g .  25). The amount o f  u p l i f t  must have been 
equal t o  o r  g rea te r  than t h e  maximum v e r t i c a l  separa t ion  o f  s t r a t a  as observed 
today. Th i s  means t h a t  i n  t h e  v i c i n i t y  o f  Horseshoe, t h e  southern block must 
have r i s e n  a t  l e a s t  3500 f e e t .  The u p l i f t  was 2000 f e e t  o r  more a t  
f i e l d ,  1500 f e e t  a t  Sebree, and l e s s  f a r t h e r  e a s t  a long t h  f a u l t  system. The 
p o r t i o n  o f  t h e  Shawneetown F a u l t  Zone runn ing  southwestwar from Cave H i1  1 shared 
i n  t h e  upward movement, which appears t o  have d im in ished  r a p i d l y  toward t h e  
southwest. Thi  s sharp bend o f  t h e  f a u l t  zone may r e f 1  e c t  t h e  a rea l  con f i gu r -  
a t i o n  o f  t h e  up1 i f t e d  basement block. (The reg iona l  ex ten t  and na tu re  o f  t h i s  
b lock w i  11 be discussed i n  a 1 a t e r  sec t ion ,  a f t e r  o the r  f a u l  t systems o f  t h e  
area have been d e s c r i  bed .) 

A f t e r  t h e  i n i t i a l  u p l i f t  o f  t h e  southern block, t h e  southern b lock dropped 
back downward, r e a c t i v a t i n g  t h e  f r o n t  f a u l t  and o t h e r  f r a c t u r e s  ( f i g .  25). As 
t h e  g rea t  mass o f  rock s e t t l e d ,  i t  became wedged aga ins t  t h e  f r o n t  f a u l t ,  The 
rocks immediate ly  ad jacent  t o  t h e  f r o n t  f a u l t  were he ld  i n  p l ace  by f r i c t i o n  
and c o n f i n i n g  pressure as t h e  main mass dropped. Thi s d i f f e r e n t i a l  movement 
produced t h e  g r e a t  drag f o l d  t h a t  i s  t h e  n o r t h  1 imb o f  t h e  Eagle Val l e y -  
Moorman Sync1 i ne .  As t h e  southern b lock cont inued t o  s ink,  s l i c e s  o f  i t  were 
sheared o f f  and l e f t  stranded h igh  i n  t h e  f a u l t  zone. These blocks, caught i n  
a r o t a t i o n a l  couple, r o t a t e d  southward, u n t i l  i n  extreme cases (as a t  
Horseshoe Qua r r y )  t h e  beddi ng became v e r t i  ca l  o r  even over turned.  Meanwhi 1 e, 
a d d i t i o n a l  v e r t i c a l  breaks propagated upward from t h e  f r o n t  f a u l  t. Some o f  
these, such as t h e  Jones, Ringold,  and R ingo ld  South Fau l t s ,  broke t h e  
s u r f i c i a l  s t r a t a ,  but o the rs  d i d  no t  break through t o  t e surface; o v e r l y i n g  
sedimentary 1 ayers draped over these f a u l t s  as monocl i n a l  f l  exures. 

Therefore,  t h e  narrow upthrown s l i c e s  t h a t  chapac te r i ze  t h e  RC-SFS a re  
remnants o f  t h e  o r i g i n a l  upthrown southern block t h a t  e re  t rapped above t h e  
f a u l t  and prevented from r e t u r n i n g  t o  t h e i  r o r i g i n a l  p o s i t i o n .  

Grabens a re  r a r e  i n  comparison t o  h o r s t s  i n  t h e  RC-SFS, because grabens form 
o n l y  under spec ia l  cond i t i ons .  Some grabens, such as t h e  small one 
immediate ly  n o r t h  o f  t h e  f r o n t  f a u l t  i n  t h e  Shawneetown Quadrangle, may have 
r e s u l t e d  from ex tens iona l  shear ing o f  t h e  f o o t w a l l  , perhaps combined w i t h  
downward f r i  c t i o n  exer ted  by t h e  subs id i  ng hangi ng w a l l  . Such a mechani sm may 
account f o r  t h e  c o n f i g u r a t i o n  i n  t h e  Margaret Karsch w e l l ,  where lower  
Devoni an rock was found i n  f a u l  t con tac t  above 1 ower Pennsylvanian s t r a t a .  
The Pennsylvanian rock a t  t h e  bottom o f  t h e  h o l e  may be a s l i c e  o f  t h e  f o o t -  
w a l l  t h a t  dropped o r  was p u l l e d  down as t h e  hanging w a l l  sank ( f i g .  26). A 
d i f f e r e n t  mechanism i s  requi  red  t o  account f o r  t h e  auzy graben, w i t h  i t s  
Permian rock, Th i s  graben i s  s i t u a t e d  near t h e  sou hern edge o f  t h e  RC-SFS, 
about two m i l e s  south o f  t h e  f r o n t  f a u l t  ( f i g .  10). Th i s  area would have been 
under nor th -sou th  ex tens iona l  s t r e s s  d u r i n g  t h e  f i r s t  s tage o f  f a u l t i n g ,  as 
t h e  southern b lock rose ( f i g .  23). The Mauzy graben robabl  y devel oped d u r i  ng 
up1 i ft, and was preserved when t h e  southern b lock sank back down. 
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FIGURE 25. Development of the Rough Creek-Shawneetown Fault System. (a) Prior to  faulting, in Permian time, the basement 
i s  broken by the northern fault of the Rough Creek Graben, which had developed in Cambrian time. (b) The southern block is up- 
lifted, reactivating the Cambrian fault as an upthrust. Secondary faults develop under horizontal tension near the top of the up- 
thrown block. The raised block presumably i s  subjected to  erosion. (c) The southern block drops back to approximately i t s  original 
elevation. The overhanging portion of the southern block is wedged in position and hold up by friction so that it cannot drop. 
Flexure and tilting of the sedimentary strata produce the steep northern limb of the Eagle Valley-Moorman Syncline, while narrow 
slices of rock are sheared off within the fault zone and trapped there. Secondary faults undergo renewed movement, and many 
additional faults are created. 
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FIGURE 26. lntrepretation of structure in the Margaret Karsch well, about a mile west of Horseshoe. At a depth of 2380 feet, 
the drill cut the front fault of the Shawneetown Fault Zone and passed from lower Devonian to lower Pennsylvanian strata. The 
Pennsylvanian rocks occupy a fault slice that presumably was sheared off the northern (footwall) block and dragged downward 
when the southern (hanging wall) mass moved down. 



The i r r e g u l  ar ly -shaped subord ina te  a n t i  c l  i nes and sync1 i nes i n  t h e  a x i a l  
r e g i o n  o f  t h e  Eagle  Va l l ey  Sync1 i n e  may r e f l e c t  d i f f e r e n t i a l  subsidence o f  t h e  
southern b lock i n  t h e  l a t e  stages o f  movement. Perhaps t h e  b lock i s  segmented 
a t  depth by f a u l t s  o f  v a r y i n g  a t t i t u d e s ,  over which t h e  s u r f i c i a l  s t r a t a  a r e  
draped i n  f o r ced  f i e l d s .  A d d i t i o n a l  subsur face i n f o r m a t i o n  w i  11 be needed t o  
con f  i rm t h i  s hy po t  hes i  s. 

A1 though we be1 i e v e  t h e  s t r u c t u r a l  e v o l u t i o n  o f  t h e  RC-SFS can be de f i ned  on 
t h e  bas i s  o f  s u r f a c e  exposures and sha l low subsur face data,  we w ish  t o  
emphasize t h a t  very  l i t t l e  i s  known about t h e  deep s t r u c t u r e  o f  t h e  f a u l t  , 
zone. Very few w e l l s  have pene t ra ted  t h e  zone, and t h e  few se ismic  l i n e s  we 
have been p r i v i l e g e d  t o  v iew revea l  l i t t l e  about t h e  a t t i t u d e  and c o n t i n u i t y  
o f  f a u l t s  a t  depth. More se ismic  i n f o r m a t i o n  and/or d r i l l i n g  i s  r e q u i r e d  t o  
revea l  t h e  n a t u r e  and hydrocarbon p o t e n t i  a1 o f  t h e  Rough Creek-Shawneetown 
F a u l t  System be1 ow t h e  Devonian and M i  s s i  s s i  pp i  an rocks.  

me 

The present-day Rough Creek-Shawneetown F a u l t  System obv ious l y  developed a f t e r  
e a r l y  Permian t ime,  bu t  an ances t ra l  RC-SFS was a c t i v e  d u r i n g  Cambrian and 
Devonian, and possi  b l y  M i  s s i  s s i  pp i  an and Pennsylvanian t ime. a j o r  movements 
probably  a re  pre-Cretaceous; no evidence f o r  Pl  e i  stocene t e c t o n i  sm has been 
uncovered. 

Deep d r i l l  i n g  and geol og i  ca l  evidence have 
revea l  ed a b u r i  ed sou th - f ac i  ng escarpment, c o i n c i d i n g  w i t h  t h e  Cot tage Grove 
F a u l t  System and RC-SFS, i n  t h e  ~ r e c a m b r i  an basement- (Soderberg and  el 1 er ,  
1981). Fac ing t h i s  scarp and f o l l o w i n g  t h e  su r f ace  t r a c e  o f  t h e  P e n n y r i l e  
F a u l t  System, j u s t  south o f  t h e  RC-SFS, i s  another  Precambrian scarp. The 
t r o u y h  between, more than  6,000 f e e t  deep i n  places, i s  t h e  Rough Creek 
Graben. 

Whether t h e  Rough Creek Graben e x i s t e d  i n  Precambrian t i m e  has no t  been de te r -  
mined, bu t  i t  d e f i n i t e l y  came i n t o  be ing by t h e  m idd le  Cambrian. The graben, 
severa l  thousand f e e t  deep, f i l l e d  r a p i d l y  w i t h  d e t r i t a l  sediments shed from 
ad jacen t  uplands. F a u l t s  may have been r e a c t i v a t e d  from t i m e  t o  t i m e  d u r i n g  
t h e  Cambrian, but by Champlainian (m idd le  Ordov ic ian )  t i m e  t h e  graben was 
f i  11 ed w i t h  sediments (Schwal b, 1982). 

The Rough Creek Graben was qu iescent  d u r i n g  Ordov ic ian  t ime. As mentioned 
e a r l  i er ,  t h e  Sebree Val 1 ey , a submari ne channel f i 11 ed w i t h  C i  n c i  n n a t i  an 
(upper Ordov ic ian )  shal e, crosses t h e  f a u l  t zone w i t hou t  apparent i n t e r r u p t i o n  
(Schwal b, 1982). Local ab rup t  t h i c k e n i n g  o f  S i l u r i a n  rocks i n  t h e  graben 
suggest renewed movement i n  S i  1 u r i  an t i m e  (Schwal b, personal  communi ca t i on ,  
1983). 

Schwal b suggests t h a t  t h e  eas te rn  p o r t i o n  o f  t h e  graben apparen t l y  was r e a c t i -  
vated d u r i n g  t h e  Devonian Per iod,  The Lower and Midd le  Devonian s e c t i o n  
w i t h i n  t h e  graben i s  cons iderab ly  t h i c k e r  than t h a t  o u t s i d e  t h e  t rough.  Out- 
s i d e  t h e  graben, M idd le  and Lower Devonian rocks were u p l i f t e d  and p a r t i a l l y  
eroded; Upper Devonian New A1 bany Shale unconformably o v e r l i e s  rocks as o l d  as 
S i l u r i a n .  Not o n l y  t h e  RC-SFS proper,  bu t  a1 so a no r t heas t - t r end ing  f a u l t  



n o r t h  o f  t h e  RC-SFS i n  B reck in r i dge  County, Kentucky, show evidence o f  
Devoni an a c t i v i t y  (Howard Schwa1 b, personal communi ca t i on ,  1983). 

M i s s i s s i p p i a n  movements on t h e  RC-SFS have been suspected, but evidence i s  
scanty.  Wood (1955) a t t r i  buted 1  ocal  t h i  ckeni  ng o f  Ches te r i  an sandstones i n  
t h e  Morgan f ie ld  area t o  contemporaneous t e c t o n i  sm. Davis  e t  a1 . (1974) 
suggested t h a t  l o c a l  d e f l e c t i o n s  o f  pre-Pennsylvanian v a l l e y s  along t h e  
c e n t r a l  p o r t i o n  o f  t h e  RC-SFS may be t h e  r e s u l t  o f  l o c a l  i z e d  contemporaneous 
u p l i f t  i n  t h a t  area. 

. Local i z e d  up1 i f t  a long t h e  RC-SFS may have p layed a  
r o l e  i n  t h e  o r i g i n  o f  narrow, deeply i n c i s e d  pal  eochannel s  and l a r g e  paleo- 
slump s t r u c t u r e s  t h a t  occur i n  Carbondale and Modesto s t r a t a  o f  Eagle Val l e y  
and western Kentucky. 

Spectacular  pal  eoslumps f o rmer l y  were exposed c lose  t o  t h e  a x i s  o f  t h e  Eagle 
Val 1  ey Sync1 i ne i n  now-recl aimed p i t s  o f  Peabody Coal Company' s  Eagl e  Sur face 
Mine, i n  and near Sec t ion  14, To lOS., R. 8E., E q u a l i t y  Quadrangle, G a l l a t i n  
County. Narrow e longa te  grabens, g e n e r a l l y  t r e n d i n g  east-west, a re  t h e  most 
common t ype  o f  slump ( f i g .  27). They a re  up t o  2,000 f e e t  l ong  and 50 t o  
severa l  hundred f e e t  wide, and t h e i r  f a u l t s  have as much as 40 f e e t  o f  
throw. The t i m e  o f  f a u l t i n g  can be f i x e d  p r e c i s e l y ;  t h e  tops o f  grabens (and 
o t h e r  pa l  eos l  umps) a re  e ros iona l  l y  t r unca ted  and o v e r l  a i  n  by t h e  Gimlet  
Sandstone. I n  some cases (as  i n  f i g .  U ) ,  conglomerat ic  Gimlet  Sandstone a1 so 
i s  i nc l uded  i n  downfaul ted,  t i 1  t e d  blocks, Therefore,  t h e  f a u l t i n g  took p l a c e  
s l  i g h t l y  be fo re  and/or du r i ng  d e p o s i t i o n  o f  t h e  Giml e t  Sandstone. 

Other slumps show more compl i c a t e d  s t r u c t u r e ,  i nc l  u d i  ng t h r u s t  f a u l t s .  I n  one 
exposure t h e  H e r r i n  Coal i s  repeated t h r e e  t imes on t h e  h ighwa l l  as a  r e s u l t  
o f  m u l t i p l e  t h r u s t i n g .  F i g u r e  28 i l l u s t r a t e s  a slump t h a t  combines low- and 
h igh-angl  e  reverse  f a u l t i n g .  The Gimlet  Sandstone unconformably o v e r l  i e s  t h e  
f a u l t e d  and t i 1  t e d  Carbondal e  rocks. 

S t r u c t u r e s  such as these a re  commonly a t t r i b u t e d  t o  f a i l u r e  o f  undercut r i v e r -  
banks. D r i l l i n g  and exposures i n  t h e  mine reveal  t h a t  t h e  Gimlet  Sandstone 
1  ocal  l y  f i  11 s  channel s  cu t  i n t o  o r  through t h e  H e r r i  n  Coal ; however, none o f  
these  channels can be r e l a t e d  t o  paleoslumps. Furthermore, most rocks show 
b r i  ttl e  s t r u c t u r a l  de fo rmat ion  r a t h e r  than t h e  p l  a s t i  c  o r  d u c t i  1  e  de fo rmat ion  
norma l l y  assoc ia ted  w i t h  l a n d s l i d i n g  and slumping o f  unconso l ida ted  
sediments. Coal near f a u l t s  i s  i n t e n s e l y  s l  i ckens ided  and shat tered;  shal e  i s  
so t ho rough l y  f r a c t u r e d  i n  some p laces t h a t  i t s  bedding i s  obscured. These 
m a t e r i a l s  must have been a1 ready f a i r l y  b r i t t l e  a t  t h e  t i m e  o f  f a i l u r e :  t hey  
were no t  s o f t ,  uns tab l  e  sediments. Tec ton ic  a c t i  v i  t y - - e i  t h e r  ac tua l  s l  i ppage 
a1 ong su r f ace  f r a c t u r e s  o r  s t r ong  se i  smi c  shocks--i s  thus  a  1  i k e l y  t r i g g e r i n g  
mechani sm f o r  t h e  de fo rmat ion  a t  Eagle Sur face M i  ne. 

Coal - t e s t  d r i  11 i ng near Peabody Coal Company' s  Camp 11 Mine immedi a t e l y  n o r t h  
o f  t h e  RC-SFS i n  Union County, Kentucky has revea led  a  deep, narrow, west- 
nor thwes t - t rend ing  pa l  eochannel , W i  t h i  n  t h e  channel t h e  H e r r i  n  Coal i s  eroded 
and rep laced  by sha le  o r  sandstone probably  equ i va len t  t o  t h e  Gimlet  Sand- 
stone. The cu tou t  i s  a t  l e a s t  3500 f e e t  long, on l y  150 f e e t  wide, and more 
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FIGURE 27. Paleoslump in highwall of Peabody Coal Company's Eagle Surface Mine. 

FIGURE 28. Thrust fault exposed on highwall of abandoned Peabody Eagle Surface Mine. Fault is  truncated at base of Gimlet 
Sandstone, so it must have developed before that unit was deposited. The thrust i s  probably the toe of a paleoslump, but direct 
tectonic faulting cannot be ruled out. 



t han  50 f e e t  deep i n  p l  aces. C l  osely-spaced t e s t  ho l  es show t h a t  t h e  wa l l  s 
a re  steep; i n  severa l  p l  aces, slump blocks, probably  undercut  banks o f  t h e  
stream, l i e  w i t h i n  t h e  channels. 

The slumping seems r e a d i l y  exp la inab le ,  but t h e  form o f  t h e  channel arouses 
suspi  c i o n  o f  t e c t o n i c  c o n t r o l  . The G i m l  e t  Sandstone o f  t h e  southern I 1  1 i no i  s 
i s  a f l o o d - p l a i n  o r  d e l t a i c  depos i t ;  mapped channels a re  sinuous o r  meandering 
and branching, and r a r e l y  more t han  30 f e e t  t h i c k  (Orlopp, 1964). Broad, 
s l  uggi  sh, and s h a l l  ow d i  s t r i  bu ta r i es ,  r a t h e r  than narrow and deeply i n c i  sed 
cu tou ts ,  would be expected. Perhaps abrupt  t e c t o n i c  u p l i f t  o f  a p o r t i o n  o f  
t h e  d e l t a  induced r a p i d  downcutt ing, as streams sought base l e v e l .  

W i t h i n  t h e  Camp 11 Mine a s e r i e s  o f  l i n e a r  s t r uc tu res ,  known t o  t h e  miners as 
"horsebacks ," has been mapped. Horsebacks a re  narrow p r o t r u s i o n s  o f  t h e  over- 
l y i n g  Providence (Brere ton)  Limestone i n t o  t h e  H e r r i n  ( W e  K . No. 11) Coal. 

!I They a re  s t r a i g h t ,  o r  nea r l y  so, and a l l  o f  them t r e n d  N 45 W e  T h e i r  w id th  
v a r i e s  f rom a few f e e t  t o  about 25 f ee t ,  and they  can be t r a c e d  f o r  severa l  
hundred t o  more than a thousand f e e t  a long s t r i k e .  I n  c ross-sec t ion  ( f i g .  29) 
a horseback may resemble a graben, bounded by curv ing ,  medium t o  low-angle, 
normal f a u l t s  t h a t  d i e  ou t  both upward and downward; however, some horsebacks 
d i s p l a c e  t h e  coal  w i t h o u t  f a u l  t i n g - - t h e  coal  l a y e r s  a re  rup tu red  o r  pushed 
downward, 

The horsebacks c l  e a r l y  formed whi 1 e t h e  peat and encl o s i  ng sediments were 
s t i l l  s o f t ,  no t  y e t  l i t h i f i e d .  Limy m a t e r i a l  i n t r i c a t e l y  i n j e c t e d  i n t o  coal  
can be seen along margins o f  some horsebacks. The l a y e r s  o f  coal a re  bent, 
sometimes con to r ted ;  t hey  may be o f f s e t  by shear p lanes bu t  never a re  shat -  
t e r e d  o r  b recc ia ted .  Claystone bands i n  t h e  coal  seam and i n  t h e  f l o o r  
deformed i n  a t o t a l l y  p l a s t i c  manner. 

Horsebacks a t  Camp 11 a r e  s i m i l a r  t o  t h e  c l a s t i c  d i kes  found i n  coa l  seams 
i n  many p a r t s  o f  t h e  I l l i n o i s  Bas in  (Krausse e t  a l . ,  1 9 7 9 4 ,  1979-B; Nelson, 
1983). Both c l  a s t i  c d i kes  and horsebacks e v i d e n t l y  formed through downward 
p ressure  o f  o v e r l y i n g  sediments on l a y e r s  o f  peat t h a t  were be ing s t r e t ched  
apa r t  l a t e r a l l y .  However, c l a s t i c  d ikes,  a t  l e a s t  those i n  t h e  H e r r i n  Coal o f  
c e n t r a l  I 1  1 i no i  s, a re  randomly o r i  ented. De ta i  1 ed mappi ny revea l  s t h a t  t h e i  r 
d i s t r i b u t i o n  commonly r e f 1  e c t s  depos i t i ona l  p a t t e r n s  o f  t h e  sediments imme- 
d i a t e l y  o v e r l y i n g  t h e  coal  seam (Krausse e t  a1 ., 1979-A and B).  I n  con t ras t ,  
horsebacks o f  Camp I1 a l l  run i n  t h e  same d i r e c t i o n .  The ex tens iona l  s t resses  
t h a t  formed them must have been d i  r ec ted  s t resses  ( i  .e., t e c t o n i  c )  . 
Another f e a t u r e  t h a t  suggests movement contemporaneous w i t h  Pennsylvanian 
sedimentat ion a long t h e  RC-SFS i s  t h e  cu rv i ng  normal f a u l t  shown i n  
f i g u r e  17, As a1 ready discussed, t h e  form o f  t h i s  s t r u c t u r e  s t r o n g l y  suggests 
g r a v i t a t i o n a l  s umping, t r i g g e r e d  by t e c t o n i c  f a u l t i n g ,  o f  p a r t l y  l i t h i -  
f i e d  sediments, 

t s .  Although t h e  RC-SFS was a c t i v e  r e c u r r e n t l y  f o r  
much o f  t h e  Paleozoic  era, t h e  f a u l t s  mapped a t  t h e  sur face  a re  l a r g e l y ,  i f  
no t  e n t i  r e l y ,  pos t -ea r l y  Permi an i n  age. Upper Pennsylvanian and lower  
Permian rocks a re  cu t  by t h e  f a u l t s  and, w i t h  a few possi  b l  e except ions (no ted  
i n  t h e  preceding sec t i on ) ,  they  were f u l l y  l i t h i f i e d  when they  were deformed. 



FIGURE 29. Northwest-trending linear protrusion ("horseback") of the overlying limestone into the Herrin Coal at Peabody Coal 
Company's Camp 11 Mine, Union County, Kentucky. Coal has undergone brittle (shearing) and plastic (tightly contorted folding) 
deformation beneath the horseback: plastic faulture indicates that the sediments were unlithified when the structure developed. 



Permi an s t r a t a  probably  covered much o f  t h e  reg ion  when t e c t o n i  sm commenced. 
These rocks have been removed by l a t e r  eros ion,  except i n  t h e  Mauzy graben. 

Rocks o f  Mesozoic age a re  t o t a l l y  unknown and on l y  a  few sca t t e red  o u t l i e r s  o f  
T e r t i a r y  depos i t s  have been found near t h e  RC-SFS. Remnants o f  Mounds Gravel 
i n  t h e  Shawneetown H i  11 s  a re  w ide ly  removed from t h e i  r c l oses t  coun te rpar ts  
south o f  t h e  f a u l t  zone. The on l y  o the r  T e r t i a r y  sediments near t h e  zone a r e  
g rave ls ,  f ragments o f  t e r races ,  i n  t h e  C u r d s v i l l  e  ( F a i r e r  and No r r i s ,  1972) 
and Cal houn (Johnson and Smith, 1975) Quadrangl es, McLean County, Kentucky. 
These g rave l  s  occur a t  approx imate ly  s im i  1  a r  e l  e v a t i  ons on oppos i te  s ides o f  
t h e  f a u l t  zone; bu t  no conc lus ions regard ing  poss i  b l  e  T e r t i a r y  t e c t o n i  sm can 
be drawn from such meagre f i nd ings .  

D e f i  n i  ti ve P l  e i  stocene outcrops o v e r l y i  ng bedrock f a u l  t s  a re  rare.  The best 
we have found i s  i n  t h e  roadcut  near t h e  summit o f  Gold H i l l ,  where Peor ia  and 
01 de r  loesses show no deformat ion above a  f a u l t  c u t t i n g  Pennsylvanian rocks. 
Several smal l  exposures i n  stream beds reveal  no o f f s e t  o f  t h e  bedrock su r f ace  
a1 ong f a u l t s  over1 a i  n  by Quaternary a1 1  u v i  um. These f i  nd i  ngs a re  scarce ly  
d e f i n i t i v e ,  but  do serve as nega t i ve  evidence. 

We found no t r a c e s  o f  f a u l t  scarps, o f f s e t  t e r races ,  o r  o t h e r  p o s s i b l e  
t e c t o n i c  d i  sturbances i n  any Quaternary depos i t s  i n  o r  near t h e  RC-SFS. To 
our  know1 edge, n e i t h e r  have any o the r  geol og i  s t s .  

H e i n r i c h  (1982) examined i n  d e t a i l  t h e  depos i t s  o f  g l a c i a l  Lake Sa l ine ,  and 
noted no s t r u c t u r a l  d i s r u p t i o n s  t h a t  could be i n t e r p r e t e d  as r e s u l t i n g  from 
se ismic  a c t i v i t y .  He a1 so mapped a  s e r i e s  o f  s u b t l e  r idges ,  apparen t l y  l o n g i -  
t u d i n a l  bars, i n  t h e  Maumee f l o o d  depos i t s  above t h e  Shawneetown F a u l t  Zone. 
No s i g n  o f  o f f s e t  can be de tec ted  i n  these fea tu res .  

I n  con t ras t ,  Quaternary a1 1  u v i  um i n  t h e  Reel f o o t  R i  f t  area d i  sp l  ays obvious 
de fo rmat ion  r e s u l t i n g  from se i  smi c  events. Such f ea tu res  as sand blows, f a u l t  
scarps, f i s s u r e s ,  and sunken and up1 i f t e d  areas were ev iden t  t o  t h e  e a r l i e r  
observers  and can be seen today ( F u l l e r ,  1912; N u t t l i ,  1973). Many d i s t u r -  
bances da te  from t h e  1811-1812 earthquakes, but o the rs  a re  o lder .  F a u l t s  
d i  sp l  ac i  ng T e r t i  a ry  sediments a1 so have been documented (Stearns, 1980; 
Hami l ton and Zoback, 1982). The f a c t  t h a t  no such i tems have been i d e n t i f i e d  
o r  even suspected a long t h e  RC-SFS leads  t o  a  s t r ong  presumption t h a t  t hey  do 
no t  ex i  s t .  

To summarize, f i e l d  evidence i n d i c a t e s  t h a t  near-sur face f a u l t s  i n  bedrock o f  
t h e  RC-SFS developed a f t e r  t h e  e a r l y  Permian Per iod  and be fo re  t h e  P l e i  stocene 
Epoch. Regional cons idera t ions ,  t o  be d i  scussed l a t e r  i n  t h i  s  r epo r t ,  
i nd i  c a t e  t h a t  major  movements were pre-Cretaceous. 
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The Cottage Grove F a u l t  System (CGFS) extends westward across southern 
I 1  1  i noi  s  f rom wes t -cen t ra l  G a l l a t i n  County a t  l e a s t  as f a r  as nor thwestern 
Jackson County, a  d i s t a n c e  o f  roughly  70 m i l e s  ( f i g .  30). The system con ta ins  
t h r e e  s t r u c t u r a l  e l  ements (Nel son and Krausse, 1981 ) . 

@ The "master f a u l t " ,  a s i n g l e  wes t - t rend ing  f a u l t  o r  zone o f  
subpa ra l l  e l  h igh-angl  e  f a u l t s  fo rmi  ng a  bra ided pa t t e rn .  A  r i g h t -  
l a t e r a l  s t r i k e - s l i p  f a u l t ,  i t  has a  maximum v e r t i c a l  o f f s e t  o f  about 
200 f e e t .  

e Subs id ia ry  f a u l t s ,  mos t l y  nor thwes t - t rend ing  h igh-angle normal and 
ob l i que -s l  i p  f a u l t s ,  d i v e r g i n g  from t h e  master f a u l t .  Displacements 
range from inches t o  several  tens o f  f ee t .  I n  S a l i n e  and G a l l a t i n  
County some con ta i  n  igneous i n t  r u s i  ons. 

@ Subs id ia ry  a n t i  c l  ines,  ad jacent  t o  t h e  master f a u l  t, subpara l l  e l  w i t h  
i t ,  o r  o b l i q u e l y  o r i e n t e d  i n  r ight -handed en echelon sets. 

The CGFS i s  known l a r g e l y  from exposures i n  underground coal mines and, t o  
some degree, f rom d r i l l i n g .  Many f a u l t s  a re  t o o  small t o  be de tec ted  by 
d r i l l i n g .  Sur face exposures a re  ra re :  most o f  t h e  area i s  covered by 
Pl  e i  stocene g l  ac i  a1 t i  11 , 1 a c u s t r i  ne and a1 1  u v i  a1 depos i ts ,  1  oess, and so i  1  . 
The f a u l t  system has l i m i t e d  topographi c  expression. 

The western ex ten t  o f  t h e  CGFS i s  poo r l y  known because o f  t h e  s c a r c i t y  o f  
data.  F a u l t i n g  i s  known no f a r t h e r  west than t h e  Campbell Hi1 1  A n t i c l i n e  i n  
nor thwestern Jackson County, The Wine H i l l  Dome and Bremen A n t i c l i n e  i n  
eas te rn  Rand01 ph County l i e  roughly  i n  1  i n e  w i t h  t h e  CCFS; t h e i r  o r i e n t a t i o n  
i s s i m i l a r  t o  t h a t  o f  t y p i c a l  subs id i a r y  a n t i  c l  i nes  o f  t h e  CGFC, but  any 1  i n k  
t o  t h e  Ste. Genevieve F a u l t  Zone, as Hey1 e t  a1 . (1965) proposed, i s  pu re l y  
specul a t i v e .  

The eas te rn  end o f  t h e  CGFS l i e s  w i t h i n  our area o f  d e t a i l e d  study ( p l a t e s  l a  
and 2 ) .  The master f a u l t  can be t r aced  across t h e  Rudement Quadrangle on t h e  
basi  s  o f  dense coa l -exp lo ra to r y  d r i l l i n g  and sca t t e red  o i l  t e s t  ho les.  A w e l l  
i n  t h e  SW 1 /4  NW 1/4 NE 1 /4  Sec t ion  13, T. 9S., R. 7E, pene t ra ted  t h e  master 
f a u l t ,  which a t  t h i s  l o c a t i o n  i s  geometr ical  l y  a  normal f a u l t :  approx imate ly  
90 f e e t  o f  sec t ion ,  i n c l u d i n g  p a r t  o f  C lo re  Format ion and P a l e s t i n e  Sandstone, 
a re  miss ing  on t h e  log .  From t h i s  we1 1  t h e  f a u l t  s t r i k e s  due east  and t h e  
amount o f  v e r t i c a l  o f f s e t  r a p i d l y  d im i  n i  shes. The f a u l t  crossed t h e  work i  ngs 
o f  t h e  G a l l a t i n  Coal and Coke Company "West S ide Mine" (abandoned i n  1925), on 
t h e  west s i d e  o f  t h e  v i l l a g e  o f  Equa l i t y .  According t o  Newt Glover  (personal  
communication, 1983), a r e t i  red  miner  who worked i n  t h e  West S ide Mine and 
s t i l l  r es i des  i n  Equa l i t y ,  t h e  f a u l t  was a sharp, n e a r l y  v e r t i c a l  break a long 
which t h e  S p r i n g f i e l d  Coal dropped about 5 f e e t  t o  t h e  nor th .  Immediately 
eas t  o f  t h e  West Side Mine i s  t h e  Pekin Coal Co. Pekin Mine, abandoned i n  
1957; t h e  map o f  t h e  mine shows an area o f  abnormal l y  l a r g e  p i  11 ars,  
i n d i c a t i v e  o f  d i f f i c u l t  m in ing  cond i t i ons ,  d i r e c t l y  i n  l i n e  w i t h  t h e  master 
f a u l t  and south o f  t h e  h o i s t i n g  s h a f t  o f  t h e  mine. I r a  Adams o f  Equa l i t y ,  who 
owned and operated t h e  mine from 1946 u n t i l  1957, t o l d  us (1983) t h a t  t h e r e  
were no ac tua l  o f f s e t s  i n  t h e  coal i n  t h a t  p a r t  o f  t h e  mine, but t h a t  t h e  



1  imestone r o o f  was " r o l  l y "  and t h e  worki  ngs abnormal l y  wet. e  can speculate 
t h a t  t h e  r o o f  may have been f r ac tu red ,  o r  c u t  by a  s t r i k e - s l i p  f a u l t  t h a t  had 
no v e r t i c a l  component o f  displacement.  East o f  t h e  Pekin Mine, however, t h e r e  
i s  no evidence f o r  an eas t - t r end ing  f a u l t ,  a l though t h e  area has been 
thorough ly  d r i l  l ed .  Accord ing ly ,  we be1 i e v e  t h a t  t h e  eas te rn  terminus o f  t h e  
Cot tage Grove master f a u l t  l i e s  i n  o r  near t h e  Pekin Mine, NW 114 Sec t ion  16, 
T. 9S., R. 8E., G a l l a t i n  County ( p l a t e s  l a  and  2 ) .  

Several nor thwes t - t rend ing  subs id i a r y  f a u l t s  a re  present  i n  t h e  no r theas te rn  
p a r t  o f  t h e  Rudement Quadrangle ( p l a t e s  l a  and 2) .  The l a r g e s t  one s t r i k e s  N  
25' W and extends more t han  2  m i l e s  south o f  t h e  master f a u l t .  It i s  exposed 
on t h e  h i ghwa l l  o f  an abandoned s t r i p  mine i n  t h e  NE 114 SE 114 SW 1/4, 
Sec t ion  23, T. 9S., R. 7E., where i t  i s  a  h igh-angle normal f a u l t ;  i t s  south- 
west s i de  i s  downthrown about 61 f e e t .  An o i l  we1 l d r i l l  ed about 114 m i l  e  
from t h i s  l o c a t i o n  d i d  no t  n o t i c e a b l y  pene t ra te  t h e  f a u l t  bu t  d i d  encounter a  
60 - f oo t - t h i ck  s i l l  o f  p e r i d o t i t e  between t h e  Beech Creek Limestone and t h e  
F r a i l  eys Shal e  (Ches te r ian) .  No i n d i c a t i o n s  o f  igneous i n t r u s i o n  a re  v i  s i  b l e  
a t  t h e  sur face.  Fa r the r  northwest t h e  f a u l t  i s  de l  i nea ted  by densely spaced 
coal  t e s t  d r i l l i n g ;  near t h e  master f a u l t  t h e  N 25' W-trendi ng f a u l t  reverses 
i t s  d i r e c t i o n  o f  throw so t h a t  t h e  nor theas t  s i de  i s  downthrown. The reversa l  
poss ib l y  r e f l e c t s  a  component o f  s t r i k e - s l i p  mot ion, as i s  common f o r  many 
s u b s i d i a r y  f a u l t s  i n  t h e  CGFS (Nelson and Krausse, 1981). Other subs id i a r y  
f a u l t s  i n c l u d e  two h igh-angle normal f a u l t s  w i t h  3 and 5  f e e t  o f  throw, 
observed i n  t h e  h ighwa l l  i n  W 112 ME 1 /4 Sec t ion  23, and a  f a u l t  i n  SW 114 
Sec t ion  10 and NW 114 Sec t ion  15, indca ted  by d r i l l i n g .  

C la rk  and Royds (1948) were t h e  f i r s t  t o  speculate pub1 i c l y  t h a t  t h e  Cottage 
Grove F a u l t  System i s  a  wrench f a u l t .  Heyl and Brock (1961) presented 
evidence t h a t  t h e  movement was r i  ght -1  a t e r a l  . Subsequent researchers--Hey1 
and Brock (1961),  Heyl ( W Z ) ,  N i l  cox, Harding, and Seely ( W 3 ) ,  and Nel son 
and Krausse (1981)--concur, as do we. The CGFS presents  a  c l a s s i c a l  example 
o f  d e x t r a l  shear i  ng. 

Some a m p l i f y i n g  evidence should be c i t e d .  Recent ly  we observed a  p o r t i o n  o f  
t h e  master f a u l  t zone i n  a  su r f ace  coal  mine i n  wes t -cen t ra l  Sal i n e  County. 
F a u l t  sur faces showed prominent h o r i  zonJal t o  subhori  zon ta l  s l  i ckensi  des and 
mu1 1  i on ;  a1 though t h e  degree o f  shear ing was in tense,  v e r t i c a l  o f f s e t s  were 
small and i n c o n s i s t e n t .  A t  t h e  O r i e n t  No. 4  Mine, i n  eas te rn  N i l  1 iamson 
County, we examined a  f a u l t  hav ing roughly  50 f e e t  o f  l e f t - l a t e r a l  o f f s e t ,  
shown by d i  sp l  acement o f  1  i tho1 og i  c  con tac ts  between shal es above t h e  coal . 
The f a u l  t p l  ane i s  n e a r l y  v e r t i  ca l  , w i t h  h o r i  zon ta l  s l  i ckensides; v e r t i  c a l  
o f f s e t s  range up t o  about 10 f e e t .  The f a u l t  t rends  N 45' E, i n t e r s e c t i n g  t h e  
master f a u l t  a t  an angle o f  about 6s0, The l e f t - l a t e r a l  f a u l t  t h u s  i s  an 
excel  1  en t  exampl e  o f  a  conjugate o r  second-order s t r i  ke -s l  i p  f a d  t (Moody and 
Hi1 1, 1956; Tchal enko and Ambraseys, W O ) ,  f i t t i n g  t h e  o v e r a l l  p a t t e r n  o f  
r i g h t - l a t e r a l  shear ing i n  t h e  CGFS ( f i g .  31). 

Therefore,  t h e  CGFS and Rough Creek-Shawneetown F a u l t  System a r e  n o t  p h y s i c a l l y  
connected, and formed i n  d i f f e r e n t  ways: t h e  f i r s t  by h o r i z o n t a l  movement, t h e  se- 
cond by v e r t i c a l  movement. The two systems may be r e l a t e d  t o  a  common ances t ra l  
zone o f  weakness i n  t h e  basement, but t h e  f a u l t s  i n  Pa leozo ic  rocks a re  
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separate and g e n e t i c a l l y  un ique--cont rary  t o  t h e  assumptions o f  Hey1 (1972) 
and many others .  

Tine o f  f au l t i  

The t ime  o f  fo rmat ion  o f  t h e  Cottage Grove F a u l t  System can be f i x e d  q u i t e  
p r e c i  se l y  th rough  r a d i  ometr i  c  age determi  na t i ons  o f  assoc ia ted  igneous rocks. 

Many o f  t h e  nor thwes t - t rend ing  subs id i a r y  f a u l t s  i n  Gal 1  a t i  n, Sal i ne ,  and 
eas te rn  W i  11 i amson Count ies a re  i n t r u d e d  by igneous rocks. I n t r u s i o n s  have 
been observed i n  numerous underground coal mines and have been de f i ned  by 
coal  - t e s t  d r i  11 i ng. The rock, d e s c r i  bed as 1 amprophyre o r  m i  ca p e r i d o t i  t e  
(C l  egg, 1955), t y p i c a l l y  forms d ikes,  a l though l o c a l l y  i t  has been squeezed 
l a t e r a l l y  between rock l a y e r s  o r  has burned ou t  and rep laced coal  seams t o  
produce s i l l  s. Dikes range from a few hundred f e e t  t o  severa l  m i l e s  long  and 
a re  a few f e e t  t o  300 f e e t  wide. L i k e  t h e  f a u l t s  t hey  f o l l o w ,  t hey  a re  
v e r t i c a l  o r  s t eep l y  i n c l i n e d .  Coal ad jacent  t o  i n t r u s i v e s  i s  coked and 
m ine ra l i zed ;  sha le  has been baked (Cl egg and Bradbury, 1956). 

C lea r l y ,  t h e  f a u l t s  a1 ready e x i s t e d  when t h e  d i kes  formed. The f r a c t u r e s  
acted as pathways f o r  t h e  magma. The f a c t  t h a t  t h e  i n t r u s i o n s  a re  o f  
u l t r a r n a f i c  charac te r  suggests t h a t  t h e  f r a c t u r e s  extended c l e a r  i n t o  t h e  
e a r t h ' s  mant le.  

Unpubl ished ISGS f i e l d  notes r e p o r t  t h a t ,  i n  a  few cases, igneous rocks have 
been o f f s e t  by 1 a t e r  movements a long t h e  hos t  f a u l t s ,  Most such d i  sp l  acements 
a re  v e r t i  ca1 , but i n  one case h o r i z o n t a l  s l  i ckensides were observed on a 
f r a c t u r e  i n  p e r i d o t i t e .  O f f s e t s  i n  igneous rocks a re  s l i g h t ;  most o f  t h e  
f a u l t i n g  took p l  ace be fo re  i n t r u s i o n ,  but minor  movements cont inued i n  p laces 
a f t e r  magma had hardened. 

Geochron Labo ra to r i  es o f  Cambridge, Massachusetts ob ta ined  po tass i  um-argon 
dates on t h r e e  samples o f  p e r i d o t i t e  from d j k e s  i n  t h e  Cot tage Grove F a u l t  
System. As p r e v i o u s l y  mentioned, an age o f  261 ' 9 m i l l i o n  years  was de te r -  
mined f o r  t h e  d i k e  a t  Cot tage Grove, and an age o f  262 ' 9 m i l l i o n  years  f o r  a  
core  sample from a second i n t r u s i o n  immediately west o f  t h e  Rudement 
Quadrangle, i n  Sec t ion  11, T. lOS., R 5E., S a l i n e  County. A t h i r d  p e r i d o t i t e ,  
f rom t h e  "Absher Dike," exposed i n  an abandoned s t r i p  mine i n  Sec t ion  34, 
T. 9S., R .  4E., Wil l iamson County, was found t o  be 246 ' 9 m i l l i o n  years  
o ld .  These r e s u l t s  agree c l  ose ly  w i t h  those o f  Zartman e t  a1 . (1967) f o r  
igneous rocks i n  t h e  f l  uorspar  d i  s t r i c t ,  and i n d i c a t e  e a r l y  Permi an i n t r u s i o n .  

The youngest rocks observed t o  be f a u l t e d  i n  t h e  CGFS belong t o  t h e  upper p a r t  
o f  t h e  Modesto Formation, o r  e a r l y  M issour ian  age. S ince a l l  f i e l d  evidence 
i n d i c a t e s  t h a t  these rocks were we1 1 l i t h i f i e d  a t  t h e  t ime  o f  f a u l t i n g ,  t h e  
movements probably  d i d  no t  commence u n t i  1  1  a t e s t  Pennsylvanian (V i  r g i l  i an) o r  
e a r l y  Permian ( ~ o l  fcampi an) t ime. 

There i s  cons iderab le  evidence t o  suggest t h a t  an ances t ra l  Cottage Grove 
f a u l t  o f  1 arge displacement was cont inuous w i t h  t h e  ances t ra l  Rough Creek- 
Shawneetown f a u l t ;  t h a t  i s ,  t h e  no r the rn  boundary o f  t h e  Rough Creek graben, 
d a t i n g  t o  Cambrian t ime. The deep we1 1 s  i n  Johnson and Pope Count ies pene- 
t r a t e d  s l  i g h t l y  t h i  ckened Croixan (upper Cambrian) s t r a t a ;  t h e  Johnson County 
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w e l l  reached pre-Mt. Simon Sandstone south o f  t h e  CGFS. Seismic sec t ions  
i n d i c a t e  1  arge and complex f a u l t s  i n  lower  Paleozoic  and Precambrian rocks 
a1 ong t h e  CGFS (Howard Schwa1 b, personal communi ca t i on ,  1983). Furthermore, 
S t r u n k ' s  (1984) g r a v i t y  da ta  suggest c o n t i n u a t i o n  a t  depth o f  t h e  Cot tage 
Grove and Rough Creek-Shawneetown zones. The southern block may have been 
downthrown by thousands o f  f e e t  on t h i s  p recursor  t o  t h e  modern CGFS. 

LT SYSTE 

Extent 

The Wabash V a l l e y  F a u l t  System (WVFS) extends nor thward f rom t h e  Rough Creek- 
Shawneetown F a u l t  System (Rc-SFS) a long  t h e  Wabash R i v e r  v a l l e y  i n  south-  
eas te rn  I l l i n o i s ,  southwestern Ind iana,  and Union and Henderson Count ies,  
Kentucky ( f i g .  32).  The system i s  about  55 m i l e s  l o n g  and up t o  30 m i l e s  
wide: i t  i s  composed o f  no r t h -no r theas t  s t r i k i n g  h igh-ang le  normal f a u l t s  
w i t h  v e r t i c a l  o f f s e t s  as g r e a t  as 480 f e e t .  The f a u l t s  a r e  known f rom sub- 
sur face  i n f o r m a t i o n  and exposures i n  underground coa l  mines; surface ex- 
p ress ion  i s  l a c k i n g  because o f  t h e  cover  o f  g l a c i a l  and a l l u v i a l  sediments. 
Because many areas a1 ong t h e  f a u l  t s  have been densely  d r i  l l e d  f o r  o i  1 , gas, 
and coa l ,  d e t a i l e d  i n f o r m a t i o n  i s  a v a i l a b l e  on s t r u c t u r e .  

Several Wabash Val1 e-y f a u l t s  reach, but do no t  cross, t h e  RC-SFS. I n  t h e  
Shawneetown Quadrangle ( p l a t e s  l a  and 2) ,  t h e  Inman and Inman West F a u l t s  
d e f i n i t e l y  i n t e r s e c t  t h e  Shawneetown f r o n t  f a u l t .  D r i l l i n g  i n  Sec t ions  26 and 
35, T. 9S., R. 9E., r evea l s  nea r l y  200 f e e t  o f  v e r t i c a l  o f f s e t  on t h e  Inman 
F a u l t  1 /4  m i l e  n o r t h  o f  t h e  f r o n t  f a u l t .  Thi s  displacement inc reases  t o  300 
f e e t  northward i n  Sec t ion  13. The Inman West F a u l t  has a  s i m i l a r  amount o f  
throw; t oge the r  w i t h  t h e  Inman F a u l t  i t  forms a  graben, The Inman Graben does 
no t  c ross  t h e  f r o n t  f a u l t .  No f a u l t s  w i t h  t h e  proper  o r i e n t a t i o n  and th row 
can be seen i n  t h e  lower Pennsylvanian sandstones t h a t  a re  almost c o n t i  nuously 
exposed on t h e  n o r t h  face  o f  Gold H i l l  immediately south o f  t h e  Inman 
Graben. The Inman East F a u l t  may a1 so connect w i t h  t h e  f r o n t  f a u l t ,  but i t s  
displacement i s  50 f e e t  o r  l e s s  a t  t h e  j u n c t i o n  p o i n t .  About 8 m i l e s  
eastward, i n  Union County, Kentucky, t h e  Hovey Lake F a u l t  reaches t h e  no r the rn  
edge o f  t h e  RC-SFS. The Hovey Lake F a u l t  i s  a  compound f r a c t u r e  zone, w i t h  
displacements as l a r g e  as 350 f e e t  on i n d i v i d u a l  breaks near t h e  j u n c t i o n  w i t h  
t h e  RC-SFS; i t  does no t  con t inue  south o f  t h e  RC-SFS. 

Other f a u l t s  o f  t h e  WVFS l o s e  displacement southward and d i e  out  be fo re  they 
reach t h e  RC-SFS. 

Exposures i n  underground coal mines show t h a t  Wabash Val l e y  f a u l t s  a re  t y p i c a l  
d i  p -s l  i p  normal f a u l t s .  I n c l i n a t i o n s  o f  f r a c t u r e s  range from 60' t o  v e r t i c a l  ; 
s l  i ckensides a re  v e r t i c a l  o r  nea r l y  SO, and drag i s  normal . M i  n o r  reverse  
f l  exures, apparen t l y  r esu l  t i  ng from compressive wedgi ng o f  narrow s l  i ces o f  
rock along l a r g e  f a u l t s ,  a re  seen l o c a l l y .  B r i t t l e  f a i l u r e  o f  coal  and sha le  
i n d i c a t e s  t h a t  rocks were complete ly  1  i t h i  f i e d  when f a u l t e d .  Many f r a c t u r e s ,  
up t o  several  inches wide, a re  f i l l e d  w i t h  c a l c i t e  o r  o the r  m ine ra l s - - c l ea r  
evidence o f  h o r i z o n t a l  ex tens ion  a t  r i g h t  angles t o  t h e  f a u l t  sur faces.  



F a u l t s  o f  t h e  WVFS tend t o  merge and d i e  out  a t  depth. B r i s t o l  and Treworgy 
(1979) and A u l t ,  S u l l i v a n ,  and Tanner ( l98O),  r epo r ted  severa l  ins tances  o f  
f a d  t zones t h a t  a re  more compl ex i n  Pennsylvanian than  i n  M i  s s i  s s i  pp i  an 
rocks, and noted t h a t  some small f a u l t s  d i e  ou t  downward; however, l arge 
f a u l  t s  appear t o  mai n t a i  n  d i  sp l  acement a t  1  east  through t h e  M i  s s i  s s i  pp i  an 
sec t ion .  Evidence on deeper s t r u c t u r e ,  which comes from se ismic p r o f i l  i n g  
( B r a i l  e, Sexton and Hinze, 1983) shows t h a t  t h e  A1 bion-Ridgway and New Harmony 
F a u l t s  l o s e  displacement a t  depth. Near-surface o f f s e t s  o f  200 t o  300 f e e t  
d i m i n i s h  t o  l e s s  than t h e  r e s o l u t i o n  o f  t h e  p r o f i l e  (about 100 f e e t )  below t h e  
Cro ixan (upper Carnbri an) Eau C l  a i  r e  Formation. Prominent Precambrian 
r e f 1  e c t o r s  exhi  b i t  1  arge o f f se t s - -appa ren t l y  due t o  f a u l  ti ng-- but these do no t  
connect w i t h  Wabash Va l ley  f a u l t s  i n  t h e  Paleozoic  s t r a t a . \  

I 

One igneous i n t r u s i o n  has been repor ted  i n  t h e  WVFS: a d i k e  t r e n d i n g  N 10' E, 
encountered i n  t h e  easternmost workings o f  t h e  now-abandoned B e  and W. Coal 
Company Mine (E  1/2 SE 114 NW 1/4, Sec. 18, T. 9S., R. 9E., E q u a l i t y  
Quadrangle, Gal 1  a t i  n  County). Associated w i t h  t h e  i n t r u s i o n  was a f a u l t  w i t h  
4 f e e t  o f  throw. Immediately t o  t h e  east i s  t h e  Ridgway Fau l t ,  a  major  normal 
f a u l t  w i t h  t h e  east  s i d e  downthrown approx imate ly  150 f ee t .  As i s  t h e  case 
w i t h  d i kes  i n  t h e  CGFS, t h e  coal was metamorphosed and minera l  i z e d  a1 ong t h e  
igneous body i n  t h e  B. and W e  Mine. 

I n j e c t i o n  o f  magma e v i d e n t l y  i s  respons ib le  f o r  Omaha Dome, a  n e a r l y  c i r c u l a r  
up1 i f t  centered 4 m i l e s  west o f  t h e  Ridgway F a u l t  i n  Sec t ion  4, T. 8Se9 
R. 8E., G a l l a t i n  County ( f i g .  32). C losure on t h e  Omaha Dome decreases from 
more t han  200 f e e t  on t h e  H e r r i n  (No. 6 )  Coal t o  zero i n  Devonian and o l d e r  
s t r a t a .  Igneous rocks have been s t ruck  i n  many we l l s :  d i kes  i n  near-sur face 
Pennsyl vani  an rocks, and s i  11 s  o r  1  accol  i t h s  a t  g r e a t e r  depth ( P u l l  en, 
1951). Accordi  ng t o  Howard Schwa1 b (personal  communi ca t i on ,  N 8 3 ) ,  t h e  
sedimentary s t r a t a  a re  p rog ress i ve l y  arched above a s e r i e s  o f  h o r i z o n t a l  
tabu1 a r  i n t r u s i o n s  i n  Devonian and M i  s s i  s s i  pp i  an rocks. The igneous bodies 
may resemble a Christmas t r e e  i n  cross-sect ion,  w i t h  s i l l s  and l a c c o l i t h s  
spreading away from a v e r t i c a l  cen t ra l  feeder.  

Radiometr ic  d a t i n g  o f  samples o f  igneous rock from t h e  Omaha Dome y i e l d e d  two  
d i f f e r e n t  ages--290 and 408 m i l  l i o n  years  ( B i  kerman and L i d i a k ,  1982). The 
former age, regarded as a maximum age by Bikerman and L i d i a k ,  i s  about 30 
m i l l i o n  years  o l d e r  than t h a t  we obta ined on p e r i d o t i t e s  from t h e  CGFS, w h i l e  
t h e  l a t t e r  age, o l d e r  than  t h e  country  rock, c l e a r l y  i s  anomalous. 

The WVFS c l e a r l y  i s  t h e  product  o f  h o r i z o n t a l  ex tens ion  o f  t h e  e a r t h ' s  c r u s t  
a t  r i g h t  angles t o  t h e  t r ends  o f  t h e  f a u l t s :  t h a t  i s ,  t h e  reg ion  was p u l l e d  
apa r t  l a t e r a l l y  from t h e  west-northwest and east-southeast.  As t h e  s t r a t a  
ruptured,  b locks subsided t o  v a r y i  ng degrees, produc i  ng grabens, hors ts ,  and 
s t e p - f a u l t s .  These a re  c l a s s i c  g r a v i t y  f a u l t s ;  they show no evidence o f  
s i g n i f i c a n t  reverse, s t r i  ke-s l  i p ,  o r  d i f f e r e n t i a l  up1 i f t i  ng movement, 

The f a u l t s  d i e  out  downward. Some o f  them may reach t h e  basement, but do not  
necessa r i l y  pene t ra te  it, I n  con t ras t ,  t h e  CGFS, w i t h  i t s  u l t r a b a s i c  
i n t r u s i o n s ,  probably  extends a l l  t h e  way t o  t h e  mant le.  The RC-SFS a l so  



probably  cu t s  t h e  e n t i r e  c rus t ;  i t  i s  d i f f i c u l t  t o  conceive t h a t  f a u l t s  o f  
t h i s  magnitude do not .  

The f a c t  t h a t  t h e  WVFS j o i n s ,  but does no t  cross t h e  RC-SFS admits more than 
one i n t e r p r e t a t i o n .  One i s  t h a t  t h e  RC-SFS i s  o l de r ;  t h e  WVFS extended i t s e l f  
southward u n t i l  i t  met t h e  RC-SFS but d i d  not  b r i dge  t h e  l a t t e r  because 
t ens iona l  s t resses  were re1 i eved by s l  i ppage a1 ong pre-ex i  s t i n g  wes t - t rend i  ng 
f a u l t s .  A second possi  b i  1  i t y  i s  t h a t  both f a u l t  systems developed a t  t h e  same 
t ime.  Yet another hypo thes is  i s  t h a t  t h e  WVFS i s  o l de r ,  and o r i g i n a l l y  
te rmina ted  n o r t h  o f  t h e  l i n e  where t h e  RC-SFS appeared. As t h e  l a t t e r  system 
developed, new shear i  ny s t resses  were appl i e d  t o  t h e  WVFS, causing severa l  o f  
t h e  f r a c t u r e s  t o  propagate themselves southward t o  t h e  RC-SFS. L i t t l e  f o r c e  
i s  r e q u i r e d  t o  expand a  crack once i t  has formed. 

Because we have no t  been ab le  t o  examine t h e  i n t e r s e c t i o n  o f  t h e  two f a u l t  
systems, we cannot say, on t h e  bas is  o f  d i r e c t  evidence alone, which i s  o l de r ,  
but must apply  o the r  cons ide ra t i ons  t o  determine re1 a t i v e  ages o f  t h e  
f a u l t s .  

Hey1 ( l 9 7 2 ) ,  B r a i l e ,  Sexton and Hinze ( l 983 ) ,  and o the rs  have pos tu l a ted  t h a t  
t h e  WVFS i s  a  nor theastward ex tens ion  o f  t h e  Ree l f oo t  R i f t  and t hus  i s  a  
major,  r e c u r r e n t l y  a c t i v e  zone o f  extens ion t h a t  pene t ra tes  t h e  c r u s t  o f  t h e  
ear th .  However, B r a i l  e, Sexton, and Hi nze 's  se ismic  da ta  do not  suggest such 
a  conc lus ion.  They ran on l y  two east-west l i n e s ,  on ly  one o f  which crosses 
t h e  e n t i  r e  WVFS. The p r o f i l e s  show apparent f a u l t s  i n  t h e  basement, but  t h e  
o r i e n t a t i o n  and reg iona l  d i  s t r i  b u t i o n  o f  these bur ied  f a u l t s  cannot be de te r -  
mined on t h e  bas is  o f  on l y  two l i n e s .  None o f  t h e  f a u l t s  i n  t h e  basement 
connects w i t h  o r  d i r e c t l y  u n d e r l i e s  t h e  Paleozoic  f a u l t s .  More ev idence w i l l  
be needed be fo re  anyone can speak a u t h o r i t a t i v e l y  on ances t ra l  s t r u c t u r e  o f  
t h e  Wabash V a l l e y  reg ion .  

Examinat ion o f  a  r eg iona l  map o f  f a u l t s  i n  southeastern I1 1  i n o i s  and v i c i n i t y  
d i s c l o s e s  an i n t e r e s t i n g  p a t t e r n  ( f i g .  33). Nor th  o f  t h e  RC-SFS and t h e  
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FIGURE 33. The fault fan, a radiating pattern of normal faults north of Shawneetown Fault Zone. 





Cot tage Grove master f a u l t ,  t h e  f a u l t s  a re  arranged l i k e  t h e  f i n g e r s  o f  a  hand 
o r  an ou t s t r e t ched  fan. I f  p ro jec ted  southward, a l l  o f  these  f a u l t s  would 
i n t e r s e c t  i n  t h e  v i c i n i t y  o f  Hicks Dome, south o f  t h e  Shawneetown F a u l t  
Zone. The " f a u l t  fan"  i nc l udes  t h e  f o l l o w i n g  fea tu res ,  from west t o  east :  

@ Subs id ia ry  f a u l t s  i n  t h e  CGFS i n  western S a l i n e  County s t r i k e  N 45' W .  
@ Subs id ia ry  f a u l t s  and p e r i d o t i t e  d i k e s  i n  eas te rn  S a l i n e  County 

s t r i k e  about N 25' W. 
@ The igneous d i k e  near Cottage Grove s t r i k e s  N 20' W. 
@ Two d i k e s  n o r t h  o f  E q u a l i t y  t r e n d  N 10' W. 
@ The Ridgway F a u l t  runs due nor th .  
@ Inman F a u l t s  t r e n d  about N 20' E i n  t h e i r  southern ex ten t .  
@ Wabash I s l a n d  F a u l t  and o thers  f a r t h e r  east s t r i k e  about N 30' E m  

A l l  o f  t h e  f a u l t s  i n  t h e  " f an "  a re  normal o r  g r a v i t y  f a u l t s ,  produced by 
h o r i z o n t a l  ex tens ion  a t  r i g h t  angles t o  t h e  t r aces  o f  t h e  f a u l t s .  

The smooth t r a n s i t i o n  i n  d i r e c t i o n a l  t r e n d  o f  f a u l t s  i n  t h e  " fan" ,  from no r th -  
w e s t e r l y  t o  eas t -no r t heas te r l y ,  suggests t h a t  a l l  these f a u l t s  were formed i n  
a  common s t r e s s  f i e l d  centered near Hicks Dome. 

This ,  i n  t u r n ,  suggests t h a t  t h e  Wabash Val 1  ey and Cottage Grove F a u l t  Systems 
formed i n  t h e  same t e c t o n i c  ac t i on .  

Data t h a t  would con f i  r m  t h e  l a s t  statement a re  d i f f i c u l t  t o  ob ta in .  No 
ma te r i  a1 s  between 1  a t e  Pennsyl vani  an and P l  i ocene-Pl e i  stocene age (Mounds 
Grave l )  a re  known i n  t h e  v i c i n i t y  o f  t h e  Wabash Va l l ey  F a u l t  System. D i r e c t  
evidence a l lows  us on l y  t o  say t h a t  t h e  f a u l t s  a re  p o s t - l a t e  Pennsylvanian and 
pre-Pl e i  stocene. 

The igneous i n t r u s i o n  a t  t h e  B. and W e  Mine along t h e  Ridgway F a u l t  probably  
i s  t h e  same age as t h e  p e r i d o t i t e  i n  t h e  Cottage Grove F a u l t  System. Th i s  
assumption p o i n t s  t o  an e a r l y  Permian age f o r  a t  l e a s t  t h e  Ridgway Fau l t ,  i f  
no t  t h e  e n t i  r e  system. 

Radiometr ic  ages o f  igneous rocks from Omaha Dome reveal  l i t t l e  about t h e  t ime  
o f  f a u l t i n g .  I n  t h e  f i r s t  p lce ,  t h e  dates themselves a re  quest ionable.  I n  
t h e  second place, Omaha Dome may no t  be g e n e t i c a l l y  r e l a t e d  t o  t h e  WVFS, and 
dome and f a u l t s  may have formed a t  d i f f e r e n t  t imes. 

To summarize, t h e  age o f  t h e  WVFS cannot be d e f i n i t e l y  determined, b u t  p robab ly  
i s  e a r l y  Permian, t h e  same age as t h e  Cottage Grove F a u l t  System. 

As t h e  name imp1 i es ,  t h e  F l  uorspar  Area F a u l t  Complex (FAFC) i s  a  compl i c a t e d  
system o f  s t r u c t u r e s  centered i n  t h e  I 1  1  i no i  s-Kentucky f l  uorspar-mi n i  ng d i  s- 
t r i c t  ( f i  g. 34). The FAFC l i e s  immediately south o f  t h e  Eagle Va l l ey  Sync1 ine ,  
mos t l y  i n  Hard in  and Pope Counties, I l l i n o i s  and C r i t t enden  and L i v i n g s t o n  
Counties, Kentucky. I t s  northernmost e x t r e m i t i e s  reach t h e  quadranij l  es we 
mapped i n  d e t a i l  ( p l a t e s  I and 11). 



L;nl i ke f a u l  t systems d i  scussed p rev ious l y ,  t h e  FAFC i s  no t  un i  f i  ed 
c t o n i  c a l l  y  ; ra the r ,  i t  compri ses several  t e c t o n i  c  e l  ements o f  d i  f f e ren t  ages 

and o r i g i n s :  

@ nor thwes t - t rend i  ng arch assoc ia ted w i t h  Hi cks Dome 
@ f a u l t s  concen t r i c  and r a d i a l  t o  Hicks Dome 
@ nor thwes t - t rend i  ng u l  t r a b a s i  c  i n t r u s i o n s  
@ no r t heas t - t r end i  ng block f a u l t s  

1  i no i  s-Kentucky f l  uorspar  
i n g  s t r u c t u r a l  a rch  t h a t  i s  

f l anked  by t h e  M i s s i s s i p p i  Embayment on t h e  southwest and t h e  I 1  l i n o i s  Basin 
on t h e  nor theas t .  Th i s  arch has been g r e a t l y  broken by l a t e r  nor theas t -  
t r e n d i n g  b lock f a u l t s ,  but i t s  o v e r a l l  form i s  apparent on geo log i c  maps 
( f i g .  34).  The a rch  cu lminates i n  Hicks Dome, a  nea r l y  c i r c u l a r  u p l i f t  10 
m i l e s  across having 4,000 f e e t  o f  u p l i f t ,  i n  Hard in  and eas te rn  Pope Counties, 
I 1  l i n o i s .  M idd le  Devonian 1  imestone crops ou t  a t  t h e  domal apex and i s  sur-  
rounded by Upper Devonian, M i  s s i  s s i  pp i  an, and Lower Pennsylvanian s t r a t a  on 
t h e  f l anks .  Dips decrease g radua l l y  outward from 20' o r  more near t h e  cen te r  
t o  about 5' on t h e  ou te r  edges o f  t h e  s t r u c t u r e .  

Many d ia t remes (exp los ion  b recc ias )  occur i n  t h e  v i c i n i t y  o f  H icks  Dome. They 
t a k e  t h e  form o f  v e r t i c a l  o r  s t eep l y  d i pp ing  pipes, d ike1 i k e  bodies and small 
s tocks up t o  about 1,000 f e e t  i n  diameter;  they  a re  composed o f  f ragments o f  
sedimentary and igneous rocks, and sometimes c r y s t a l  s  o f  hornbl  ende and b i  o- 
t i  t e ,  i n  a groundmass o f  p u l v e r i z e d  rock t h a t  may be rep laced by carbonate o r  
m inera l  i zed w i t h  f l  u o r i  t e  and metal sul  ph ides o r  sul phates (Grogan and 
Bradbury, 1967). One o f  t h e  1  a rges t  d ia t remes was encountered i n  a  we1 1  
d r i l l e d  i n  1952 a t  t h e  apex o f  Hicks Dome, S idewa l l  cores o f  b recc ia  were 
ob ta ined  from depths around 2,000 f e e t ,  a t  t h e  expected p o s i t i o n  o f  t h e  S t ,  
Pe te r  Sandstone. Core sampl es emi t ted  unusual 1  y  h i gh  r a d i o a c t i v i t y  and were 
h e a v i l y  m inera l  i z e d  w i t h  f l u o r i t e ,  a p a t i t e ,  metal  su l  phides, and o t h e r  
m i n e r a l s  (Brown, Emery and Meyer, 1954). 

The presence o f  these  d ia t remes has l e d  most researchers t o  a t t r i b u t e  H i cks  
Dome and t h e  l a r g e r  arch t o  var ious  forms o f  igneous a c t i v i t y .  We l le r  e t  a l e  
(1920) be1 ieved  t h a t  i n t r u s i o n  o f  magma a t  depth produced t h e  up1 i f t ;  subse- 
quent shr inkage o r  p a r t i a l  w i thdrawal  o f  magma l e d  t o  co l l apse  o f  p a r t s  o f  t h e  
dome. C u r r i e r  (1944) c a l l e d  t h e  i n t r u s i o n  l a c c o l i t h i c .  Brown e t  a l .  (1954) 
proposed crypto-expl  os i  ve o r i  g i  n: i n t r u d i  ng magma, encounter i  ng and vapor- 
i z i  ng groundwater, caused subterranean exp los ions  o f  steam; t h e  r e s u l  t i  ng 
vo ids  were propped open w i t h  m ix tu res  o f  r ubb le  and igneous m a t e r i a l ,  Hey1 e t  
a l e  (1965) and Trace (1974) concur w i t h  t h i s  theory .  An aeromagnetic survey 
by McGi nn i  s  and Bradbury (1964) showed no magneti c  anomaly under Hicks Dome; 
t h i s  was taken as evidence aga ins t  a l a c c o l i t h i c  body a t  depth, and i n  f a v o r  
o f  c ryp to -vo l  cani  c  o r i g i n  f o r  t h e  up1 i ft. 

I n  recen t  years  many " c r y p  o-explos ive"  f ea tu res  i n  t h e  Un i ted  S ta tes  have 
been r e i n t e r p r e t e d  as s i t e  o f  meteor i  t i c  impacts, Some geol og i  s t s  have sug- 
ested (appa ren t l y  no t  i n  p r i n t )  t h a t  Hicks Dome, a1 so, may be an astrobleme. 
snce ivab ly  an as e ro id - s i zed  body might  have slammed i n t o  t h e  ear th ,  break ing 

t h e  c r u s t  c l e a r  t rough t o  t h e  mant le  and a l l o w i n g  igneous i n t r u s i o n ;  t h e  



rebound o f  t h e  impact area might  have created t h e  dome. However, no f i e l d  
evidence, such as s h a t t e r  cones o r  h igh-pressure minera ls ,  ever have been 
produced t o  support  an impact theory  f o r  Hicks Dome. We cons ider  t h e  
m e t e o r i t i c  hypothes is  u n l i k e l y  and be1 i e v e  t h a t  c ryp to -vo l  can i c  a c t i v i t y  
o f f e r s  t h e  most reasonabl e  expl ana t i  on f o r  Hi cks Dome. 

oncentric an t s .  Many f a u l t s  concen t r i c  and r a d i a l  t o  Hicks Dome 
have been mapped by Baxter  and Desborough (1965) and Baxter,  Desborough, and 
Shaw (1967). Concent r i c  f a u l t s  enc i  r c l  e  t h e  up1 i f t  from t h e  south-southwest 
c l  ockwi se t o  t h e  east -nor theast  They a re  concentrated p r i m a r i  l y  i n  t h e  
ou t c rop  be1 t o f  lower  Chester ian rocks 3 t o  4 m i l e s  ou t  from t h e  cen te r  o f  t h e  
dome. Rad ia t i ng  f a u l t s  a re  most prominent i n  t h e  same zone, e s p e c i a l l y  t o  t h e  
nor theas t ,  nor thwest ,  west, and southwest o f  t h e  apex o f  Hicks Dome. Complex 
n o r t h e a s t - t r e n d i  ng f a d  t i  ng obscures t h e  r a d i  a1 and concent r i  c  f r a c t u r e s  
southeast o f  t h e  domal c res t .  

Few s t r u c t u r a l  d e t a i l s  o f  these f a u l t s  have been publ ished.  L i k e  t h e  g rea t  
m a j o r i t y  o f  f r a c t u r e s  i n  t h e  FAFC, r a d i a l  and concen t r i c  f a u l t s  appear t o  be 
v e r t i  ca l  o r  s t eep l y  d i  pp i  ng. Most concen t r i  c  f a u l t s  a re  downthrown away from 
t h e  cen te r  o f  Hicks Dome, but  one, t h e  Hamp F a u l t  nor theas t  o f  t h e  ax i s ,  
e x h i b i t s  reversa l  o f  th row ( ~ a x t e r  and Desborough, 1965). Radia l  f a u l t s  may 
be downthrown on e i t h e r  t h e  r i g h t  o r  t h e  l e f t  s i de  as viewed from t h e  apex o f  
Hicks Dome. D i  sp l  acements vary from a  few tens  o f  f e e t  t o  a  maximum o f  about 
500 f e e t ;  most f a l l  near t h e  low end o f  t h i s  range. 

These f a u l t s  c l  e a r l y  developed contemporaneously w i t h  Hicks Dome. Most 
probably  a re  t ens iona l  f ea tu res  c rea ted  d u r i n g  up1 i ft, but some may have 
developed l a t e r  because o f  l o c a l  subsidence o r  co l l apse  o f  p o r t i o n s  o f  t h e  
dome. 

Dikes o f  mica p e r i d o t i t e  and lamprophyre a re  common along 
t h e  nor thwes t - t rend ing  arch t h a t  t r a n s e c t s  t h e  f l  uorspar  d i s t r i c t .  Along w i t h  
t h e  d i k e s  a re  exp los ion  b recc ias  (a l r eady  descr ibed)  on H icks  Dome. 

F i g u r e  35 shows t h a t  d i kes  l i e  along a  nor th -nor thwes t - t rend ing  b e l t  approx i -  
mate ly  55 m i l e s  l ong  and up t o  15 m i l e s  wide. The Hicks Dome 1  i e s  near t h e  
cen te r  o f  t h i s  zone; d i kes  i n  t h e  Cottage Grove F a u l t  System (CGFS) make up t h e  
nor thwestern p o r t i o n  and i n t r u s i o n s  i n  C r i  t tendon, L i v i ngs ton ,  and Caldwel l  
Count ies,  Kentucky c o n s t i t u t e  t h e  southeastern p o r t i o n .  I n d i v i d u a l  d i kes  
t r e n d  subpara l l  e l  t o  t h e  zone as a  whole w i t h  one except ion--a nor theas t -  
s t r i k i n g  d i k e  near t h e  core o f  Hicks Dome. As a1 ready noted, d i kes  i n  t h e  
CGFS form a  splayed, fan1 i k e  pa t t e rn ;  a  s i m i l  a r  d ivergence o f  t r e n d  i s  shown 
southeast o f  Hicks Dome. I n  o the r  words, t h e  d i kes  r a d i a t e  from Hicks Dome 
and a re  concentrated a1 ong a  nor th -nor thwes t - t rend i  ng ax i  s. 

D ikes i n  t h e  f l u o r s p a r  d i s t r i c t  occupy nor th -  t o  nor thwes t - t rend ing ,  
v e r t i c a l l y  d i pp ing ,  c lean-cut  f a u l t s .  S t r i  ke -s l  i p  movement i s  i n d i c a t e d  by 
h o r i z o n t a l  s l  i ckensides and absence o f  s i g n i f i  can t  v e r t i c a l  o f f s e t ,  and by t h e  
p lanar  n a t u r e  o f  t h e  f a u l t s ,  c o n t r a s t i n g  w i t h  t h e  cu rva tu re  t y p i c a l  o f  
no r t heas t - t r end i  ng f r a c t u r e s  i n  t h e  FAFC. Dikes and s t r i  ke -s l  i p  f a u l  t s  a re  
o f f s e t  by (and t h e r e f o r e  a re  o l d e r  than)  t h e  no r theas t - t r end ing  f a u l t s .  The 
i n t r u s i o n s  have been dated rad iome t r i ca l  l y  as e a r l y  Permian, so t h e  nor theas t -  
t r e n d i n g  f a u l t s  must have been a c t i v e  a f t e r  e a r l y  Permian t ime. 
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FIGURE 35. Igneous intrusions and diatremes in Illinois-Kentucky fluorspar district (modified from von Fresc, Hinze, and 
Braile, 1980). 



. Northwest- t rending f a u l t s  o f  t h e  FAFC have 
a t t r a c t e d  q rea t  economi c  i n t e r e s t  because o f  t h e i  r ve i  n  deposi t s  o f  f l  uorspar  
and o t h e r  i a l u a b l e  minera ls ;  accord ing ly ,  these f a u l t s  have been s tud ied  i n  
g rea t  d e t a i l .  Ex tens ive  sur face  mapping, exposures i n  dozens o f  underground 
mines, and c l  osely-spaced expl  o r a t o r y  d r i  11 i ng have y i e l d e d  a  wea l th  o f  da ta  
on t h e  FAFC. More i s  known about s t r u c t u r a l  d e t a i l s  o f  these f a u l t s  than  
about any o the r  f a u l t  system descr ibed i n  t h i s  r e p o r t .  

Nor theas t - t rend ing  f r ac tu res  con t inue  we l l  beyond t h e  boundaries o f  t h e  ac tua l  
f l uo rspa r -p roduc ing  r e g i o n  ( f i g .  34) .  On t h e  n o r t h  most f a u l t s  d i e  ou t  on t h e  
south f l a n k  o f  t h e  Eagle Va l l ey  Sync l ine,  but a t  l e a s t  one f a u l t  i n  t h e  
G r i n d s t a f f  F a u l t  Zone may reach t h e  Shawneetown F a u l t  Zone. Southward, t h e  
f a u l t s  d i  sappear beneath Cretaceous and T e r t i  a ry  depos i t s  o f  t h e  M i  s s i  s s i  pp i  
Embayment. In tense  f a u l  ti ng i s bounded westward by t h e  Shawneetown F a u l t  Zone 
and i t s  southwestward ex tens i  on, t h e  Lusk Creek F a u l t  Zone; however, severa l  
impor tan t  no r t heas t - t r end i  ng f r a c t u r e  zones, i nc l  ud i  ny t h e  McCormi ck and New 
Burns ide Fau l ts ,  l i e  beyond. Eastward, t h e  l i m i t s  a re  even l e s s  d e f i n i t e ,  as 
n o r t h e a s t - s t r i  k i  ng f a u l t s  o f  t h e  FAFC curve eastward and merge w i t h  t h e  
Pennyr i  1  e  F a u l t  System and assoc ia ted f a u l t s .  

e  emphasize t h a t  no c l e a r  demarcat ion e x i s t s  between t h e  FAFC and t h e  south- 
wes t - t rend ing  p o r t i o n  o f  t h e  Shawneetown Faul t Zone (SFZ For  purposes of 
nomenclature, t h e  SFZ ends i n  t h e  S 1 /2  Sec t i on  25, T. 1 S o ,  R. 6 E . ,  Pope 
County, where i t  merges w i t h  t h e  Herod F a u l t  Zone. The southwestward con t i nu -  
a t i o n  o f  t h e  combined Shawneetown-Herod F a u l t  Zone i s  c a l l e d  t he  Lusk Creek F a u l t  
Zone ( ~ a x t e r ,  Desborough, and Shaw, 1967). De ta i  1  ed mapping (K l  asner, 1982) shows 
t h a t  t h e  southernmost t i p s  o f  t h e  SFZ curve as they  connect w i t h  t h e  Lusk 
Creek F a u l t  Zone. The i n t e r s e c t i n g  f a u l t s  have s i m i l a r  magnitude o f  d isp lace-  
ment and s t r u c t u r a l  s t y l e .  No i n d i c a t i o n  e x i s t s  t h a t  one system o f f s e t s  t h e  
o ther ,  as would be expected were t h e  SFZ and FAFC o f  d i f f e r e n t  ages and s t r e s s  
regimes. 

I n  shor t ,  t h e  SFZ and t h e  no r theas t - t r end ing  f a u l t s  o f  t h e  FAFC grade i n t o  
each o t h e r  i n  a manner s t r o n g l y  suggest ing t h a t  t hey  developed i n  t h e  same 
ac t i on .  

The t r a n s i t i o n  between t h e  FAFC and t h e  Penny r i l e  F a u l t  System i s  even more 
gradual,  t a k i n g  p l ace  by g e n t l e  eastward cu rva tu re  o f  f a u l t s  f rom nor th -  
e a s t e r l y  t o  e a s t e r l y  headings over most o f  C r i t t enden  County ( f i g .  34). The 
Kentucky s t a t e  geo log i c  map o f  McDowell, Grabowski, and Moore (1981) shows 
t h i s  r e l a t i o n s h i p  c l e a r l y .  The P e n n y r i l e  F a u l t  System i s  a  broad zone o f  
subpa ra l l  e l  h igh-angl  e  f a u l t s ,  for tni  ng a  bra ided p a t t e r n  and o v e r l y i n g  t h e  
southern edge o f  t h e  bur ied  Rough Creek Graben. 

Therefore,  one can view t h e  FAFC as forming an o b l i q u e  connect ion between t h e  
Rough Creek-Shawneetown F a u l t  System and t h e  P e n n y r i l e  F a u l t  System--the two 
s ides  o f  t h e  Rough Creek Graben. 

ts 
FAFC f a u l t s  a re  high-angle:  t h e  vast  m a j o r i t y  o f  them are  i n c l i n e d  more than  
70' and many a re  essen t i  a1 l y  v e r t i c a l  (We1 1  e r  e t  a1 . , 1920; Baxter,  Desborough 
and Shaw, 1967; Trace, 1974; Hook, 1974). A  few f a u l t s  d i p  as g e n t l y  as 45'; 
most o f  these a re  small f a u l t s  a n t i t h e t i c  t o  ad jacent  l a r g e r  h igh-angle f a u l t s  



FIGURE 36. Plunging slickensides and mullion (parallel with 6-ft ruler) on hanging wall of West Vein in underground fluorspar 
mine of the Ozark-Mahoning Company. Attitude of slickensides i s  consistent throughout the mine and signifies oblique slip 
movement of the fault. 



(We l l e r  e t  al., 1920; Hook, 1974). None o f  t h e  l a r g e  f a u l t s  a re  low- o r  
medium-angle f o r  any s i g n i f i c a n t  d is tance.  As a  r e s u l t ,  cu r va tu re  o f  f a u l t s  
i n  map view gene ra l l y  represents  ac tua l  change i n  heading o f  t h e  f a u l t  r a t h e r  
than  i n t e r a c t i o n  o f  i r r e g u l  a r  topography w i t h  i n c l  i ned f a u l t  sur faces.  

With few except ions t h e  f a u l t s  a re  descr ibed as normal. We l le r  e t  a l .  (1920) 
c i t e d  t h e  Shawneetown F a u l t  Zone (southwestern t e rm i  nus) and t h e  connect ing 
Lusk Creek F a u l t  Zone, and poss ib l y  o thers  as h igh-angle reverse f a u l  t s .  
We1 1  e r  e t  a1 . (1952) ca re fu l  l y  examined t h e  Lusk Creek F a u l t  Zone and found i t  
t o  be an exceeding ly  complex zone o f  normal and reverse f a u l t s ,  most o f  which 
d i p  southeastward, The o v e r a l l  downthrow i s  t o  t h e  southeast and most o f  t h e  
s t r a t a  i n  t h e  narrow f a u l t  s l  i c e s  d i p  i n  t h e  same d i r e c t i o n .  The Hoy th ie f  
Creek and I l l i n o i s  Furnace Fau l ts ,  southeast o f  Hicks Dome, a l s o  a re  thought  I 
t o  i n c l u d e  reverse  f r a c t u r e s  (We l l e r  e t  a1 . , 1952), but no d e t a i l s  a re  a v a i l -  
able. 

Many f a u l t s  show evidence o f  s t r i k e - s l  i p  o r  obl  ique-s l  i p mot ion. The Hi1 1  s i d e  
F a u l t  near Rosi c l  a re  has grooves and s l  i ckensides p lung ing  20' t o  30O south- 
ward, i n d i c a t i n g  a  combinat ion o f  normal and l e f t - 1  a t e r a l  s l  i p. S t r i a t i o n s  on 
t h e  nearby Daisy F a u l t  p i t c h  a t  angles va ry i ng  from 10' t o  t h e  south t o  $0' t o  
t h e  nor th ;  movements must have d i f f e r e d  i n  d i r e c t i o n  a t  d i f f e r e n t  t imes 
(Bas t in ,  1931). Ho r i zon ta l  s l  i ckensides and t e n s i o n  f r a c t u r e s  i n d i c a t i v e  o f  
l e f t - l a t e r a l  movement were observed i n  t h e  Gaskins Mine west o f  Hicks Dome 
(Hook, 1974), and on t h e  West Vein i n  Sec t ion  28, T. l Z S . ,  R e  7E., Pope 
County, we found mu1 1  i o n  and s l  i ckens ides  consi s t e n t l y  p i t c h i n g  38' t o  52' 
nor theas t ,  t e s t i f y i n g  t o  combined normal and r i g h t - l a t e r a l  o f f s e t  ( f i g .  36). 
S l  i ckensides on t h e  adjacent,  para1 1  e l  Ba rne t t  Vein p o i n t  t o  r i g h t - 1  a t e r a l  and 
normal movement on t h a t  f a u l t  (Robert  D i  f fenbach, Ozark-Mahoni ng Co., personal 
communi ca t i on ,  1983). 

Geol og i  s t  s  have debated t h e  re1 a t i  ve importance o f  h o r i  zon ta l  and v e r t i  c a l  
d isplacement i n  t h e  FAFC. Hook (1974) est imated t h a t  t h e  cumula t i ve  heave 
components o f  no r t heas t - t r end i  ng normal f a u l t s  i s approx imate ly  5,000 f e e t .  
That t r a n s l a t e s  t o  rough ly  one m i l e  o f  h o r i z o n t a l  s t r e t c h i n g .  Reverse heave 
p robab ly  i s  not  more than a  few hundred f ee t .  S t r i  ke-s l  i p  rnovments never have 
been q u a n t i f i e d ;  such c a l c u l a t i o n s  would be d i f f i c u l t  t o  ob ta in .  I n  t h e  
examples c i t e d  above, t h e  h o r i z o n t a l  components a re  on t h e  o rde r  o f  a  hundred 
f ee t ,  and t h e  d i r e c t i o n s  o f  o f f s e t  a re  i nconsi s t en t ,  Ex tens ive  d e t a i l e d  
su r f ace  mappi ng has f a i  1  ed t o  d i  s c l  ose any 1  arge-scal  e  1  a t e r a l  o f f s e t t i  ny o f  
s t r a t i g r a p h i c  hor i zons  o r  igneous d i k e s  (which, as noted above, a r e  o l d e r  t han  
n o r t h e a s t - s t r i  k i  ng f a u l t s )  . Accord ing ly ,  we concur w i t h  Hook (1974) t h a t  
wrencho f a u l t i n g  i s  subord ina te  t o  d i  p-s l  i p normal f a u l t i n g  i n  t h e  FAFC. 

Measured normal d i  sp l  acements o f  no r t heas t - t r end i  ng f a d  t s  range from inches 
t o  severa l  thousand f e e t ,  bu t  most f a u l t s  have severa l  t ens  t o  about 1000 f e e t  
o f  throw. The l a r g e s t  known o f f s e t  occurs i n  t h e  southeast corner  o f  t h e  
Srnithl and Quadrangle, Kentucky, where Ft.  Payne and Caseyv i l  l e  Format ions a r e  
juxtaposed, i nd i  c a t i  ng d i  sp l  acement o f  2,400 t o  3,000 f e e t  (Amos, 1967). 

Complex h o r s t s  and grabens c h a r a c t e r i z e  t h e  FAFC. Many f a u l t  zones a re  broad 
and i n t r i  cate,  composed o f  numerous s tep f a u l  t s  and/or a n t i  t h e t i  c  f a u l t s  
bounded by master f a u l t s  o f  l a r g e  d i s p l  acement. F a u l t  s l i c e s  may be t i l t e d ;  
drag i s  we1 1  -devel  oped. Many s l  i ces a re  broken by c ross- fau l  t s  (Hook, 1974). 
Some f a u l t s  have sharp ly  de f i ned  planes, but wide zones o f  gouge and b recc ia  



a r e  t h e  r u l e ,  I n  r e l a t i o n  t o  t h e  amount o f  displacement,  t h e  amount o f  
b r e c c i a  i s  q u i t e  1  arge. 

Because minera l  depos i t s  o f  t h e  f l  uorspar  d i  s t r i c t  a re  s t r u c t u r a l l y  con- 
t r o l  1  ed, t h e i r  s tudy i s  impor tan t  i n  unravel  i ng t h e  r e g i o n ' s  complex t e c t o n i c  
h i  s t o r y .  

Most o re  bodies a re  c l  ass i  f i e d  as ve in  depos i ts :  f i  s s u r e - f i l l  i n g s  and 
replacement of b recc ia  and/or wa l l  rock a long f a u l t s .  Most ve ins  t r e n d  no r th -  
eastward, but some s t r i k e  northward t o  northwestward; they  range from a  h a i r -  
l i n e  t o  n e a r l y  40 f e e t  wide and a re  hundreds t o  more t han  1000 f e e t  long.  
A l though minable depos i t s  a re  concentrated i n  p laces where one o r  both wa l l  s  
o f  t h e  f a u l t  a re  upper Valmeyeran o r  lower  Chester ian sandstones and l ime-  
stones, m inera l  showings e x i s t  i n  rocks as o l d  as Ordov ic ian  and as young as 
Pennsylvanian. F a u l t s  o f  moderate d i  sp l  acement (50 t o  500 f e e t )  general  l y  
bear t h e  w ides t  v e i  ns. 

I n  approximate descending o rder  o f  abundance, m ine ra l s  i n  v e i n  depos i t s  
i n c l u d e  c a l c i t e ,  f l u o r i t e ,  quar tz ,  ga l  ena, sphal e r i  t e ,  f e r r o a n  do lomi te ,  
p y r i t e ,  marcasi t e ,  b a r i t e ,  chal copy r i  t e ,  and others ;  some ve ins  a1 so con ta in  
o i l  o r  bitumen. The paragenesis v a r i e s  from v e i n  t o  ve in ,  but most c a l c i t e  i s  
an e a r l y  depos i t ,  and f l u o r i t e  i s  p a r t l y  contemporaneous and p a r t l y  l a t e r  than 
ca l  c i t e .  Metal  s u l  ph ides 1  a rge l y  pos tda te  f l u o r i d e  and t y p i c a l l y  occur i n 
narrow f i s s u r e s  near t h e  cen te rs  o f  veins;  b a r i t e  i s  younger y e t .  Some ca l -  
c i t e  and some p u r p l e  f l u o r i t e  a re  l a t e  v e i  n - f i l l  i n g s  t h a t  coa t  o l d e r  c r y s t a l s  
i n  vugs (Bas t in ,  1931; Trace, 1974). 

The ve ins  developed as m ine ra l s  f i l l e d  i n  open f i s s u r e s  and c a v i t i e s  a long 
f a u l t s ,  o r  rep laced l imes tone  i n  t h e  f a u l t  zone. Brecc ia ted  l imes tone  was 
r e a d i l y  r e p l  aced and, a1 though most ve ins  have sharp boundaries, w a l l  rock i s  
1  oca l  1  y m i  ne ra l  i zed. Evidence o f  r e p l  acement i nc l  udes banded o r e  ( a1 t e r n a t i  ng 
l a y e r s  o f  c a l c i t e  and f l u o r i t e ) ,  ragged remnants o f  l imes tone  i n  veins,  and 
re1  i c t  s t r u c t u r e s  such as s ty1  01 i t e s  ( B a s t i  n, 1 9 3 l ) ,  oo l  i tes ,  and f o s s i l  s  
(Trace, 1974) p a r t i  a1 l y  r e p l  aced by minera l  s. 

Most g e o l o g i s t s  be1 i e v e  t h a t  t h e  depos i t s  a re  ep igene t i c ,  t h e  o r e  elements 
hav ing been c a r r i e d  upward along t h e  f a u l t s  i n  s o l u t i o n  by water heated by 
deep-seated igneous a c t i v i t y  (Trace,1974). F a u l t s  o f  moderate d i  sp l  acement i n  
hard, competent rocks have t h e  widest  ve ins  because such f a u l t s  had t h e  most 
and t h e  w ides t  f i s s u r e s .  Small f a u l t s  had no o r  narrow openings, w h i l e  1  arge 
f a u l  t s - - o r  f a u l t s  c u t t i  ng shal es and o the r  weak rocks--became choked w i t h  
gouge (We1 1  e r  e t  a1 ., 1952). The S t .  Loui  s-Bethel i n t e r v a l  was t h e  h i ghes t  
zone su i  tab1 e  f o r  1  arge-scal  e  m i  ne ra l  i z a t i  on. However, deposi t s  o f  moderate 
s i z e  have been found enclosed by rocks o f  m idd le  Chester ian age w i t h  l i t t l e  
i n d i  c a t i  on o f  m inera l  i z a t i  on a t  lower  s t r a t i g r a p h i c  l e v e l  s. 

The age o f  t h e  o res  i s  prob lemat ic .  C l e a r l y  they  pos tda te  major  movements on 
t h e  host  f a u l t s ,  which d i s p l a c e  and hence pos tda te  igneous d i kes  t h a t  have 
been dated as e a r l y  Permian, Most g e o l o g i s t s  assume t h a t  t h e  m ine ra l s  a r e  
pre-Cretaceous, but sol  i d  evidence i s  1  ack i  ng: Hey1 and Brock (1961) repor ted  
a  lead-a1 pha age o f  90 t o  100 m i l l  i o n  years  (Cretaceous) on monazi te f rom 



Hicks Dome, but t h i s  age i s  ques t ionab le  (Trace, 1974). No m i n e r a l i z a t i o n  has 
been i d e n t i  f i  ed i n  Cretaceous rocks i n  t h e  M i  s s i  s s i  pp i  Embayment. 

Some minera l  ve ins  a re  o f f s e t  by f a u l t s ,  i n d i c a t i n g  t h a t  t e c t o n i c  movements 
cont inued i n  some cases a f t e r  m inera l  i za t i on .  

Besides ve in  deposi ts ,  bedded rep l  acement and minor  r es i dua l  ores have been 
mined i n  t h e  f l  urospar  d i  s t r i c t .  Bedded r e p l  acement o r  s t r a t i  form 
deposi ts- - found mos t l y  i n  t h e  upper Ste. Genevieve, Renault ,  and Downeys B l u f f  
Limestones--are assoc ia ted  w i t h  nor thwes t - t rend i  ng f r a c t u r e  zones o r  smal l  
f a u l t s  t h a t  apparen t l y  acted as feeders. "Hybr id"  v e i n - s t r a t i  form depos i t s  
a1 so occur (We1 1 e r  e t  a1 . , 1952), suggest ing t h a t  r e p l  acement occurred i n  t h e  
same episode du r i ng  which t h e  ve in  o re  bodies developed. Residual  ( g r a v e l )  
ores consi  s t  o f  f l  uorspar  and o t h e r  m inera l  s  se l  e c t i v e l y  concentrated by 
weather ing near t h e  sur face  above v e i n  o r  bedded- replacement depos i ts .  

The f o l l o w i n g  s t r u c t u r e s  en te r  o r  approach our area o f  d e t a i l e d  study. 

l'c s. Northwest o f  and t r e n d i n g  p a r a l l e l  
w i t h  t h e  Lusk Creek and Shawneetown F a u l t  Zones a re  t h e  McCormick and New 
Burns ide F a u l t  Zones ( f i g .  37). Formerly c a l l  ed a n t i c l i n e s ,  these s t r u c t u r e s  
a c t u a l l y  a re  compl ex f a u l t  zones, as shown by recen t  d e t a i l e d  mapping 
(Jacobson and Trask, 1983). They extend from southeastern S a l i n e  County i n t o  
nor thwestern Pope and eas te rn  Johnson County, where they  t u r n  southward and 
d i  sappear beneath t h e  M i  s s i  s s i  pp i  Embayment. 

The McCormick F a u l t  Zone reaches t h e  western p a r t  o f  t h e  Rudement Quadrangle 
( p l a t e s  I and 11), where c o a l - t e s t  d r i l l i n g  i n d i c a t e s  a f a u l t  having up t o  65 
f e e t  o f  throw. Southwest o f  t h e  study area h igh-angle f a u l t s  appear i n  
ou tc rops  and can be t r aced  on a e r i a l  photographs. The o v e r a l l  s t r u c t u r e  i s  
e i t h e r  a  f a u l t e d  a n t i c l i n e  o r  a  s e r i e s  o f  t i l t e d  h o r s t s  bounded by sub- 
para1 1 e l ,  n o r t h e a s t - s t r i k i n g  f a u l t s .  S t r a t a  i n  t h e  f a u l  t zone d i p  as s teep l y  
as 5g0 and i n  p laces a re  i n t e n s e l y  f r ac tu red ,  b recc ia ted ,  and s l  i ckens ided  
( P o t t e r ,  1957). 

The main movements took p l  ace i n  post-Atokan (post -Abbot t  Formati on) t ime, but 
P o t t e r  (1957) r e p o r t s  evidence o f  e a r l y  Pennsylvanian a c t i v i t y  i n  t h e  
McCormick F a u l t  Zone. I n  t h e  cu ts  immediately n o r t h  o f  t h e  I l l i n o i s  Centra l  
R a i l  road t unne l  (Sec. 19, T. l l S . ,  R. 5E., Pope County), a  t h i c k  depos i t  o f  
megabrecci a  1  i es beneath t h e  G r i  n d s t a f  f Sandstone Member, The b recc ia  
c o n s i s t s  o f  lenses  and b locks o f  sandstone up t o  100 x  15 f e e t  surrounded by a 
congl omerat i  c  (sha l  e  pebbl es) sandy ma t r i x .  Sandstone b locks con ta in  pr imary 
s t r u c t u r e s  (bedding, r i p p l e  marks, and crossbedding) and de fo rmat iona l  
f ea tu res  ( r o t a t e d ,  i socl  i na l  , and recumbent f o l d s ) ,  The b recc ia  c l e a r l y  
developed p r i o r  t o  l i t h i f i c a t i o n  o f  t h e  sediments, A t  t h e  south end o f  t h e  
tunne l  (Sec. 31, T. I IS. ,  R. 5E) i m b r i c a t e  o v e r t h r u s t s  i n  shale and s i l t s t o n e  
a re  e ros iona l  l y  t r unca ted  beneath crossbedded Caseyvi 11 e sandstone. P o t t e r  
i n f e r r e d  t h a t  i n t e r m i t t e n t  up1 i f t  i n  t h e  McCormi ck F a u l t  Zone t r i g g e r e d  
s l  umpi ng and chao t i  c  1  andsl i d i  ng o f  unconsol i d a t e d  Caseyvi 11 e sediments. 



-- I JOHNSON /I POPE I [ I  

FIGURE 37. McCormick and New Burnside Fault Zones in southeastern Illinois (from Jacobson and Trask, 1983). 
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FIGURE 38. Exposure of New Burnside Fault Zone on highwall of strip mine in southern Saline County, Illinois. Faults displace 
Pennsylvanian bedrock but do not offset bedrock surface or overlying loess. 



The New Burns ide F a u l t  Zone has been exposed by s t r i p  m in ing  a few m i l e s  west 
o f  t h e  Rudement Quadrangle, i n  Sect ions 19, 20, and 30, T. IOS., R e  6E0, 
Sal i n e  County. High-angl e  normal f a u l  t s ,  some having more than 100 f e e t  o f  
throw, o u t l i n e  a complex no r theas t - t r end ing  graben. Prominent s l i c kens ides  
and mu1 1 i o n  on f a u l  t sur faces i nd i  ca te  d i  p -s l  i p movement. The f a u l t s  d i  sp l  ace 
rocks o f  t h e  Spoon Format ion bu t  do no t  a f f e c t  o v e r l y i n g  P l  e i  stocene l o e s s  
( f i g .  38). Fa r the r  t o  t h e  southwest, i n  t h e  Creal Spr ings Quadrangle (no r t h -  
eas te rn  Johnson County) Jacobson and Trask (1983, personal communi c a t i o n )  have 
de l i nea ted  a compl icated p a t t e r n  o f  h igh-angle f a u l t s  ( f i g .  37). The zone 
curves from almost a wes te r l y  heading t o  a  sou the r l y  heading across t h e  
quadrangle; d i p - s l i p  f a u l t s  o u t l i n e  narrow h o r s t s  and grabens o r  a  broken 
arch. O f f s e t t i n g  t h e  d i  p-s l  i p f a u l t s  a re  s t r i  ke-s l  i p f a u l t s  t h a t  t r e n d  normal 
t o  t h e  zone and are marked by h o r i z o n t a l  l y  s l  i ckens ided  wa l l  s  bounding wide 
gouge zones. 

Al though p o s i t i v e  evidence o f  t h e  ages o f  t h e  McCormick and New Burns ide F a u l t  
Zones i s  l ack ing ,  some i n fe rences  can be made. The major  no r t heas t - t r end ing  
f a u l t s  a re  post-Atokan, but P o t t e r ' s  evidence s t r o n g l y  suggests t e c t o n i c  
a c t i v i t y  beginn ing i n  La te  Morrowan t o  Ea r l y  Atokan t ime,  w h i l e  t h e  C a s e y v i l l e  
and Abbott  Formations were being deposi ted. These f a u l t s  a re  o f f s e t ,  and 
c l e a r l y  postdated, by t h e  nor thwes t - t rend i  ng s t r i  ke-s l  i p  f a u l t s .  E l  sewhere i n  
t h e  F luorspar  Complex, nor thwes t - t rend ing  wrench f a u l t s  a re  f i x e d  i n  age as 
pre-Ear ly  Permi an by t h e  encl  osed, r a d i  ometr i  c a l  l y -da ted  igneous i nt rus ions .  
Thus, t h e  normal f a u l t s  a re  probably  E a r l y  t o  La te  Pennsylvanian, and t h e  
s t r i  ke -s l  i p  f a u l t s  La te  Pennsylvanian o r  Ea r l y  Permian. 

This,  i n  t u rn ,  suggests t h r e e  episodes o f  f a u l  t i n g  i n  t h e  F luo rspa r  Area F a u l t  
Complex: (1) nor theas t -  t r e n d i n g  normal f a u l  t s  (Pennsyl vanian)  ; ( 2 )  nor thwest -  
t r e n d i n g  s t r i  ke -s l  i p  f a u l  t s  ( E a r l y  Permian) ; and ( 3 )  renewed no r theas t - t r end ing  
f a u l t i n g  (pos t -Ea r l y  Permian). 

e. F a u l t s  i n  t h e  southeastern p a r t  o f  t h e  Rudement Quadrangle 
( p l a t e s  l a  and 2) belong t o  t h e  Herod F a u l t  Zone, as de f i ned  by Baxter,  
Desborough, and Shaw (1967). Several f a u l t s  a re  exposed on h ighwa l l s  o f  aban- 
doned coal mines; o the rs  a re  de f i ned  by d r i l l i n g  o r  i n f e r r e d  from l ineaments 
on a e r i a l  photographs. The f a u l t s  s t r i k e  N 35' W and form h o r s t s  and grabens. 
High-angle normal f a u l t s  w i t h  throws ranging from inches t o  65 f e e t  a re  seen 
i n t h e  mines. Drag i s i nconspi cuous; s l  i ckensides i nd i  ca te  d i  p -s l  i p movement 
w i t h  l i t t l e  o r  no component o f  s t r i k e - s l i p .  The a f f e c t e d  rocks, o f  t h e  Spoon 
and Carbondale Formations, apparent ly  were f u l l y  1 i t h i  f i e d  when f au l t ed .  No 
i n d i c a t i o n s  o f  o f f s e t  were found i n  o v e r l y i n g  loesses. 

A p o s s i b l e  s t r i k e - s l i p  f a u l t  cu t s  t h e  h ighwa l l  a t  t h e  n o r t h  end o f  Col b e r t  
H i l l ,  NE 114 SE 114 SW 114, Sec t ion  13, T. l o s e ,  R e  7E., Rudement Quadrangle 
( f i g .  39a). I t  t r ends  approx imate ly  N 15' W and has a s l i g h t l y  sinuous, ver-  
t i c a l  gouge zone o f  s o f t  c l ay  up t o  several  inches wide ( f i g .  39b), S t r a t a  
eas t  o f  t h e  f a u l t  a re  downthrown about 2 f ee t ,  Al though no p o s i t i v e  i n d i -  
ca to r s  such as s l i c kens ides  have been found, t h e  l a r g e  amount o f  gouge r e l a -  
t i v e  t o  t h e  s l  i g h t  v e r t i c a l  o f f s e t  suggests h o r i z o n t a l  movement. 

. B u t t s  (1925) mapped t h e  G r i n d s t a f f  F a u l t  as a s i n g l e  
f r a c t u r e ,  but c o a l - t e s t  bor ings  i n d i c a t e  a t  l e a s t  t h r e e  f a u l t s  i n  t h e  south- 



FIGURE 39. Le f t :  Near ly  vert ical  f a u l t  o n  s t r ip  m i n e  h i ghwa l l  a t  n o r t h  e n d  o f  Co lber t  H i l l ,  Rudemen t  Quadrangle.  East ( le f t )  side 
is d o w n t h r o w n  2 o r  3 feet,  b u t  there  are also ind ica t ions  o f  str ike-sl ip movemen t  o n  t h i s  pecul iar f au l t .  A t  t o p  o f  h ighwal l ,  weathered 
shale grades i n t o  residual soil; n o  Pleistocene sediments are present t o  ind ica te  whe the r  o r  n o t  t h i s  fau l t  was act ive i n  Quaternary  
t ime .  R igh t :  Closeup v iew o f  fau l t ,  showing sinuous zone o f  l igh t  gray so f t  c lay  gouge. W i d t h  a n d  s inuos i ty  o f  gouge zone o n  a 
f au l t  o f  so l i t t l e  vert ical  d isp lacement  suggests a str ike-sl ip c o m p o n e n t  o f  movemen t .  



c e n t r a l  Equal i t y  Quadrangle ( p l a t e s  l a  an 2),  Di splacements reach a t  l e a s t  
200 f ee t ,  w i t h  cumul a t i v e  d i  sp l  acement do n t o  t h e  southeast.  The small knob 
o f  Gimlet  Sandstone n o r t h  o f  Leamington (SW 1/4 SE 1/4, Sec. 15, T. 10S., 
R. 8E) occupies a graben bounded on both s ides  by Spoon Formation. These 
f a u l t s  probably  con t inue  i n t o  t h e  wide a1 1 uv ium- f i  11 ed v a l l  ey o f  Hu t t  Creek, 
bu t  d i e  ou t  near t h e  southern edge o f  t h e  quadrangle. Bax te r  and Desborough 
(1965) found no evidence o f  f a u l t i n g  along H u t t  Creek i n  t h e  Karbers Ridge 
Quadrangle south o f  t h e  E q u a l i t y  Quadrangle. Aside from o f f s e t t i n g  o f  ou t -  
crops, t h e  on l y  su r f ace  evidence f o r  t h e  G r i n d s t a f f  F a u l t  Zone i s  i n  l o c a l l y  
c l  osely-spaced v e r t i  ca l  f r a c t u r e s  i n  Abbott  sandstone a1 ony H u t t  Creek. The 
f a u l t s  probably  d i p  s teep ly ,  but whether they a re  reverse  o r  normal i s  
unknown. The G r i n d s t a f f  F a u l t  Zone i s  t h e  o n l y  element o f  t h e  F luo rspa r  Area 
F a u l t  Compl ex t o  c ross  t h e  Eagle Val l ey Sync ine ;  whether i t  i n t e r s e c t s  t h e  
Rough Creek-Shawneetown Faul t System cannot e determined because o f  l a c k  o f  data.  

Le s. Baxter  and Desborough (1965) mapped t h e  northwest-  
t r e n d i n g  Lee F a u l t  i n  t h e  Karbers Ridge Quadrangle. The f a u l t  extends i n t o  
t h e  southwestern corner  o f  t h e  Shawneetown Quadrangle, where t e s t  bor ings  
i n d i c a t e  two f a u l t s  hav ing a few tens  o f  f e e t  o f  o f f s e t .  They cannot be 
f o l l owed  more t han  a m i l e  o r  so i n t o  t h e  quadrangles; e v i d e n t l y  they  d i e  out .  

A no r t heas t - t r end ing  f a u l t ,  w i t h  i t s  nor thwest  s i de  downthrown about 6 f e e t ,  
was encountered underground i n  Peabody Coal Company's Eagle No. 1 Mine 
(abandoned) i n  Sect ions 8 and 9, T. 10S., R. 9E., Shawneetown Quadrangle; t h i s  
f a u l t  i s  i n  l i n e  w i t h  t h e  Lee F a u l t s  but  d i e s  ou t  a t  both ends w i t h i n  t h e  
mine. No o the r  f a u l t s  can be mapped i n  t h e  v i c i n i t y  on t h e  bas is  o f  a v a i l a b l e  
evidence, d e s p i t e  ex tens ive  min ing  and d r i l l i n g .  

Palmer (1976) mapped a f a u l t  p r o j e c t i n g  from t h e  Grove Center (KY)  Quadrangle 
toward t h e  Shawneetown Quadrangle. The f a u l t  apparen t l y  was mapped on t h e  
bas is  o f  subsurface data; i t  runs e n t i  r e l y  beneath Ohio R i ve r  a1 luvium. We 
found no evidence f o r  t h i s  f a u l t  extending i n t o  I l l i n o i s ;  n e i t h e r  could we 
c o n f i  r m  t h e  presence o f  a f a u l t  t h a t  Baxter  e t  a1 . (1963) s owed as p r o j  e c t i  ng 
i n t o  t h e  Shawneetown Quadrangle from t h e  south i n  Sect ions 25 and 26, T. 9S4, 
R. 9E. 

Consider ing t h e  s t r u c t u r a l  compl e x i  t y  o f  t h e  reg ion  and he ambigui ty  of some 
o f  t h e  data,  i t  i s  no t  s u r p r i s i n g  t h a t  g e o l o g i s t s  d isagree  on t h e  o r i g i n  and 
h i  s t o r y  of  t h e  F l  uorspar  Area Faul t 'Complex (FAFC) . No s i  n g l e  t e c t o n i c  ep isode 
cou ld  have formed t h e  myr iad  s t r u c t u r e s  o f  t h e  FAFC. Obvious ly ,  t h e  f l u o r s p a r  
d i  s t r i c t  has been sub jec ted  t o  severa l  d i f f e r e n t  s t r e s s  ds a t  d i f f e r e n t  
t imes. 

The no r theas t - t r end i  ng bl  ock f a u l t s  and t h e  nor thwes t - t rend i  ng u l  t r a m a f i  c 
d i kes  formed under d i f f e r e n t  s t r e s s  regimes and t h e r e f o r e  cannot be contem- 
poraneous, Tensi onal  s t resses  were o r i e n t e d  nor thwest -sout  eas t  f o r  t h e  
f a u l t s ,  and eas t -nor theas t  t o  west-southwest f o r  t h e  d ikes,  The f a u l t s  i n  
most cases d i  sp l  ace and o f f s e t  t h e  d ikes;  t h e r e f o r  a t  l e a s t  some of t h e  
s l  i ppage on t h e  f au l  t s  took p l  ace a f t e r  t h e  magma ad hardened. L i  kewi se, 
n o r t h e a s t - t  r end i  ng f a u l  t s  break Hi cks Dome and t h e  associ  a ted arch. M i  ne ra l  



FIGURE 40. Tectonic events of Late Pennsylvanian-early Permian time. Approximately a mile of horizontal extension in the 
Reelfoot Rift area created northeast-trending normal faults in the Fluorspar Area Fault Complex. This rift was interrupted at the 
northern edge of the Rough Creek Graben; a smalleramount of extension farther northeast formed the Wabash Valley Fault System. 
The relative westward movement, which was greater south of the western part of the Rough Creek line than i t  was north of that 
line, set up a right-lateral stress that produced the Cottage Grove Fault System. A complementary left-lateral system might have 
developed eastward along the Rough Creek line, but no evidence for such a system can be found. If a strike-slip fault developed 
it was obliterated by later up-and-down movement along the Rough Creek-Shawneetown Fault System. 



ve ins  occupy and t h e r e f o r e  must postdate i n i  t i a1 movements on nor theas t -  
t r e n d i n g  f a u l t s .  These observa t ions  have 1  ed most researchers t o  i n f e r  t h e  
f o l l o w i n g  o rder  o f  events:  

1. Igneous a c t i v i t y  (dated as e a r l y  Permian): i n t r u s i v e  and crypto-  
exp los i ve  events form arch and Hicks Dome and assoc ia ted  f a u l t s ,  

2. No r theas t - t r end i  ng bl ock f a u l t s  devel ope 
3, M i n e r a l i z a t i o n . -  

A l though t h i s  proposed sequence f i t s  t h e  f a c t s  i n  t h e  f l u o r s p a r  d i s t r i c t ,  i t  
c o n f l i c t s  w i t h  some o f  our f i n d i n g s  i n  ad jacent  areas. We have shown t h a t  t h e  
Cottage Grove and Wabash Val 1 ey F a u l t  Systems formed simul taneousl  y i n  a  
comrnon s t r e s s  f i e l d ,  and t h a t  both f a u l t  systems con ta in  e a r l y  Permian i n t r u -  
s ions.  Therefore,  accord ing  t o  t h i s  sequence, t h e  Cottage Grove Faul t System and 
t he  Wabash V a l l e y  F a d  t System a re  o l d e r  than  t he  n o r t h e a s t - t r e n d i n g  FAFC f a u l t s .  
But  t h i s  assumption leads t o  a  mechanical c o n t r a d i c t i o n .  The Wabash V a l l e y  F a u l t  
System i s  a  t ens iona l  o r  r ift zone; t h e  mass o f  r ock  e a s t  o f  t h e  system moved 
eastward and t h e  western mass moved westward. Yet t h e  Cottage Grove F a u l t  System 
i s  a  r i g h t  l a t e r a l  wrench: t h e  b l ock  n o r t h  o f  t h e  zone moved eastward r e l a t i v e  
t o  t h e  south b lock .  How c o u l d  t h e  same b lock  move eastward and westward a t  
t h e  same t ime?  

R i f t i n g  i n  t h e  Ree l f oo t  Graben p rov ides  a  s o l u t i o n .  Suppose t h a t  no r t heas t -  
t r e n d i n g  t ens iona l  f a u l t s  were fo rming  i n  t h e  FAFC a t  t h e  same t ime  t h e  Wabash Val -  
l e y  F a u l t  System were develop ing.  Suppose t h a t  t he  FAFC were r i f t i n g  a p a r t  f a s t e r  
than t h e  Wabash V a l l e y  F a u l t  System ( t h i s  f i t s  t h e  f a c t s :  t h e  FAFC shows about  
5000 f e e t  o f  h o r i z o n t a l  extens ion,  t h e  WVFS l e s s  than  1000 f e e t ) .  So t h e  b l o c k  
west o f  t h e  FAFC moved 4000 f e e t  (more o r  l e s s )  f a r t h e r  west than  t h e  b l ock  west 
o f  t h e  WVFS. Th i s  d i f f e r e n t i a l  movement cou ld  have been re l eased  on t h e  Cottage 
Grove F a u l t  System, as r i g h t - l a t e r a l  s l i p  ( f i g .  40). 

~ u t  how can t h e  no r theas t - t r end ing  FAFC f a u l t s  be o l d e r  than  H icks  Dome and 
t h e  igneous d ikes ,  which t hey  o f f s e t ?  E a s i l y  enough, i f  they  a re  bo th  o l d e r  
and younger. F i r s t  t h e  normal f a u l t s  formed, a long w i t h  t h e  Cottage Grove Faul t 
System and Wabash V a l l e y  F a u l t  System, i n  l a t e  Pennsylvanian t ime.  Then, i n  
t he  e a r l y  Permian, t h e  s t r e s s  f i e l d  r o t a t e d  and magma was i n j e c t e d  a long  n o r t h -  
wes t - t rend ing  f a u l t s  and f r a c t u r e s .  L a t e r  t h e  no r theas t - t r end ing  f a u l t s  under- 
went renewed movement, d i s p l a c i n g  t h e  d ikes .  (Some p o s t i n t r u s i v e  movement took  
p l ace  i n  t h e  Cottage Grove F a u l t  System as we1 I .  ) Th i s  second s tage o f  a c t i v i t y  
i n  t h e  FAFC took p l ace  i n  response to ,  o r  as p a r t  o f  t h e  same a c t i o n  as, t h e  
major  v e r t i c a l  d isplacements a long  t h e  Rough Creek-Shawneetown F a u l t  System. The 
no r theas t - t r end ing  f a u l t s  o f  t h e  FAFC show p l e n t y  o f  evidence o f  r e c u r r e n t  move- 
ments. The wide sha t t e red  b recc ia  zones, t h e  reve rse  f a u l t s  i n t e r s p e r s e d  w i t h  
normal f a u l  t s ,  t h e  t i 1  t e d  b locks ,  t h e  s t r i  ke -s l  i p  and ob l  i que -s l  i p  f a u l t s ,  a l l  
t e s t i f y  t o  mu1 t i p l e  episodes o f  movement i n  t he  FAFC. 

We propose t he  f o l l o w i n g  sequence o f  events i n  the  F luo rspa r  Area F a u l t  Complex: 



aneous w i t h  ( 3 ) .  

Jacobson and T rask ' s  ew Burns ide 
s t r u c t u r e s  1  end addi t 

Tec ton i  sm i n  t h  
may have c o n t i n  
(Amos, I W 4 ) ,  C 
and Wol fe,  1966 
(upper  Cretaceo 
Cretaceous Tusc 
m a t e r i a l s  on bo 
t han  I00 f e e t  o  
exami ned subsur 
t h i c k e n i n g  o f  M 
Cretaceous and 
offset  terraces -I 

Kol a t a  , Treworgy , an 
i n f o rma t i on ,  i n c l u d i  
Ross, f i n d i n g  n  
buted t o  t e c t o n  
d i  s tu rbed  T e r t i  
concl  u s i v e  e v i d  
by stream-bank f a i l u r e ,  c 
and s i m i l a r  non-sei smic c 

A l though severa l  autho 
t h i s  day i n  t h e  FAFC, 
statements,  No f a u l  t s  
been repo r t ed ;  t e r r a c e s  
be a t t r i b u t e d  t o  e a r t h  
t h e  f l  uorspar  reg ion ,  
a r e  no more concen t ra t  
western Kentucky, 

One o f  t h e  o r i g i n a l  
F l uo rspa r  Area and 
f i ndi ngs i nd i  c a t e  t h a t  



As noted p rev ious l y ,  most o f  t h e  Wabash Val1 ey f a u l t s  do no t  reach t h e  Rough 
Creek-Shawneetown F a u l t  System. The few t h a t  do i n t e r s e c t  t h e  RC-SFS d e f i n -  
i t e l y  do not  extend south o f  t h e  f r o n t  f a u l t .  S i m i l a r l y ,  most o f  t h e  F luor -  
spar Complex f a u l t s  do no t  cross t h e  a x i s  o f  t h e  Eagle Val l e y  Syncl ine.  I n  
I 1  1  i n o i  s, on l y  t h e  G r i n d s t a f f  F a u l t  Zone possi  b l  y  extends as f a r  as t h e  
Shawneetown F a u l t  Zone. Palmer (1976) mapped t h r e e  no r theas t - t r end i  ng f a u l t s  
as i n t e r s e c t i n g  t h e  south s i de  o f  t h e  Rough Creek F a u l t  System i n  t h e  Grove 
Center Quadrangle, Kentucky; however, t h e  evidence f o r  these  f a u l t s  i s  
ext remely  s l im.  T h e i r  t r a c e s  a re  e n t i r e l y  beneath Quaternary a l l u v i u m  (one i s  
under t h e  Ohio R i ve r ) ,  and t h e  a v a i l a b l e  subsurface i n f o r m a t i o n  i s  very  sparse. 

The Wabash Val 1  ey and F luorspar  Complex f a u l t s  a1 so show d i f f e r e n t  t rends  and 
s t r u c t u r a l  s t y1  es. The former mos t l y  s t r i k e  n o r t h  t o  nor th -nor theas t  and a r e  
simp1 e  normal f a u l  t s ,  whi 1  e  t h e  1  a t t e r  s t  r i  ke  consi  s t e n t l y  nor theas t  and show 
evidence o f  normal , reverse, and s t r i  ke-s l  i p movement. 

East  o f  Sebree, Kentucky, severa l  s e t s  o f  no r t heas t -  o r  eas t -no r t heas t  t r end -  
i n g  f a u l t s  appear t o  c ross  t h e  Rough Creek F a u l t  System, b u t  these f r a c t u r e s  
a r e  n o t  p a r t  o f  t h e  F luo rspa r  Area F a u l t  Complex o r  Wabash V a l l e y  F a u l t  System. 

We accept t h e  p o s s i b i l i t y  t h a t  an arm o r  extens ion o f  t h e  Ree l f oo t  R i f t  may 
have penet ra ted  southwestern Ind iana  d u r i n g  the '  Cambrian Period. Fu tu re  
d r i l l i n g  and geophysical  work may e s t a b l i s h  t h e  ex i s tence  o f  such an ances t ra l  
zone o f  weakness. Also, we have suggested t h a t  a  h o r i z o n t a l  ex tens iona l  f o r c e  
c rea ted  normal f a u l t s  i n  t h e  Wabash v a l l e y  and f l u o r s p a r  d i s t r i c t  du r i ng  La te  
Pennsylvanian o r  Permian t ime. But these f a u l t s  and s t resses  were no t  
d i r e c t l y  l i n k e d  t o  each o ther :  they  were i n t e r r u p t e d  a t  t h e  no r the rn  wa l l  o f  
t h e  Rough Creek Graben. S ince t h a t  t ime, t h e  f a u l t  zones have no t  been 
connected, and t h e  Wabash v a l l e y  appears t o  have been t e c t o n i c a l  l y  qu ie t .  

Schwa1 b (1975)  appl i ed t h e  name Pennyr i  1  e  F a u l t  System (PFS) t o  an east- 
t r e n d i n g  zone o f  f r a c t u r e s  25 t o  40 m i l e s  south o f  and roughly  p a r a l l e l  w i t h  
t h e  Rough Creek-Shawneetown F a u l t  System i n  west -cent ra l  Kentucky. The PFS 
d e f i n e s  t h e  southern edge o f  t h e  Moorman Syncl i ne ;  t h e  RC-SFS marks t h e  
no r the rn  edge. The PFS emerges eastward from t h e  FAFC from which i t  cannot be 
c l e a r l y  separated i n  Caldwel l  County. The w id th ,  complex i ty ,  and amount o f  
displacement i n  t h e  zone decrease eastward; t h e  system d i e s  out  near Mammoth 
Cave i n  western Edmonson County. 

A l though t h e  PFS as a  whole t rends  nea r l y  due east,  most i n d i v i d u a l  f a u l t s  
s t r i k e  eas t -nor theas t  and thus  form an en echelon pa t t e rn .  Several se t s  o f  
f a u l  t s  complete ly  cross t h e  Moorman Syncl ine ,  l i n k i n g  obl i q u e l y  t h e  RC-SFS 
w i t h  t h e  PFS. I n d i v i d u a l  f a u l t  se t s  a re  composed o f  s u b p a r a l l e l  f r a c t u r e s  
t h a t  tend t o  exhi b i t  a  bra ided o r  in terwoven p a t t e r n  i n  map view. The m u l t i -  
t ude  o f  such f r a c t u r e s  b l u r s  t h e  d i  s t i n c t i o r l  between t h e  PFS and adjacent  
f a u l t  zones, e s p e c i a l l y  t o  t h e  west. 

No cont inuous master f a u l t ,  such as i s  found i n  t h e  Cottage Grove and Rough 
Creek F a u l t  Systems, i s  p resen t  i n  t h e  PFS. 



FIGURE 41. Development of Rough Creek and Pennyrile Fault Systems through rocking motion of major crustal block. Top: 
the approximate inferred outline of the fundamental block i s  shown; the minimum relative vertical movements given (in feet) 
are rough estimates. The block was hinged at the southeast; the greatest movement of the block occurred at the northwest in 
the vicinity of Cave Hill. Bottom: this schematic cross section illustrates the situation at the time of maximum uplift. Although 
the basement i s  drawn as if i t  were a rigid mass, actually it was probably bent and/or segmented by fractures. 



The o v e r a l l  d isplacement o f  t h e  PFS i s  down t o  t h e  nor th ,  The aggregate throw 
may exceed 1000 f e e t  near t h e  western end o f  t h e  system; t h e  o f f s e t  decreases 
eastward. V e r t i  ca l  separa t ion  on i n d i v i d u a l  f a u l t s  ranges up t o  several  
hundred f ee t .  F a u l t  zones c o n s i s t  o f  s e r i e s  o f  h o r s t s  and grabens, w i t h i n  
which t h e  s t r a t a  g e n e r a l l y  a re  h o r i z o n t a l  o r  on l y  g e n t l y  t i l t e d .  

According t o  t h e  va r i ous  geol o y i c  quadrangle maps and pub1 i shed r e p o r t s  
(Schwal b, l975) ,  a1 1  t h e  f a u l t s  o f  t h e  PFS are  v e r t i  ca l  and h i  gh-angl e  normal . 
Palmer (1969) measured a t t i t u d e s  o f  21 f a u l t  su r faces  i n  Hopkins and Chr i  s t i a n  
Count ies,  and recorded d i p s  ranging from 52' t o  90O. S l i c kens ides  a re  promi- 
nent on many o f  Palmer 's  f a u l t s ,  and i n v a r i a b l y  i n d i c a t e  on l y  d i  p-s l  i p  move- 
ment. Most o f  t h e  breaks a re  l i n e a r  o r  on l y  g e n t l y  curved along s t r i k e .  
Palmer a l s o  remarked on t h e  s c a r c i t y  o f  drag fea tu res ,  and on t h e  s c a r c i t y  o f  
brecc ia .  Even on f a u l t s  w i t h  severa l  hundred f e e t  o f  throw, t h e  gouge zone 
r a r e l y  i s  w ider  than  1 o r  2  f ee t .  

Schwal b  (1982) noted t h a t  t h e  Penny r i l  e  F a u l t  System approx imate ly  co inc ides  
. w i t h  t h e  southern edge o f  t h e  Rough Creek Graben, which developed d u r i n g  t h e  
Cambrian t ime; however, no d i r e c t  evidence o f  Cambrian f a u l t i n g  has been 
found, S t r a t a  d i  sp l  aced a t  t h e  sur face  a re  o f  M i  s s i  s s i  pp i  an and Pennsylvanian 
age, and d r i l l  i n g  has reveal  ed o f f s e t s  i n  t h e  Devonian, No Mesozoic o r  
T e r t i a r y  depos i t s  a re  present ,  and no de fo rmat ion  o f  Quaternary sediments 
a long t h e  f a u l t  system has been detected.  Because t h e  PFS blends i n t o  t h e  
FAFC, i t  i s  reasonable t o  i n f e r  t h a t  t h e  two systems a re  contemporaneous: 
post-Pennsylvanian and l a r g e l y ,  i f  not  e n t i  r e l y ,  pre-Gul f i a n  ( l a t e  Cretaceous). 

Extens ional  t e c t o n i c s  a re  c l e a r l y  i nd ica ted  by t h e  p a t t e r n  o f  normal Saul t s  
showing no evidence o f  reversed o r  s t r i k e - s l i p  movement, A t w i s t i n g  com- 
ponent, however, i s  apparent f rom t h e  en echelon arrangment o f  nor theas t -  and 
no r th -no r theas t - t r end i  ng f r a c t u r e s  a1 ong an eas t - t r end i  ng f a u l t  system. I n  
o t h e r  words, t h e  t ens ion  was d i r e c t e d  toward t h e  northwest,  bu t  t h e  1  i n e  o f  
f a u l t i n g  was c o n t r o l l e d  by an eas t - t rend ing  f ea tu re - - t he  bur ied  southern wa l l  
o f  t h e  Rough Creek Graben. 

We propose t h a t  t h e  PFS marks t h e  southern edge o f  t h e  e longa te  rec tangu la r  
c r u s t a l  b lock t h a t  rose and f e l l  t o  c rea te  t h e  KC-SFS, The western and 
eas te rn  ends o f  t h i s  b lock a re  marked, r espec t i ve l y ,  by t h e  FAFC and by t h e  
southeastward- t rendi  ng end o f  t h e  RC-SFS i n  Grayson County, Kentucky ( f i g .  
41).  Dimensions o f  t h i s  r ec tang le  a re  approx imate ly  150 m i l e s  east  t o  west, 
and 25 t o  40 m i l e s  n o r t h  t o  south. The y r e a t e s t  v e r t i c a l  movements, a t  l e a s t  
3500 f e e t ,  took p l ace  a t  t h e  nor thwestern corner  o f  t h e  block, where t h e  
Shawneetown F a u l t  Zone a b r u p t l y  bends t o  t h e  south-southwest . Re1 a t i v e  o f f s e t  
d im in ished  eastward along t h e  RC-SFS; t h e  t e r m i n a t i o n  o f  t h e  zone i n  Grayson 
County marks an area o f  l i t t l e  o r  no movement, Al though t h e  southern marg in  
o f  t h e  b lock exper ienced much l e s s  displacement than d i d  t h e  no r the rn  edge, 
o f f s e t s  were s t i l l  g r e a t e r  t o  t h e  southwest (FAFC) than  t o  t h e  southeast.  

The g rea t  c r u s t a l  b lock apparen t l y  rocked up and down, l i k e  an o b l i q u e l y -  
hinged t r a p  door, w i t h  t h e  h inges a t  t h e  eas t  and southeast,  and t h e  g r e a t e s t  
opening a t  t h e  n o r t h  and northwest.  The P e n n y r i l e  F a u l t  System developed when 
t h e  sedimentary s t r a t a  draped over t h e  hinged block f a i l e d  under f l e x u r e .  The 



n o r t h e a s t - t  rend i  ng fau 
p a r a l l  e l  t o  t h e  h inge  
rec tangu la r  b lock as i 

The na tu re  o f  t h e  rn 
c l e a r l y ,  When t h e  a l  ready bounded 
on t h r e e  s ides  by a  
o f  t h e  Rough Creek 
east.ern and sout hea 
Domes, had no t  expe 
c r u s t  o r  even i n  t h  
b lock,  r a i s i n g  i t  a  
b lock remained h i n g  
but e l  sewhere t h e  m 
produce t h e  RC-SFS 

What k i n d  o f  f o r c e  
suggests t h e  i n t r u s  
magnet ic survey o f  
magnet ic h i g h  cen te  
McGinnis and Bradbu 
bas ic  igneous rock, 
Th i s  p l u ton ,  i f  i t  
sions, diatremes, a  
i n t e r p r e t a t i o n  sugg 
f o r  t h e  u p l i f t i n g  p  
d e f l a t i o n  phase and 
t h e  Mesozoic Era, I n  
p l ace  t o  be t h e  mot 
t i c a l  and t h e o r e t i  
so much as a f i r m  



The t e c t o n i c  e v o l u t i o n  o f  t h e  study area began i n  l a t e  Precambrian o r  e a r l y  
Cambrian t ime,  when t ens iona l  movement produced t h e  Reel f o o t  and Rough Creek 
Grabens. The f l o o r s  o f  t h e  two grabens sank severa l  thousand f e e t  below sea 
l e v e l  as t h e  e a r t h ' s  c r u s t  was s t re tched .  Ad jo i n i ng  upland areas were worn 
down, f u r n i s h i n g  vas t  q u a n t i t i e s  o f  sediments t o  t h e  troughs. As t h e  grabens 
f i l l e d ,  t h e  weight o f  d e t r i t u s  probably  t r i g g e r e d  renewed f a u l t i n g ;  but by t h e  
end o f  Cambrian t i m e  t ec ton i sm had ceased, t h e  grabens were mos t l y  f i l l e d ,  and 
t h e  e n t i r e  I l l i n o i s  Bas in  l a y  under a  shal low sea. 

Renewed i n t e r m i t t e n t  movements took p l ace  here and t h e r e  d u r i n g  t h e  Ordov i -  
c i  an, Si 1  u r i  an, Devonian, M i  s s i  s s i  pp i  an and Pennsylvanian Periods. Major 
t e c t o n i  sm re tu rned  t o  southern I 1  1  i no i  s  i n  t h e  1  a t e  Pal eozoi c, concurrent  w i t h  
t h e  Appalachian and Ouachi t a  Orogenies. The f i  r s t  episode, i n  l a t e  Pennsyl- 
vanian and/or e a r l y  Permian t ime, produced t h e  Cottage Grove and Wabash Va l l ey  
F a u l t  Systems and p a r t  o f  t h e  F lu rospar  Area F a u l t  Complex ( f i g .  40). Th i s  
a c t i o n  took t h e  fonn o f  r i f t i n g  along t h e  southeastern s i d e  o f  t h e  Reel f o o t  
Graben. Nor theast  t r e n d i n g  h igh-angle normal f a u l t s  i n  t h e  FAFC and WVFS 
devel  oped i n response t o  nor thwest -southeast  h o r i  zon ta l  s t r e t c h i  ng o f  t h e  
e a r t h ' s  c r u s t  i n t e r r u p t e d  by t h e  bur ied  no r the rn  scarp o f  t h e  Rough Creek 
Graben. Extens ion was g rea te r  south o f  t h i s  anc ien t  f r a c t u r e  zone than  n o r t h  
o f  i t. I n  o the r  words, t h e  rocks on both s ides o f  t h e  scarp moved westward, 
but  t h e  block south o f  t h e  scarp moved f a r t h e r  west t han  t h e  n o r t h  bank ( f i g .  
40). R ight -1  a t e r a l  shear thus developed, and r e a c t i v a t e d  t he  Cambrian graben 
f a u l t ,  as t h e  Cot tage Grove F a u l t  System, 

Conceivably these movements may have produced a  correspondi ng 1 e f t - 1  a t e r a l  
shear t o  t h e  east,  a long t h e  Rough Creek-Shawneetown F a u l t  System. I f  such 
s t r i k e - s l i p  f a u l t i n g  took p lace,  i t  was o f  small magnitude, and most, i f  no t  
a l  1, t r a c e s  o f  i t  subsequent ly were erased by t h e  much 1  a rger  v e r t i c a l  
d i  sp l  acement a1 ong t h e  RC-SFS. 

The pa t t e rn ,  as we be1 i e v e  i t  developed, i s  no t  u n l i k e  t h a t  seen on mid- 
oceanic r idges- -a  1  i n e  o f  r i f t i n g  o r  spreading, o f f s e t  by s t r i  k e - s l i p  t r ans -  
form f a u l t s  t h a t  t r e n d  perpend icu la r  t o  t h e  r i f t s .  I n  t h j s  analogy t h e  MVFS 
and FAFC represen t  r i f t  zones and t h e  CGFS i s  a t r ans fo rm  f a u l t .  

S h o r t l y  a f te rward ,  mol ten magma we1 1  ed upward a1 ong a  nor th -nor thwes t - t rend i  ng 
arch i n  t h e  f l u o r s p a r  reg ion.  Tensional  s t resses  t e m p o r a r i l y  a l i gned  them- 
sel  ves nor th-nor thwest  , a1 1  owi ng igneous mater i  a1 t o  i n t r u d e  north-and nor th -  
wes t - t rend ing  f r a c t u r e s ,  i n c l u d i n g  those i n  t h e  eas te rn  p a r t  o f  t h e  CGFS and 
on t h e  Ridgway F a u l t .  Omaha Dome was produced by l a c c o l  i t h i c  i n t r u s i o n s ,  
Tremendous subterranean exp los ions  o f  steam c rea ted  Hicks Dome and assoc ia ted  
b recc ia  pipes; r a d i a l  and concen t r i c  f a u l t s  developed e i t h e r  du r i ng  o r i g i n a l  
upheaval o r  subsequent c o l l a p s e  o f  Hicks Dome. 

Fo l l ow ing  s o l i d i f i c a t i o n  o f  t h e  magma i n  e a r l y  Permian t ime,  ex tens ion  may 
have been renewed alony t h e  Reel f o o t  R i f t ,  r e j uvena t i ng  FAFC f a u l t s  so t h a t  
they  o f f s e t  d ikes,  Th i s  step, however, i s  no t  essen t i a l  t o  our t e c t o n i c  
hypothes i  s, 

Some t ime  d u r i n g  o r  a f t e r  t h e  e a r l y  Permian, t h e  Rough Creek Graben was 
u p l i f t e d .  On t h e  n o r t h  s ide, most s l ippage took p l ace  a long a s i n g l e  h igh-  



angl e  south-di  pp i  ng f a u l t  , t h e  f r o n t  f a u l t  o f  t h e  RC-SFS. Lesser, h i  nge-type 
movements on t h e  south s i d e  o f  t h e  i n v e r t e d  graben produced t h e  Penny r i l e  
F a u l t  System, I n  t h e  f l  uorspar  d i s t r i c t ,  no r t heas t - t r end i  ng f a u l t s  were 
reac t i va ted ,  and probably  new f a u l t s  were formed. Most movements were normal 
bu t  some were reverse; some b locks ro ta ted ,  tw i s ted ,  o r  s l i pped  l a t e r a l l y .  
Up1 i f t  reached a t  l e a s t  3,500 f e e t  a t  t h e  nor thwest  corner  o f  t h e  block. The 
upra ised  block must have been subjected t o  eros ion,  shedding d e t r i t u s  t o  i t s  
f l  anks and p ro found ly  i n f l  uenci  ng sedimentat ion; however, none o f  these sedi -  
ments seem t o  have surv ived  t o  t h e  present.  

A f t e r  a  t i m e  t h e  u p l i f t e d  graben-block f e l l  back t o  more o r  l e s s  i t s  o r i g i n a l  
p o s i t i o n .  As they  sank, t h e  rocks a long t h e  RC-SFS bent sharp ly ,  forming t h e  
n o r t h  1  imb o f  t h e  Eagle Val ley-Moorman Sync1 ine.  Many secondary f a u l t s  
devel  oped; s l  i ces o f  Devonian and M i  s s i  s s i  pp i  an rocks became t rapped a1 ong t h e  
f a u l t  zone f a r  above t h e i r  o r i g i n a l  p o s i t i o n s .  These b locks r o t a t e d  i n  place, 
under t h e  i n f l u e n c e  o f  drag, u n t i l  t h e i r  s t r a t a  dipped s teep l y  southward o r  
even were over turned.  

Th i s  epi  sode renewed s l  ippage i n  t h e  Penny r i l e  F a u l t  System and t h e  F luorspar  
Area F a u l t  Complex, Dur ing  t h e  l a t e r  stages o f  f a u l t i n g ,  hydrothermal so lu -  
t i o n s ,  heated by magma a t  g rea t  depth and charged w i t h  f l u o r i n e ,  s u l f u r ,  
meta l  1  i c ions ,  and o t h e r  e l  ements, moved upward a1 ong no r theas t - t r end i  ng f r a c -  
t u r e s  i n  t h e  FAFC. These m ine ra l s  p r e c i p i t a t e d  o r  rep laced carbonates a t  
f avo rab le  spots,  mos t l y  i n  t h e  hard, s t r ong  upper Valmeyeran and lower  
Chester ian s t r a t a .  There were many over1 appi ng events o f  m inera l  i zat ion ,  
occas iona l l y  i n t e r r u p t e d  by renewed movements on t h e  f a u l t s  t h a t  served as 
condu i t s  f o r  t h e  hydrothermal f l u i d s .  

Tec ton i  sm probably  wound down gradual l y  i n  t h e  reg ion.  Some f a u l t s  were s t i  11 
a c t i v e  e a r l y  i n  l a t e  Cretaceous t i m e  when t e r r e s t r i a l  sediments began t o  accu- 
mu1 a t e  i n  t h e  M i  s s i  s s i  pp i  Embayment. I n t e r m i t t e n t  s l  i ppage may have even con- 
t i n u e d  i n t o  t h e  T e r t i a r y  Per iod, bu t  any such l a t e  movements c e r t a i n l y  were 
minor  compared t o  those t h a t  produced t h e  g rea t  f a u l t s  c u t t i n g  Pa leozo ic  
bed rock, 



Every earthquake i n  southern I 1  1  i no i  s  t e s t i  f i es t o  t h e  presence o f  un re l  i eved 
t e c t o n i c  s t resses  i n  t h e  ground. Blame f o r  thse  quakes n a t u r a l l y  has f a l l e n  
upon t h e  bedrock f a u l  t s ,  espec ia l  l y  t h e  F luo rspa r  Area F a u l t  Complex and Wabash 
V a l l e y  F a u l t  System, which p r o j e c t  toward t h e  New Madr id  area, b u t  a l s o  t h e  
RC-SFS. F a i l u r e  t o  f i n d  any t r a c e  o f  P le is tocene d isp lacement  on any o f  these 
s t r u c t u r e s  has n o t  d e t e r r e d  g e o l o g i s t s  f rom l a b e l i n g  them a c t i v e .  

A map o f  earthquake ep i cen te rs  i n  t h e  cen t ra l  M i s s i s s i p p i  Va l l ey  ( f i g .  42) 
shows a  g rea t  se i  smi c  concen t ra t i on  a1 ong a  1  i ne runn i  ng southwestward f rom 
Cairo,  I 1  l i no i  s  i n t o  nor theas te rn  Arkansas. New Madrid, M issour i  1  i e s  near 
t h e  hea r t  o f  t h e  a c t i v e  zone. A l l  earthquakes o f  magnitude 6.0 o r  g r e a t e r  
s i nce  1811 occurred i n  o r  near t h e  New Madrid l i n e .  Away from t h a t  l i n e ,  on l y  
small t o  medium (mag. 5.9 o r  l e s s )  quakes have been recorded. T h e i r  e p i -  
cen te rs  a re  almost randomly sca t t e red  across t h e  map and show no s i g n i f i c a n t  
al ignment o r  concen t ra t ion .  Earthquakes a r e  no more common and no l a r g e r  
a long bedrock f a u l t s  than  i n  un fau l t ed  areas, I n  f a c t ,  few t remors have taken 
p lace  on o r  c l ose  t o  any o f  t h e  mapped f r a c t u r e  zones. Thus, t h e  known f a u l t s  
a re  n e i t h e r  a c t i v e l y  developing, nor are they s l i p p i n g  i n  r e a c t i o n  t o  ear th-  
quakes t h a t  o r i g i n a t e  elsewhere. 

Several  independent l i n e s  o f  evidence show t h a t  t h e  study area today i s  
sub jec ted  t o  a  f o r c e  f i e l d  un re la ted  t o  those  respons ib l e  f o r  t h e  f a u l t  
systems discussed above. Th i s  modern s t r e s s  f i e l d  i s  one o f  compression, and 
no t  on l y  i s  caus ing e a r t h  t remors,  bu t  a1 so appears t o  be forming new f a u l t s  
i n  t h e  southern p a r t  o f  t h e  I 1  l i n o i s  Basin. 

When a  s u f f i c i e n t  number o f  seismograms i s  obta ined f o r  a  g iven  earthquake 
from s t a t i o n s  surrounding t h e  ep icen te r ,  t h e  o r i e n t a t i o n  o f  t h e  causa t i ve  
s t resses  and o f  t h e  p lane o f  movement ( f a u l t )  can be determined. The r e s u l t  
o f  such ca1 c u l a t i o n  i s  known as a  f o c a l - p l  ane s o l u t i o n .  Several earthquakes 
c l ose  t o  t h e  study area have been subjected t o  f oca l -p l ane  ana lys is ,  and t h e  
r e s u l t s  subs tan t i  a1 l y  agree w i t h  one another.  

The nearest  quake f o r  which f oca l -p l ane  data a re  a v a i l a b l e  i s  t h e  Broughton, 
I l l i n o i s  t remor o f  November 9, 1968. Th i s  event r e g i s t e r e d  a  magnitude o f  5.3 
and damaged a  number o f  b r i c k  wa l l s ,  chimneys, tombstones and s i m i l  a r  s t r uc -  
t u r e s  near t h e  ep icen te r ,  which was f i x e d  a t  Lat .  37.96' N, Long. 88.46' W ,  
approx imate ly  15 m i  1  es northwest o f  Equal i t y  . The foca l  depth was ca l  cu l  a ted  
a t  19 km (about  12 m i  1  es).  Gordon e t  a1 . (1970) c rude ly  c a l c u l a t e d  t h e  f o c a l  
mechanism by n o t i n g  t h e  sense o f  r o t a t i o n  o f  gravestones and o the r  heavy 
o b j e c t s  i n  r e l a t i o n  t o  t h e i r  d i s t ance  and d i r e c t i o n  from t h e  ep icen te r .  They 
concluded t h a t  t h e  maximum compressive s t r e s s  was a l i gned  east-west and t h a t  
t h e  t ens iona l  a x i s  was v e r t i c a l .  Foca l -p l  ane so lu t i ons ,  based on se i  smograms, 
c o n f i  r m  these r e s u l t s  (Stauder and N u t t l  i , 1970). They show one nodal p lane 
s t r i k i n g  N 15' E and d i p p i n g  45' west, and a second s t r i k i n g  N lo W and 
d i  pp i  ng 47' east ,  s i  gn i  f y i  ng nea r l y  pure d i  p - s l  i p  reverse  f a u l  ti ng i n  response 
t o  h o r i  zon ta l  east-west compression. 
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FIGURE 42. Epicenters of 488  earthquakes (magnitude 3.0 and greater) that occurred in the Mississippi Valley from 181 1 
through mid-1974. New Madrid seismic zone is clearly indicated (Stauder, 1982). 



Herrmann (1979) gave f o c a l  - p l  ane so l  u t i  ons f o r  t h r e e  a d d i t i o n a l  earthquakes i n  
I 1  1  i n o i  s, and two o u t  o f  t h r e e  i n d i c a t e d  maximum compression o r i e n t e d  eas t -  
west t o  east-northeast-west-southwest,  l i k e  t h e  Broughton quake. The a x i s  o f  
compression t rended N  83' E f o r  t h e  Olney quake o f  A p r i l  3, 1974, and N 59' E 
f o r  t h e  Thebes quake o f  August 14, 1965. The ep i cen te rs  o f  these were l oca ted  
about 65 m i l e s  n o r t h  and 75 m i l e s  west-southwest, r e s p e c t i v e l y ,  f rom 
Shawneetown. I n  both cases t h e  resu l  ti ng movement apparen t l y  was s t r i  ke -s l  i p  
a long a  f a u l t  t r e n d i n g  about 45' f rom t h e  d i r e c t i o n  o f  compression. The t h i r d  
earthquake, n e a r l y  300 m i l e s  n o r t h  o f  t h e  study area i n  Lee County, showed 
maximum compression o r i e n t e d  N 38' E. 

A t remor o f  magnitude 3.8, centered northwest o f  Memphis, Tennessee, was t h e  
r e s u l t  o f  eas t -no r t heas te r l y  compressional s t r e s s  (Arch Johnston, personal 
communi c a t i  on, 1982). 

bservations and stress measurements i n  coal m i  

Coal miners i n  southern I l l i n o i s  have exper ienced t h e  e f f e c t s  o f  i n  s i t u  
s t resses  f o r  many decades. Workers i n  deep underground mines have long  noted 
t h a t  t h e  mine r o o f  i s  cons iderab ly  more prone t o  f a i l u r e  on nor th -sou th  t h a n  
on east-west headings. The e f f e c t  i s  most severe i n  p a r t s  o f  F rank l i n ,  
J e f f e r s o n  and Hami 1  t o n  Counties, where t h e  deepest seams a re  worked. 
T y p i c a l l y ,  f a i l u r e  begins a  sho r t  d i s t ance  back form t h e  work ing face. The 
rock l a y e r s  i n  t h e  immediate r o o f  buck le  downward and snap, e i t h e r  near t h e  
cen te r  o f  t h e  e n t r y  o r  along one side. Th i s  sag, which Krausse e t  a l .  (1979) 
1  abel 1  ed a  " k i n k  zone," propagates nor th-south,  o r  s l  i g h t l y  eas t  o f  nor th ,  
w i t h  successive f r a c t u r e  o f  l a y e r s  h i ghe r  i n  t h e  r o o f  ( f i g .  43). I f  l e f t  
untended, t h e  " k i nk  zone" may develop i n t o  a  major  f a l l .  "Kinks" a f f e c t  a l l  
common r o o f  l i t h o l o g i e s  but a re  most n o t i c e a b l e  i n  b r i t t l e ,  we l l - lamina ted  
shales and s i l t s t o n e s .  T h e i r  progress appears t o  be un re la ted  t o  such f a c t o r s  
as method o r  sequence o f  mining, o r  l o c a l  geology. 

Faced w i t h  severe l o s s  o f  p roduc t i on  and hazard t o  m iners  a t  t h e  No. 2 Mine 
near McLeansboro, t h e  management o f  I n l and  Stee l  Coal Company launched a  
comprehensive i n v e s t i g a t i o n  i n t o  t h e  cause o f  and cure  f o r  "k ink ing . "  They 
soon rea l  i z e d  t h a t  l a t e r a l  s t resses  were t o  blame f o r  t h e  t r oub le .  Observa- 
t i o n s  o f  t h e  " k i nks "  showed t h a t  a f t e r  t h e  rock l a y e r s  buck1 ed downward and 
snapped, t h e  broken ends were pushed toge ther  so t h a t  they overlapped. The 
miners c u t  v e r t i c a l  s l o t s  6  inches wide i n t o  t h e  r o o f  ahead o f  t h e  face, i n  an 
at tempt t o  re1 i e v e  t h e  s t ress .  These s l o t s  narrowed 1 114 t o  1 112 inches 
w i t h i n  24 hours a f t e r  c u t t i n g .  F i n a l l y ,  a  team from t h e  Mine Sa fe ty  and 
Hea l t h  A d m i n i s t r a t i o n  (MSHA) i n s t a l l e d  s t r a i n  gauges i n  t h e  rock ahead o f  t h e  
faces. The gauges showed maximum compressive f o r c e  o f  2721 p s i  on an a x i s  
t r e n d i n g  N  86 1/2O E, and minimum compression o f  862 p s i  o r i e n t e d  N 3  1 / 2  O 

W. I n  o t h e r  words, maximum l a t e r a l  s t r e s s  i s  more t han  t h r e e  t imes  g r e a t e r  
t han  v e r t i c a l  l oad ing  (51 e v i  ns, 1982). 

I n l a n d  S tee l  r ev i sed  i t s  m in ing  p l an  so t h a t  main e n t r i e s  run  NE and NW 
i n s t e a d  o f  due nor th ;  t h i s  change r e s u l t e d  i n  markedly improved r o o f  
s t a b i  1  i t y  . 
The s i l t y  sha le  above t h e  coal  a t  I n l a n d  No. 2  con ta ins  conspicuous p lanar  
v e r t i c a l  j o i n t s  t h a t  c l e a r l y  a re  t h e  r e s u l t  o f  ex tens iona l  s t resses.  Some o f  



FIGURE 43. North-south "kink zone" caused by large horizontal compressive forces , in roof of Old Ben Mine No. 24, Franklin 
County, Illinois (Bauer and DeMaris, 1982). 



t h e  j o i n t s  a re  1 /8  i n c h  o r  more wide and o the rs  a re  f i l l e d  w i t h  c l a y  o r  ca l -  
c i t e .  I n  some p laces  these  f r a c t u r e s  a re  concen t ra ted  i n  narrow zones, up t o  
a  f o o t  wide, i n  which no t  on l y  t h e  r o o f  rock,  but a1 so t h e  coal ,  i s  pu l ve r -  
i zed ;  however, none o f  t h e  f r a c t u r e s  show any o f f s e t ,  s l i c kens ides ,  o r  o t h e r  
ev idence o f  shear ing  movement. The average t r e n d  o f  j o i n t s  i n  t h e  mine i s  N 
84' E--perpendi cu l  a r  t o  t h e  minimum compressive s t r ess ,  j u s t  as one would 
a n t i c i p a t e  (B l  e v i  ns, 1982). 

The o r i e n t a t i o n  o f  j o i n t s  i n  r o o f  sha les i s  remarkably c o n s i s t e n t  i n  mines 
around t h e  s ta te .  Except i n  t h e  immediate v i c i n i t y  o f  f a u l t  zones, such as 
t h e  Cot tage Grove F a u l t  System, these f r a c t u r e s  t r e n d  N 60' E  t o  N 85' E. 
These c racks  a r e  best  developed i n  b lack f i  s s i l e  sha les and gray lamina ted  
s i l  t s t o n e  o r  s i  1  t y  shal e, but  a1 so have been observed i n  sandstone and l ime-  - _- -- 

stone. They a r e  coated w i t h  p y r i t e  o r  c a l c i t e  i n  some mines. A1 though many 
mines hav ing j o i n t s  do no t  exper ience h i gh  l a t e r a l  s t resses,  we be1 i e v e  j o i n t s  
and " k i n k  zones" owe t h e i r  o r i g i n  t o  t h e  same s t r e s s  f i e l d .  

Haimson (1974) r epo r t ed  r e s u l t s  o f  an exper iment designed t o  measure i n  s i t u  
s t resses  i n borehol  es. A t  an unspeci f i ed 1 o c a t i  on i n I 1  1  i no i  s--Zoback and 
Zoback (1980) s t a ted  i t  was near H i l l s b o r o ,  i n  t h e  wes t -cen t ra l  p a r t  o f  t h e  
s t a t e - - t h e  researchers  d r i l l e d  f i v e  holes,  rang ing  from 298 t o  338 f e e t  
deep. A p o r t i o n  o f  each borehole  was sealed w i t h  rubber packers, then  water 
was pumped i n t o  t h e  sealed i n t e r v a l  a t  h i g h  p ressure  t o  f r a c t u r e  t h e  rock.  
Th i s  procedure,  known as h y d r o f r a c t u r i n g  ( " f r a c k i n g " ) ,  i s  w ide l y  used i n  t h e  
o i  1  i ndus t ry  t o  i ncrease p o r o s i t y  and s t imu l  a t e  p roduc t i on  f rom t i g h t  r ese r -  
v o i  r s .  A f t e r  f r a c k i n g  t h e  hol  es, Haimson and c o l l  eagues i n s e r t e d  and i n f l a t e d  
s o f t  rubber  impress ion  packers t h a t  r e t a i n e d  impress ions o f  f r a c t u r e s  i n  t h e  
w a l l  s  o f  t h e  we1 1  . When t h e  impress ion packers were withdrawn, t h e  o r i e n t a -  
t i o n s  o f  t h e  f r a c t u r e s  were measured. The average f o r  f i v e  ho les  was N 62' E, 
w i t h  a  range o f  N 49 t o  72' E ,  i n d i c a t i n g  maximum compressive s t r e s s  t r e n d s  N 
62O E. 

Numerous smal l ,  low-angle  reverse  f a u l t s  have been mapped and descr ibed  a t  
underground coal  mines i n  southeastern Ill i no i  s  and western Kentucky ( f i g .  
44). The n o r t h e r l y  t r e n d  o f  these t h r u s t s  i n d i c a  es t h a t  t hey  a r e  t h e  product 
o f  east - to-west  h o r i  zon ta l  compression, A1 though t hey  occur  i n  o r  near ma jo r  
bedrock f a u l t  systems, these t h r u s t s  do no t  f i t  t h e  s t r e s s  f i e l d s  t h a t  formed 
t h e  l a r g e  f a u l t s .  We b e l i e v e  t h e  n o r t h - t r e n d i n g  reverse  f a u l t s  a r e  modern 
f ea tu res ,  devel op i  ng under t h e  present-day s t r e s s  f i e l d .  

Nel son and Krausse (1981) d iscussed n o r t h - s t r i  k i n g  r eve rse  f a u l t s  found i n  
mines o f  M i l  1  iamson and S a l i n e  Count ies,  I 1  1  i n o i s .  The t h r u s t s  occur  e i t h e r  
s i n g l y  o r  as bundles o f  smal l  f a u l t s  and t i g h t  corn ressa'onal fl exures t h a t  
t r e n d  almost due no r t h .  These f a u l t s  have small d i  sp l  acements--a f r a c t i o n  o f  

. an i n c h  t o  a  few f ee t - - bu t  they  a re  ex tens ive :  one was t r a c e d  1,5 m i l e s  
across severa l  ad jacen t  mines. I n c l  i n a t i  ons o f  f r a c t u r e s  vary  f rotn 45' t o  
h o r i z o n t a l ;  l o c a l l y ,  t hey  f o l l o w  bedding p l  anes i n  t h e  rock.  Coal and r o o f  
sha les a long these t h r u s t s  a re  s l  i ckens ided  and crushed, so r o o f  c o n t r o l  i s  
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FIGURE 45. North-trending thrust fault, dipping about 30 degrees to left, offsetting upper part of Herrin Coal at Pyro Mining 
Company's No. 1 1  Wheatcroft Mine, Webster County, Kentucky. 

FIGURE 46. Pair of thrust faults offsetting top of Herrin Coal and overlying shale. The faults are not clean breaks, but rather 
zones along which coal and shale were crushed and "smeared out." 



d i f f i c u l t  i n  t h e  v i c i n i t y  o f  f a u l t s .  Coal companies tend t o  l eave  t h e  coal 
unmined a long t h e  t h r u s t  f a u l t s ,  making t h e  f a u l t s  easy t o  t r a c e  on mine maps. 

The t h r u s t  f a u l t s  i n  I 1  l i n o i s  l i e  w i t h i n  t h e  Cottage Grove F a u l t  System but, 
as Nelson and Krausse noted, a re  no t  g e n e t i c a l l y  r e l a t e d  t o  t h a t  system. The 
CGFS developed under r i  ght-1 a t e r a l  shear i n  which maximum compressive fo rces  
were o r i  ented nor thwest -southeast .  These s t resses  r e s u l  Led i n  f o rma t i on  o f  
a n t i c l i n e s  whose axes t r e n d  nor theast  t o  eas t -nor theas t  and l i e  c l ose  t o  t h e  
master s t r i  ke - s l  i p f a u l t ,  but  t h e  n o r t h - s t r i  k i  ny reverse  f a u l t s  s i g n i f y  east -  
to-west compression. 

We have observed t h e  same t ype  o f  s t r u c t u r e  a t  two underground mines i n  
Kentucky. Several low-angle t h r u s t  f a u l t s ,  w i t h  a  few inches t o  about a  f o o t  
o f  d i s p l  acement, were encountered i n  Pyro Min ing Company's NO. 11 Mine i n  t h e  
H e r r i n  Coal i n  Webster County. Sketches and photographs ( f i g s .  45-47) show 
crushed sha le  and coal along t h e  sur face  o f  movement, and sharp drag f o l d s  o r  
f l e x u r e s  a long t h e  f a u l t s .  These t h r u s t s  s t r i k e  n o r t h  t o  s l i g h t l y  eas t  o f  
nor th .  At  Py ro ' s  NO. 6 P r i d e  Mine i n  Union County, s i m i l a r  t h r u s t  f a u l t s  cu t  
t h e  Davis Coal. These f a u l t s  extend f o r  thousands o f  f e e t  a long  s t r i k e ,  
and a1 so r e p o r t e d l y  were encountered i n  su r f ace  mines i n  t h e  S p r i n g f i e l d  
( W .  Ky. No. 9) Coal, about 260 f e e t  s t r a t i g r a p h i c a l l y  above t h e  P r i d e  
Mine ( L a r r y  Spencer and R ick  Dempsey, 1982, personal  communication). 

The two Pyro mines a re  s i t u a t e d  a long t h e  southwest l i m b  o f  t h e  Moorman 
Syncl ine;  t h e  s t r a t a  d i p  nor theastward a t  l e s s  than  5'. Aside from t h e  
t h r u s t s ,  no o t h e r  f a u l t s  occur i n  t h e  mines. The reg ion  i s  south o f  t h e  Rough 
Creek Faul t Zone and general  l y  east t o  nor theas t  o f  t h e  F l  uorspar  Area Faul t 
Cornpl ex ( f i g .  44). Ne i t he r  t h e  RC-SFS nor t h e  FAFC i nvo l ved  east - to-west  
compression, as would be requ i  red  t o  produce t h e  n o r t h - t r e n d i  ng t h r u s t s .  

I n  1977 t h e  sen io r  au thor  o f  t h i s  r e p o r t  observed a t h r u s t  f a u l t  and a narrow 
asymmetrical a n t i  c l  i ne a t  a  sur face  mine i n  southeastern J e f f e r s o n  County, 
I 1  1  i no i  s ,  about 50 m i l e s  nor thwest  o f  Shawneetown, The s t r u c t u r e s  a f f e c t e d  
t h e  Opdyke Coal Member o f  t h e  Mattoon Formation, o f  l a t e  Pennsylvanian age 
( f i g .  44) .  The t h r u s t  f a u l t  had a s t r i k e  o f  N 20-25' W and a d i p  o f  10' east -  
nor theas t ,  w i t h  t h e  nor theas t  b lock o v e r r i d i n g  t h e  southwest b lock by about 
3 f e e t .  Both above and below t h e  f a u l t  t h e  coal  l a y e r s  were sharp ly  f o l d e d  
and f r a c t u r e d  ( f i g .  48), t h e  f r a c t u r e s  t r e n d i n g  para1 1 e l  and perpendi cu l  a r  t o  
t h e  s t r i k e  o f  t h e  f a u l t .  The su r f ace  o f  s l  i ppage was marked by a zone o f  
p u l v e r i z e d  coal about 0.1 f o o t  t h i c k .  The a n t i c l i n e  l a y  nor theas t  o f  t h e  
t h r u s t  f a u l t  and p a r a l l e l  w i t h  i t, being t r a c e a b l e  across t h e  f u l l  w i d t h  o f  
t h e  p i t .  I t s  nor theas t  l i m b  was g e n t l e  and t h e  southwest l i m b  steep. On t h e  
h ighwa l l  t h e  sha le  was i n t e n s i v e l y  s l  i ckens ided  above t h e  s teeper  1  imb o f  t h e  
f o l d .  Ne i t he r  t h e  f a u l t  nor t h e  a n t i  c l i n e  v i s i b l y  a f f e c t e d  t h e  P le i s tocene  
ma te r i  a1 s  o v e r l y i  ng t h e  bedrock; however, weather i  ng and s l  umpi ng m a t e r i a l  
obscured t h e  re1 a t i  onshi  ps. 

Mine o f f i c i a l s  s ta ted  t h a t  s i m i l a r  f ea tu res  were common, i n  almost every p i t  
t h e  company mined, over an area roughly  5 by 2 m i les .  No o t h e r  f a u l t s  have 
been documented i n  t h e  v i c i n i t y .  

These s t r u c t u r e s ,  1 i ke those desc r i  bed above, c l  e a r l y  a re  cornpressi onal  and 
s i g n i f y ,  a  maximum compressive s t r esss  o r i e n t e d  N 65 t o  70' E o  
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FIGURE 47. Offsetting of "blue band" clay parting and lower layers of Herrin Coal by low-angle thrust fault in Pyro Mining 
Company's No. 11  Wheatcroft Mine, Webster County, Kentucky. 



To da te  we have no p roo f  t h a t  t h e  no r t h - t r end ing  reverse  f a u l t s  a re  recen t  
f ea tu res ,  a l though  we have so l  i d  c i  rcurnstant i  a1 evidence. We have no t  y e t  
found any p l ace  where t h r u s t s  i n t e r s e c t  o t h e r  f a u l t s  o r  p o t e n t i a l l y  o f f s e t  
P l e i s t ocene  m a t e r i a l s .  Such exposures should be v i g o r o u s l y  sought; a c t i v e  o r  
un rec l  aimed su r f ace  mines probably  p rov i de  t h e  best hun t i  ng grounds. 

Southern I 1  1  i n o i  s  and ad jacent  areas a re  c u r r e n t l y  sub jec t  t o  compressional 
s t r e s s  w i t h  t h e  ma jo r  a x i  s  s t r i  k i  ng east-west t o  eas t  nor theast -west  south- 
west. T h i s  f o r c e  f i e l d  has been determined by earthquake f oca l - p l ane  analy-  
s i  s, h y d r o f r a c t u r i  ng exper iments,  observa t ions  o f  j o i n t s  and " k i n k  zones," and 
by i n  s i t u  s t r e s s  measurements. The l a t t e r  i n d i c a t e  t h a t  maximum f o r c e  i s  
approx imate ly  t h r e e  t imes  t h e  v e r t i c a l  overburden pressure.  These s t r esses  
apparent1 y  a re  c r e a t i  ng t h r u s t  f a u l t s  i n  near -su r face  s t r a t a  and a re  produc ing 
earthquakes th rough  reve rse  and s t r i  ke -s l  i p  o f f s e t  i n  deeper rocks.  

Comprehensi ve r eg iona l  s t ud ies  have shown t h a t  east-west t o  nor theas t -  
southwest compressional f o r ces  a re  a c t i v e  i n  much o f  t h e  eas te rn  Un i ted  S ta tes  
(Sbar and Sykes, 1973; Zoback and Zoback, 1980). 

East-west compression appa ren t l y  i s  a  modern phenomenon and d i d  no t  p l ay  a  
r o l e  i n  fo rm ing  any o f  t h e  ma jo r  f a u l t  systems i n  t h e  study area. The WVFS i s  
an ex tens iona l  s t r u c t u r e ,  t h e  CGFS i s  s t r i k e - s l i p ,  t h e  RC-SFS t h e  r e s u l t  o f  
v e r t i c a l  movements, and t h e  FAFC t h e  r e s u l t  o f  combined ex tens iona l  and v e r t i -  
ca l  s l  i ppage. Bedrock f a u l t s  a re  predomi n a n t l y  v e r t i c a l  o r  s t eep l y  d i  p p i  ng 
and show l i ttl e  o r  no evidence o f  compressional t e c t o n i  cs except i n  1  ocal  i zed, 
secondary s t r u c t u r e s  i n  t h e  RC-SFS and near t h e  master f a u l t  o f  t h e  CGFS. 
Th i s  means t h a t  few bedrock f a u l t s  a re  p r o p e r l y  o r i e n t e d  t o  be r e a c t i v a t e d  
under east-west compress ion-- in  o t h e r  words, t h e  s t r esses  w i l l  have t o  form 
new f a u l t s ,  because they cannot be re1 i eved by s l  i ppage a1 ong 01 d  ones. 

Thus, t h e  danger o f  earthquakes i n  I l l i n o i s  p robab ly  i s  no g r e a t e r  a long 
bedrock f a u l t s  than  away from f a u l t s .  A v a i l  a b l e  da ta  on epi  c e n t r a l  l o c a t i o n s  
bear ou t  t h i  s  statement.  

A l though t h e  n a t u r e  and cause o f  f a u l t i n g  i n  t h e  New Madrid area a re  beyond 
t h e  scope o f  t h i s  i n v e s t i g a t i o n ,  some comments a re  i n  order .  Geo log is ts  regu- 
l a r l y  speak o f  t h e  "Reel f o o t  R i f t  .Ii Th i s  term i s  p r o p e r l y  a p p l i e d  t o  Paleo- 
zo ic ,  Mesozoic, and perhaps e a r l y  Cenozoic t ime, when t h e  r e g i o n  was s u b j e c t  
t o  r e c u r r e n t  ex tens i  onal  t e c t o n i  cs. In  connect ion w i t h  modern se i  smi c i t y  , 
however, t h e  t e rm  " r i f t "  appears i napp rop r i a t e ,  and can mis lead  s t r u c t u r a l  
i n t e r p r e t a t i o n .  Both Sbar and Sykes (1973) and Zoback and Zoback (1980) found 
t h a t  t h e  Ree l f oo t  area, l i k e  southern I l l i n o i s ,  i s  under east -west  t o  
nor theast -southwest  compressi on. Focal -mechani sm s t u d i  es o f  earthquakes con- 
f i  r m  these  f i n d i n g s  and i n d i c a t e  s t r i  ke -s l  i p  and reverse  f a u l  t i n g - - n o t  r i f t i n g  
(Stauder  , 1982). Zoback e t  a1 . (1980) produced se i  smi c  r e f 1  e c t i  on p r o f i  1  es o f  
t h e  M i s s i s s i p p i  Embayment near New Madrid and i n t e r p r e t e d  them as r e v e a l i n g  
h igh-angl  e reverse  and s t r i k e - s l  i p  f a u l t s  c u t t i n g  T e r t i a r y  sediments. 

In  l i g h t  o f  t h e  above, t h e  ideas  t h a t  t h e  Ree l f oo t  " r i f t "  i s  an a c t i v e  zone o f  
c o n t i n e n t a l  spreading, and t h a t  i t  extends i n t o  I 1  1  i n o i s  v i a  t h e  FAFC and 
WVFS, should be re j ec ted ,  



FIGURE 48. Thrust fault in Opdyke Coal at now-abandoned strip mine in southeastern Jefferson County, Illinois. This fault and 
a parallel asymmetrical anticline strike N 20 Wand indicate compressional stress from the ENE and WSW. 
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